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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,

MASTER INDEX

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
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6190
6195
6196
14000UB
14001B
14001UB
140028
14002UB
140068
14007UB
14008B
14011B
14011UB
14012B
14012UB
14013B
140148
140168
14016B
140178
14018B
140208
140218
140228
14023B
14023UB
14024B
14025B
14025UB
140278
140288
14029B
140328

Page
Description Number

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

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

N-Channel, Silicon Gate, Frequency Synthesizer .................. 6-4
Dual 3-Input NOR Gate Plus Inverter ............................ Logic
Quad 2-InputNOR Gate . . ... ... . i Logic
Quad 2-Input NOR Gate . . . ... o e Logic
Dual4-InputNOR Gate. . ........ ... s Logic
Dual4-InputNOR Gate. . ... Logic
18-Bit Static Shift Register.............. .. ... .. Logic
Dual Complementary Pair PlusInverter .......................... Logic
4-BitFull Adder ... ... Logic
Quad 2-Input NAND Gate . ... e Logic
Quad 2-Input NAND Gate . ... oot Logic
Dual4-input NAND Gate . . ........ ..ot Logic
Dual4-lnputNAND Gate . ........... Logic
DualDFlip-Flop. ... Logic
8-Bit Static Shift Register........... ... . . Logic
Dual 4-Bit Static Shift Register .......... ... ... ... ... . ... . ... Logic
Quad Analog Switch/Multiplexer . ............. ... . . ......... Logic
Decade Counter/Divider . ....... ... ... .. ... . Logic
Presettable Divide-by-NCounter.......... ... ... ... . i, Logic
14-Bit Binary COUNter . ... ..ot Logic
8-Bit Static Shift Register. . ............ ... ... Logic
Octal Counter/Divider . ...t Logic
Triple3-Input NAND Gate . ............ ... ... .. . Logic
Triple 3-InputNAND Gate .. ........... ... ..... e Logic
7-Stage Ripple Counter ...... .. ... ... . ... .. Logic
Triple3-InputNOR Gate . . ........ ... i, Logic
Triple3-InputNOR Gate. . ......... o i Logic
DualJ-KFlip-Flop .. ..... .. Logic
BCD-to-Decimal/Binary-to-Octal Decoder ....................... Logic
Binary/Decade Up/Down Counter............... .. ..., Logic
Triple Serial Adder (Positive Logic) .. ......... .. ... ... ... ... ..., Logic
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140348
140358
14038B
14040B
14042B
14043B
14044B
140468

14049UB
140508
14051B
140528
14053B
140608
14066B
140678
14068B
14069UB
14070B
14071B
14072B
14073B
140758
14076B
140778B
14078B
140818
14082B
14093B
14094B
14097B
140998
14160B
14161B
14162B
14163B
14174B
14175B
14194B
14400
14401

14800

14402
14403
14405
14408
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8-Bit Universal BusRegister. . . ........... ... ... ... . ... ... Logic
4-Bit Shift Register .............. Logic
Triple Serial Adder (Negative Logic) ............................. Logic
12-BitBinary Counter . ............ i Logic
Quad TransparentLatch......... ... . i Logic
QuadNORR-SlLatch ...... ... ... Logic
Quad NANDR-SLatch. ....... ... ... . . Logic
Phase-Locked LoOp . ....... .. .. i 6-13
Hex Inverter/Buffer....... ... ... . ... . . . . .. . . 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/Demuitiplexer .. .................. Logic
SINpUtNAND Gate. . ... Logic
HeX INVEIter . .. . Logic
Quad Exclusive ORGate. ........... oo i, Logic
Quad 2-Input OR Gate ...t Logic
Duald-input OR Gate . ........... .. .. . Logic
Triple3-Input AND Gate. . ... ... Logic
Triple3-InputORGate ....... ... ... ... i Logic
Quad D-Type Register ......... .. i Logic
Quad Exclusive NORGate .......... ... ... Logic
8-Input NORGate .......... Logic
Quad Z-Input AND Gate .. ... ... Logic
Dual4-Input AND Gate. .. ... i 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 DFlip-Flop ... .. o Logic
Quad D Flip-Flop . .. .. Logic
4-Bit Universal Shift Register............ . ... .. ... i i Logic
PCM MONO-CIrCUIL . . .. .o e Telecom
PCM MoONO-CIrCUIt . . . ... o Telecom
PCM Moric-circuit. .. ... ... o R Telecom
PCM MoONO-CirCUit. . ... ... Telecom
PCM MONO-CIrCUIt. . ... e Telecom
Binary-to-Phone Pulse Converter ............................:... Telecom
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14409
14410
14411
14412
14413
14414
14415
14416
14417
14418
14419
14422
14433
14435
14442
14443
14444
14447
14457
144568
14460
14461
14462
14464
14465
14466
14467-1
14468
14469
14490
14495-1
14497
14499
145008
14601UB
14602B
14503B
145048
14506B
14506UB
14508B
14510B
145611B
14512B
14513B

Description

Binary-to-Phone Pulse Converter ............. ... ... ... ... .....
2-of-8ToneEncoder . ... ... .. .. . ...
Bit-Rate Frequency Generator. ........ ... ... ... . .. . .
Universal Low-Speed Modem . ... .. ... ... ... .. ... . ...
PCM Sampled Data Filter. . ......... ... ... ... . ... .. ... . .......
PCM Sampled Data Filter. ....... .. ... . ... . . . . .. . . ...
Quad Precision Timer/Driver . .. ... .
PCM Time Slot Assigner Circuit ............. ... ... ... ........
PCM Time Slot Assigner Circuit .......... ... . ... .............
PCM Time Slot Assigner Circuit .......... ... . ... ..............
2-of-8 Keypad-to-BinaryEncoder ............ ... ... .. .. .. ... ...
Remote Control Transmitter (Product Cancelled) . .................
3% Digit A/DConverter. ...
3% Digit A/D Logic Subsystem (Product Cancelled) . . .............
Microprocessor-Compatible A/D Converter ......................
6-Channel A/D Converter Subsystem ............. ... ... ......
Microprocessor-Compatible A/D Converter . .....................
6-Channel A/D Converter Subsystem ....................... e
Remote Control Transmitter ........... .. ... ... .. ... ...........
Remote Control Receiver . ........... ... ... . . . . ...
Automotive Speed Control Processor ...........................
Smoke Detector Circuit (Product Cancelled) .. ....................
Smoke Detector Circuit (Product Cancelled) . .. ...................
Smoke Detector Circuit (Product Cancelled) ... ...................
Smoke Detector Circuit (Product Cancelled) . .. ...................
Low Cost Smoke Detector. . ........ ... ..
Low Cost Smoke Detector. ........... ... i
Interconnectable Smoke Detector ............ ... ... ... ... .....
Addressable Asynchronous Receiver/Transmitter .................
Hex Contact Bounce Eliminator. ............. .. ... ... ... ........
Hexadecimal-to-7 Segment Latch/Decoder ROM/Driver ...........
PCM Remote Control Transmitter. . .............. ... ... .........
7-Segment LED Display Decoder/Driver with Serial Interface ..... ..
Industrial Control Unit. .. ... .. ...
Triple Gate . . ... o
Strobed Hex Inverter/Buffer ....... ... .. ... .. ... ... .. .........
Hex 3-State Buffer . ...... .. ... . .. . .. ... . .
Hex TTL- or CMOS-t0-CMOS Level Shifter. . .....................
Dual Expandable AOI Gate (Superceded by 14506UB) ..............
Dual Expandable AOIGate. ................ ... ... ............
Dual4-BitLatch. ... ... ... .. .
BCD Up/Down Counter. ...t
BCD-to-7-Segment Latch/Decoder/Driver .. .....................
8-Channel Data Selector. .. ........... i,
BCD-to-7-Segment Latch/Decoder/Driver with Ripple Blanking . . . ..
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Telecom
Telecom
Telecom
Telecom
Telecom
Telecom
Logic
Telecom
Telecom
Telecom
Telecom
3-3
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3-16
3-25
3-29
3-39
7-3
7-3
9-3
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145148
145158
145168
145178
14518B
145198
145208
145218
145228
145268
145278
14528B
145298
145308
145318
145328
14534B
145368
145388
145398
145418
145438
145448
145478
145488
145498
145518
145538
145548
145558
145568
145578
145588
145598
145608
145618
145628
145668
145688
145698
1457208
14573
14574
14575
14580B

Page
Description Number

4-Bit Transparent Latch/4-to-16 Line Decoder (High) .............. Logic
4-Bit Transparent Latch/4-to-16 Line Decoder (Low) . .............. Logic
Binary Up/Down Counter ......... ... Logic
Dual 64-Bit Static Shift Register ......... . ... ... .. ... .. .. ..... Logic
DualBCDUp Counter. ... Logic
4-Bit AND/OR Selector . ... Logic
Dual BinaryUp Counter .. ........ i Logic
24-Stage Frequency Divider. . ....... ... ... Logic
Programmable BCD Divide-by-N Counter . ........... ... ... ..... Logic
Programmable Binary Divide-by-N Counter....................... Logic
BCD Rate Multiplier ......... ... . ... Logic
Dual Monostable Multivibrator (Not Recommended for New Designs)  Logic
Dual 4-Channel Analog Data Selector .............. ... ... ..... Logic
Dual 5-Input Majority LogicGate. . ........... .. Logic
12-BitParity Tree. . ... Logic
8-Bit Priority Encoder ........ ... . .. Logic
5-Decade Counter . ... ... i Logic
Programmable Timer ............ . . Logic
Dual Precision Monostable Multivibrator . ........................ Logic
Dual 4-Channel Data Selector/Multiplexer ....................... Logic
Programmable Oscillator-Timer. . ......... ... ... ..o L. 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 . .............. ... .. 3-40
Quad 2-Channel Analog Multiplexer/ Demuitiplexer ... ............. Logic
3-Digit BCD Counter. ... ... Logic
2 x 2-Bit Parallel Binary Multiplier .............. ... .. ... ........ Logic
Dual Binaryto 1-of-4Decoder . .. ... ... ... ... ... Logic
Dual Binary to 1-of-4 Decoder (Inverting). .. ...................... Logic
1-to-64 Bit Variable Length Shift Register ......................... Logic
BCD-to-7-SegmentDecoder ............ ... i 4-44
Successive Approximation Register . .............. ... ... .. ... 3-40
NBCD Adder .. ... Logic
s Complementer . ... ... Logic
128-Bit Static Shift Register. . ...... .. ... ... ... .. ... .. ... ... Logic
Industrial Time-Base Generator. . . ........... ... oo, Logic
Phase Comparator and Programmable Counters .................. 6-18
Dual Programmable BCD/Binary Counter .. ...................... Logic
Hex Gate. .. ... Logic
Quad Programmable Op AmMp . ... ..o b-3
Quad Programmable Comparator .. .......... ... . ... 5-3
Programmable Dual Op Amp/Dual Comparator ............... A 5-3
4x 4 Multiport Register. . ... Logic
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Number
MC

145818
145828
14683B
145848
14585B
145978
145988
145998
142100
143403
144110
144111

145000
145001

145026
145027
145028
146029
146040
145041

145100
146104
145106
145107
145109
1456112
145143
145144

145145-1
146146-1
145151-1
146162-1
145155-1
145156-1
145157-1
145158-1
1461569-1
1456402
145406
145409
145411
1456414
145415
1456418

Description

4-Bit Arithmetic LogicUnit. . ........ ... ... .
Look-Ahead Carry Block ......... ... . . ... . ..
Dual Schmitt Trigger. . ... ..o
Hex Schmitt Trigger ... ...
4-Bit Magnitude Comparator . . ............. .,
8-Bit Bus-Compatible Counter Latch ............. ... ... ... .....
8-Bit Bus-Compatible AddressableLatch.........................
8-Bit Addressable Latch ........ ... ... ... .. .
4x4CrossPointSwitch. . ... .. ... ..
QuadlLine 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 . ....... ... ... ... .. . .. . .
Remote Control Decoder . ........ ... .. ... .. . . . . .
Remote Control Decoder .. ... . ... .. . ... . . .
Remote Control Decoder . ........... .. ... .
Analog-to-Digital Converter with Serial Interface ............ ... ..
Analog-to-Digital Converter with Serial Interface . .................
4x4 CrossPointSwitch. ... ... ... ... .. ... .
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-BitLinearCodec. .. ... ... ... .
RS-2321Interface ........ ... . ...
Pulse Dialer ... ... .. .
Baud Rate Generator ........... ... . ... .. ... ..
Dual Tuneable Low-Pass Sampled DataFilters . . ..................
Dual Tuneable Linear Phase Low-Pass Sampled Data Filters ........
Master Digital Loop Transceiver . ........... ... ...,
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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
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145419
145422
146426
145428
145429
145432
145433
145440
145441
146446
146450
1464563
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 .......... ... ... . ... . ... Telecom
Telset Audio Interface Circuit . ............ ... ... ... ... ... ... Telecom
2600 Hz Tone Signalling Filter . ................ .. o . Telecom
Tuneable Notch/Band-PassFilter. ............................ ... Telecom
Low-Speed Modem Filter. . ........ ... ... .. . . . .. . Telecom
Low-Speed Modem Filter. ........... ... .. ... ... ... .. ... . ...... Telecom
300 Baud FSK Modem ... ... ... .. . . Telecom
1200Baud FSK Modem ........ ... ... .. . . Telecom
33-Segment LCD Driver with Serial Interface ..................... 4-59
Family of 8-Bit CMOS MCUs/MPUs. . ........................... MCU,MPU
Real-Time Clock/RAM . . ... .. .. . MCU,MPU
Parallel Interface . ........ .. .. . . . MCU,MPU
8-Bit CMOS MCUswith EPROM . . ... ... ... ... ... ... ... ... ..... 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 100 V. The high-impedance 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 volitage discharge. They may also
fail due to the cumulative effect of several discharges of
lower potential.

Static-damaged devices behave in various 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 is either shorted to
VpD. shorted to Vgg, or open-circuited. The effect is that
the device is no longer functional. Less severe cases are
more difficult to detect because they appear as intermittent
failures or degraded performance. Another effect of static
damage is, 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 is
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 limiting factor
for the series 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 is removed and brought into
contact with static generating materials. For con-
venience, equations for added propagation delay and
rise 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

R1 MOS
To Off-Board AAA Input
Connection M or
Qutput

Advantage: Requires minimal board area

Disadvantage: R1> R2 for the same level of
protection, therefore rise and fall
times, propagation delays, and output
drives are severely affected.

D

R2 MOS
To Off-Board AAA Input
Connection M

VD
D1
or
Output
D2
Advantage: R2<R1forthesame —=Vgg

level of protection.
Impact on ac and dc
characteristics is minimized.

Disadvantage: More board area, higher initial cost

Note: These networks are usefui for protecting the foliowing:
A. digital inputs and outputs
8. analog inputs and outputs
C. 3-state outputs
D. bidirectional (I/Q} ports

EQUATION 1 — PROPAGATION DELAY
vs. SERIES RESISTANCE

t
R=
Cek

where:
R=the maximum allowable series resistance in ohms
t=the maximum tolerable propagation delay in seconds
C=the board capacitance plus the driven device's

input capacitance in farads

k=0.33 for the MC145040/1
k=0.7 for other devices

EQUATION 2 — RISE TIME
vs. SERIES RESISTANCE

t

st

where:

R = the maximum allowable series resistance in ohms

t=the maximum rise time per data sheet in seconds

C=the board capacitance plus the driven device’s
input capacitance in farads

k=0.7 for the MC145040/1

k=2.3 for other devices
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transported in materials that are antistatic. Devices
must not be inserted into conventional plastic
“snow’’, styrofoam or plastic trays, but should be left
in their original container until 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 ionized 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 material.

. Cold chambers using COp for cooling should be

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

. When lead-straightening or hand-soldering is

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.

c. Operators must comply with precautions previousty
explained.

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

o

Q

. The following steps should be observed during board

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

an earth ground. Operators must likewise be
grounded.

. Brush or spray cleaning should not be used.

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

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

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

o T

Q.

. The use of static detection meters for line surveillance

is highly recommended.

. Equipment specifications should alert users to the

presence of CMOS or NMOS devices and require
familiarization with this specification prior to perform-
ing any kind of maintenance or replacement of devices
or modules.

. Do not insert 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.0. Box 2963

Austin, Texas 78769-2963

Or by Calling:

1-800-328-1368

FIGURE 2 — TYPICAL MANUFACTURING WORK STATION

H

Resistor= .3
1 Megohm

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

work area.
Ground strap.

RS

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

Primarily for use in areas where direct grounding

is impractical.

5. Room humidifier. Primarily for use in areas where the
relative humidity is less than 45%. Caution: building
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 is
the basic configuration of a silicon controlied 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. Unlike 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 —0.6 Vdc and have
sufficient current to trigger the SCR. The latch-up
mechanism is 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 limited to the maxi-
mum rated values, as follows:

~0.5=<Vjh=Vpp+0.5 Vdc referenced to Vgs
~0.5= Vgyut=Vpp+0.5 Vdc referenced to Vss

Hinl =10 mA

|loutl = 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 is to use a series resistor to limit
the expected worst case current to the Maximum
Ratings values. See Figure 1.

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

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

. Power supply lines should be free of excessive noise.
Care in board layout and filtering shouid 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-limiting regulator.

N

w

o

(o]

FIGURE 3 — CMOS WAFER CROSS SECTION
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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 Serial Interface
MC145040 | Analog-to-Digital Converter with Serial Interface
MC145041 | Analog-to-Digital Converter with Serial Interface
Number
of Analog On-Chip Device Number
Function 1/O Format Resolution Channels Oscillator Other Features Number of Pins
ADC Serial 8 Bits n Successive MC145040 20
[Compatible with Approximation
the Serial Peripheral 8 Bits 1 v Successive MC145041 20
Interface (SPI) on Approximation
CMOS/NMOS MCUs]
Paralle! 3% Digit BCD 1 ~ 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 Stope w/ MC14447 16
Auto Zercing
DAC Serial 6 Bits 6 Emitter-Foliower | MC144110 18
[Compatible with Qutputs
the Serial Peripheral 6 Bits 4 Emitter-Follower | MC144111 14
Interface (SPI) Outputs
on CMOS MCUs]
Successive Serial or Parallel =<8 Bits Cascadable for | MC14548B 16
Approximation >8 Bits
Register <8§ Bits Cascadable for | MC145598 16
>8 Bits




@ MOTOROLA MC14433

3% DIGIT A/D CONVERTER

The MC14433 is a high performance, low power, 3% digit A/D converter com-
bining both linear CMOS and digital CMOS circuits on a single monolithic IC. The CMOS LSI
MC14433 is designed to minimize use of external components. With two external (LOW-POWER COMPLEMENTARY MOS)
resistors and two external capacitors, the system forms a dual slope A/D con-
verter with automatic zero correction and automatic polarity.

The MC14433 is ratiometric and may be used over a full-scale range from 1.999 3% DIGIT A/D CONVERTER
volts to 199.9 millivolts. Systems using the MC14433 may operate over a wide
range of power supply voltages for ease of use with batteries, or with standard 5
volt supplies. The output drive conforms with standard B-Series CMOS
specifications and can drive a low-power Schottky TTL load.

The high impedance MOS inputs 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- L SUFFIX
trol systems, and in MPU systems. N\ CERAMIC PACKAGE
® Accuracy: +0.06% of Reading +1 Count N CASE 623

24
Two Voltage Ranges: 1.999 V and 199.9 mV

Up to 25 Conversions/s 1
Zjn>1000 M ohm
Auto-Polarity and Auto-Zero P SUFFIX
Single Positive Voltage Reference PLASTIC PACKAGE \
Standard B-Series CMOS Outputs— Drives One Low Power CASE 709

Schottky Load 24

® Uses On-Chip System Clock, or External Clock ,

® Wide Supply Range: e.g., +4.5V to +8.0V

® Overrange and Underrange Signals Available

® Operates in Auto Ranging Circuits ORDERING INFORMATION

® Operates with LED and LCD Displays

® | 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

3> Multiplexer . 16-19

. LTI T JT0

B s | T =

Clock 1s 10s > 100s = 1000s | Overflow

‘ r 1 }

DS1-DS4
Digit Strobe

15

OR Overrange

2
] I cMOS 0 V¢f Reference Voltage
ontro Analog F——o0VAG Analog Ground
Logic o Subsystem
Y ———oVx Analog Input

= &

5 6 7 8 ‘

R R/CY  Cp CO1P €02 Vpp=Pin 24

9 14 Vgg=Pin 13
Display End of Vs

DU update EOC Conversion integrator Offset
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MC14433

MAXIMUM RATINGS

Rating Symbol Value Unit This device contains circuitry to protect
DC Supply Voltage Vpp to VEg -05t0 +18 \Y the inputs against damage due to high
Voltage, any pin, referenced to Vgg Vv —-0b1to0 Vv static voltages or electric fields; however,
Vpp +0.5 it is advised that normal precautions be
DC Input Current, per Pin lin +10 mA taken to avoid application of any voltage
Operating Temperature Range TA -40to +85 °C “'Shef_ tha{n maximum ‘rate.d voltages to
St T e R T 5 o 50 o this hlgh }mpedance circuit. For proper
orage temperature Range stg 0 operation it is recommended that Vi, and
RECOMMENDED OPERATING CONDITIONS (Vgg=0 or Vgg) Vout be constrained to the range
Parameter Symbol Value Unit Vee=Vin or Vour <VpD-
DC Supply Voltage — Vpp to Analog Ground Vbp +50to +8.0 Vdc
VEE to Analog Ground VEE ~281t -80
Clock Frequency feik 32 to 400 kHz
Zero Offset Correction Capacitor Co 0.1+20% uF
ELECTRICAL CHARACTERISTICS (C|=0.1 yF mylar, Rj=470 kQ@Vef=2.000 V, R|=27 kQ@Vef=200.0 mV, Co=0.1 uF,
R =300 kQ; all voltages referenced to Analog Ground, pin 1, unless otherwise indicated)
VoD | VEE —40°C 25°C 85°C
Characteristic ) Symbol | Vdc | Vdc | Min [ Max Min Typ Max Min | Max Unit
Linearity-Output Reading (Note 1) - %rdg
(Vygf=2.000 V) 50 |-60[ — | — [ ~006 | £005 | +005 | -~ | -
—~1Count +1 Count
(Vrgf=200.0 mV) 50 |-5.0] - - — +0.05 - - -
Stability — Output Reading
(Vx=199.0 mV, Vief=200.0 mV) - 50 |-50 3% LSD
Symmetry — Output Reading (Note 2)
(Vygf = 2.000 Vi - 50 |-5.0 4% LSD
Zero-Output Reading
(Vx =0V, Vief=2.000 V) - 50 [-5.0] — - - 0 0 - - LSD
Bias Current — Analog Input — 50 |-5.0| — — — +20 + 100 — - PA
Reference Input 50 [-50| - - - +20 + 100 — -
Analog Ground 5.0 |-50] - — - +20 + 500 — —
Common Mode Rejection (fgx =32 kHz,
Vx =14V, Vrgf=2.000 V) - 50 |-50| — | - - 65 - - | - dB
Input Voltage* Pins9, 10 0" Level ViL Vv
(Vo=450r05V) 50 | — - 15 - 2.25 15 - 15
(Vp=9.00r 1.0 V) 10 - - | 30 - 4.50 3.0 - | 30
(Vo=1350r 1.5V} 15 . — 4.0 — 6.75 4.0 - 4.0
"1 Level | iy v
(Vp=050rd5V) 50| — |35 ] — 35 2.75 - 35| —
(Vo=100r9.0V 10 — [ 70| — 7.0 5.50 - 70 | -
Vo=150r 135V} 15 - | 1o} - 11.0 8.25 - nof -
Output Voltage — Pins 14 to 23 \
(Vgg=0V) “0” Level VoL 50 [-5.0| — }|0.05 - 0 0.05 — 1005
1" Level VOH 50 |-50|4.9 | - 4.9 -6.0 - 49| —
(Vgg=~5.0V) "0 Level VoL 50 |-50] — [49%5 - -50 -49 | - [-49
"1 Level VOH 50 |-50[{49 | - 4.95 5.0 - 495 | —
QOutput Current — Pins 14 to 23 mA
(Vgg=0 V)
(VoH=4.6 V) Source 101 50 |-5.0|-025 - -0.2 -0.36 - —0.14) —
(VoL=04V) Sink oL 50 [-50(064| — 0.51 0.88 - 036 —
Vgg=-5.0V)
(VoH=45V) Source 10H 50 |-56.0j-062 — -05 -0.9 - -0.35 —
(VoL= —4.5V) Sink oL 50 |-50{ 16 | — 1.3 2.26 - 09 | -
Input Current — DU, Pin9 ipy 50 |-60] — [+03 — +0.00001] +0.3 — 1+1.0 A
Quiescent Current fe) 50 [-5.0] - 3.7 - 0.9 20 — 1.6 mA
(Vpp to VEg, Igg=0) 80 |-8.0| — 7.4 - 18 4.0 - 32
DC Supply Rejection
(Vpp to VEE, I55=0, Vief=2.000 V} - 50 [-5.0] — - - 0.5 - - - mv/V

Notes: 1. Accuracy — The accuracy of the meter at full scale is the accuracy of the setting of the reference voltage. Zero is recalculated during
each conversion cycle. The meaningful specification is linearity. In other words, the deviation from correct reading for all inputs other
than positive full scale and zero is defined as the linearity 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 Vsg for Pin 9. Referenced to Vgg for Pin 10
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1p, SINK CURRENT (mA)

ik, CLOCK FREQUENCY (Hz}

ROLLOVER ERROR {IN LSD) AT FULL SCALE
(PLUS COUNT LESS MINUS COUNT)

TYPICAL CHARACTERISTICS

FIGURE 1 — TYPICAL ROLLOVER ERROR

versus POWER SUPPLY SKEW
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AT VDD-VSS =5 VOLTS

5.0
4.0
30 —400C ___|
/ [
L~ +25:’C
2.0
/ = +850 C
%
" /,/
0
0 1.0 2.0 3.0 4.0 5.0
Vps, ORAIN-TO-SOURCE VOLTAGE (Vdc)
FIGURE 5 — TYPICAL CLOCK FREQUENCY
versus RESISTOR (R¢)
3 HY Ppiii P RE!
Eredd ] bl o iaiipp 0
Frios Dol ! =
’;, P Note: -
1545 typical variation over supply voltages —.
range of $4.5V 10 18 V
== == | | i b=
BEEE NEE
o P 0
100k b it j
ETTITT T EREEE =
EN?? R /H?fﬁ }. H
Loy [N NN b B DO
e Co g [T .
et ot ] CER IR \]i+j
0k i Ll Lol L
10 kS2 100 k2 1MQ

Rg, CLOCK FREQUENCY RESISTOR

FIGURE 2 — TYPICAL QUIESCENT POWER SUPPLY CURRENT
versus TEMPERATURE

4.0
E 3.0 VEE = -8V
= Vpp =+8V
g T~
320
=4 VEE=-5V R
w =
2 Vop=+5V -
310
o \
=] -
0
-40 -20 0 20 40 60 80

Ta. TEMPERATURE (9C)

FIGURE 4 — TYPICAL P-CHANNEL SOURCE CURRENT
AT VDD-VSS =5 VOLTS

-30
3 400 ¢
= /‘
=4
S .20 -] 1
= +250¢C
3
=] +850 C
2

/
g 10 ]
= / //
V 2~
A=
% 210 720 30 a0 5.0

Vps, DRAIN -TO-SOURCE VOLTAGE (Vdc)
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PIN DESCRIPTIONS

ANALOG GROUND (VAgG, Pin 1)

Analog ground at this pin is the input reference level for
the unknown input voltage (Vx) and reference voltage
(Vyeft. This pin is a high impedance input. The allowable
operating range for VoG is from VEg +2.8 V to Vpp
-45 V.

REFERENCE VOLTAGE (V(ef, Pin 2)
UNKNOWN INPUT VOLTAGE (Vx, Pin 3)

This A/D system performs a ratiometric A/D conversion;
that is, the unknown input voltage, Vx, is measured as a
ratio of the reference voltage, Vyef. The full scale voitage is
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 199.9 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 2 is switched low
(referenced to VEE) for at least b 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 is 0.1 uF (polystyrene or mylar) while the
resistor should be 470 kQ for 2.0 V full scale operation and
27 kQ for 200 mV full scale operation. These values are for a
66 kHz clock frequency which will produce a conversion time
of approximately 260 ms. The equations governing the
calculation for the values for integrator components are as
follows:
Vx{max) % T
C| AV

AV=Vpp-Vx(max)-0.5V

Ri=

T=4000x
fcik

where:
Ry is in kQ
VpD is the voltage at Pin 24 referenced to VAG
Vx is the voltage at Pin 3 referenced to VAG, in V
feik is the clock frequency at Pin 10 in kHz
Cjis in uF, AV is in Volts
T is the conversion time, in seconds

Example:
Cy=0.1 uF
Vpp=5.0 volts
fCclk=166 kHz
For Vx{max)=2.0 volts
Ry=480 kQ (use 470 kQ +5%)

For Vx(max) =200 mV
R|=28 k@ (use 27 k2+ 5%}

Note that for worst case conditions, the minimum
allowable value for Ry is a function of C| min, Vpp min, and
fclk max. The worst-case condition does not allow AV + Vx
to exceed Vpp. The 0.5 V factor in the above equation for
AV is for safety margin.

OFFSET CAPACITOR (CO1, C02; Pins 7, 8)

These pins are used for connecting the offset correction
capacitor. The recommended value is 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 is wired
directly to the EOC output (Pin 14), every conversion will be
displayed. When this pin is driven from an external source,
the voltage should be referenced to Vss.

CLOCK {(Cik {, 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 is desired,
these pins will 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 is referenced to VEg. A 300 kQ
resistor results in clock frequency of about 66 kHz. {(See the
typical characteristic curves.) For alternate circuits see
Figure 7.

NEGATIVE POWER SUPPLY (VEEg, Pin 12}

This is the connection for the most negative power supply
voltage. The typical current is 0.8 mA. Note the current for
the output drive circuit is not returned through this pin, but
through Pin 13. Vx-VEE should be greater than 0.8 V.

NEGATIVE POWER SUPPLY FOR OUTPUT
CIRCUITRY AND INPUT DU (Vgg, Pin 13)

This is the low voltage level for the output pins of the
MC14433 (BCD, Digit Selects, EOC, OR) and the DU input.
When this pin is connected to analog ground, the output
voltage is from analog ground to Vpp. When connected to
VEE, the output swing is from VEE to Vpp. The allowable
operating range for Vgg is 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 is low when Vx exceeds Vief. Normally it is
high.

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

The digit select output is 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 muitiplex rate is equal to the clock fre-
quency divided by 80. Thus with a system clock rate of 66
kHz, the multipiex 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, Q2, Q3, Pins 20, 21, 22, 23)

Multiplexed BCD outputs cantain 3 full digits of informa-
tion during DS2, 3, 4, while during DST, 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 — VgEg should be greater than 7.8 V.
Vpp determines VoH for the digital outputs, and V|H for the
digital inputs.

TRUTH TABLE {DS1=1)

Coded Condition BCD to 7 Segment
of MSD Q3 Q2 a1 Qo Decoding
+0 1 1 1 0 | Blank
-0 1 0 1 0 | Blank
+0 UR 1 1 1 1 Blank
-0 UR 1 0 1 1 Blank
+1 0 1 0 0 | 4—1] Hook up
-1 0 0 0 0 | 0—TQonlyseghb
+10R 0 1 1 1 7—1fandcto
—10R 0 0 1 1 3—1) MSD

Notes for Truth Table:

Q3 — % digit, 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 is in-
dicated, i.e., Q3=0—0OR 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., 1.999 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
2.000 V.
Caution: If the most significant digit is 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

Ck O

10 pF < C1and C2<200 pF

(b) LC Oscillator Circuit

{Clk |

MC14433

Clk O

CI A\/
1
= f_2_1r 2LC

ForL=5mH and C=0.01 uF, f=32kHz

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

Start * End
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Time ? ~
Segment
Number VX

Typical Positive

I Input Voltage
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Typical Negative

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

CIRCUIT OPERATION

The MC14433 CMOS integrated circuit, together with a
minimum 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 amplifiers and comparators re-
quired to implement a complete single chip A/D. Autozero,
high input impedances, and autopolarity 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-
metrically’ measures the unknown input voltage, In other
words, the output reading is 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
slightly 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-

grator amplifiers, is charged during this period. Also, the
integrator capacitor is shorted. This segment requires 4000
clock periods.

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 is
stored in the offset latches for later use in the autozero pro-
cess. The time for this segment is variable, and less than 800
clock periods.

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

Segment 4 — Segment 4 is an up-going ramp cycle with
the unknown input 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 is dependent upon the polarity 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 Segment5. The time
period for this portion is 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

MC1403
20k
+5V°I—_1 2 5V
0.14F J_
l 3 +oV = 45V +5V
0.1 uF] Sogé 0.14F -
Ay
L I I I Segment Resistors
vy = = 110 2 12 24 = = p 160 Q (7}
{3 3 9| 7 10 W
| sl 22 2 o 06
. | P VA
R N— B E )
d S 1B W
5 Q 13 3 = 14
i o MC14433 = b b
0.14F** 13— ~5V' s & 757 16]
) 6 oved | —aved
3 14 Minus Sign
0.14F 15 19 18 17 16 -5V 200 O fgedcba
I ~5v MPS-A12 Plus Sign
DSt
DS2 5 Bé , 1100
D ’30 L T~ o 51k Common|
S R Q ~ Anode + | B B E
4 MC140138 LED
| 8 +ov Display
[ .
9 D S al 13 _L i
11 ﬁ’z 50 uF 0.14F —Z -Z z
R
*Ry=470 kg for 2 V Range 770 4 } MPS-A12
Ry =27 k2 for 200 mV Range T [ [ -5V (4)
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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 2.5 V reference IC.
The full scale potentiometer can calibrate for a fuil scale of
199.9 mV or 1.999 V. When switching from 2 V to 200 mV
operation, Ry is also changed, as shown on the diagram.

When using Rc equal to 300 k@, the clock frequency for
the system is about 66 kHz. The resulting conversion time is
approximately 250 ms.

When the input is overrange, the display ftashes on and
off. The flashing rate is one-half the conversion rate. This is
done by dividing the EOC pulse rate by 2 with 2 MC14013B
flip-flop and blanking the display using the blanking input of
the MC14543B.

39

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 disptay. The digit
drive is 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 160 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 is not required. See the recommended operating
conditions and Figure 1.
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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 is an example of the
use of the MC14433 in a system with a minimum 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 provides the segment drive
for the 3% digits. The MC1413 provides sink for digit cur-
rent. {The MC1413 is a device with 7 Darlingtons with com-
mon emitters.) The worst case digit current is 7 times the
segment current at %4 duty cycle. The peak segment current
is limited 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 is controlled by one
section of the MC1413 and is turned off by shunting the cur-
rent through R\ to ground, bypassing the minus sign LED.
The minus sign is derived from the Q2 output. The decimal
point brightness is 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, Ry, Rpp.,
and RR that govern brightness are not given.

During an overrange condition the 3% digit display is
blanked at the Bl pin on the MC145118. The decimal point
and minus sign will remain on during a negative overrange
condition. In addition, an alternate overrange circuit with
separate LED is shown.

3% DIGIT VOLTMETER WITH LCD DISPLAY

A circuit for a 3% digit voltmeter with a liquid crystal
display is shown in Figure 13. Three MC145438 LCD latch/
decoder/display drivers are used to demultiplex, decode the
three digits, and drive the LCD. The half digit and polarity are
demultiplexed with the MC14013B dual D flip-flop.

Since the LCD is best driven by an ac signal across the
LCD, the low-frequency square wave drive for the LCD is
derived from the MC14024B binary counter which divides the
digit select output from the A/D. This low frequency square
wave is 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
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cuitry of the MC14543B and the exclusive OR gates at the
outputs of the MC14013B. Alternatively the square wave can
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 twc power supplies
(plus and minus). Alternatively one supply can be used when
Vgg is connected to VEE. In this case a level must be set for
analog ground, VAG, which must be at least 2.8 V above
VEE. 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 VaoG and Vg, 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 is 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.

FIGURE 14 — TWO CIRCUITS FOR GENERATION
OF Vyof AND VAG FROM A SINGLE SUPPLY
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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 fuliscale and resistance ranges from 2 k2 to 2 MQ full-
scale is 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 technigue 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 CMOQOS
A/D Converter.”

PARALLEL BCD DATA OUTPUT 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, i.e., that of the EOC signal of
the MC14433, information is transferred to the second set of
latches (MC14175B latches). A single set of latches can be
used when reading of output is 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 is Vgg. In most
cases, a two supply system with Vg5 connected to VAG is
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 M(14433 BCD DATA
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FIGURE 17 — CHANNEL DATA ACQUISITION HARDWARE
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8 CHANNEL DATA ACQUISITION NETWORK

Figure 17 shows an 8-channel data acquisition network us-
ing the MC14433 and an MC6800 microprocessor system.
The interface between the microprocessor data bus and the
A/D system is done with an MC6821 PIA. One half of the
PIA is used with the BCD and digit 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 detailed 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
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NEGATIVE SUPPLY GENERATED FROM POSITIVE
SUPPLY

When only +5 V is 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 is level-transiated to a negative go-
ing signal. This signal is rectified and filtered. A Vpp voltage
of +5V for the hex buffer will resultina —4.3 V no load out-
put voltage while the output with a 2 mA load is =3.4 V.

- Vout 1o VEE

TN400T W Iso uF
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3-1/2 DIGIT A/D LOGIC SUBSYSTEM CMOS LSI

The MC14435 A/D Logic is designed specificailly 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 3-1/2 DIGIT A/D LOGIC
latches, and output multiplexing circuitry. An internal clock oscil- SUBSYSTEM
lator is provided to generate system timing and to set the output
multiplexing rate. A single capacitor is required to set the oscillator
frequency.

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

® Multiplexed BCD Output

Built-In  100-Count Delay for Accurate System Conversion of
Low-Level Inputs

@ System Over-Range Output

® Linear Companion Device Available From Motorola . L SUFFIX
(MC1405L/1505L) CERAMIC PACKAGE
CASE 620

® Supply Voltage Range = 3.0 Vdc to 18 Vdc (MC14435 EFL/FL/FP)
=3.0 Vdc to 6.0 Vdc (MC14435EVL/VL/VP)

1

MAXIMUM RATINGS (Voltages referenced to Vgg, Pin 8.) P SUFFIX
- PLASTIC PACKAGE
Rating Symbol Value Unit CASE 648
DC Supply Voltage Vpp Vdc
~ MC14435EFL/FL/FP +18t0 -0.5
— MC14435EVL/VL/VP +6.0 to -0.5
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 -65t0 +125 oc
MC14435FL/FP/VL/VP -40 to +85 PIN ASSIGNMENT
Storage Temperature Range Tstg -65to +150 oc

——
D215
214
13
12
— 11
/10

) S

PRODUCT CANCELLED

® N e o bW N =

Refer to Other A/D Converters Listed
in the Function Selector Guide of This
Book
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MC14442

ANALOG-TO-DIGITAL CONVERTER (ADC)

The MC14442 ADC is 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 in 32 machine cycles and allows up to 11 analog inputs. [n 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.

CMOS LSI

(LOW-POWER SILICON GATE
COMPLEMENTARY MOS)

MICROPROCESSOR-COMPATIBLE
ANALOG-TO-DIGITAL CONVERTER

L SUFFIX

® Direct Interface to M6800 Family MPUs CERAMIC PACKAGE
® Dynamic Successive Approximation A/D CASE 733
® 32 us Conversion at fg=1.0 MHz
® Ratiometric Conversion
® Completely Programmable M
@ Completely Software Compatible with the MC14444 ADC P SUFFIX
h PLASTIC PACKAGE
@ 5 Dedicated Analog Inputs CASE 710
@ 6 Inputs Usable for Either Analog or Digital Signals !
® Completely. TTL Compatible Inputs at Full Speed with Supply ORDERING INFORMATION
Voltage of 5V + 10% MC14XXX
Suffix Denotes
EL Ceramic Package
P Plastic Package
BLOCK DIAGRAM AND PIN ASSIGNMENT
VAG Vref
| .
AN1
SAR 8-Bit 11 ANO
Control CaLpzt(:jmve le—| Mux p—~— AN2-ANS
Logic Comparator SAS' PO-P5 vaclh 28{1 Vet
(Chopper Stabitized) VssQz 278 VoD
EOC 8 o7 26[1 ANO
8 PO-PS 06 253 AN2
v SAR 05 24[ AN3
L 4 D4 23 ANG
sC 8 7 D3 22[1ANS
‘Analog 02 211 POAN10)
»  Data D1 20{IPIANTT
Register Do 19{1P2(AN8)
C°’T"°l {Read Only) R 18[1P3(ANG)
V\Ziegséi(ly‘ A0S ‘4,4 Digital E 171 PacANS)
Data st {13 16(1P5aN7)
8 Register s g 150 Fesat
DO-D7 <> {Read Only)
R/W—> 18 8
s ‘CoBr:thol 8 Y y
ST—> 15gic FF
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) -051t +65 \ inputs against damage due to high static
Vin | DC Input Voltage (Referenced to Vgg) -05to Voc+0.5 v voltages or electric fields; however, it is ad-
Vout | DC Output Voltage (Referenced to Vgg) ~05toVee+05 vV V\Sefi ma‘. nqrmal precautions be» 1aken to
- DC Tnout Current 5ar Pim 70 oy avoid applications of any voltage higher than
n P - P . maximum rated voltages to this high im-
lout | BC Output Current, per Pin +10 mA pedance circuit. For proper operation it is
Ipp | DC Supply Current, Vpp and Vgg Pins +20 mA recommended that Vi, and Vgt be con-
Pp Power Dissipation, per Package® 500 mw strained to the range Vggs=(Vi, or
Tstg | Storage Temperature ~65 to + 150 °C VOJT)S\QDVD‘ . o be tid 1
- _ = nused inputs must always be tied to an
Ty Lead Temperature {10-Second Soldering) 300 C appropriate logic voltage level fe.g., either
*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=5.0V £10%, Vgs=0V, Tpo=—40°C to 85°C unless otherwise noted)

Characteristic [ Symbol T Conditions [ Min T Max [ Unit |

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

Input High Voltage ViH 2.0 — \%
Input Low Voltage ViL — 0.8 Vv
Input Leakage Current lin Vin=01t055V - +1 pA
Data Bus (D0-D7)

Input High Voltage VIH " 20 - \
Input Low Voitage ViL - 0.8 A
Three-State (Off State) input Leakage Current ITs1 Vpp=565V, -~ +10 pA

. Vss=Vin=Vpp

Output High Voltage VOH loH=-1.6 mA 24 - %
Output Low Voltage VoL loL=1.6 mA - 0.4 \%
Peripheral Inputs (P0-P5)

Input High Voltage ViH 2.0 - \
Input Low Voltage ViL - 0.8 \
Input Leakage Current lin Vpp=55V, - +1.0 #A

Vss=Vin=VpD

Current Requirements

Supply Current DD Vpp=55V - 10 mA
Input Current, Vref Iref Vief=4510556V = 800 A
ANALOG CHARACTERISTICS (Ta=-40°C to 85°C)

Characteristic Description i MM Max i Unit ]

Analog Multipiexer

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, 4.6 V=V (gf<Vpp=5.5V)

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

Nonlinearity Maximum deviation from the best straight line through the A/D transfer - + % LSB
characteristic

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 - +% LSB
input voltage

Total Unadjusted Error Maximum sum of Nonlinearity, Zero Error, and Full-Scale Error — + Y% LSB

Quantization Error Uncertainty due to converter resolution - +% LSB

Absolute Accuracy Difference between the actual input voltage and the full-scale weighted - +1.0 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
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AC CHARACTERISTICS (Ta= —40° to 85°C) (See Figure 1)

Read

Write

Characteristic Signal Symbol Min Max Unit
Enable Clock Cycle Time (1/fg} E toyc(E) 943 - ns
Enable Clock Pulse Width, High E PWH(E) 440 - ns
Enable Clock Pulse Width, Low E PW|(E) 410 - ns
Clock Rise Time E t(E) - 25 ns
Clock Fall Time E H(E) — 30 ns
Address Setup Time RS1, RAW, TS| tas 145 - ns
Data Delay (Read) D0-D7 DDR - 335 ns
Data Setup (Write) D0-D7 tDSW 185 — ns
'] Address Hold Time RS1, R/W, TS| tan 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 - 55 pF
ANO-AN10,
R/W, E, RS1, - 15
CS., RESET
Three-State Output Capacitance D0-D7 Cout - 15 pF
FIGURE 1 — BUS TIMING
- teye(E) >
< PW(E) g PWH(E)
—> [e— t(p)
20 2.0-)
E / :
L 0.8 0.8
— [— t{E)
[€E————— A5 ~——— —_— L.(__IAH
R/W, 20V 20V
Cs,
RS1 0.8V 0.8V
—> |[€«—1DHR
[€—— tDDR —31
2.4 2.4
MPU \ { 50-07 [___
/ 04y 0.4
[E— IDSW ~—3»
——3» [€—IDHW
\ 204 L 20
MPU J_) D0-D7 >__
084 0.
’ 8 Y 7 0.8
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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 D7 Data Bus Bit 7 (MSB} Input/ Qutput
4 D6 Data Bus Bit 6 Input/Qutput
5 D5 Data Bus Bit 5 Input/Output
6 D4 Data Bus Bit 4 Input/Output
7 D3 Data Bus Bit 3 Input/Output
8 D2 Data Bus Bit 2 Input/ Output
9 D1 Data Bus Bit 1 {nput/Output
10 DO Data Bus Bit 0 (LSB) Input/Output
1 R/W  |Read/Write Input
12 E Enable Clock (¢2) Input
13 RS1 Register Select Input
14 &3 Chip Select Input
15 Reset  |Reset Input
16 P5(AN7) |Digital Port or Analog Channet 7 Input
17 P4(AN6) [Digital Port or Analog Channel 6 Input
18 P3(ANS) |Digital Port or Analog Channel 9 input
19 P2(AN8) |Digital Port or Analog Channel 8 Input
20 P1(AN11) |Digital Port or Analog Channel 11 input
21 PO{AN10) |Digital Port or Analog Channel 10 Input
22 ANS Analog Channel 5 Input
23 AN4 Analog Channel 4 Input
24 AN3 Analog Channe! 3 input
25 AN2 Analog Channel 2 Input
26 ANO Analog Channel 0 Input
27 Vpp  |Supply Voltage Supply
28 Vigf  |A/D Converter Positive Reference Input
Voltage

MC14442 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 drivers
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 MC14442. First, it serves to synchronize data
transfers into and out of the ADC. The timing of all other ex-
ternal signals is 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 is 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
MC14442 to control the direction of data transfers to and
from the MPU. A low state on this line is required to transfer
data from the MPU to the ADC control register. A high state
is 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 MC14442 into a known state. When a
low is applied to the Reset pin, the start conversion bit of
the control register is cleared. Analog channel 0 is
automatically selected by the analog multiplexer. The A/D
status bit is also cleared. Any A/D results present in the
Analog Data register are not affected by a reset. Reset forces
the data bus 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 internal 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 is 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 TS is in a low state. A selection of MPU address
lines and the M6800 VMA signal or its equivalent should be
utilized to provide chip select to the MC14442.

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

Dedicated Analog Channels (ANO, AN2-AN5) — These
input pins serve as dedicated analog channels subject to A/D
conversions. These channels are fed directly into the internal
12-t0-1 analog multiplexer which feeds a single analog
voltage to the A/D converter.
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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 (P0-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 is
not programmed, but instead is simply assigned by the
system designer on a pin-by-pin basis.

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 is 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 is unavoidable internally. Analog circuits us-
ing this supply within the MC14442 were designed with high
VDD supply rejection; however, it is recommended that a
filtering capacitance be used externally between Vpp and
Vss to filter noise caused by transient current spikes.

Ground Supply Voltage (Vgsg) — Vgg 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
Vgs rejection.

Positive A/D Reference Voltage (Vief) — 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 Vigf —VAG (full scale). Hence Vef should be a
very noise-free supply. Ideally Vyef should be single-point
connected to the voltage supply driving the system’s
transducers. Vyef 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 is
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 is wired to Vgg at the ADC
package unless Vg s has been sufficiently filtered to remove
switching noise. Ideally VAG 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 £
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
is accessed, the pointer will switch to the LS byte and remain
there for as long as chip select is 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 is 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 AC 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
Reset | CS |R/W | RS1 ADC Response

0 X X X |Reset

1 0 o} 0 |No Response

1 0 o} 1 |MPU Write to Control Register

1 0 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

/7
\ /

— Typical 16-Bit ADC Access

OO0 b

MS Byte

Accessed

Internal

b — Typical 8-Bit ADC Access

Byte Pointer
Reset to MS Byte

l€e———— Select

internal

MS Byte

NRHEeeess

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) (LSBY(MSB) (LSB)

Most Significant Byte——————3»

[€—————8-Bit Write———————————
16-Bit Write

H—————Least Significant Byte ——————3»

g

Analog Multiplexer Address {A0-A3) These four
address bits are decoded by the analog multiplexer and used
to select the appropriate analog channe! as shown below.

H Address (A3=MSB) Select
0 ANO
1 Vref
25 AN2-AN5S
6-B ANB-AN11
C-F Undefined

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

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 is required to change
the analog multipiexer address. However, 8-bit writes to the
MC14442 can be used to initiate an A/D conversion if the
analog MUX is already selecting the desired channel. This is
useful when repeated conversions on a particular analog
channel are necessary.

MC14442 ANALOG DATA REGISTER

(Read Only)
15 8 7 0
goc|{ o (0 {0 {0 {0 | 0o | 0| R |R |R |R|[R3|R|RI |RO
(MSB) {LSB)j(MSB) (LSB)

[€—————Most Significant Byte ——————»

8-Bit Read—————————»]
16-Bit Read

[¢——————Least Significant Byte

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

A/D Status {(EOC) — The A/D status bit is set whenever a
conversion is successfully completed by the ADC. The status

bit is 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 M6800 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 | P4 | P3| P2 (Pt [P0 |A3{A2fAatr{Aa0{ 0|0 f{0] 0] 0] 0O

<

[ €——————Most Significant Byte ~———————3»]

8-Bit Read

[€————— Least Significant Byte ——————3»

Logical Zero {0) — These bits are always read as logical
zero.

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

16-Bit Read
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Shared Digital Port (PO-P5) — The voltage present on
these pins is interpreted as a digital signal and the corres-

5
these pins

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 being used as analog inputs.
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ANALOG SUBSYSTEM
(See Block Diagram)

General Description

The analog subsystem of the MC14442 is 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 muitiplexer selects one of twelve channels and
directs it to the input of the capacitive DAC. A fully-
capacitive DAC is utilized 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 voitage 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; it compares the unknown analog input to the output of
the DAC, which is driven by a conventional successive-
approximation register. The chopper-stabilized comparator
was designed for low offset voltage characteristics as well as
VpD and Vgs power supply rejection.

Device Operation

An A/D conversion is initiated by writing 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 is 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 is selected and the analog input voltage
is stored on the sample and hoid DAC. It is recommended
that an input source impedance of 10 K@ or less be used to
allow complete charging of the capacitive DAC.

During cycle 13 the A/D is disconnected from the
multiplexer output and the successive approximation A/D
routine begins. Since the analog input voltage is being held
on an internal capacitor for the entire conversion period, it is
required that the enable clock run continuously until the A/D
conversion is completed. The new 8-bit result is latched into
the analog data register on the rising edge of cycle 32. At this
point the end of conversion bit (EQC) is set in the analog
data register MS byte. (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 is in progress. If the
analog data register is 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

MPU Write
To ADC
Control
Register

e

Sample Analog [nput
(Input Should Be Stable)

SAR A/D Conversion

1 2 3 4 5-6 7 8 9101112131415 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32

e TULY]
R/W
cs YT T U
" D‘:SL/ZE T /ﬂew
Reglrs‘;eigR(g-W Valid Data From Previous Conversion (EOC Cleared) D, E\C/'}ZE

3-23




MC14442

FIGURE 4 — TYPICAL MC14442 APPLICATION IN A CLIMATE CONTROLLER
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Driver :>

IR

[

Ny Y oy

|

MC6802
MPU

Data Bus

Address/ Control Bus

Vref

VAG

MC14442
ADC
Multiple, Remote
Analog Temperature
| Transducers
Keyboard
Console
| Solid-State AC Heat/AC
MC6821 | Relay Control
PIA
| Duct
Damper
Control

3-24



@ MOTOROLA

MC14443
MC14447

ANALOG-TO-DIGITAL CONVERTER
LINEAR SUBSYSTEM

The MC14443 and the MC14447 are 6-channel, single-slope, 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 is an open-drain
N-channel which provides a sinking current. The output driver of the
MC14447's comparator is a standard B-Series 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 variable scaling (weighting) of six separate
analog channels.

Quiescent Current 0.8 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: Vsgto Vpp — 2V

Chip Complexity: MC14443 — 150 FETs
MC14447 — 151 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

MC14X)<X_‘_ Suffix Denotes

f———— L Ceramic Package
P Plastic Package

BLOCK DIAGRAM

= 15
Ch1 — Ramp Start
13 3 Ramp Capacitor
ch2 — [ 2
12 N Buffer 1
o
Ch3 — E h 7
11 2 -
Chd — 3 Comparator
cns 10 2 = Output
9
Ché ——
. 6 Ref Current
8 Set
Ref
Voltage -
IJ +
0 16 I VDD=F"in 14
a1l i Vgs = Pin 5
2
o Gl

PIN ASSIGNMENT

1 A1l A0 16
2§A2 Ch1 D15
3 CJRampStart Vpp D14
4 c=}Ramp Cap ch2 313
5§ CVss Ch3 [F312
6 CJRef Current Cha 11
7 CJComp Out Ch5 3310
8 T Ref Voltage Ché bg
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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 VDD -051t +18 \ static voltages or electric fields; however,

it is advised that normal precautions be

Input Voltage, Al Input§ Vin ~0510Vpp+05 v taken to avoid application‘;f any voltage

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

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

Storage Temperature Range Tstg —65 to + 150 °C 3‘:":‘;:"c':m':'::i°:e';"7t‘g":’:: :::;ev \!/rls ;"g

(Vinor Vout) < Vpp.
ELECTRICAL CHARACTERISTICS (Voitage 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 5.0 - |0.06 - 0.01 0.05 - (0056} Vv

Vin @ Pin4=0V 10 — [ 0.05 - 0.01 0.05 — 10.05
15 — 005 — 0.01 0.05 - |0.05

Vin@ Pin4=1.0V 1" Level | Von 50 |49 | — 4.95 4.99 - 49 | — \

(Rpuliup= 10 k@, MC14443 only) 10 [995 | — 9.95 9.99 - 995} —
15 (1495 — 14.95 14.99 — 1495 —

Input Voltage-Address, Ramp Start’ "0" Level ViL . \
(Vo=450r05V) : 50 | — 1.5 - 2:25 1.5 - 1.5
(Vo=9.00r1.0V) 10 - 130 - 450 3.0 - | 30
(Vpo=1350r15V) 15 — | 40 — 6.75 4.0 — |40

“1" Level | ViH \%

(Vo=050r45V) 50 | 36 | — 35 2.75 - 36 | —

(Vp=1.00r98.0V) 10 170 | — 7.0 5.50 - 7.0 -

(Vo=150r135V) B (1M0] — 11.0 8.25 — 11.0] —

Output Drive Current— Comparator IoH mA
Vin @ Pin 4=1.0 V (MC14447 only)

(VoH=25V) 60 (-25| — -21 -42 - -1.7) -
(Vor=4.6 V) 50 |-052 — -044 | ~088 - -0.36] —
(VoH=95V) 10 |-13] - -1 ~2.25 - -09| —
(VoH=135V) 15 [-36( — -3.0 -8.8 — -24] —

Vin @ Pin4=0V loL mA
(VoL=0.4W) 5.0 10562 | — 0.44 0.88 - 0361 —
(VoL=0.5V) 0 {13 — 11 2.25 - 09 | —
(VoL=15V) 15 | 36 | — 3.0 8.8 24 | —

Input Current— Address, Ramp Start lin 15 — |+03 - +0.3 — [+10] pA

Input Current— Analog Inputs lin 15 — — - +0.1 +50 - - nA

Input Capacitance — Address, Ramp Start Cin 15 - - — 5.0 75 — — pF
Vin=0V

Quiescent Current Is)s) 5 - - - 08 15 - - | mA

10 - - - 1.5 - - -
15 — — — 1.7 3.0 — —

Crosstalk Between Any Two Input Channels Ver - - - - 0 4.0 - - mV

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

Channel Input Voltage Range Val 5 - - 0 - 3.0 - - v

10 - - 0 - 8.0 - -
15 — — 0 — 13.0 — —

Buffer Amplifier Output Offset Vgo 5 — - - 0.285 - - - \

10 - - - 0.400 - - -
15 — - — 0.420 — — -

Comparator Threshold VTC 5 - - 0 0.195 VBo — - \

10 - - 0 0.275 VBO - -
15 - - 0 0.290 \'Z:16) - -

Reference Voltage Range Vief 5 - - 20 - 3.0 - - \

10 - - 20 - 8.0 - -
15 - - 2.0 - 13.0 - -

Conversion Linearity Le % Full
C>100 pF, VA)=0102.5V, V=25V 5 - - -05 - +05 - — | Scale

Var=01070V Veg=70V 10| - - -05 - +05 | — -
VA=010 120V, Vief=12.0V 15 - - -05 - +0.b - -
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SWITCHING CHARACTERISTICS (C|_=50pF, Tp = 250°C)

Characteristic Symbol Veo 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 - 250 500 ns
10 - 350 700
15 — 650 1300
Propagation Delay Time—Comparator MC14443 tPLH 5.0 - 550 1100 ns
(R =10k to Vpp) 10 - 500 1000
15 — 550 1100
tPHL 5.0 - 350 700 ns
10 . 300 600
15 - 300 600
MC14447 tPPLH 5.0 - 600 1200 ns
10 - 475 950
15 . 500 1000
tPHL 5.0 - 450 980 ns
10 - 540 1080
15 - 760 1500
Multiplexer Propagation Delay ™ 5.0 - 180 360 ns
10 - 125 250
15 - 110 220
Ramp Start Delay Time tTs 5.0 - 40 80 ns
10 - 25 50
15 - 20 40
Acquisition Time* tA 5.0 - 30 60 us
C =1000 pF 10 - 15 30
Rygf= 100 kQ 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
is low, the ramp capacitor is charged to a voltage associated
with the selected input channel. When Ramp Start is
brought high, the connection to the input channel is broken
and the capacitor begins to ramp toward Vgg. 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 is recommended. The value
should be =100 pF so that the board and stray capacitances
have negligible 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 pA).

Vgs, NEGATIVE POWER SUPPLY (PIN 5) — This is
system ground.

327

Ref Current, REFERENCE CURRENT (PIN 6) — To
discharge the ramp capacitor, the reference current is fixed
via a resistor (Rref) to a positive supply from Pin 6. Typical
current is equal to (VDD ~ Vref!/ Rref.

Comp Out, COMPARATOR OUTPUT (PIN 7) — This out-
put is low when the capacitor has reached the discharged
voltage and is 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 Voitage, REFERENCE VOLTAGE (PIN 8} — This is the
known voltage to which the unknown is 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

Reference Voltage* (Vg + Vgo!)

Unknown Voltage

Voltage

* (Vx + Vgo)

(VBo)count = to

(VX +Vgolcount = tx
(VR * Vgolcount = tR
(VRlcount = tR = tg
(Vx)eount = tx - 19

‘Vx)countz X - to
(VR)count tR - 10

Voltage at 0 V tnput* (Vggp)
.00 Vxlc = (Vg X210
Comp Ref (V1c) xlc RlC T o
* Voltages measured at pin 4 0 time
with ramp start low. o
FIGURE 2 — TRUTH TABLE
A2 Al A0 Input Selected
4] 0 0 Vss Channel 0 (ground)
0 0 1 Ch1 Channej 1
0 1 0 Ch2 Channel 2
0 1 1 Ch3 Channel 3
1 0 0 Cha Channel 4
1 0 1 Chs Channel 5
1 1 0 Ch6é Channel 6
1 1 1 Vryef Channet 7 (External Reference)
FIGURE 3 — TYPICAL APPLICATIONS CIRCUIT
Voo
Address Lines > ]
from the 1 16
Microprocessor 5 15
Ramp start » - Ramp Capacitor 3 g~ 14 L Channel 1
from the D 3 g h
Microprocessor f ( 4 3 “_t 13 Channel 2
R1 5 00 12 Channel 3
= b33
Comparator 6 11 Channel 4
Output to 7 10 Channe! 5
Microprocessor 8 9 Channeil 6

RZi

FIGURE 4 — SOFTWARE FLOW
(CONVERSION SEQUENCE)

Step No. | A2 | A1 | A0 | Ramp Start Comment
1. 1 1 1 0 Channet 7 Selected (Reference Voltage)
2 1 1 1 1 Record time unti! Pin 7 goes low
3 0 0 0 0 Channel 0 Selected (Ground)
4 0 0 ) 1 Record time until Pin 7 goes low
5. 0 0 1 0 Channel 1 Selected
6. 0 0 1 1 Record time until Pin 7 goes low
Calculate tch7 = tCho = teh7’ Step 2-Step 4
Calculate tch1 ~ tCho = tch1' Step 6-Step 4
Calculate Vunknown = Vcn7 {tch1'/toh7’
7 o [ 1 To] 0 Channel 2 Selected
8 o 1 0 I 1 Record time untif Pin 7 goes tow
Calculate tch2 — tcho = tCh2’
Calculate Vynknown = V7 {teh2'/tgh7) T
etc.

*Weighting of the analog signal on Channel 1.

TWeighting of the analog signal on Channel 2.
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MC14444

ANALOG-TO-DIGITAL CONVERTER (ADC)

The MC14444 ADC is a 40-pin bus-compatible 8-bit A/D converter
with additional digital }/O 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 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
is included.
® Direct Interface to M6800 Family MPUs
Dynamic Successive Approximation A/D
32 us Conversion at fg=1.0 MHz
Ratiometric Conversion
Completely Programmable
Polled or Interrupt Driven Operation
3 Dedicated Digital inputs
3-Bit Digital 1/0 Port
9 Dedicated Analog Inputs
6 Inputs Usable for Either Analog or Digital Signals
Completely TTL Compatibie Inputs at Full Speed with Supply
Voltage of 5V + 10%

CMOS LSl

(LOW-POWER SILICON GATE
COMPLEMENTARY MOS)

MICROPROCESSOR-COMPATIBLE
ANALOG-TO-DIGITAL CONVERTER

P SUFFIX
PLASTIC PACKAGE
CASE 711

L SUFFIX
CERAMIC PACKAGE
CASE 734

ORDERING INFORMATION

MC14XXX
Suffix Denotes

L Ceramic Package
P Piastic Package

BLOCK DIAGRAM

VaG Mo Viet
l 4
21
SAR I r—" B 15
Controt MUX p—7F— ANO, 2-15
Logic Ladder
Comparator DAC
(Chopper Stabil
EOC A8
8
PO-5
r SAR
8 44 L6
sC 4
Analog
m<_a(j_l_ Data
1E Register
Control (Read Only)
Register A3
: - 3
(Write Only} Vi Digital
T DDIR ’ Data < 73 »-DI00-2
8 T Register
£3_ j€¢—F—DI35
|)().7<,.,f_>1 DI002 " ~7 {Read Only)
R/W ——3] 18 1
s Bus 48
CS — y
Contrat | 8 y
RS1—™ (ogic |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) -051t +6.5 \ inputs against damage due to high static
Vin | DC Input Voltage (Referenced to Vgg) -05toVce+05 v voltages or electric fields; however, it is ad-
Vout | DC Output Voltage (Referenced to Vgg) -051t0 Vcc+05 v visgd that. normal precautions be taken to

i DC nput Current, per Pin 310 A avoug applications of any voltagevhvgher lhan
- maximum rated voltages to this high im-
lout | DC Output Current, per Pin +10 mA pedance circuit. For proper operation it is
Ipp | DC Supply Current, Vpp and Vgg Pins +20 mA recommended that Vi and Voup be con-
Pp Power Dissipation, per Package' 500 mw strained to the range Vgg=(Vjy or

Tstg | Storage Temperature —65to +150 °C Vout’ﬁ\/DADv .
TL Lead Temperature (10-Second Soldering] 300 C Unusgd mput.s must always be tied '9 an
appropriate iogic voltage level (e.g., either

*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=5.0 V £10%, Vg5=0V, Ta= —40° to 85°C unless otherwise noted)

[ Characteristic ] Symbol | Conditions [ “Min [ Max | Unit]
Bus Control Inputs (R/W, Enable, Reset, RS1, CS)
Input High Voltage ViH 2.0 — \4
Input Low Voltage ViL — 0.8 Y
Input Leakage Current lin Vin=0t0 565V - +1 pA
Interrupt OutputM)
Qutput Low Voltage Vor ILoad=1.6 mA -~ 04 \
Output Leakage Current (Off State) IL.OH VoH=Vpp=55V ~ 10 A
Data Bus (D0-D7)
input High Voltage ViH 2.0 - A
Input Low Voltage Vi -~ 0.8 \
Three-State (Off State} Input Leakage Current TSI Vpp=565V, - +10 A
Vss=Vin<VDD
Peripheral 1/0 (DI00-DIO2, Di3-DI5, PO-P5)
Input High Voltage Vi 2.0 - \
input Low Voltage ViL —~ 08 \
Input Leakage Current DI3-DI5, PO-P5 lin Vpp=55V, - +1.0 A
Vss=Vin=VpD
Qutput High Voltage DIO0-DIO2 | Von loH= -0.19 mA Vpp-041 - \
Output Low Voltage DI00-DI02 | Vor 1oL =0.975 mA - 0.4 A
Three-State {Off State) Input Leakage Current DIO0-DIO2 | I1g Vpp=55V, -~ +10 A
Vss=Vout=VpD
Current Requirements
Supply Current Ipp Vpp=55V, fg=1MHz -~ 10 mA
Converter Input Current laDC Analog input current at -~ +500 nA
fg=1 MHz with multiplexer
inputs between Vgg and Vpp
Reference Input Current Vref Iref Vief=45t055V -~ 800 pA
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ANALOG CHARACTERISTICS {Ta= —40°C to 85°C)

Characteristic Description T Min I Max ‘ Unit I
Analog Multiplexer
On Resistance Resistance between each analog input and multiplexer output - 5 kQ
Leakage Current Leakage current between all deselected analog inputs and any selected - +400 nA
analog input with all analog input voltages between Vgg and Vpp
A/D Converter (Vg5=0V, VAG=0V, 45 V=V ef<Vpp)
Resolution Number of bits resolved by the A/D 8 - Bits
Nonlinearity Maximum deviation from the best straight line through the A/D transfer - + % LSB
characteristic
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 - +% LSB
input voltage
Total Unadjusted Error Maximum sum of Nonlinearity, 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 - +1.0 LSB
equivalent of the binary output code, all error sources included
Conversion Time Total time to perform & single analog-to-digital conversion - 32 E cycles
Sample Acquisition Time Time required to sample the analog input - 12 E cycles
AC CHARACTERISTICS (Ta=—40° t085°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 PWEgL 410 - ns
Clock Rise Time E gy ~ 25 ns
Clock Fall Time E tgf - 30 ns
Address Setup Time RS1, R/W, CS | tas 145 - ns
Data Delay (READ) DO-D7 IDDR — 335 ns
Data Setup (WRITE} DO-D7 tDSW 186 - ns
Address Hold Time RS1, R/W, CS | tany 10 - ns
Input Data Hold Time DO-D7 tDHW 10 - ns
Output Data Hold Time DO-D7 tDHR 10 - ns
tnput Capacitance ANO-AN15 Cin - 55 pF
DI0-D15, - 15
R/W, E, RS1,
CS, RESET
Three-State Output Capacitance DI00-DI02 Cout - 15 pF
DO-D7
High-Impedance Output Capacitance IRQ Cout - 15 pF
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PIN ASSIGNMENT

Analog Ground  Vag [}1 U 40 D VREF Analog Reference Voltage
Digital Ground Vss 2 390 vpp  Supply Voltage
D100 {3 38[11RQ  Interrupt Request
Digitial 1/0 Port £ D101 ff4 3701 MO Mutiptexer Output
DI02 {5 361 ANO)
D13 [6 35(1 AN2
Dedicated Digital Inputs DI4 7 341 AN3
S DI5 {8 33[] AN4 Anslog
D7 c 9 32 ] ANS > Inputs
o6 Q10 31[1 AN6
ps N 30 f1 AN?
MPU Data BusJ D4 E 12 29[ AN8
03 (J13 28 [] AN9 J
D2 fJ14 27 [1 PO(AN10}
D1 ﬁ|5 2 E P1(AN11) Analog
{ Do q 16 251 P2(AN12) OR
Read/Write  R/W [17 241 PIANII | picital tnouts
Enable Clock e s »f1 P4(AN14)J
Register Select  RS!1 d 19 221 P5(AN15)
Chip Select [+ ﬂ 20 2101 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 DIoo Digital Port Input/ Output
4 DIO1 Digital Port input/Output
5 DI02 Digital Port Input/ Output
6 DI3 Digital Port Input
7 D4 Digital Port Input
8 DI5 Digital Port Input
9 D7 Data Bus Bit 7 {MSB) Input/ Qutput
10 D6 Data Bus Bit 6 input/Output
1" D5 Data Bus Bit 5 Input/Output
12 D4 Data Bus Bit 4 Input/OQutput
13 D3 Data Bus Bit 3 Input/Output
14 D2 Data Bus Bit 2 Input/Output
15 D1 Data Bus Bit 1 Input/ Output
18 DO Data Bus Bit 0 (LSB) input/ Output
17 R/W | Read/Write input
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 Channel 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 ANB Analog Channel & Input
32 ANb Analog Channel 5 Input
33 AN4 Analog Channel 4 Input
34 AN3 Analog Channel 3 Input
35 AN2 Analog Channel 2 lnput
36 ANO Analog Channel 0 Input
37 MO Analog Multiplexer Output Test Only
38 RQ Interrupt Request Open-Drain
Output
39 VoD Supply Voltage Supply
40 Vref A/D Converter Positive Reference input
Voltage

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 drivers
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. First, it serves to synchronize data
transfers into and out of the ADC. The timing of all other ex-
ternal signals is 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 is 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 is required to transfer
data from the MPU to the ADC control register. A high state
is 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 is 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 bit is also
cleared. Any A/D results present in the Analog Data register
are not affected by a reset. Reset forces the data bus and /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 is 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 is in a low state. A selection of MPU address
lines and the MB800 VMA signal or its equivalent should be
utilized to provide chip select to the MC14444.

MC14444 ANALOG INPUTS AND DIGITAL 1/O
(Refer to the ADC Block Diagram}

Dedicated Analog Channels (ANO, AN2-ANS} — 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 is
not programmed, but instead is simply assigned by the
system designer on a pin-by-pin basis.

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.

Digital I/0 Port (DIO0-DIO2) — These pins serve as a 3-bit
digital 1/0 port. At reset the port is 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 register
discussion for further details. When configured as an output,
the DIO port will provide CMOS logic levels for limited dc
load currents. (Refer to the Electrical Specifications for the
dc drive capability of this port.} New output states are
transferred to the external pins on the last falling edge of E
during 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 is 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 is unavoidable internally. Analog circuits us-
ing this supply within the MC14444 were designed with high
VDD supply rejection; however, it is recommended that a
filtering capacitance be used externally between Vpp and
Vss to filter noise caused by transient current spikes.

Ground Supply Voltage (Vgs) — Vss 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
Vgs rejection.

Positive A/D Reference Voltage (Vief) — 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 Vef should
be a very noise-free supply. Ideally Vief should be single-
point connected to the voltage supply driving the system’s
transducers. Vief may be connected to Vpp, but degrada-
tion of absviute A/D accuiacy may result due to switching

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

Multiplexer Output (MO} — The analog multiplexer selects
one of 16 analog input channels and connects it to the input
of the A/D converter. The multiplexer output is internally
connected to the A/D input and requires no external
jumpers. 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 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
is accessed, the pointer will switch to the LS byte and remain
there for as long as chip select is low. The pointer moves
back to the MS byte on the falling edge of E after the first
complete £ cycle in which the ADC is 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 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 | TS | R/W| RS1 ADC Response

0 X X X | Reset

1 0 0 No Response

1 0 0 1 } MPU Write to Control Register

1 0 1 Q0 | MPU Read from Analog Data
Register

1 0 1 1 | MPU Read from Digital Data
Register

1 1 X X | Chip Deseiected iNo Responsei B
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FIGURE 2 — ADC ACCESS TIMING

a — Typical 16-Bit ADC Access
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b — Typical 8-Bit ADC Access
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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 | AT | AO
(MSB) (LSB}|{IMSB)| 2 1 0 (LSB)
Most Significant Byte——————— e~ | east Significant Byte ———————3m]
€8 Bit Write——————————>»]
16-Bit Write -

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 below.

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

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

Hexadecimal Address (A3= MSB} Select
0 ANO Interrupt Enable (IE) — The interrupt enable bit, when set
1 VREF to a logical 1, allows the TRQ pin to be activated at the com-
29 AN2-ANS pletion of the next analog to digital conversion.
A-F AN10-AN15(PO-P5)

Control Register MSB —~ The MSB of the most significant
byte of the ADC control register must be written as a logical
Digital /0 Output (Di00-DIO2} — When the MPU con- 0.
figures the 3-bit I/ O port as an output, these are the bit loca-
tions into which the output states are written.

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

NOTE: A 16-bit control register write is required to change
the analog multiplexer address or to update the DIO port.
However, 8-bit writes to the MC14444 can be used 10 initiate
an A/D conversion if the analog MUX is already selecting the
desired channel. This is useful when repeated conversions
on a particular analog channel are necessary.

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

MC14444 ANALOG DATA REGISTER
(Read Only)

15 8 7 0
EOC 0 0 0 o] 0 0 0 R7 R6 R5 R4 R3 R2 R1 RO
(MSB) (LSBI{(MSB) (LSB)
|€&———————— Most Significant Byte Ptag Least Significant Byte ——————3»

| ———————— 8-Bit Read ————————»
-t 16-Bit Read >

A/D Result (R0O-R7) — The LS byte of the analog data
register contains the result of the A/D conversion. R7 is 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 is set whenever a

conversion is successfully completed by the ADC. The status
bit is 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 O
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 7 0
P5 | P4 | P3| P2 P1 PO | A3 | A2 ] A1 | AO | DI5 | DI4 | DI3 | DIO | DIO | DIO
2 1 0
leg——————— Most Significant Byt I Least Significant Byte —————3»4
- 8-Bit Read >
<€ 16-Bit Read >

Digital 1/0 Port (DIO0-DIO2) — The states of the three
digital 1/0 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.

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 being used as analog inputs.

ANALOG SUBSYSTEM
(See Block Diagram)

General Description

The analog subsystem of the MC14444 is 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 it to the input of the capacitive DAC. A fully-
capacitive DAC is utilized 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; it compares the unknown analog input to the output of
the DAC, which is driven by a conventional successive-
approximation register. The chopper-stabilized comparator
was designed for low offset voltage characteristics as well as
VpD and VSS power supply rejection.

Device Operation

An A/D conversion is initiated by writing a logical 1 into
the SC bit of the ADC control register. The MC14444 allows

2 enable clock cycles for the write into the control register
even if only 8 bits are 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 is selected and the analog input voltage
is stored on the sample and hold DAC. It is 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 is disconnected from the
muitiplexer output and the successive approximation A/D
routine begins. Since the analog input voltage is being held
on an internal capacitor for the entire conversion period, it is
required that the enable clock run continuously until the A/D
conversion is completed. The new 8-bit result is latched into
the analog data register on the rising edge of cycle 32. At this
point the end of conversion bit (EOC) is set in the analog
data register. MS byte, and the interrupt request (IRQ) pin
goes low if interrupt has been enabléd by the |E bit 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 is in progress. If the
analog data register is read during 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 is 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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SEE MC14443

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 linear 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 is an open-drain
N-channel which provides a sinking current. The output driver of the
MC14447's comparator is a standard B-Series P-Channel, N-Channel
pair.

A CMOS MPU or MCU provides the addressing, timing, coun-
ting, and arithmetic 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 variable scaling (weighting) of six

separate analog channels. L SUFFIX P SUFFIX

® Quiescent Current 0.8 mA Typical at Vpp=5V CERAZA:;::;::AGE PLAS;’:;::S:AGE
® Single Supply Operation +4.5 to + 18 Volts

® Direct Interface to CMOS MPUs ORDERING INFORMATION

® Typical Resolution — 8 Bits

® Typical Conversion Cycle as Fast as 300 us METAXXX P Suffix  Denotes

® Ratio Metric Conversion Minimizes Error L Ceramic Package

® Analog Input Voltage Range: Vgg to Vpp — 2V '———— P Plastic Package

® Chip Complexity: MC14443 — 150 FETs

MC14447 — 161 FETs

BLOCK DIAGRAM

L PIN ASSIGNMENT
= 15
Ch1 —— Ramp Start
13 3 Ramp Capacitor
Cch2 —o a 1 4A1 AOET16
cha 12 5 Buffer l 2 A2 ch1 kD15
— x D
%; - + 7 3 t{RampStart Vpp [F314
1 = —~
Ch4 ——o g Comparator 4 CJRamp Cap Ch2 [F313
cn5 10 = = Output 5 CVss Ch3 312
6 C]Ref Current Ch4 [ 11
S
h —_ 7 £3Comp Out Chs 10
cne 6 Ref Current i —
8 Set 8 T Ref Voltage Ch6 FIQ
Ref
Vol tage -

I :J
0 16 l Vpp = Pin 14
a1l Vgg = Pin5
2
S Shats
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MC145498
MC14559B

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 MC14549B is required in the cascaded mode when more than 8 bits
are desired. The Feed Forward (FF) of the MC14559B is used for register
shortening where End-of-Conversion (EOC) is required after less than
eight cycles.

Applications for the MC14549B and MC14559B include analog-to-

digital conversion, with serial and parallel outputs.

Totally Synchronous Operation

®

® All Outputs Buffered

® Single Supply Operation

® Serial Output

® Retriggerable

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

MC1408 8-Bit D/A Converter

All Control Inputs Positive-Edge Triggered

Supply Voltage Range=3.0 Vdc to 18 Vdc

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

® Chip Complexity: 488 FETs or 122 Equivalent Gates

CMOS MmsSI

(LOW-POWER COMPLEMENTARY MOS}

SUCCESSIVE APPROXIMATION
REGISTERS

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

ORDERING INFORMATION

MC14XXX8 Suffix Denotes
L Ceramic Package
P Plastic Package
A Extended Operating
Temperature Range
C Limited Operating
Temperature Range

MAXIMUM RATINGS (Volitages referenced to Vgg)

PIN ASSIGNMENT

Rating Symbol Value Unit
DC Supply Voltage VDD -05t0 +18 Vde
Input Voltage, All Inputs Vin -05to Vpp +05 Vde
DC input Current, per Pin lin +10 mAdc
Operating Temperature Range— AL Device Ta -55t0 +126 °C
CL/CP Device ~40 10 +85
Storage Temperature Range Tstg —65 to + 1580 °C
*For MC14549B Pin 10 is MR input
MC145498 TRUTH TABLES MC145598 For MC145598B Pin 10 is FF input
SC|SCy1_1) | MR |[MR(¢_1)| Clock| Action SC |SC(1-1)|EOC |Clock| Action
X X X X ~—1- |None X X X | Tl. |None
X X 1 X 1 | Reset 1 [¢] 0 | |start
Conversion This device contains circuitry to protect
1 o o 0 - |start X 1 o | |continue the inputs against damage due to high static
Conversion Conversion voltages or electric fields; however, it is
1 X 0 1 I Istart ° o 0 |- [continue advised that normal precautions be taken
Conversion| Conversion to avoid apptication of any voitage higher
1 3 P 5 T [contimue o X 7 T rewn than maximum rated voltages to this high
Conversion| Conversion impedance circuit. For proper operation it
Result is recommended that Vi, and Vgt be
- = P < [ P—" P X T Tstart constraﬁ\ed to the range Vgg < (Vi or
v N e - Voo T
Previous Conversion Your ~ Y00
Operation Unused inputs must always be tied to an

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

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

VoD | Tiow* 25°C Thigh*
Characteristic Symbol | Vdc | Min | Max Min Typ Max | Min [ Max | Unit
Output Voltage "0 Level |  VQL 50| ~ [005 - 0 0.05 — |005}) V
Vin=Vpp or 0 10 - (005 - 0 0.05 —[0.08
15 — 10.05 -~ 0 0.05 - {0.06
“1" Level | VQOH 50 |49 — 4.95 5.0 - 49 | — \%
Vin=0o0r Vpp 10 |99 — 9.96 10 - 9.9 | —
15 [14.95] — 14.95 15 - 14.9%5| —

Input Voitage# “0" Level ViL "
(Vo=450r0.5V) 5.0 - 15 - 2.25 15 - 1.5
(Vo=9.00r 1.0 V) 10 - (30 - 4.50 3.0 - |30
(Vo=1350r15V) 15 — | 40 - 6.75 4.0 — | 40

“1" Level | Vi \
(Vo=0.50r4.5V) 50 | 356 | — 35 2.75 - 35 | —
(Vp=100r9.0V) 0 170] - 7.0 5.50 - 70 | -
(Vo=1.50r13.5 V) 15 |10 — 1.0 8.25 - o[ -

Output Drive Current (AL Devicel loH mA
(VoH=25V) Source 50 [-12 — -1.0 -1.7 - -07| —
(VOH=4.6 V) 5.0 |-0.25 — -0.2 -0.36 — -0.14 —
(Vop=95V} 10 |-062 — -056 -08 - -0.35| —
(VoH=135V) 15 | -18] — -15 -35 —~ -111 -
(VoL=04V) Sink | loL 50 | 1281 — 1.02 1.76 - 072 — | mA
(VoL =0.5V) Q Outputs 10 {32 - 2.6 45 - 1.8 | —
(VoL=15V) 15 |84 | — 6.8 17.6 - 48 [ -~
(VoL=0.4V) Sink 50 (064 | — 0.51 0.88 - 036 | —
(VoL=0.5V) Pin5, 11 only 0 (16| — 13 225 -~ 09 | —
(VopL=15V) 1% | 42| -~ 34 88 -~ 24 —

Output Drive Current (CL/CP Device) loH mA
(VoH=25V) Source 50 [-1.0] -~ -0.8 -17 - ~06| —
(VOH=4.6 V) 50 (02| - -0.16 | -0.36 - =012 —
(VoR=95V) 10 |-05] - -04 -0.9 - ~03| -
(Vor=13.5V) 15 | -14) — -1.2 -35 - -10| -

(VoL =0.4V) Sink| oL 50 |[1.04] — 0.88 1.76 - 072 — | mA
(VoL=0.5V) Q Outputs 0 | 26| — 22 45 - 18 —
(VoL=15V) % |72 — 6.0 17.6 - 48 | —
(VpoL=0.4V) Sink 50 (052 — 0.44 0.88 - 036 —
(VoL=05V) Pin5, 11 only 10 1.3 - 11 2.25 - 0.9 -
VoL=15V) 15|36 | — 3.0 8.8 - 24 | -

Input Current (AL Device) Yin 15 — 1£01 — +0.00001] +01 — |21.0] pA

Input Current (CL/CP Device} lin 15 — |+03 - +0.00001 +0.3 — [£1.0] pA

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

Quiescent Current (AL Device) [}>) 5.0 — 5.0 - 0.00b 5.0 — | 180 | A
(Per Package) 10 - 10 - 0.010 10 - | 300
(Clock=0V, 15 - 20 - 0.015 20 - | 600
Other Inputs=Vpp or 0V, loyt=0 xA)

Quiescent Current {CL/CP Device) DD 5.0 — 20 — 0.005 20 — 1650 | uA
(Per Package) 10 — 40 — 0.010 40 — | 300
(Clock=0V, 15 - 80 - 0.015 80 — | 600
Other Inputs=Vpp or 0V, lgyt=0 uA)

Total Supply Current* *t IT 5.0 IT=1(0.8 uA/kH2) f+Ipp wA
(Dynamic plus Quiescent, 10 IT=1(1.6 pA/kH2) f+Ipp
Per Package} 15 IT=1(2.4 pA/kH2) f+Ipp
{C =50 pF on all outputs, all
buffers switching)

* Tlow= —556°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 V min @ Vpp=5.0V
2.0V min@ Vpp=10V
2.5V min @ Vpp=15V
T To calculate total supply current at loads other than 50 pF
IT(CU =750 pF) +2x 10~ 3(C_~ 50} Vppf
where IT is in pA (per package), Ci in pF, Vpp in V, and f in kHz is input frequency
** The formulas given are for the typical characteristics only at 25°C

3-41




MC14549B, MC14559B

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

Characteristic Symbol VoD Min Typ Max Unit
Output Rise Time tTLH ns
tTLH = (3.0ns/pF) C +30ns 8.0 - 180 360
tTLH = (1.5 ns/pF) C + 15 ns 10 - 90 180
tTLH = (1.1 ns/pF) C_+ 10 ns 15 - 65 130
Output Fall Time tTYHL ns
tTHL = (1.5 ns/pF) C + 26 ns 5.0 - 100 200
tTHL = (0.75 ns/pF) C + 12,5 ns 10 - 50 100
tTHL = (0.5 ns/pF) C_+9.5 ns 15 - 40 80
Propagation Delay Time tPLH, ns
Clock to Q tPHL
tPLH, tPHL = (1.7 ns/pF) C_ + 415 ns 50 - 500 1000
tPLH, tPHL = (0.66 ns/pF} C_+ 177 ns 10 - 210 420
tPLH, tPHL = (0.5 ns/pF) Cy_+ 130 ns 15 ~ 155 310
Clock 1o Sgyy¢
tPLH, PHL = (1.7 ns/pF) Cy_ + 665 ns, 5.0 - 750 1500
tPLH, tPHL = (0.66 ns/pF) C_+ 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 50 - 300 600
tPLH, tPHL = (0.66 ns/ pF) C( + 97 ns 10 -~ 130 260
tPLH, tPHL = (0.5 ns/pF) Cy + 76 ns 15 -~ 100 200
SC, D, FF or MR Setup Time ey 50 250 125 - ns
10 100 50 -
15 80 40 -
Clock Pulse Width WHch 5.0 700 350 - ns
10 270 135 -
15 200 100 -
Puise 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 1.5
15 -~ 4.0 2.0

* The formulae given are for the typical characteristics only.
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SWITCHING TIME TEST CIRCUIT AND WAVEFORMS
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MC14549B, MC14559B

OPERATING CHARACTERISTICS

Both the MC14549B and MC145598 can be operated E.g., for a B-bit conversion, tie Q1 to FF; the part will
in either the “free run” or “‘strobed operation” mode for respond as shown in the timing diagram less two bit times.
conversion schemes with any number of bits. Reliable Not that Q1 and QO will still operate and must be dis-
cascading and/or recirculating operation can be achieved regarded.
if the End of Convert (EOC) output is used as the con- For 8-bit operation, FF is tied to Vgs.
trolling function, since with EOC = 0 {and with SC = 1 For applications with more than 8 but less than 16
for MC14549B but either 1 or 0 for MC14559B) no stable bits, use the basic connections shown in Figure 1. The FF
state exists under continual clocked operation. The input of the MC145598 is used to shorten the setup.
MC14559B will automatically recircuiate after EOC = 1 Tying FF directly to the least significant bit used in the
during externally strobed operation, provided SC = 1. MC145598 allows EOC to provide the cascading signal,

All data and control inputs for these devices are trig- and results in smooth transition of serial information from
gered into the circuit on the positive edge of the clock the MC 145598 to the MC14549B. The Serial Out (Sgyt)
pulse, inhibit structure of the MC14559B remains inactive one

Operation of the various terminals is as follows: cycle after EOC goes high, while Sgyt of the MC145498

C = Clock — A positive-going transition of the Clock is remains inhibited until the second clock cycle of its
required for data on any input to be strobed into the operation,
circuit. Q,, = Data Outputs — After a conversion is initiated the

SC = Start Convert — A conversion sequence is initi- Q's on succeeding cycles go high and are then condition-
ated on the positive-going transition of the SC input on ally reset dependent upon the state of the D input. Once
succeeding clock cycles. conditionally reset they remain in the proper state until

D = Data In — Data on this input (usually from a com- the circuit is either reset or reinitiated.
parator in A/D applications) is also entered into the cir- EOC = End of Convert — This output goes high on the
cuit on a positive-going transition of the clock. This input negative-going transition of the clock following FF = 1
is Schmitt triggered and synchronized to allow fast re- (for the MC14559B) or the conditional reset of Q0. This
sponse and guaranteed quality of serial and parallel data. allows settling of the digital circuitry prior to the End of

MR = Master Reset (MC14549B only) — Resets all out- Conversion indication. Therefore either level or edge
put to O on positive-going transitions of the clock. If re- triggering can indicate complete conversion,
moved while SC = 0, the circuit will remain reset until Sout = Serial Out — Transmits conversion in serial
SC = 1. This allows easy cascading of circuits. fashion. Serial data occurs during the clock period when

FF = Feed Forward (MC14559B only) — Provides reg- the corresponding parallel data bit is conditionally reset.
ister shortening by removing unwanted bits from a sys- Serial Qut is inhibited on the initial period of a cycle,
tem. when the circuit is reset, and on the second cycle after

For operation with less than 8 bits, tie the output EOC goes high. This provides efficient operation when
following the least significant bit of the circuit to EOC. cascaded.

FIGURE 1 — 12-8IT CONVERSION SCHEME

From A/D External
Comparator Clock 1/4 MC 14001
o o
[ mo Seriat Out
r {Continual
1 update every
c o Sout L_|¢c o Sout 13 clock cycles)
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FF
‘ Q7Q6Q5Q4°Q0 EOC Q7 Q6Q504 Q302 Q1Q0EOC
1 N mm— o ——
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MSB 14 D/A and Parsllel Data

-

LS8 tCompletion of conversion
To D/A and automatically re-initiates
Parallel Dats

o cycle in free run mode.
0—

*F F allows EOC to0 activate
as if in 4-stage register.
**C ing using EOC
no stabie unfunctional stats.

T Free run mode

E xternal strobe
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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, if 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 is 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 it is 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 condition.

This 12-bit ADC is 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-BIT ADC
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FIGURE 3 ~ CONTINUOUSLY CYCLING 8-BIT ADC
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FIGURE 4 — CONTINUOUSLY CYCLING 12-BIT ADC
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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

!

!

H Sout sC Sout
MC145598B MR MC145498
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MC144110
@ MOTOROLA MC144111

r Advance Information J
CMOS LSI
{LOW POWER COMPLEMENTARY MQOS)
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 serial 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 is 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 rgm;:)?

5 volts. PLASTIC PACKAGE
CASE 707

® Direct R-2R Network Outputs

® Buffered Emitter-Follower Outputs

[ Sfarfal Data Input - » MC148111

@ Digital Data Output Facilitates Cascading P SUFFIX

® Direct Interface to CMOS pP PLASTIC PACKAGE

® Wide Operating Voltage Range: 4.5 to 156 Volts 1 CASE 646

® Wide Operating Temperature Range: 0 to 85°C 1

BLOCK DIAGRAM PIN ASSIGNMENTS

I - MC144110
Y% WA d

ob 1 out R10ut Out Out Ding1 18pVpp
[ I__ ——_— —_ — Q1 outd2 17800ut

-

R1 Outg3 16[IR6 Out
—1 |1

Q2 outQ4 15[Q6 Out

l al 1 R2 Outlls 1415 Out
WA ! l ( Q3 outlje 13[Q5 Out

L«
2R b4 2“%: I R3 Outd7 12JR4 Out

Enable [} 8 11104 Out

Hex Buffer (Inverting) Vgso 10f1Clock

|
|
|
|
AT
|
|
|
|

Din 14PVpp
Q1 OutQ2 13fDout

Hex Latch

{}

R1 Outf3 12fR4 Out
Q2 outQ4 11[Q4 Out

b= — —— — ——
[__1_1_________

R2 Out}5 10f1R3 Out
6-Bit Shift Register ’—Doux Enable }6 9§Q3 Out
__l Vss 7 8{Clock
*Transparent Latch
This document contains information on a new product. Specifications and information herein ©MOTOROLA INC., 1984

are subject to change without notice.




MC144110, MC144111

MAXIMUM RATINGS* (Voltages referenced to Vgg)

This device contains circuitry to protect
the inputs against damage due to high
static voltages or electric fields; however,
it is advised that normal precautions be
taken to avoid applications of any voltage
higher than maximum rated voltages to
this high impedance circuit. For proper
operation is is recommended that Vq and
Vout be constrained to the range
Vgs=(Viy or Vout) =VppD.

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

Rating Symbol Value Unit
DC Supply Voltage Vpp -05t0 +18 \
Input Voltage, All Inputs Vin ~051t0Vpp+0.5 \
DC Input Current, per Pin | +10 mA
Power Dissipation (Per Output) POH mwW
Ta=70°C, MC144110 30
MC144111 50
Ta=85°C, MC144110 10
MC144111 20
Power Dissipation {Per Package) Pp mw
Ta=70°C, MC144110 100
MC144111 150
TaA=85°C, MC144110 25
MC144111 50
Storage Temperature Range Tstg -65to +150 °C

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

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

Symbol Parameter Test Conditions Vpp Min Max Unit
ViH High-Level Input Voltage 5 3.0 - \
(Djn. Enable, Clock) 10 35 -
15 4.0 —
ViL Low-Level Input Volitage 5 ~ 0.8 N
(Djn. Enable, Clock) 10 -~ 08
15 —~ 0.8
loH | High-Level Output Current Vout=Vpp-056V 5 —200 - wA
Doyt 10 -
15 —
loL Low-Level Qutput Current Vout=0.5V 5 200 - uA
{Dout! 10 -
15 —
pp Quiescent Supply Current lout=0uA MC144110 15 - 12 mA
MC144111 15 —~ 8
lin Input Leakage Current Vin=Vpporo Vv 15 -~ +1 pA
(Djn, Enable, Clock}
Vnonl | Nonlinearity 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 58 an
Voffset | Offset Voltage from Vgg Djn = $00, See Figure 1 - - 1 LSB
g Emitter { eakage Current VRn Out=0V 15 - 10 pA
hrpg | DC Current Gain Ig=0.1 t0 10.0 mA - 40 - —
Ta=25°C
Vgg | Base-to-Emitter Voltage Drop lE=1.0mA — 0.4 0.7 ]
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SWITCHING CHARACTERISTICS (Voltages Referenced to Vgg, Tao=0 to 85°C, C| =50 pF, Input t;=tf=20 ns
Unless Otherwise Indicated)

LINEARITY ERROR (integral linearity). A measure of how straight a
device's transfer function is, it indicates the worst-case deviation of
linearity of the actual transfer function from the best-fit straight line.
It is normally specified in parts of an LSB.
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Symbol Parameter Vpp Min Max Unit
twH | Positive Pulse Width, Clock (Figures 3 and 4) 5 2 - us
10 15 -
15 1 —
twl Negative Pulse Width, Clock (Figures 3 and 4) 5 5 - ps
10 35 -
15 2 -
tsy Setup Time, Enable to Clock (Figures 3 and 4) 5 5 - us
10 35 -
15 2 -
tsu Setup Time, Djn to Clock (Figures 3 and 4) 5 1000 - ns
10 750 -
15 500 —
th Hold Time, Clock to Enabte (Figures 3 and 4) 5 5 - s
10 35 -
15 2 -
th Hold Time, Clock to Djn {Figures 3 and 4} 5 5 - us
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 s
tTLH. | Output Transition Time, Dgyt 5 - ns
tTHL 10 -
15 —
Cin Input Capacitance 5-15 - 75 pF
FIGURE 1 — D/A TRANSFER FUNCTION
100
~
- Z
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T v
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F 7
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s v
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@ Ideal < 4 l
& >~
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5
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c: 25 /
Voffset
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FIGURE 2 — DEFINITION OF STEP SIZE

VRn Out
ize= YDD Voo
Step size= 64 +0.75 )

Step (For any adjacent pair of digital numbers)
Size

Digital Number

FIGURE 3 — SERIAL INPUT, POSITIVE CLOCK

Enable 50%
tsu th

Clock 50% C1 \ C2 Cn
twH 1ty
Din D4 Dy x [BIN]
tsu F—1th

FIGURE 4 — SERIAL INPUT, NEGATIVE CLOCK
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tsu » th
Clock C1 \Kc_z/— - CN
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Din Dy Dy DN X
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PIN DESCRIPTIONS

INPUTS

Din, DATA INPUT — Six-bit words are entered serially,
MSB first, into digital data input, Djn. Six words are loaded
into the MC144110 during each D/A cycle; four words are
loaded into the MC144111.

Enable, NEGATIVE LOGIC ENABLE — The Enable pin
must be low (active) during the serial load. On the low-to-
high transition of Enable, data contained in the shift register
is loaded into the latch.

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

OUTPUTS

Dout. DATA OUTPUT — The digital data output is
primarily 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 input 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 utilize an emiter-follower con-
figuration for current-gain, thereby allowing interface to fow-
impedance circuits.

SUPPLY PINS

Vgs, NEGATIVE SUPPLY VOLTAGE — This pin is
usually ground.

Vpp. POSITIVE SUPPLY VOLTAGE — The voitage ap-
plied to this pin is used to scale the analog output swing from
4.5 to 16 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 Converters 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 trimming is required.

The MC145040 allows an external clock input (A/D CLK) to operate the dynamic
A/D conversion sequence. The MC145041 has an interna! clock and an end-of-
conversion signal (EQC) is provided.
® Operating Voltage Range: Vpp =4.5 t0 5.5 Volts
® Successive Approximation Conversion Time:

MC145040 — 10 ;s (with 2 MHz A/D CLK)
MC145041 — 20 ;s Maximum (Internal Clock]}

MC145040
MC145041

CERAMIC PLASTIC
CASE 732 CASE 738

-

PLASTIC LEADED
CHIP CARRIER (PLCC)
CASE 775
ORDERING INFORMATION

MC14XXXX

Suffix
1 25V = Vief = VDD
2 Vief=VDD

® 11 Analog input Channels with Internal Sample and Hold .
® O- to 5-Volt Analog Input Range with Single 5-Volt Supply P Plastrc_(—40 to +85°(:)°
® Ratiometric Conversion L~ Ceramic [~5510 +:25 R
® Separate Vief and VAG Pins for Noise Immunity FN PLCC (4010 +85°C)
® Monotonic Over Voltage and Temperature
® No External Trimming Required
® Direct interface to Motorola SPI and National MICROWIRE Serial Data Ports
® TTL/NMOS-Compatible Inputs May Be Driven with CMOS
® Outputs are CMOS, NMQOS, or TTL Compatible
® Very Low Reference Current Requirement
® Low Power Consumption: 11 mW
® Internal Test Mode for Self Test
BLOCK DIAGRAM
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ANT — | 14 l 13

ANZ -~ MUX ouT [ sBiT capACTIVE DAC

AN3 — 7| WITH SAMPLE AND HOLD

AN4 — AUTO-ZERGED

AN5:§ Amfs COMPARATOR

ANG —5 SUCCESSIVE APPROXIMATION

AN7 — REGISTER ‘

ANB —= I

ang = MUX ADDRESS

anto 14| LATCH

INTERNAL TEST Vret +Vag ———— AN1T
VOUTAGE OF 2

g 7
n
8-BIT DATA REGISTER

|

Doyt ff
—= 15 f
LS ——————»

SCLK | DIGITAL CONTROL Vpp=PIN 20
19 > LOGIC Vgs-PIN 10
AD CLK (MC145080 DN 23— 3}
£0C (MC145041 ONLY) ~e—3 uj

MICROWIRE is 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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MC145040, MC145041

MAXIMUM RATINGS* (For all product grades)

*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)

Symboll Parameter Value Unit This device contains protection circuitry to
Vpp |DC Supply Voltage (Referenced to Vgg) ~-05t0 +7.0 \% guard against damage due to high static voltages
Vief | DC Reference Voltage VaG to Vpp +0.1 \% or electric fields. However, precautions must be
VAG |Analog Ground Vss—0.1 10 Vyef v taken to a\l/oid applications of any voltage higher

— than maximum rated voltages to this high-
Vin | DC Input Voltage, Any Analog or Digital Vgs-15to A impedance circuit. For proper operation, Vi, and
Input Vop+15 Vout should be constrained to the range Vgg <

Vout | DC Output Voltage Vgg-0.51to \ (Vin or Vout) = VpD.

Vpp+0.5 Unused inputs must always be tied to an
lin DC Input Current, per Pin +20 mA appropriate logic voltage level (e.g., either Vgg
lout |DC Output Current, per Pin +25 mA or Vpp.) Unused outputs must be left open.

1pD.1ss|DC Supply Current, Vpp and Vgg Pins +50 mA
Tstg |Storage Temperature -65to +150 °c

TL |Lead Temperature {8-Second Soldering} 260 °C

Suffix
Symbol Parameter L L2 P1, FN1 P2, FN2 Unit
Vpp | DC Supply Voltage (Referenced to Vgs) 4.51t05.5 451055 4.51056.5 451055 \
Vref | DC Reference Voltage (Note 1) VaG+2.5toVpp Vbp VAG+2.5 to Vpp Vpp \
VaG |Analog Ground (Note 1) Vgs to Vet —2.5 Vss Vsg to Vigf~2.5 Vss \
VAl | Analog Input Voitage (Note 2) VAG 10 Vief VAG 10 Vief VAG to Vief VAG 10 Vyef \
Vin, Vout| Digital Input Voitage, Output Voltage Vss to Vpp Vss to Vpp Vgs to Vpp Vss to Vpp \
TA Operating Temperature —bbto +125 —b5t0 + 125 —40 to +85 —40t0 +85 °C

NOTES: -

1. Reference voltages down to 1.0 V (Ve - VaG = 1.0 V) are functional, but the A/D Converter Electrical Characteristics are not guaranteed.
2. V55 =Vp)=VAG produces an output of $00 and Vref < 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 2.0 \

(Din, SCLK, TS, A/D CLK)
ViL Maximum Low-Level Input Voltage 0.8 Vv
(Djn, SCLK, €5, A/D CLK)
VOH Minimum High-Level Output Voltage (Dgyt) loyt= — 200 xA 2.4 \
(EQC) loyt= —100 A 2.4
(Dout, EOC) lout= —20 xA Vpp-0.1
VoL Maximum Low-Level Output Voltage (Dot loyt= +1.6 mA 04 v
(EOC) lout= +1.0 mA 0.4
(Doyt, EOC) lout=20 A 0.1
lin Maximum Input Leakage Current Vin=Vss or Vpp +2.5 vA
(Djp, SCLK, TS, A/D CLK)
loz Maximum Three-State Leakage Current (D, 1) Vout=Vss or Vpp +10 A
Ipp Maximum Power Supply Current Vin=Vsgs or Vpp, All Outputs Open 2 mA
MC145040: A/D CLK =2 MHz
lref Maximum Static Analog Reference Current (Vygf) Vref=VDD 10 A
VAG=Vss
1Al Maximum Analog Mux Input Leakage Current Val=Vsgs to Vpp, L1 and L2 Suffix + 1000 nA
between all deselected inputs and any selected P1,P2, EN1, FN2 Suffix +400
input. (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
Minimum Resolution Number of bits resolved by the A/D 8 " Bits
Maximum Nonlinearity Maximum deviation from the best straight line through the A/D +% 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- + % LSB
scale input voltage
Maximum Total Unadjusted Maximum sum of Nonlinearity, Zero Error, and Full-Scale Error % LSB
Error
Maximum Quantization Error Uncertainty due to converter resolution t% LSB
Absolute Accuracy Difference between the actual input voltage and the full-scale 1 LSB
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 time to transfer digital serial data into and out of the device 8 SCLK
cycles
Maximum Sample Acquisition Analog input acquisition time window us
Time - MC145040: A/D CLK=2 MHz, SCLK=1 MHz 10
MC140541: SCLK =1 MHz 16
Maximum Total Cycle Time Total time to transfer serial data, sample the analog input, and us
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 4
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 1.1 MHz
1 f Clock Frequency {50% Duty Cycle), A/D CLK (MC145040) Minimum 1.0 MHz
(same as Maximum 2.1
SCLK)
1.7 tpLH. tPHL | Maximum Propagation Delay, SCLK to Dgyt 400 ns
1,7 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 34 us
3 tsy Minimum Setup Time, Djy to SCLK 400 ns
3 th Minimum Hold Time, SCLK to Dj, 0 ns
4,78 14 Maximum Delay Time, EQC to Doyt (MSB) MC145041 400 ns
5 tsy Minimum Setup Time, CS to SCLK MC145040 3 A/D CLK cycles +800 ns
MC145041 38 s
5 th Minimum Hold Time, 8th SCLK to CS 0 ns
6,8 tPHL Maximum Propagation Delay, 8th SCLK to EOC 500 ns
1 ty, Maximum Input Rise and Fall Times, Any Digital Input 100 ns
1,4,6,78 tTLH. tTHL | Maximum Output Transition Time, Any Output 300 ns
— Cin Maximum Input Capacitance ANO-AN10 55 pF
A/D CLK, SCLK, CS, Dj 15
- Cout Maximum Three-State Output Capacitance Dout 15 pF
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SWITCHING WAVEFORMS

sck 20 S
tPZH. tPZL
—> [ tPLH. tPHL
th— e [€— tPHZ, tpLZ
0%
2.4 2.4 D 24
Dout 04 x 04 out 0.4 E'—m%
UTHL 1TLH—  f—
Figure 1 Figure 2
}——— VALID ——» ket
) 20 3 24
Oin >< 08 >( M0
h— tgy e ty < " >

20 (12
SCLK D, _—__< .
¢ . out 0.4

[<€ VALID MSB —3

Figure 3 Figure 4

8TH

tPHL
£0C 24 o4
—
tTHL —
Figure 5 Figure 6
Vop Voo
TEST 18k TEST 3k
POINT POINT
Dout
DEVICE DEVICE
UNDER 12k 100 pF 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 recognizes 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 us (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. Dgyt is a
three-state output as controlled by CS. However, Dout is
forced into a high-impedance state after the eighth SCLK, in-
dependent of the state of (—L‘g See Figures 9, 10, 11, or 12.

Din (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 haif 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
ioading $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, VSS, Vref, or VAG.

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

Device supply pins. Vgg is normally connected to digital
ground; Vpp is connected to a positive digital supply voltage.
Vpp — Vsg 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 Vet (Pins 13 and 14)

Analog reference voltage pins which determine the lower
and upper boundary of the A/D conversion. Analog input
voltages = Vef produce an output of $FF and input voltages
<VAG produce an output of $00. CAUTION: The analog in-
put voltage must be 2Vgg and <Vpp. The A/D conversion
result ic ratiometric to Vyef — VAG as shown by the formula:

Vi =| output codex _ 4 quantizing +|inearity
n [ $FF Vref = Vag) error error

Vref 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 Vyef can cause a 20 mV error in the conversion
result. Ideally Vet and VAG should be single-point connected
to the voltage supply driving the system’s transducers.

PIN ASSIGNMENTS

$s28 ano 1 2001 Vgp
* ant g2 19f *
3
ESCLK aN2 ] 3 18] SCLK
j AN3 [} 4 170 Dip
Din
AN4-0 5 160 Dout
oo ANS s
nes [} 15
ans 7 1410 Vet
H Vet
9 AN7 O 8 13 Vag
2822 ¢g ang 9 12[3 AN10
< > L Z >
= vss [ 10 n h ANG
*NOTE:

A/D CLK {MC145040)
EOC (MC145041)
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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 is 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
(SPI) port. Processors with National Semiconductor’s
MICROWIRE serial 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 critical. A Vpp to Vgs
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 13} 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 ys cycle time. However, the 40 us
is constant for serial 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 Vef and VAG
pins on the ADC with the controllers to provide isolation from
system noise.

Although not indicated in Figure 13, the Vief 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 appropriate for
this low frequency application. One wire of the pair or the
shield must be VAG.

A reference circuit voltage of 5 volts is used for this applica-
tion. The reference circuitry may be as simple as tying VAG to
system ground and Vyef 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 Vief as well as
current for the controller potentiometers.

A bypass capacitor across the Vgf 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 s (MC145040) or 360 us (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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+5V
Vref Voo —_
LEFT/RIGHT v | | B is
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> ME145040 |
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Figure 13. Joystick Interface

DIGITAL +V
DO NOT CONNECT
ANALOG +V &~ AT IC
Vief I Vpp
E\ -
5V 70 MC 145040
SUPPLY JOYSTICKS MC145041
ANALOG GND "AG[ Vss
DIGITAL GND \\ 00 NGT CONNECT
AT IC

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
ROMY/ Driver
MC14499 7-Segment LED Display Decoder/ Driver with
Serial Interface
MC14511B | BCD-to-7-Segment Latch/Decoder/ Driver
MC14513B | BCD-to-7-Segment Latch/Decoder/ Driver with
Rippte Blanking
MC145438 | BCD-to-7-Segment Latch/Decoder/ Driver for
Liquid Crystals
MC14544B | BCD-to-7-Segment Latch/Decoder/ Driver with
Ripple Blanking
MC145478. | High-Current BCD-to-7-Segment Decoder/ Driver
MC14668B | BCD-to-7-Segment Decoder
MC145000 | Serial Input Multiplexed LCO Driver (Master)
MC145001 | Serial input Multipiexed LCD Driver (Slave)
MC145453 | LCD Driver with Serial Interface

Drive Capability | On-Chip | Display Control Segment Drive Device Number
Display Type Input Format Per Package Latch Inputs Current Number of Pins
LCO Paratiel BCD 7 Segments - Blank ~1mA MC14543B8 16
I Blank, Ripple Blank ~1mA MC145448 18
Serial Binary 33 Segments I 20 pA MC145453 40
[Compatible with or Dots
the Serial Peripheral
Interface (SP1)
on CMOS MCUs]
Muxed LCD Serial Binary 48 Segments I ~200 pA MC145000 24
{Compatible with or Dots
the Serial Peripheral| 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, ~ Biank, Ripple Blank, 25 mA MC145138 18
Fluorescent* Lamp Test
Blank 65 mA MC145478 16
LED, Serial Binary 28 Segments + P Oscillator 50 mA MC14499 18
Incandescent [Compatible with | 4 Decimal Points (Scanner)
the Serial Peripheraf
Interface {SPH
on CMOS MCUs)
LED Paralle! Hex 7 Segments + ~ 10 mAX* MC14495-1 16
A thru F Indicator
{Interfaces to Parallel BCD 7 Segments Ripple Blank, MC145588 16
Display Drivers) Enable

* Absolute maximum working voltage=18 V
* On-chip current-limiting resistor
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MC14495-1

L Advance Information

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

The MC14495-1 is constructed with CMOS enhancement-mode
devices and NPN bipolar output drivers in a monolithic structure. The
circuit provides the functions of a 4-bit storage latch. The decoder is im-
plemented utilizing a mask-programmable ROM. With a b-volt power
supply, it can be used without resistor interface to drive seven segment
LEDs. The series output resistors of, typically, 230 ohms are internal to
the.device.

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

Applications include MPU systems display driver, instrument display
driver, computer/calculator display driver, cockpit display driver, and
various clock, watch, and timer uses.
® {ow Logic-Circuit Power Dissipation

CMOS MSI

(LOW-POWER COMPLEMENTARY MOS)

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

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

ORDERING INFORMATION
MC14xXX _ Suffix Denotes

L1 Ceramic Package
P1 Plastic Package

@ High Current-Sourcing Outputs with Internal Limiting Resistors
® Latch Storage of Code
® Supply Voltage Range=4.5to 18 V
® CMOS Input Switching Levels
® Standard ROM Provides Hex-to-Seven Segment Decoding
® Other ROM Options Available Upon Request {Contact your Motorola
Sales Office)
® Chip Complexity: 187 FETs plus 8 NPNs or 49 Equivalent Gates
BLOCK DIAGRAM
11 i
S HHR
= 2900 12
a
Decod 200 13 b
6 ecoder ——Dcr—'\Mr-——
B—DO— — 2909 14
c
4-Bit 16x9 29080 15
Latch ROM ——“l So—wWA—— d
9 20090 1
>o . ———{ SO—AM—— @
¢ [ 200 2 ¢
2900Q 3
———Do—'vw—-— g
10 20Q
D 4

‘{>°“* 1 .Il:’ﬂ n+i
7 Vpp=Pin 16 ’
PRI

ALPHANUMERIC DISPLAY

- gl =] - el i e 1 e H
G IHSE TE SR
2

3466 7809101112131415

TRUTH TABLE

INPUTS QUTPUTS
D C B Ajla b c d e f g hti i DISPLAY
000011111100 Open 0
0001011 000O00O0 Open 1
001011011010 Open 2
001 11171110010 Open 3
010001100110 Open 4
¢ 1011170110110 Open 5
011010111110 Open 6
o011 1]11 100000 Open 7
10060t 1111110 Open 8
to00 1)1 1110110 Open 9
10101 1101111 Open A
101 1j]001 11 1 1 1 Open b
11 00)1 0011101 Open C
11010111t 1011 Open d
1110110011 111 Open E
1 11 1/1 0001111 0 F

This docurment 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 .05 to+18 Vv inputs against damage due to high static
- voltages or electric fields; however, it is ad-
Input Voltage, All Inputs Vin 0.5t 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 maximum rated voltages to this high in-
pedance circuit. For proper operation it is
Storage Temperature Range Tstg -65 to+150 € recommended that Vip and Vout be con-
Maximum Continuous Output Power | PoHmaxt mwW strained to the range Vsg < (Vjn Or Vout!
{Source) per Output @ 25°C < VpD-
Pins 1, 2, 3,12, 13, 14, 15 50
Pin 4 100
*POHmax=10H (VDD-VOH)
ELECTRICAL CHARACTERISTICS (Voltages referenced to Vgs)
Vob —40°C 25°C 85°C
Characteristic Symbol \Y% Min Max Min Typ Max Min Max Unit
Input Voltage # "0" Level ViL v
(Vp=3.80r0.5V) 5 - 1.5 - 2.25 15 - 15
(Vp=88or1.0V) 10 — 3.0 - 4.50 3.0 - 3.0
(Vp=1380r 1.6V} 15 — 4.0 — 6.00 4.0 — 4.0
(Vo=0.50r 3.8 V) "1 Level | ViH 5 35 - 35 2.75 - 35 v
(Vo=1.00r88V) 10 7.0 - 7.0 5.50 - 7.0 =
(Vo=1.50r 138 V) 15 1.0 -~ 1.0 8.25 - 1o -
Qutput Voltage: a—g, h+i VoL 5 - 0.1 . 0 0.05 - 0.05 \
Vin=VpD or 0, lout=0 pA 10 - 0.1 - 0 0.05 - 0.05
15 — 0.1 - 0 0.05 — 0.05
Output Drive Voltage: a—g, h+i VOH 5 v
loH= 0 mA) 40 - 40 48 - 40 -
{loH= 5 mA) 2.45 - 2.4 3.0 - 2.05 —
(loH =10 mA} 1.3 - 0.8 1.7 - — -
loH= 0 mA) 0 9.0 - 9.0 98 - 50 - v
(loH= 5 mA) 74 - 7.2 8.0 - 6.9 -
(loH =10 mA) 6.4 - 5.8 6.7 - 5.0 -
(oH =15 mA) 5.3 - 44 5.3 - 3.05 -
loH= 0mA) 15 14.0 - 14.0 14.8 - 14.0 — v
o= 5 mAl 12.2 - 12.0 13.0 - 1.7 -
(I0H =10 mA) 10.9 - 10.4 1.7 - 96 -
(loH = 15 mA) 9.7 - 8.8 10.3 - 7.45 -
(loH=20 mA) 85 - 7.2 88 - 5.26 -
(IgH =25 mA) 7.4 - 5.6 7.1 - 3.0 -
Qutput Sink Current: | oL mA
(Vo =04V) 5 - - 0.3 1.00 — - .
(VoL=05V) 10 - - - - - - -
VoL=15V) 15 - - 05 1.25 - - -
Input Current (L Devicel lin 15 - +0.1 — +0.00001] +0.1 - +1.0 pA
input Current (P Device} Yin 15 - +0.3 - +0.00001| +0.3 - +1.0 rA
Input Capacitance Cin - - - - 5.0 75 - - pF
Quiescent Current DD 5 - 0.3 - 0.08 0.25 - 0.2 mA
Vin=00r VpD, lout=0 pA 10 - 15 - 0.40 1.25 - 1.0
(Per Package) 15 — 3.0 - 0.85 2.50 - 2.0
Total Supply Current” "1 IT 5 IT=(1.9 pA/kH2)f+ IpD A
(Dynamic plus Quiescent, 10 IT=1{(3.8 pA/kHz}f+ DD
Per Package) 15 IT=1(5.7 uA/kH2)I+ 1DD
(C =50 pF on all outputs, all
buffers switching)
To calculate total supply current at loads other than 50 pF:  IT(Cy)=IT(50 pF) +3.6 x 10~ 3(C|_~50) Vppf
where: I is in gA {(per package), Ci in pF, Vpp in V, and f in kHz is input frequency.
**The formulas given are for the typical characteristics onfy at 25°C. )
#Noise immunity specified for worst-case input combination. Noise margin for both 1 and "0 ievei = 1.0V wini @ Vpp=50V

2.0V min @ Vpp=10V
25V min @ Vpp=15V
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SWITCHING CHARACTERISTICS (C| =50 pF, To=25°C)

Vob
Characteristic Symbol v Min Typ Max Unit
Output Rise Time, a—g, h+i Outputs (Figure 1) tTLH ns
5 - 210 450
10 - 145 300
15 - 90 200
Output Fall Time, a—g, h+i Outputs (Figure 1) THL us
5 - 15 35
10 - 13 275
15 - 1.1 2.25
Qutput Fall Time, j Output ITHL 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+i Outputs (Figure 2} 5 — 935 2400
10 - 340 900
15 - 230 500
tPHL 5 - 7.0 18.0 us
10 - 35 9.0
15 — 2.0 5.0
Propagation Delay Time, A, B, C, D to j Output tpPLZ us
(Figures 3 and 4) 5 - 1.0 25.0
10 - 8.0 20.0
15 - 4.0 10.0
tpzL 5 - 800 1500 ns
10 - 400 1000
15 - 200 500
Propagation Delay Time, LE to a—g, h+i Outputs tPLH ns
(Figure 5) 5 — 1300 3000
10 - 500 1500
15 - 350 1000
tPHL 5 - 16.0 30.0 s
10 - 6.0 15.0
15 — 5.0 10.0
Propagation Delay Time, LE to j Output tpLZ us
(Figures 4 and 6} 5 — 14.0 30
10 - 8.0 20
15 - 6.0 15
tpPzL 5 - 10.0 25 us
10 - 5.0 15
15 — 4.0 10
Setup Time, A, B, C, D to LE (Figure 7) tsu 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 -
1) 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
-
I—T
230Q
— —o
tu—qg
—e
—=Vss
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INPUT/OUTPUT 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 280 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 is activated (goes low) whenever
inputs A, B, C, and D are all set to a logic one. Otherwise the
output is 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 is
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 immediately when LE is low. In this
mode of operation the circuit is 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 rising
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
AB.C.D 50%

oLz

j Output

Figure 4
VoD
20k
Output
Under
Test

TBODF

Figure 2

Segment
Qutputs
Figure 6
A.B,CD /
LE
50%
Segment
Qutputs
50%




MC14495-1

Figure 6

—

A,B,CD
LE
tpzL
j Output
youes 10%
Vpp=5.0V
16 122
A____5 o
13
c
14
B_lg P
15
MC14495-1 .
1
C_{g £
2
ale
D—f10 h+i
7 8 11 *

xSO%

SWITCHING WAVEFORMS

LE

TYPICAL CIRCUIT @ Vpp=5.0V

Figure 7

SU
Ty et
50%

LE ——J l l—j (Open Drain)

A through F
Indicator
LED

AN

Ll

-

a
b
c

]

Cammon
Cathode
LED
Display
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MC14499

7-SEGMENT LED DISPLAY DECODER/DRIVER

WITH SERIAL INTERFACE

The MC14499 is a 7-segment alphanumeric LED decodel

a serial interface port to provide communication with CMOS micropro-
cessors and microcomputers. This device features NPN output drivers

which allow interfacing to common cathode LED displ
external series resistors.

® High-Current Segment Drivers on Chip

® CMOS MPU Compatible Input Levels

® Wide Operating Voltage Range: 4.5 to 6.5 V
® Drives Four Characters with Decimal Points

r/driver with

ays through

CMOS LSl

(LOW-POWER COMPLEMENTARY MOS)

7-SEGMENT LED DISPLAY

DECODER/DRIVER

WITH SERIAL INTERFACE

P SUFFIX

PLASTIC PACKAGE

CASE 707
FIGURE 1 — BLOCK DIAGRAM
Decimal
5 Point
Da‘a—-D-—ﬁDzo T T as—»0a O
16 Bit Shift Register 4 Bits
Clock E‘D—ﬂ GRey S (o I R —>1c
Latch 4 4 4 4
£ VYV
— 12 — =
Enable T T »{C
Latch Latch
|
1 2:1
1 Mux
4 4 4 4
! 1
-ti Multiplexer I:::, Mux l
14 h
| 15 g
' 16
Segment| 17 ¢ Segment
DAVErs fom d Outputs
Segment > |2 c
A_IB Decoder 3 b
+4 4 5
11
Scanner 10 (|1 Character
Osc Oscilfator 3| Decoder 4 Buffers —% :U Selectors
*Transparent Latch Vpp=Pin 18
Vgg=Pin9
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MAXIMUM RATINGS (Voltages referenced to Vgs) This device contains circuitry to protect the
inputs against damage due to high static voit-

. . ages or electric fields; however, it is advised
Rating Symbol Value Unit that normal precautions be taken to avoid
application of any voltage higher than maxi-
DC Supply Voltage Vpp ~0.5to+ 7.0 Vde mum rated voltages to this high impedance
_05 +0.5 Vi circuit. For proper operation it is recom-
Input Voltage, all Inputs VIN to Vpp dc ded that Vin and Voyq be constrained
Operating Temperature Range Ta Oto +70 oc to the range Vgs < {Vip or Vout) < Vpp.
Storage Temperature Range TsTG —65 to+ 150 oc
ELECTRICAL CHARACTERISTICS (Vpp=4.5106.5V)
o
Characteristic Pin [Symb. o° 250 70 Unit|
Min. Max. Min. Typ. Max. Min. Max.
Input Voitage ‘0’ level 5,12, | ViL 0.3xVpp - 0.45xVpp| 0.-3xVpp 0.3xVpp} Vde
‘1 level 13 ViH | 0.7xVpp 0.7xVpp | 0.65xVpp - 0.7xVpp Vde
Input Current (V| = 0 to Vpp) fiN +0.1 +0.001 +0.1 +1.0 HA
Oscillator Input Voltage ‘0’ level 6 VLo 0.26xVpp - 0.3xVpp [0.25xVpp 0.2xVpp| Vde
‘1’ level ViHO |0.75xVpp 0.75xVpp | 0.7xVpp - 0.8xVpp Vde
Oscilfator Input Current Vogc=0 lioL 100 30 50 80 10 HA
Vosc=VpbD LoH —-100 -30 —50 —80 -10 uA
Segment Driver Voltage below Vpp | 1-4, | Vpp-
louT=50mA 14,15,-V50H 1.1 - 0.9 1.0 1.1 |vde
1oyT=10mA 16,17 08 - 0.7 0.75 08 |Vdc
Segment Driver OFF Leakage lOFF
VouTtr=20 100 - 1 50 100 BA
Digit Drivers 7.8,
Source (On)  VouT=0.8V [10,11|ipoH 6 5.5 8 - 4 mA
Sink (Off) VouT=05V IpoL | -0.2 —0.2 -2 - ~0.1 mA
Quiescent Current 18
ViN=0, lguT=0,.Cosc = 15nF 1 - 0.5 1 1 mA
Maximum Power Dissipation 500 - - 500 500 mW
SWITCHING CHARACTERISTICS (Vpp = 5V + 10 9/0, TA = 0 to 70 ©C) PIN ASSIGNMENT
Characteristic Fig. Symbol Min. Max. Unit W,
Clock High time 3 tcH 2 us 1 d Vop 118
Clock Low time 3 tcL 2 us 2C ¢ e (/17
Clock Rise time 3 tCR 2 us 3 b f[—3 16
lock Fall ti
Clock Fal tlnTe 3 tCcF 2 us 4 a s 15
Enable Lead time 3 tElead 200 ns
Enable Lag time 3 tElag 200 ns 5 Data h =314
Data Set-up time 3 tDSup 200 ns 6 L Osc CL 313
Data Hold time 3 tDHold 1 us 70 Iv EN 312
Scanner Frequency* 5 1/tSean 50 300 Hz sr—1 I [ e R R
Osc/Digit Lead time 5 0D 10 us
Osc/Segment Lead time 5 t0s 10 us 9L Vss o
Digit Overlap 5 tov 5 us

* Scanner Capacitance = 22nF.




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

In order to enter data the enable input, ﬁl, must be tow,
= 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 is being loaded the previous data are stored
in the latches.

If the decimal point is used the system requires 20 clock
nulses 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 :

1t EN=0

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

3 EN =1, toload 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 (18171615 1a[13[12[11]i0] 9] 8] 7] 6] 5] 4] 3] 2] 1]
shift »> > = _
=R~~~
18 g8 2,8 g8 g585 4
Digit 1V Digit 111 Digit Il Digit | Decimal Point

4-10
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FIGURE 3a — SERIAL INPUT, POSITIVE CLOCK

teLEAD tELAG

cL L \
/< h Cz ——— CN
teu teH

DiN ‘x 04 02 X DN

tosup toH

FIGURE 3b — SERIAL INPUT, NEGATIVE CLOCK

tELEAD tELAG
o N\ o \ c.z / - CN
tel teH
1
DIN Dy ) Dy L - DN X
tDSUP ‘DH

FIGURE 4 — CASCADING MC 144995

B15): Hi5l5

r4 7 4

N}
D

[WR)
[w]
)

DIGIT SEGM DIGIT SEGM
= DATA h DATA [ e
CLOCK e 14499 CLOCK  mc 14490

N ) rm (2)

4-11
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osc

DIGIT 1

DIGIT I

DIGIT I

DIGIT I

SEGMENT
OUTPUTS

FIGURE 5 — SCANNER WAVEFORMS

too tosc
tscan
tov
tos |
FIGURE 6 — SEGMENT CODE
0000 P 1000 I
o ]
0001 F) 1001 0
] !
0010 ] 1010 [
C r
0011 ] ]
:' 1011 1
0100 L" 1100 ""
0101 '--' 1101 ":
!
0110 D 110 dash h
<1
om [} 1mn blank

412
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FIGURE 7 — APPLICATION EXAMPLE

Yoo

SEGMENT
1 OUTPUTS
m 1
EN a W
DATA b —ww
CLOCK c W
T af—w
MC 14499
osc e
L '
c
I ]
= NN
_LGND I l
© perr — — —
oureurs YYYYYYYY 1 [ [
w L, L1, L,
#1 #2 #3 H#4
Io
-
Q2
LN ta,
L) @
1 L}
J-

R1-R8: 36-820
C: 22 nF
Vpp Typ: 6-6V

Ig max.: 40—50 mA
tpmax.: 8lg max.

413
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MC14511B

BCD-TO-SEVEN SEGMENT LATCH/DECODER/DRIVER

The MC14511B BCD-to-seven segment latch/decoder/driver is con-
structed with complementary MOS (CMOS) enhancement mode de-
vices and 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 (L), blanking (B1), 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 Gutputs (Up to 25 mA)
Latch Storage of Code

Blanking Input

Lamp Test Provision

Readout Blanking on all lilegal Input Combinations
Lamp Intensity Modulation Capability

Time Share (Multiplexing) Facility

Supply Voltage Range=3.0 Vto 18 V

Capable of Driving Two Low-power TTL Loads, One Low-power
Schottky TTL Load or Two HTL Loads Over the Rated
Temperature Range.

® Chip Complexity: 216 FETs or 54 Equivalent Gates

® &6 6 &6 0 & & 0 ¢ o o

CMOS MmSI

(LOW-POWER COMPLEMENTARY MOS)

BCD-TO-SEVEN SEGMENT
LATCH/DECODER/DRIVER

L SUFFIX
CERAMIC PACKAGE
CASE 620

ORDERING INFORMATION
MC14XXXB Sutfix

P SUFFIX
PLASTIC PACKAGE
CASE 648

Denotes

L Ceramic Package

P Plastic Package

A Extended Operating
Temperature Range

C Limited Operating
Temperature Range

MAXIMUM RATINGS (Voltages referenced to Vgg).

PIN ASSIGNMENT

Unused inputs must always be tied to an appropriate iogic voltage level (e.g., either
Vgs or Vpp!.

Rating Symbol Value Unit
DC Supply Voltage VpD ~0.5to +18 \
Input Voltage, All Inputs Vi -0.5to Vpp *+ 0.5 \ DISPLAY
in DD
DC Current Drain per Input Pin 1 10 mA [,—,( ,Ij{ :I‘Lﬂ':ll-l —,l,_—,l,:,]
Operating Temperature Range — AL Device Ta -65 10 +125 oc ujornc HaG) e
CL/CP Device -40 to +85 o v 2 3 4 5 6 7 8 9
T, - + o
Storage Temperature Range stg 65 to +150 C TRUTH TABLE
Maximum Qutput Drive Current 10Hmax 25 mA
(Source) per Output —INPUT: OUTPUTS
- LE | B |LTID C B Ala b c d e f g|DISPLAY
Maximum Continuous Output Power POHmax 50 mw T x [ olx x x 1 v 7 7 1 7 1 5
(Source) per Qutput ¥ x | o T X X X X|0 000 00 0] Banx
#P | (\/ v ) 0 1 1 00001 11 1110 o
- - 5] 1 1 00 1/0 1 10000 1
OHmax OH DD OH 0 1 1 00 10fy1 01101 2
0 1 1 0 0 1 1[1 1 1 1 00 1 3
0 1 1 0100|011 00 11 4
This device contains circuitry to protect the inputs against damage due to high static g : : g : "7 é (17 g 1‘ : ? : : 2
voltages or electric fields; however, it is advised that normal precautions be taken to o 1 101111110000 2
avoid application of any voltage higher than maximum rated voltages to this high im- o 1 1o 0 o[t 1 8
pedance circuit. A destructive high current mode may occur if Vi, and Vot are not con- O N - S PRI R S R
strained to the range Vgg < {Vin or Vout) < Vpp. g : ! : “J ") ; : 3 g g (0, g 0 ::W
. N 1 nk
Dug¢ 1o the scurcing capability of this circuit, damage can occur to the device if Vo is o 1 11110 1|00000 0 3 m:nk
i i i ] [ G o8 88 oo B,
app?led, and the outputs are shorted to Vgg and are at a logical 1 (See Maximum 5 : L: l A \W‘E O 0[ o J
Ratings). E N A S 1 ]

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




MC14511B

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vgg)

Vop Tiow” 25°C Thigh*
Characteristic Symbol Vdc Min Max Min Typ Max Min Max Unit

Qutput Voltage “0" Level VoL 5.0 - 0.05 - 0 0.05 - 0.05 \%
Vin=Vpporo0 10 — 0.05 - 0 0.05 - 0.05

15 - 0.05 — 0 0.05 - 0.05
“1" Level] Vou 5.0 4.1 - 4.1 4.57 - 4.1 - \
Vin =0o0r Vpp 10 9.1 - 9.1 9.58 - 9.1 -
15 4.1 - 14.1 14.59 - 14.1 -

Input Voltage# 0" Level [ vy v
(Vg =380r05 V) 5.0 . 15 - 2.25 15 - 15
(Vg =88or1.0V) 10 - 30 - 450 3.0 - 3.0
(Vp=13.80r1.5V) 15 - 4.0 - 6.75 4.0 - 4.0
Vo =050r38 V) U1 Level vy 5.0 35 - 35 | 275 - 35 - v
(Vo =1.00r88 V) 10 7.0 - 70 5.50 - 70 -
(Vo=150r138 V) 15 11.0 - 11.0 8.25 - 11.0 -

Output Drive Voltage {AL Device) VOoH \
(log = 0mA) Source 5.0 4.10 — 4.10 457 - 41 -

(loH = 5.0 mA) - — — 4.24 _ _ _
(lgH = 10mA) 390 - 3.90 4.2 - 35 -
(lgH = 15 mA) - - - 3.94 - - -
(lon = 20 mA) 3.40 - 3.40 3.70 - 3.0 _
(loH = 25 mA) - - — 3.54 - - -
(lgy = 0mA) 10 9.10 - 39.10 9.58 - 9.1 - \Y
{lgy = 5.0 mA) - - - 9.26 — — —
(lon = 10mA) 9.00 - 9.00 9.17 - 8.6 -
(I = 15 mA) - - - 9.04 - - -
(I0H = 20 mA) 8.60 - 8.60 8.90 - 8.2 -
{lon = 25 mA)} - — - 8.70 — — —
(lgy = QmAl 15 141 - 141 14.59 - 14.1 - \
(IOH = 5.0 mA) - - - 14.27 - - -
(IoH = 10 mA) 140 — 14.0 14.18 - 136 -
(lgy = 15 mA) - - - 14.07 - — -
(lop = 20 mA) 136 - 13.6 13.95 — 13.2 —
(lgH = 25 mA) - - — 13.70 - _ _

Qutput Drive Voitage (CL/CP Device) VoH v
(loH = 0mA) Source 5.0 4.10 - 4.10 4.57 - 4.1 -
(loy = 5.0 mA) - - - 4.24 - - -

(IgH = 10 mA) 3.60 - 360 | 4.12 ~ 33 -
(lgn = 15 MA) - _ _ 3.04 _ _ _
(IoH = 20 mA) 2.80 - 2.80 3.75 - 25 -
{lopy = 25 mA) - - — 3.54 - - -
(1oH = 0mA) 10 9.10 — 9.10 9.58 - 9.1 - v
(loH = 5.0mA) - - - 9.26 - - -
(lom = 10 mA) 8.75 - 8.75 9.17 - 8.45 -
(IoH = 15 mA) - - - 9.04 - - -
(lon = 20 mA) 8.10 - 8.10 8.90 - 78 -
(IoH = 25 mA) - - - 8.75 - — -
(lgH = OmA} 15 141 - 4.1 14.59 - 14.1 - \
(g = 5.0 MA) - - - 14.27 - _ -
(lgH = 10mA) 13.75 - 13.75 14.18 - 13.45 -
(lon = 15 MA) - - - 14.07 - _ -
(loH = 20mA) 13.1 - 131 13.95 - 128 -
{loH = 25 mA) - - - 13.80 - — -

Output Drive Current (AL Device) oL mA
(VoL =04 V) - Sink 5.0 0.64 _ 0.51 0.88 — 0.36 -

(VoL =05 V) 10 16 _ 1.3 2.25 - 09 ,
VoL =158V) 15 4.2 - 3.4 88 - 24 _

Qutput Drive Current (CL/CP Device) oL mA
(Vg =04 Vi Sink 5.0 0.52 - 0.44 0.88 - 0.36 _

(VoL =05V} 10 13 - 11 2,25 - 0.9 -
(VoL =15V) 15 36 - 3.0 8.8 - 2.4 -

{Continued}
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ELECTRICAL CHARACTERISTICS (Continued)

Vop Tiow* 25°C Thigh®
Characteristic Symbol Vdc Min Max Min Typ Max Min Max Unit

Input Current (AL Device) Vin 15 - +0.1 - +0.00001 | 0.1 — £1.0 uA
Input Current {CL/CP Device) tin 15 - 03 - +0.00001 | 03 - +1.0 HA
Input Capacitance Cin - - - 50 7.5 - - pF
Quiescent Current (AL Device) 10D 50 - 5.0 - 0.005 50 - 150 BA

(Per Package) Vin=0 or VDD, 10 ~ 10 - 0.010 10 - 300

lout = 0 KA 15 - 20 - 0.015 20 - 600
Quiescent Current (CL/CP Device} oo 5.0 - 20 - 0.005 20 - 150 uA

(Per Package) Vin=0 or VpD, 10 -~ 40 - 0.010 40 - 300

lout = O A 15 - 80 - 0.015 80 — 600
Total Supply Current* "t It 5.0 I = {1.9 uA/kHZ) f + Ipp uA

{Dynamic plus Quiescent, 10 Iy = (3.8 pA/kHz) f + Ipp

Per Package) 15 It = (5.7 vA/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 =
1.0 Vdc min @ Vpp = 5.0 Vde
2.0 Vdec min @ Vpp = 10 Vde
2.5Vdcmin @ Vpp - 15 Vde

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

tTo calculate total supply current at loads other than 50 pF:
IT(CL) ~ 17{80 pF) + 3.5 x 103 (C|_-50) Vppf
where: T is in uA (per package), C_in pF, Vpp in Vdc,
and fin kHz is input frequency.
**The formulas given are for the typical
characteristics only at 256°C.

Vob
Characteristic Symbo) Vde¢ Min Typ Max Unit
Qutput Rise Time tTLH ns
tTLH = (0.40 ns/pF) C_+ 20 ns 5.0 - 40 80
trLH = (0.26 ns/pF) CL+17.6ns 10 - 30 60
tTLH = (0.20 ns/pF) C_+ 16 ns 15 - 25 50
Qutput Fall Time ns
YTHL = (1.5 ns/pF) Cp_ + 50 ns TTHL | o - 125 250
tTHL = (0.75ns/pF) C_+ 376 ns 10 - 75 150
tTHL = (0.55 ns/pF) C_+37.5ns 15 - 65 130
Data Propagation Delay Time tPLH ns
tpLH = (0.40 ns/pF) C +620 ns 5.0 . 640 1280
tpLH = (0.25 ns/pF) C|_ +237.5ns 10 - 250 500
tpLH = (0.20 ns/pF) C_ + 165 ns 15 B 175 350
tpHL = (1.3 ns/pF) CL +655 ns PBHL 50 - 720 1440
tpHL = (0.60 ns/pF) C + 260 ns 10 - 290 580
tpHL = (0.35ns/pF) C| + 1825 ns 15 — 200 400
Blank Propagation Delay Time tPLH R ns
tpLH = (0.30 ns/pF) Cy_+ 585 ns 5.0 B 600 750
tpLH = (0.26 ns/pF) C_+ 187.5ns 10 B 200 300
tpLH = {0.15ns/pF) C + 1425 ns 15 150 220
tpy) = (0.85ns/pF} C| +4425ns tPHL 5.0 - 485 970
tpHL = (0.45ns/pF) CL +177.5 ns 10 - 200 400
tpH = (0.35ns/pF) CL + 1425 ns 15 - 160 320
Lamp Test Propagation Delay Time tPLH ns
tpLH = (0.45 ns/pF) C +290.5 ns 5.0 - 313 625
tpLH =(0.25 ns/pF) C|_ + 1125 ns 10 - 125 250
tpLH = (0.20 ns/pF) C| +80 ns 15 - a0 180
tpHL = (1.3 ns/pF) C +248 ns PHL 5.0 - 313 625
tp = (0.45 ns/pF) C +102.5 ns 10 - 125 250
tpy = (0.35 ns/pF) C. +725 ns 15 - a0 180
Setup Time tsy 5.0 100 - - ns
10 40 — -
15 30 - -
Hold Time th 5.0 60 — — ns
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.

4-16
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FIGURE 1 — DYNAMIC POWER DISSIPATION
SIGNAL WAVEFORMS

Input LE low, and Inputs D, BT and LT high.
f in respect to a system clock.

All outputs connected to respective C_ loads.

A,B,and C

50% Duty Cycle

VoH
Any Output 50%

VoL

FIGURE 2 — DYNAMIC SIGNAL WAVEFORMS

{a) Inputs D and LE low, and Inputs A, B, Bl and LT high.

20 ns

20 ns

Voo
Input €
Vss
PLH tpyL—=  |—
-—Vopo
Qutput g

ITLH TTHL

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

20 ns
€ 10%
tsu
InputC 50%

Outputg \

VoL
{c) Data DCBA strobed into latches.
r——20 ns
20 ns I—-—
—-l Vob
LE
Vss

4-17




MC14511B

CONNECTIONS TO VARIOUS DISPLAY READOUTS 3

LIGHT EMITTING DIODE (LED) READOUT

Vob

Common
Cathode LED

I [Lj

INCANDESCENT READOUT

Voo Voo

f

L) U_]

A

—

= Vss =

GAS DISCHARGE READOUT

Appropriate

Common
Anode LED

JLIEESLY IU_L

!

<
w
143

FLUORESCENT READOUT

Vob

Direct
(Low Brightness)

7T 13 ﬂ_}

|
Filament
Supply

= Vsgs “-;-‘ Vgg or appropriate
voltage below Vgg.
{CAUTION: Maximum working voltage = 18.0 V)

LIQUID CRYSTAL (LCD) READOUT
Excitation
{Square Wave,
Voo Vss to Vpp)

Vpp Voltage
j’K ¢
~ o
g =
= Vss

**A filament pre-warm resistor is recommended to reduce filament
thermal shock .and increase the effective cold resistance of the
filament.

1/4 Of MC140708B

137 iﬂ_jiﬂl A

|
llg
<
1]
2]

Direct dc drive of LCD’s not recommended for life of LCD readouts.
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LOGIC DIAGRAM

m‘b_tigt—g:}_‘
W13a

SEREEEE:
?gJ

57
i
i
r
:
{

Vpp = Pin 16
LES —{>o—-————4>‘>— DD
Vgg = Pin 8
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@ MOTOROLA MC14513B

BCD-TO-SEVEN SEGMENT LATCH/DECODER/DRIVER
CMOS MSI
The MC145613B BCD-to-seven segment latch/decoder/driver is
constructed with complementary MOS (CMOS) enhancement mode (LOW-POWER COMPLEMENTARY MOS)

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. BCD-TO-SEVEN SEGMENT
Lamp test (LT), blanking (Bl), and latch enable {LE) inputs are used LATCH/DECODER/DRIVER
to test the display, to turn-off or pulse modulate the brightness of the WITH RIPPLE BLANKING

display, and to store a BCD code, respectively. The Ripple Blanking

input (RB1) 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.
Applications include instrument (e.g., counter, DVM, etc.)

display driver, computer/calculator display driver, cockpit display 18 e )

driver, and various clock, watch, and timer uses. L SUFFIX P SUFFIX
® Quiescent Current = 6.0 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

° Blanking lnput MC14XXXB Suffix Denotes

® Lamp Test Provision L Ceramic Package

® Readout Blanking on all lllegal Input Combinations : ::’:':d::c;:i‘:mng
® Lamp Intensity Modulation Capability Temperature Range
®  Time Share (Multiplexing) Capability ¢ .';'e':n";:‘r’aa‘::';‘;'r"ze
® Adds Ripple Blanking In, Ripple Blanking Out to MC14511B

®  Supply Voltage Range = 3.0V to 18 V P PT———

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

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

MAXIMUM RATINGS (Voltages referenced to Vgg) d
Rating Symbol Value Unit
DC Supply Voltage VpD -0.5 to +18 \2
Input Voltage, All inputs Vin -0.5to Vpp + 0.5 \%
DC Current Drain per Input Pin i 10 mA —_
Operating Temperature Range — AL Device T, -55 to +125 oc 2] b
perating Teme 9 : A a_6213415161 189
CL/CP Device -40 to +85 o 1 2 35 485 6 7 8 e
Storage Temperature Range Tsig -65 to +150 °c
Maximum Continuous Output Drive Current TOHmax 26 mA e TRUTHTABLE S
(Source) per Output RS [LE | B [ LT | D C 6 A |RBO[ 5 b c d o 1 g |DISPLAY
. - X X X 0 X X X X = 111011 8
Maximum Continuous Output Power POHmax 50 mw T o T Tk T T oo oo 8o T s
(Source) per Output § T o] 1|1 [0000] 1] 000600060 | S
o [ 1 1 0000 I 11111y 0 0
= - x {01 1 o001 ol o110000 1
iPOHmax 10H (Vpp - VOH) x{o|lt1l1loo1o|l ol 1101101 2
X ] 1 1 0011 0 1Y 110001 3
N . ¥ = N N . . . x o 1 1 0100 o 011001 4
This device contains circuitry to protect the inputs against damage due to high static x]odi1]liloro1) o)l 1011011 ;
voltages or electric fields; however, it is advised that normal precautions be taken to x |o |11 [o1voe| o] 1o1 111 6
avoid application of any voltage higher than maximum rated voltages to this high imped- o O I I B O I
ance circuit. A destructive high current mode may occur if Vi and Vgt is not con- x fofr )i yr001f o) 1110010 9
. N x | o 1 1 1010| o[ 0000000 Blank
strained to the range Vgg X (Vin or Vout) SVpp. e T T e T o T oo e oo oo o
Due to the sourcing capabiiity of this circuil, damage can occur to the device if Vpp is o S H A I RS I I O O O
applied, and the outputs are shorted to Vgg and are at a logical 1 (see Maximum x o1 [1 1110 0] 0000000 Blank
Ra(ings) x o 1 1 111 o 0000000 Blank
N x |1 1 1 xx x x| o= - g
Unused inputs must always be tied to an appropriate logic voltage level {e.g., either Vgg X = Don't Care
or Vppl. = RBO - RBI (BEBAL. indicated by other rows of table.

“ Depends upon the BCO code previously applied when LE = 0.
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MC14513B

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vgg)

VoD Tiow* 25°C Thigh*
Characteristic Symbol Vdc Min Max Min Tve Max Min Max Unit
Output Voltage — Segment Qutputs VoL A%
“'0" Level 5.0 - 0.05 - 0 0.05 - 0.05
Vin=Vppor0 10 - 0.05 - 0 0.05 - 0.05
15 — 0.05 — 0 0.05 — 0.05
“1"" Level Vo 5.0 4.1 - 4.1 5.0 - 4.1 - \
Vin=0orVpp 10 9.1 - 9.1 10 - 9.1 -
15 14.1 - 14.1 15 — 14.1 —
Output Voltage — RBO Output Var v
“0" Level 5.0 - 0.05 - 0 0.056 - 0.08
Vin= Vpp or 0 10 - 0.05 - 0 0.05 - 0.05
15 — 0.05 — 0 0.05 — Q.05
1" Level VOoH 5.0 4.95 - 4.95 5.0 - 4.95 - Y
Vin=0o0rVpp 10 9.95 - 9.95 10 — 9.95 -
15 14.95 —~ 14.95 15 — 14.95 —
Input Voltage: 0" Level ViL \%
(Vo =380r0.5V) 5.0 - 19 - 225 15 - 15
(Vo =8.8o0r1.0V) 10 - 3.0 — 4.50 3.0 - 3.0
(Vo =1380r 1.5V) 16 - 4.0 — 6.75 4.0 - 4.0
(Vo =050r38V) 1" Level Vi 5.0 35 - 35 2.7% - 35 — \
(Vo =1.00r88V) 10 7.0 - 7.0 5.50 - 7.0 -
(Vp=150r138V) 15 11.0 - 11.0 8.25 - 1.0 -
Output Drive Voltage — Segments VaoH A\
(AL Device)
{loH = 0 mA) Source: 5.0 4.10 - 4.10 457 - 4.1 -
(loy = 5.0 mA) - - - 4.24 - - -
{loH = 10 mA) 3.90 — 3.90 412 - 35 -
(lon = 15 mA) - E - 3.94 - — -
(toy = 20 mA) 3.40 - 3.40 3.75 - 3.0 -
{1oH = 25 mA) - - - 3.54 - - -
(loH = 0 mA) 10 9.10 - 9.10 9.58 - 91 - \
(loK = 5.0 mA) - - - 9.26 — — _
(loy = 10 mA) 9.00 - 9.00 9.17 - 8.6 -
(loy = 15 mA) - - - 9.04 — - -
{lon = 20 mA) 8.60 — 8.60 8.90 - 8.2 -
(1oH = 25 mA) - — — 8.75 - - — )
(1oH = 0 mA) 15 14.1 - 14.1 14.59 - 14.1 - Vv
(10K = 5.0 mA) ~ - - 14.27 - —~ -
(1oH = 10 mA) 14.0 - 14.0 14.18 - 13.6 -
(log=15 mA) - - - 14.07 - - —
(Ioy = 20 mA) 13.6 - 13.6 13.95 - 13.2 -
(10K = 26 mA) - - - 13.80 - - -
Output Drive Voltage — Segments VOH v
(CL/CP Device)
(loy = 0 mA) Source: 5.0 410 - 4.10 4.57 — 4.1 -
{lgH = 5.0 mA) - — - 4.24 - — -
(loy = 10 mA) 3.60 - 3.60 4.12 - 3.3 -
(loy = 15 mA) - - - 394 - - -
(ioy = 20 mA} 2.80 - 2.80 3.75 - 25 -
(lon =25 mA) - -~ - 3.54 — - —
(lgH = 0 mA) 10 9.10 - 9.10 9.58 — 9.1 - A
(Igy = 5.0 mA) — — 9.26 - - -
{loH = 10 mA) 8.75 - 8.75 9.17 - 8.45 -
{loH = 15 mA} — - - 9.04 - - -
(10K = 20 mA) 8.10 - 8.10 890 - 78 —
(loy = 256 mA) - - - 8.76 - - —
on = 0 mA} 15 14.1 - 14.1 14.59 - 141 - A\
(1oH = 5.0 mA) - - - 14.27 - - -
{lon = 10 mA) 13.75 - 13.75 14.18 — 13.45 -
(lgH = 15 mA) - - - 14.07 - - -
{ioH = 20mA) 13.1 - 13.1 13.95 - 12.8 -
(1oH = 26 mA) ~ - - 13.80 - - -
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MC14513B

ELECTRICAL CHARACTERISTICS {Continued)

Vpp Tiow" 25°C Thigh*
Symbol Vdc Min Max Min Typ Max Min Max Unit
Output Drive Current — RBO Output lon © mA
(AL Device)
(Vg =25V) Source 5.0 -0.40 — -0.32 -0.64 - -0.22 -
{(Von =9.5V) 10 -0.21 - -0.17 -0.34 - -0.12 -
(VoH =135 V) 15 -0.81 - -0.66 -1.3 - -0.46 -
(VoL =0.4V) Sink oL 5.0 0.18 - 0.15 0.29 - 0.10 - mA
(VoL =05V} 10 0.47 - 0.38 0.76 - 0.26 -
(VoL =15V) 15 18 - | 15 2.9 - 1.0 -
Output Drive Current — RBO OQutput oH mA
{CL/CP Device)
(VOH =25 V) Source 5.0 -0.25 - -0.21 | -064 - -0.17 -
(VoH =95V) 10 -0.13 - -0.11 | -0.34 - -0.092 -
(VOH = 135 V) 15 -0.52 - -0.44 -1.3 - -0.36 -
(VoL =04V) Sink foL 5.0 0.12 - 0.098 0.29 - 0.080 - mA
(VoL =05V) 10 0.30 - 0.25 0.75 - 0.21 -
(VoL=15V) 15 1.2 - 0.98 2.9 - 0.80 -
Output Drive Current — Segments loL mA
(AL Device)
(VoL =04 V) Sink 5.0 0.64 - 0.51 0.88 - 0.36 -
(VoL =0.5V) 10 16 - 1.3 2.25 -~ 09 -
(VoL=1.5V) 15 4.2 - 34 8.8 - 24 -
Output Drive Current — Segments oL mA
(CL/CP Device)
(VoL =04 V) Sink 5.0 0.52 - 0.44 0.88 - 0.36 -
(VoL =05V) 10 1.3 - 1.1 2.25 - 09 -
(VoL =156V) 15 36 - 3.0 8.8 ~ 2.4 -
Input Current (AL Device) lin 15 — +0.1 - +0.00001 | +0.1 — +1.0 uA
Input Current {CL/CP Device) tin 15 - 103 - +0.00001 | £0.3 - £1.0 uA
Input Capacitance Cin - — — - 5.0 75 — — pF
Quiescent Current (AL Device) 10D 5.0 - 5.0 - 0.005 5.0 - 150 A
{Per Package} V;, =0 or Vpp, 10 — 10 — 0.010 10 - 300
lout = 0 A 15 — 20 — 0.015 20 — 600
Quiescent Current {(CL/CP Device) {15)5) 5.0 - 20 - 0.005 20 - 150 HA
(Per Package) Vin =0 or Vpp, 10 - 40 - 0.010 40 - 300
loyt = 0 A 15 - 80 — 0.015 80 — 600
Total Supply Current**t I 5.0 i1 = (1.9 uA/kHz) f+ Ipp HA
{Dynamic plus Quiescent, 10 I = (3.8 nA/kHzZ) f+ Ipp
Per Package) 15 i1 = (5.7 uAfkHz) £+ Ipp
(CL =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) + 3.5 x 1073 (CL - 80) Vppf
# Noise immunity specified for worst-case input combination. where: | is in uA (per package), C_in pF, Vpp in V,

fink isi f
Noise Margin for both 1" and “0" fevel = and fin kHz is input frequency.

1.0Vmin@Vpp =50V ** The formuéas given are for the typical characteristics
20Vmin@Vpp =10V only at 256°C.
25V min@Vpp =15V
FIGURE 1 — DYNAMIC POWER DISSIPATION
SIGNAL WAVEFORMS

Input LE and RBI low, and Inputs D, BT and LT high.
f in respect to a system clock.
All outputs connected to respective C) loads.

Voo

Vss

50% Duty Cycle

Vo
Any Output M
VoL
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MC14513B

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

All Types
Voo
Characteristic Symbo! Vde Min Typ Max Unit
Output Rise Time — Segment Qutputs ITLH ns
50 - 40 80
10 - 30 60
15 — 25 50
OQutput Rise Time — RBO Output tTLH ns
5.0 . 480 960
10 — 240 480
15 - 190 380
Output Fall Time—Segment Outputs™® TTHL ns
tTHL = (1.5 ns/pF) C_ +50 ns 50 - 125 250
tTHL = (0.75 ns/pF) C_ + 37.5 ns 10 - 75 150
tTHL = (0.56 ns/pF) C_+ 37.5 ns 15 65 130
Output Fall Time — RBO Outputs tTHL . ns
tTHL = (3.25ns/pFI C| + 1075 ns 5.0 - 270 540
tTHL = (1.36 ns/pF) C + 67.5 ns 10 - 135 270
tTHL = (0.95 ns/pF) C +62.5 ns 15 - 110 220
Propagation Delay Time—A, B, C, D Inputs* tPLH ns
tpLH = (0.40 ns/pF) C_+ 620 ns 5.0 - 840 1280
tpLH = (0.25 ns/pF) C_ + 237.5 ns 10 - 250 500
tpLH = {0.20 ns/pF) C_ + 165 ns 15 - 175 350
tpnp = (1.3 ns/pF} C_ + 655 ns tPHL 5.0 - 720 1440 ns
tpHL = (0.60 ns/pF) C_ + 260 ns 10 - 290 580
tpHL = (0.36 ns/pF) C|_ + 1825 ns 15 - 200 400
Propagation Delay Time—RBIi and Bl Inputs* PLH ns
tpLH = (1.05 ns/pF) C + 5475 ns 5.0 = 600 750
tpH = (045 ns/pF) CL+177.5ns 10 - 200 300
tpLH = {0.30 ns/pF) C+ 135 ns 15 - 150 220
tpHL = {0.85 ns/pF) C + 4425 ns tPHL 5.0 - 485 970 ns
tpHL = (0.45 ns/pF) C_+ 1775 ns 10 - 200 400
tpHL = (0.35 ns/pF) C_+ 1425 ns 15 - 160 320
Propagation Delay Time—LT Input* tpLH ns
tpLH = (0.45 ns/pF) C_ + 2905 ns 5.0 - 313 625
tpLH = (0.25 ns/pF) C + 1125 ns 10 - 125 250
tpLH = (0.20 ns/pF) C_+ 80 ns 15 - 90 180
tpHL - (1.3 ns/pF) C + 248 ns tPHL 5.0 - 313 625 ns
tpH = (0.45 ns/pF) C_ + 102.5 ns 10 - 125 250
tppL = (0.35 ns/pF) C_ + 72.5 ns 15 - 90 180
Setup Time tsy 50 100 — - ns
10 40 — —
15 30 — —
Hold Time th 5.0 60 - - ns
10 40 - -
15 30 — -
Latch Enable Pulse Width TWL(LE) 5.0 520 260 - ns
10 220 10 -
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 RBI1, D and LE low, and Inputs A, B, BT and LT high.

20 ns 20 ns
Vobp
Input C
Vss
tPLH
¢|— VoH
Outputg

TTLH TTHL

20 ns 20 ns
Voo

Input C
Vss

PLH

Qutput RBO

tTLH TTHL

c. Setup and Hold Times: Input RBI and D low, Inputs A, B, BT and LT high.

LE

Input C 50%

Qutputg \
Vou

d. Pulse Width: Data DCBA strobed into latches.

It —l le—20ns
20 ns—wyf [ Vbp
90%X | :
50% X!
LE 10%. v
ss
tWL(LE)—" —
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MC14513B

CONNECTIONS TO VARIOUS DISPLAY READOUTS

LIGHT EMITTING DIODE (LED) READOUT
Voo Vob

Common

[
F :ﬁ_d Anode LED A
’—'K Common =17V

Cathode LED

| a— !t 17V P =

= Vss

FLUORESCENT READOUT

INCANDESCENT READOUT Voo

Vob Voo

Direct
{Low Brightness}

A

I

i N

P .
Filament
-l Supply

1o

= Vss =" Vgg or appropriate
= Vgg = voltage below Vgg.
GAS DISCHARGE READOUT LIQUID CRYSTAL (LC} READOUT
Excitation
Appropriate (Square Wave,
Vbbb Voltage Voo Vgs to Vpp!
=1 % : oF ” ——
—O
1/4 Of MC140708B
L =
= Vss = Vss
**A filament pre-warm resistor is recommended to reduce filament Direct dc drive of LC's not recommended for life of LC readouts.
thermal shock and increase the effective cold resistance of the

filament.




MC14513B

LOGIC DIAGRAM

?

@)

15a
A7o—-{>o—- T~
[ L/’ j 1 14 b
D 7 O
*‘_’_\A — 13¢
81 J‘D‘ ﬂ D — 12d
T e
- e
] = ‘
—) 17 ¢
czo—-[> v—_D 177
N L‘f\A 16g
CT 30
DSO_DO AP el s ~_<{>o—o1o RBO
Leao—{>o_4
TYPICAL APPLICATIONS FOR RIPPLE BLANKING
LEADING EDGE ZERO SUPPRESSION
Displays
Peiees 1213111 Hptitsd PREREEY  RRRRERE O RRERREY
commecttol 2T 9 a------- 9 a-o-o- [} a----- 9 a------ g a--o-- 9
R8I RBOl—=|RBI RBO RBI reol—=lra! RBOL—=IRBI REBO RBI RBOF—
Voo W15 ¢ 8 Al1lpceali|lpcealolpbce a DcBA|jo|lDCBA]JO
PEEd Py FHie R b bt
MC145138 MC145138 MC145138 MC145138 MC145138 MC145138
Input 6 0 0 0O 00 0 o0 0 1 0 1 000 0O 00 0 1 00 1 1
Code ) () (51 (0) D) (3
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TYPICAL APPLICATIONS FOR RIPPLE BLANKING (Cont)

TRAILING EDGE ZERQ SUPPRESSION

IR 'R

BRI, [ ]

Fiitgs [ EE1E3) IR RN FIEsies Frepesd ittt
B 8 A O A A
AR R R A AT L R BN
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MC14543B

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

The MC145438 BCD-to-seven segment latch/decoder/driver is
designed for use with liquid crystal readouts, and is constructed with
complementary MOS (CMOS) 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 (B1), 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.

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

CMOS msSI

(LOW-POWER COMPLEMENTARY MOS)

BCD-TO-SEVEN SEGMENT
LATCH/DECODER/DRIVER

for
LIQUID CRYSTALS

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

ORDERING INFORMATION

. . . . . MC14XXX8 Suffix Denotes
® Logic Circuit Quiescent Current = 5.0 nA/package Typical @ uthx
5V L Ceramic Package
@ | atch Storage of Code P Plastic Package
. A Extended Operating
® Blanking Input Temperature Range
® Readout Blanking on All lHlegal Input Combinations C Limited Operating
. . . 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- NPUTS SOTPOTS
ature Range
- ) ) . . DB | Phe]D CcB Alabc de f gDislay
@ Pin-for-Pin Replacement for CD4056A (with Pin 7 Tied to Vgg).
) ) A X |1 ] 6 [ XXX X000 00 0 0fslank
® Chip Complexity: 207 FETs or 52 Equivalent Gates T 0] 0 |ooO0G|t 1111 10] 0
1t Jo|l o looorfo1 10000 1
7 o] o Joo1oj1 101101 2
1 |of o Joo1 1111 1001] 3
T |0 0 (0100|071 1 00T T| 4
1o o Joro1{to1 101 3| s
1 o 0 0110101 1 111 6
MAXIMUM RATINGS (Voltages referenced to Vgs} v fof o Jo1 1)1 11 0000] 7
T ]o] 0 |1000]1 14111 1] 8
Rating Symbol Value Unit 1 [ 0 100 1f{t 11101 1| 9
1 Joj 0o {1010]/000000 0fslanx
DC Supply Voitage Vobp —051t0 +18 v v jol o [1011{00000 0 ofsan
) _ T |0 0 |11 00[006000 0 0]8tanx
Input Voltage, All Inputs Vin 05to Vpp +05 v ' ol o 11010000000 0B
DC Input Current per Pin lin 10 mA 1 0 "] 111010000 0 0 OfB8lank
- - 5 t Jol o }1111]000000 0]suax
Operating Temperature Range — AL Device Ta —565 to +125 C 0 ) 0 X X X X e >
CL/CP Device —40 to +85
1 \ f Out Displ
Storage Temperature Rance Tstg ~65 to +150 °c ! ! ! c'::,:,e“;;o,: i asls:b:,e
Maximum Continuous Qutput Drive Current 10HmMax 10 mA Above
(Source or Sink} per Ouipui 'Oimax X = Don't care
- — t = Above Combinations
Maximum Continuous Output Power* POHmax 70 mw * = For liquid crystal readouts. apply a square wave to Ph.
(Source or Sink) per Output POLmax For common cathode LED readouts, select Ph = O

*POHmax = loH (VOH - VppJ and PoLmax = loL (VoL - Vss!
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MC14543B

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vgg)

Vob Tiow® 25°C Thigh*
Characteristic Symbol Vdc Min Max Min Typ Max Min Max Unit
Output Voltage 0" Level VoL 5.0 - 0.05 - Q Q.05 - 0.05 \Y
Vin Vpporo 10 - 0.05 - 0 0.05 - 0.05
15 - 0.05 - 0 0.05 — 0.05
1" Level VoH 5.0 4.95 - 495 5.0 . 495 - \%
Vin ~00orVpp 10 9.95 - 9.95 10 - 9.95 -
15 14.95 - 14.95 15 — 14.95 —
Input Voltage* 0" Level ViL Y
(Vg - 450r05 V) 5.0 - 1.5 - 2.25 1.5 - 1.5
(Vo =9.00r 1.0 V) 10 - 3.0 - 4.50 3.0 - 3.0
(Vo =1350r15V) 15 - 40 - 6.75 4.0 - 490
"1 Level | Vig
(Vp=050r45V) 5.0 35 - 35 2.75 - 3.5 - \4
(Vo =1.00r9.0V) 10 7.0 - 7.0 5.50 - 7.0 -
(Vo =150r13.5V) 15 11.0 - 11.0 8.25 = 11.0 -
Qutput Drive Current (AL Device) 10H mA
(Vor =25 V) Source 5.0 -30 - —24 | -42 - —1.7 -
(Vou =46V) 5.0 —0.64 - —-0.51 ~0.88 - —0.36 -
(VQu =05 V) 10 - - - —101 - - -
(VOH =95 V) 10 -16 - -13 | -225 - -0.9 -
(Vony =135 V) 15 —4.2 - —34 —8.8 — —-2.4 —
VoL =04 V) sink| IgL 5.0 0.64 -~ 051 | 088 - 036 - mA
(VoL =05 V) 10 | 16 - 1.3 2.25 - 09 -
(VoL =95V) 10 - - - 10.1 - - -
(VoL =15V) 15 42 - 34 838 - 24 -
Output Drive Current {CL/CP Device) 10H mA
(VOoH =25 V) Source 50 -25 - =21 —4.2 - -1.7 —
(Voy =46V) 50 -0.52 - —0.44 | -0.88 - —0.36 -
(Vo =05 V} 10 - - - —10.1 — — _
(VoH =9.5 V) 10 -13 ~ —11 | —2.2s - —09 -
(VoH = 135 V) 15 —36 — —30 | -88 — —24 -
(Vo =04V} Sink toL 5.0 052 - 0.44 0388 - 0.36 - mA
(VoL =05V) 10 1.3 - 1.1 225 - 09 -
(VoL =95 V) 10 - - - 10.1 - - -
(VoL =15V} 15 36 — 3.0 8.8 - 24 —
Input Current (AL Device} lin 15 - +0.1 — +0.00001 [ +0.1 - +1.0 HA
Input Current (CL/CP Device) lin 15 — +03 - £0.00001 | *03 - £1.0 HA
Input Capacitance Cin — - - - 5.0 75 - - pF
Quiescent Current [AL Device) oD 5.0 — 50 — 0.005 5.0 - 150 HA
(Per Package) Vin=0or Vpp, 10 — 10 - 0.010 10 - 300
lout = O #A 15 - 20 - 0.015 20 - 600
Quiescent Current (CL/CP Device) [Is)s) 5.0 - 20 - 0.005 20 - 150 HA
(Per Package) Vi,=0 or VDD, 10 - 40 - 0.010 40 - 300
lout = 0 kA 15 - 80 - 0.015 80 - 600
Total Supply Current* "1 IT 5.0 I7=(1.8 uA/kHzZ) f + Ipp HA
{Dynamic pius Quiescent, 10 I7=(3.1 wA/kHz) f + Ipp
Per Package) 15 17=(4.7 uA/kHz) f + IDD
(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 immunity specified for worst-case input combination.

Noise Margin for both "1 and 0" level = 1.0V min@ Vpp =50V
20Vmin@Vpp =10V
25Vmin@Vpp=15V

tTo calculate total supply current at loads other than 50 pF:
IT(CLI 17(80 pF) + 3.5 x 103 (C|_-50] Vppf
where: [T is in uA {per package), C|_in pF, Vpp in V, and fin kHz is input frequency.
**The formulas given are for the typical characteristics only at 259C.
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MC14543B

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

Characteristic Symbol VppD 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) CL+ 10 ns 15 ~ 40 80
Dutput Fall Time TTHL ns
tTHL = (1.5 ns/pF) C + 26 ns 5.0 - 100 200
tTHL = (0.75 ns/pF) C_ + 12.5 ns 10 - 50 100
tTHL = 10.65 ns/pF) C_+ 125 ns 15 -~ 40 80
Turn-Off Delay Time tPLH : ns
tprH = (1.7 ns/pF) C_ + 520 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
tpiL = (0.66 ns/pF) C(_ + 172 ns 10 -~ 205 660
tpHL = (0.5 ns/pF) C|_+ 130 ns 15 — 165 495
Setup Time tsy 5.0 350 - - ns
10 450 - -
15 500 - -
Hold Time th 5.0 40 - - ns
10 30 - -
15 20 - -
Latch Disable Pulse Width (Strobing Data) twH 50 250 125 - ns
10 100 50 -
15 80 40 —

*The formulas given aré for the typical characteristics only.

LOGIC DIAGRAM

817

Vpp = Pin 16
Vgg =Pin8

4

yYUY
o
i

ﬁ?@
i

Phase 6 0_‘D°“D°‘
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MC14543B

FIGURE 1 — TYPICAL OUTPUT SOURCE FIGURE 2 — TYPICAL OUTPUT SINK
CHARACTERISTICS CHARACTERISTICS
Q 24
[T 11 \ T
vpp S5.0 vdc 4 Vpp = 15 Vdc -
— POHmax =70 mWdc Lo M oo
b B A T 1 \
£ <~ Y b
= ~ / / £ / \
] < = / \
-4 =
= Vpp=10Vde N\ o Nl vop= tovee
3 -12 e 12 /
=2
w
8 '/ \\ e N AN L
=
2 L~ > / ~
JERT -~ 3 60 [~
x o O ~
° \ = [~
| vpp =16 Vdc \r Vpp=5.0Vde | PgLmax=70 dec1
)
Vgs=0vde |\ k l ~0vd l
24 s 1 o vss =0 vie
-18 12 8.0 40 0 ) 20 80 © %
{VOH -VoD), SOURCE DEVICE VOLTAGE (Vdc) (VoL - Vss), SINK DEVICE VOLTAGE (Vdc)
FIGURE 3 — DYNAMIC POWER DISIPATION
SIGNAL WAVEFORMS FIGURE 4 — DYNAMIC SIGNAL WAVEFORMS

(a} tnputs D, Ph, and Bi low, and inputs A, B, and LD high.

20 ns 20 ns
— = VpDp
c 0% 50%
10% K vgs
1 t
Inputs Bl and Ph low, and Inputs D and LD high. PHL PLH VoH
f in respect to a system clock. 9 90% 50% 10%
All outputs connected to respective Cy loads. L—t'rH|_ tTTLH e vou
{b} Inputs D, Ph, and Bl low, and Inputs A and B high.
Vpp — 20 ns
0% Voo
Vss LD 50%
10% Vss
50% Duty Cycle tsu ‘._th

Any Output _/_\_/_VOH ¢ 50% ’l: 50% Voo
AN Vss
- VOoH

g A

VoL
{c) Data DCBA strobed into latches
Voo
Lo 50%
Vss
twH
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MC14543B

CONNECTIONS TO VARIOUS DISPLAY READOUTS

Output
Ph

MC145438

LIQUID CRYSTAL (LC) READOUT

One of Seven Segments

~

Common
Backplane

‘m_‘_‘;__/_/

Square Wave

(Vss to Vpp)

INCANDESCENT READOQUT

Appropriate
Voltage
[ ]

.{O_“_

MC14543B
Qutput

Common
Cathode LED
MC145438
Output F—O—AAM——
Ph
—— — — —
= Vss

LIGHT EMITTING DIODE (LED) READOUT

\
Common ¢ Voo
Anode LED
— ——
MC 145438
Output

Ph

Vpb

Note: Bipolar transistors may be added for gain (for Vpp <10V or lout 2 10 mA).

MC14543B

GAS DISCHARGE READOUT

Appropriate
Voltage

QOutput

PIN ASSIGNMENT

Vss

CONNECTIONS TO SEGMENTS

Vpp = Pin 16
Vgg = Pin8
DISPLAY

o
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@ MOTOROLA MC145448

CMOS MmSI

BCD-TO-SEVEN SEGMENT LATCH/DECODER/DRIVER |LOW-POWE R COMPLEMENTARY MOS]

FOR LIQUID CRYSTALS

The MC14544B BCD-to-seven segment latch/decoder/driver is BCD-TO-SEVEN SEGMENT
designed for use with liquid crystal readouts, and is constructed with LATCH/DECODER/DRIVER
complementary MOS (CMOS) enhancement mode devices. The cir- 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 (BI), 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 1

of the display. The outputs of the circuit are connected directly to L SUFFIX P SUFFIX

th ts of the LC readout. The Ripple Blanking Input (RBI) CERAMIC PACKAGE  PLASTIC PACKAGE
e segments of the readout. The Ripple Blanking Inpu ASE 358 piadasa

and the Ripple Blanking Output (RBO) can be used to suppress

. . ahs ORDERING INFORMATION
either leading or trailing zeroes.

For other types of readouts, such as light-emitting diode (LED), MC14XXXB Suffix Denotes
incandescent, gas discharge, and fluorescent readouts, connection
di . his data sheet L Ceramic Package
|agram.s are glve.n ont is data sheet. A P Plastic Package
Applications include instrument (e.g., counter, DVM etc.) display A Extended Operating
driver, computer/calculator display driver, cockpit display driver, Temperature Range

C Limited Operating

and various clock, watch, and timer uses. Temperature Range

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

PIN ASSIGNMENT

® Latch Storage of Code
® Blanking Input -
. L f
® Readout Blanking on All lllegal Input Combinations ' S ’b
® Direct LED (Common Anode or Cathode) Driving Capability ELIC
® Supply Voltage Range = 3.0 V to 18 V d
® 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 Al P
MNEEREEREE
71 2 3 4 5 8 7 8 s
MAXIMUM RATINGS (Voitages referenced to Vgg)
Rating Symbol Value Unit This device contains circuitry to protect
the inputs against damage due to high
DC Supply Voltage Vob —051to+18 Vde static voltages or electric fields; however,
Input Voltage, Alt Inputs Vin -~05to Vpp +05| Vdc it is advised that normal precautions be
" ; - taken to avoid application of any voltage
DC Input Current per Pin fin 10 mAde higher than maximum rated voltages to
Operating Temperature Range — AL Device Ta —55 to +125 °c this high impedance circuit. For proper
CL/CP Device —40 to +85 operation it is recommended that V;n and
V be constrained to the range Vgg <
Stor.age Temperéture Range - Tstg —65 to +150 °c (\?i:tor Vnurt‘)s< |VDD-° 9e Vss
Maximum Cont{nuous Output Drive Current lOHmax 10 mAdc Unused inputs must always be tied to an
(Source or Sink) per Output 10t max appropriate logic voltage level (e.g., either
Maximum Continuous Output Power* POHmax 70 mwW Vssor Vpp).
(Source or Sink) per Output PO Lmax

*POHmax = 0H (VOH - VDD! and PoLmax = loL (VoL - Vss)

4-33




MC14544B

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vgg)

Vop Tiow" 25°C Thigh'
Characteristic Symbol Vde Min Max Min Typ Max Min Max Unit
Output Voltage 0" Levet Vor 5.0 - 0.05 - 0 0.05 - 0.05 \
Vin=Vppor0 10 - 0.05 - 0 0.05 - 0.05
15 - 0.05 - 0 0.05 — 0.05
1" Level VOH 5.0 4.95 - 4.95 5.0 - 4.95 - \
Vin =0or VDD 10 9.95 - 9.95 10 — 9.95 —
15 14 .95 — 14.95 15 — 14.95 —
Input Voltage# 0" Leve! ViL \Y%
(Vo =4.50r05 V) 5.0 - 15 - 2.25 1.5 - 1.5
(Vg =9.00r 1.0V} . 10 - 3.0 - 4.50 3.0 - 3.0
(Vo =1350r15V) 15 ~ 40 - 6.75 40 - 40
“1° Level ViH
(Vo =050r4.5V) 5.0 35 - 35 2.75 - 3.5 - v
(Vo =100r9.0V) 10 7.0 ~ 7.0 5.50 - 7.0 -
(Vo =1.50r135V) 15 11.0 - 11.0 8.25 - 11.0 -
Qutput Drive Current (AL Device) 1oH mA
(VoH =25 V) Source 5.0 -30 - -24 | -42 - -1.7 -
(VOH =486 V) 5.0 —0.64 - —-0.51 | -0.88 - —0.36 -
(VoH =05 V) 10 - - - —10.1 - - -
(VOH =95 V) 10 -16 - -1.3 —2.25 - -09 -
(Vou = 135 V) 15 4.2 - -34 | -88 - —24 -
(VoL =04 V) Sink oL 50 0.64 - 051 | 088 - 0.36 - mA
(Vo =05V) 10 1.6 - 1.3 2.25 - 09 -
(VoL =95V) 10 - — — 101 — — _
(VoL =15V) 15 42 - 34 8.8 - 24 -
Qutput Orive Current {CL/CP Device} IoH mA
(VOH =25V) Source 5.0 —25 - -2.1 ~4.2 — -1.7 -
(VoH =4.6V) 5.0 -052 - -044 | —088 - —0.36 -
(VoH =05 V) 10 - - _ -10.1 _ = _
(VoH =95 V) 10 -13 - -1.1 -2.25 - -09 -
(Vo =135 V) 15 —3.6 — —3.0 ~8.8 — —-24 —
(VoL =04 V) Sink oL 50 052 = 044 | 088 — 0.36 = mA
(VoL =05 V) 10 1.3 - 1.1 225 - 09 -
(VoL =95V) 10 - - - 101 — - -
(VoL=15V) 15 36 - 3.0 88 - 24 —
Input Current (AL Device) lin 15 - +0.1 - +0.00001 | £0.1 — +1.0 HA
Input Current {(CL/CP Device) lin 15 - +03 - +0.00001| 03 - £1.0 MA
Input Capacitance Cin - : - - 5.0 75 - - pF
Quiescent Current (AL Device) ipD 5.0 - 5.0 - 0.005 5.0 - 150 KA
(Per Package) Vi,=0 or Vpp, 10 - 10 - 0.010 10 - 300
lout = 0 A 15 B 20 - 0.015 20 - 600
Quiescent Current (CL/CP Device) DD 5.0 - 20 - 0.005 20 - 150 HA
(Per Package) V=0 or Vpp. 10 - 40 — 0.010 40 — 300
lout = OKA 15 - 80 - 0.015 80 — 600
Total Supply Current™* ¢ IT 5.0 It = (1.6 pA/kHz) t + Ipp uA
(Dynamic plus Quiescent, 10 ’ IT = (3.1 wA/kHz} t + ipp
Per Package) 15 I+ = (4.7 uA/kHz) £ + IDD
{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 immunity specified for worst-case input combination.
Noise Margin for both "1 and 0" level = 1.0 V min @ Vpp =50 V
20Vmin@Vpp=10V.
25V min@Vpp=15V
1To calculate total supply current at loads other than 50 pF:
I7(C) = I7{50 pF) + 3.5 x 10-3 (C|_ -50) Vppf
where: | T is in uA (per package), C_in pF, Vpp in Vdc, and f in kHz is mput frequency.
**The formulas given are for the typical characteristics only at 25°C.
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MC14544B

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

Characteristic Symbol Vbp Min Typ Max Unit
Output Rise Time tTLH ns
tTLH = (3.0 ns/pF) C_+ 30 ns 5.0 - 100 200
tTn = (1.5 ns/pFI 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|_+ 26 ns 5.0 - 100 200
tTHL = (0.75 ns/pF) C|_ + 125 ns 10 - 50 100
tTHL = (0.55 ns/pF) C_ + 12,5 ns 15 - 40 80
Turn-Off Delay Time tPLH ns
tprH = (1.7 ns/pF) C_+520 ns 5.0 - 605 1210
tpLH = (0.66 ns/pF) C_+ 217 ns 10 - 250 500
tppH = (0.5 ns/pF) C_ + 160 ns 15 - 185 370
Turn-On Delay Time tPHL ns
tpyL = (1.7 ns/pF) C_+420 ns 5.0 - 505 1650
tpH = (0.66 ns/pF) C|_+ 172 ns 10 - 205 660
tpHL = (0.5 ns/pF) C|_ + 130 ns 15 - 155 495
Setup Time tsu 50 o -40 - ns
10 o} -15 -
16 0 -10 -
Hold Time th 5.0 80 40 - ns
10 30 15 -
15 20 10 -
Latch Disable Pulse Width (Strobing Data) twWH 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 = Pin9 ——-:DJJ‘
|
L

,T ) 11a
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D - 1ad
—>o—

17 f
00 >

D4 o—{>& 169
- 6
Phase
LD 1o—'>o—J

RBI 10 ’—{ 00 8RBO




MC14544B

CONNECTIONS TO VARIOUS DISPLAY READOUTS

INCANDESCENT READOUT

LIQUID CRYSTAL (LC) READOUT Appropriate

Voltage
MC145448 One of Seven Segments ?
Output
Common r— -
Ph

Backplane KD —— =

— T """ MC14544B

Output

Square Wave Phe
(Vss t0 Vpp)
= Vss

GAS DISCHARGE READOUT

LIGHT EMITTING DIODE (LED) READOUT

Common Common ® Voo Appropriate
Cathode LED Anode LED V°'::9"
MC145448
Output  [—O—ANA— —_l
Ph
MC14544B
i! —_—— Output »—O—J\AN—J
— - Ph —_—
MC145448
= Vgs Output
= Ph
Voo
Note: Bipolar transistors may be added for gain (for Vpp <10V or lout 2 10 mA).
Vss

TRUTH TABLE

X Don’t Care
INPUTS OUTPUTS t Above Combinations
Rel [ o[B8 [Ph-[ DCBAJRBO[ a b cde t g [DISPLAY L
X — * For liquid crystal readouts, apply a square wave to Ph. For
X |1 |0 | xXxxx]| =] 0000000 Blank
common cathode LED readouts, select Ph = 0. For common
1 1 ]o]lo [ooccol 1| ooo00000 Blank iy
anode LED readouts, select Ph = 1.
O 1} 10 1008004 0 111110 2 **  Depends upon the BCD Cade previously applied when LD = 1
x| 1Jolo|[ooo0o1] of o110000 1 P Po! ode previously applied when :
x| 1]lofofo0010| 0] 1101101 2 _ .
X 1 0 0 00 11 ] 1111001 3 # RBO=RBI  (ABCD)
x| 1lo0ofojo1o00| 0l 01100711 a
x {1 ]ojJo o101 o] 1011011 5
x [t JoJolotr 1o of 1011111 6
x |1 |loflojot111l ol 1110000 7
X1 |lofo| 1000 0o 1111111 8
x |1 |loflo|1001]| 0| 1111011 9
X ]1]o]o}j1010] 0] 0000000 Blank
x 1 Jolo 101 1] o]l oo0o00000 Blank
x| 1fo]Jo 1100 00000000 Blank
xt{ole{t1r1031| 0] 0000000 Blank
x{1{eloli1110l 0l o0oo000000 Blank
X 1 0]l o] 1111] 0] 0000000 Blank
X 0 o 0 X X X X = . i
Trverse of Oupur Drpiay
' ' 'AJ__‘ 1.1 ' Combinanons Above 35 above
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MC14544B

FIGURE 1 — TYPICAL OUTPUT SOURCE
CHARACTERISTICS

, [ Vpp =5.0 vde
POHmax = 70 mWdc
=~

2 /)
<60 < L
; > // /
w TN\ y
= 2 VDp=10Vde
b=
3 k
& /N
£ 7 A}
2 //
= -18 e
= \
| Vpp=15Vde \‘
Vgs =0 Vde \
-4 s
-16 -12 -8.0 -4.0 [}

{VGH -Vpn), SOURCE DEVICE VOLTAGE (Vdc)

FIGURE 3 — DYNAMIC POWER DISIPATION
SIGNAL WAVEFORMS

FIGURE 2 — TYPICAL OUTPUT SINK
CHARACTERISTICS

24
! L
2} Vpp =15 Vde
_ \
2 18
<
£ A\
£ / N
& \ Vpp = 10 Vic
= 12 /
=1
=}
L A |\
= // K
e S
_S 60 N~
Vpp=5.0Vdc | PQmax =70 mWdc |
1
Vgs =0 Vde
00 40 80 1 16

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

FIGURE 4 — DYNAMIC SIGNAL WAVEFORMS

f in respect to a system clock.

All outputs connected to respective C_ loads.

Vpp

Vss

50% Duty Cycle

\"
Any Output _/_\_—/_ OH
— VoL

Inputs Bl and Ph low, and Inputs D and LD high.

(a) Inputs D, Ph, and Bl low, and inputs A, B, and LD high.

20 ns
1 Vpp
¢ 50%
Vss
PLH
VOH
g 90% 50% 0% v
oL
TTHL  tTLH == =
{b) Inputs D, Ph, and B} low, and lnputs A and B high.
fe—20 ns
—] Vob
LD 50%
Vss
f=tn v
DD
¢ "L 50%
Vss
x VoH
9
VoL
{c) Data DCBA strobed into latches
Vop
Lb 50%
Vss

TwH
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MC14544B

TYPICAL APPLICATIONS FOR RIPPLE BLANKINYG

LEADING EDGE ZERO SUPPRESSION
Displays
IRLEIEL) it Feitts PHEt4E PHetets fritet
Connectto] © 77 LN T IR g 9 L. g 9 g 9 gt 9
RBt RBO RBI RBO{—»{RB! RBO R8I RBO RBI RBO—»{RBI RBOLD
Voo Mo ¢ s a|l1|oc e ali|pecealoloece a D CBAfo|DcsBA|O
bt bt byt R Pttt R
MC145448 MC145448 MC145448 MC14544B MC14544B MC1456448
input 0 0 0 O 00 0 o 0 1 0 1 0 00 0 00 0 1 00 1 1
Code (0 (0 (5) (0) (1 (3
TRAILING EDGE ZERO SUPPRESSION
Displays
[ELEELE) fHite4s fitt SR PEffese [X1E1E1)
ar ¢ ar L B ar ¢ ar ¢ ,a ------- ¢ Connect to
4—0—RBO RBire—{RBO RBl[w— RBO R8I e—RBO RB| r«—RBO RB|[e— RBO RBI fa—0o
pcee A|lo|lbce A|lo|lpc B Aa|]Oolpbc BA|1|DCcBA|]1|D g a|VOD (™M
bttt Pttt Pttt Pt et IR
MC145448 MC14544B MC145448 MC145448 MC145448 MC145448
o 1 0 1 0 00 0 00 01 o0 1 1 00 0 0 o oo
(5) () ™ (3) [6)) (0 input Code
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(M) mororoLa MC145478

CMOS MSI

HIGH CURRENT

BCD-TO-SEVEN SEGMENT DECODER/DRIVER (LOW-POWER COMPLEMENTARY MOS)
The MC14547 BCD der/d g HIGH CURRENT
he 14547 -to-seven segment decoder/driver is constructe -
with complementary MOS (CMOS) enhancement mode devices and BCD-TO-SEVEN SEGMENT
NPN bipolar output drivers in a single monolithic structure. The circuit DECODER/DRIVER

provides the functions of an 8421 BCD-to-seven segment decoder with
high output drive capability. Blanking (B}, can be used to turn off or
pulse modulate the brightness of the display. The MC14547 can drive
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.

L SUFFIX P SUFFIX
CERAMIC PACKAGE PLASTIC PACKAGE
CASE 620 CASE 648
® High Current Sourcing Outputs (Up to 66 mA) ORDERING INFORMATION
9 I°]
® Low Logic Circuit Power Dissipation MC14XXXB Sutfix Denotes
® Supply Voltage Range = +30V to +18V
. L Ceramic Package
@ Blanking Input P Plastic Package
® Readout Blanking on All lllegal Combinations A ff‘”‘d“d O“e:“"g
. A . emperature 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 "
Two HTL Loads over the Rated Temperature Range 18 Vop = 16
® Use MC14511B for Applications Requiring Data Latches 2 ¢ fE—> 15
3 —{NC F]=}" —
a8 a3 i'&lb
5 — NC b 12 e '°
6 0D cFan d
7 A d 310
MAXIMUM RATINGS * (Voltage referenced to Vgg, Pin 8) 8 T Vss e 39
Rating Symbol Value Unit DISPLAY
- + — - -
DC Supply Voltage VDD 051t0+18 v == lj =
Input Voltage, All Inputs Vin —-05t0Vpp +0.5] V [ A AV e Iy i Ho|
Operating Temperature Range MC14547BAL Ta -551t0+125 oc o 1 2 3 4 5 6 7 8 9
MC145478CL/CP -40 to +85
Storage Temperature Range Tstg -85 to +150 oc
Maximum Continuous Output Drive Current 10Hmax 65 mA TRUTH TABLE
(Source) per Output _ INPUTS QUTPUT
Maximum Continuous Power Dissipation POHmMax 1200* mwW G |loce Alabecde f g|DISPLAY
X . . 0 | X x X x|]o o o o000 Blank
* Maximum Ratings are those values beyond which damage to the device may occur. 7 900 0]1 1 1 11 10 )
* i Fi . 1 000 1/01 10000 1
See power derating curve (Figure 1) 1 0010J1101101 2
1 oo 1 1|1 111001 3
This device contains circuitry to protect the inputs against damage due to high static 1 010001 10011 4
voltages or electric fields; however, it is advised that normal precautions be taken to 1 01 0 1|1 0 1 : ? : : 2
avoid application of any voltage higher than maximum rated voltages to this high im- : g 1 : ? ‘1] (‘) : 000 0 2
pedance circuit. A destructive high current mode may occur if Vi, and Vg4 is not 1 T o 0 0l1 1 1 11 11 8
constrained to the range Vgs < (Vi of Vout) < Vpp. 2 1100 1011100 11 °
Due to the sourcing capability of this circuit, damage can occur to the device if Vpp is : : g : ‘3 g g 8 g 3 g g S::::
app!led, and the outputs are shorted to Vgg and are at a logical 1 (See Maximum 7 T 0 olo 0 0 0 00 o FTpe
Ratings). 1 {110 1/000000 0| Blank
i i i i i 1 111 0lo 00 00GOCO0 Blank
Snus::j\;npu)ts must always be tied to an appropriate logic voltage level (e.g., either A 11110000000 Blank
SS oD/

X = Don’t care
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MC14547B

ELECTRICAL CHARACTERISTICS (Voitages Referenced to Vgg)

- T
Characteristic Symbol VoD Tiow %°C Thigh Unit
Vdc Min | Max | Min Typ Max | Min | Max
Output Voltage “0" Level| VoL 5.0 - 10051 - 0 0.056] — |0.05 \
Vin = Vpp or 0 . 10 - 1005) - 0 005| — |0.05
15 - |oo0s| - 0 005} — |008
“1" Level| VoH 5.0 4.1 — ] 44 ] 486 - | 43 - Vv
Vin = 0or Vpp 10 9.1 — | 94 9.6 - |1 93| -
15 141 | - [ 144 | 146 - | 14a| -
Input Voltage # “0" Level| V)i Vv
(Vo = 380r 05V} 5.0 - | 18] — 2.25 15| — 15
(Vo = 880r1.0V) 10 - |30} - 4.50 30| — | 30
(Vo = 1380r1.5V) 15 - |40 - 6.75 40| — | 40
(Vo = 050r3.8V) “1” Level| ViH 5.0 35 | — | 35 2.75 - | 35| — v
(Vo = 1.00r88V} 10 70 | - | 70 5.50 - |70 -
(Vo'= 150r 138 V) 15 1.0 - [ 110 | 825 - (1o -
Output Drive Voltage (AL Device) VOH 5.0 Vv
{loH = 5.0 mA) Source 4.0 - 4.2 4.3 — 4.3 -
(IOH = 10 mA) - - | 41 43 - - -
loH = 20 mA) 38 - 39 4.2 - 4.0 -
(IGH = 40 mA) - - | 37 4.0 - - -
(loH = 656 mA} 3.1 - | 32 3.7 - 130} -
{loH = 5.0 mA) 10 9.1 - | 92 9.3 - 93] -
(loH = 10 mA} - - | 91 9.3 - - -
(loH = 20 mA) 88 | — | 9.0 9.2 - 192 -
(OH = 40 mA) - -~ 1 89 9.0 - - -
(loH = 65 mA} 84 ) — | 85 8.8 -1 81 -
(loH = 5.0 mA) 1B 1140 — 142 | 143 | — | 44] —
(IgH = 10 mA - — |41 | 143 N [
{doH = 20 mA) 138 - 14.0 142 - 14.2 —
(IoH = 40 mA) - — 1138 | 140 - - -
lioH = 65 mA) 135 — | 1356 | 137 - [ 183} -
Output Drive Voltage (CL/CP Device) VOH 5.0 Vv
loH = 5.0 mA) Source 39 | — | 4 4.3 — | 42| -
{lop = 10 mA) - - 4.0 4.3 - - -
(ipH = 20 mA) 36 | — | 38 | 42 - | 39| -
(loH = 40 mA) - — 35 4.0 — _ _
(ioH = 65 mA) 30 | — | 30 3.7 -1 29| —
(loH = 5.0 mA) 10 89t — | 91 9.3 - 921 -
(loH = 10 mA) - - 9.0 9.3 - - -
(oH = 20 mA) 86 | — [ 88 9.2 e B
(ioH = 40 mA) - - | 85 9.0 - - -
(loH = 65 mA) 80 [ — | 81 8.8 - | 80} —
(loH = 5.0 mA) 15 139 — | 4 143 - | 142] -
(loH = 10 mA) - — | 140 | 143 - - -
(loH = 20 mA) 136 | — | 138 | 142 - | 40| -
(oH = 40 mA) - -} 135 | 140 - - -
(loH = 65 mA) 130 — ] 130 | 137 - | 30| -
Output Drive Current (AL Device) oL mA
VoL = 04 V) Sink 5.0 032 — |02 | 0.44 - | 018 -
(VoL = 05V) 10 0.80 — |} 0.65 1.13 — | 0.45 -
VoL =15V 15 210 - | 1.7 4.4 - 112 -
Output Drive Current (CL/CP Device) oL mA
(VoL =04V) Sink 5.0 026 — | 022 0.44 — |08 -
(VoL = 05V) 10 0657 — | 055 143 — | 045 —
VoL = 1.8V) 15 18 - | 15 44 -1 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 =
1.0V min@ Vpp = 5.0V
20Vmin@ Vpp = 10V
2.5V min @ Vpp= 15V

]
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MC14547B

ELECTRICAL CHARACTERISTICS (Continued)

r S -
Characteristic Symbol VoD T"’W _ %°C Th' h Unit
Vdc Min | Max | Min Typ Max | Min | Max
Input Current (AL Device) lin 16 — | +01] — | +000001|+01] — |+1.0 rA
input Current (CL/CP Device) lin 15 — | £03} — [ +£000001]+£03| — [+£1.0 uA
Input Capacitance Cin — — — — 5.0 7.5 - — pF
Quiescent Current (AL Device) (Per Package) Ipp 5.0 - 50 - 0005 | 60 - 150 pA
Vin=0 or VpD, lout=0 sA 10 —f w0 | -] o000 |10 | - |30
15 — 20 - 0.015 20 — | 600
Quiescent Current (CL/CP Device) (Per Package} Iop 6.0 - 20 - 0.005 20 — ] 150 uhA
Vin=0 or Vpp, lout=0 xA 10 - {4 [ -] 0010 |4 |- |30
15 - 80 — 0.015 80 — | 600
Total Supply Current®* 1 IT 5.0 IT = (1.9 pA/kHZ) f + Ipp rA
(Dynamic plus Quiescent, 10 IT = (38 uA/kH2} f + Ipp
Per Package!} 15 IT = (6.7 uA/kHZ) t + Ipp
(C = 50 pF on all outputs, all
buffers switching)
* Tiow = —56°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 {oads other than 50 pF:
IT (CL) = IT (80 pF) + 3.5 x 10=3(C_ -50) Vppf
where: I is in pA (per packagel, Cy in pF, Vpp in V,
and f in kHz is input frequency.
** The formulas given are for the typical
characteristics only at 25°C.
SWITCHING CHARACTERISTICS (C| = 50 pF, Ta = 25°C)
Characteristic Symbol \’,Ddg Min | Typ | Max | Unit
Output Rise Time . TLH 50 | — 40 80 ns
10 - 40 80
15 — 40 80
Output Fall Time tTHL | 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 | 5.0 | — 750 1500
10 - 300 600
15 — 200 400
Blank Propagation Delay Time tPLH 5.0 - 750 1500 ns
10 - 300 600
15 — 200 400
tpHL | 50 | — 500 1000
10 - 250 500
5§ - 170 340
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LOGIC DIAGRAM
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MC14547B

CONNECTIONS TO VARIOUS DISPLAY READOUTS

LIGHT EMITTING DIODE (LED) READOUT

Vobp Voo
L s R,
d__“ F Common
Anode LED ![—— -
Common 1.7V
Cathode LED
[
~ —O—AAA—— ﬁ
Y-- - =17V F L
s el
+—4
—
£ £ = Vss
= Vss =
INCANDESCENT READOUT LIGHT-EMITTING DIODE (LED) READOUT
v USING A ZENER DIODE TO REPLACE DROPPING RESISTORS
[>]5} Voo
T Voo

Common
Cathode LED

it} JL—iﬁL]
I H[_i{\H]

o - - — —
— |_J -
= Vss = S
=v .
GAS DISCHARGE READOUT ss T Vzp
Appropriate =
Voo Voltage Vss

FLUORESCENT READOUT

Vobp

Direct
{Low Brightness}

)

Jtll I}T_;K_Ll

<L
= Vss

_/\

* Vzp should be set at Vpp — 1.3V — VL gp. Wattage of zener
diode must be calculated for number of segments and worst-case
conditions.

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

thermal shock and increase the effective cold resistance of the
filament.

Filament
Supply

Y
ST T8

<
o0
0

Vgg or appropriate
voltage below Vggs.

(Caution: Absolute maximum
working voltage = 18.0 V)
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@ MOTOROLA MC14558B

BCD-TO-SEVEN SEGMENT DECODER CMOS MSI
{LOWPOWER COMPLEMENTARY MOS}
The MC14558B 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. BCD-TO-SEVEN
An auxiliary input truth table is shown, in addition to the BCD SEGMENT DECODER
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 division muitiplexed systems displaying most significant
decade first.
i
1% Al 6
1 1
e 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
® Capability for Suppression of Non-Significant Zeros ORDERING INFORMATION
® Lamp Intensity Function MC14X XX8 Suffix Denotes
® Capabie of Driving Two Low-power TTL Loads, One Low-power
Schottky TTL Load or Two HTL Loads Over the Rated Temper- L Ceramic Package
ature Range P Piastic Package
A Extended Operating
Temperature Range
C Limited Operating
Temperature Range
MAXIMUM RATINGS (Voltages referenced to Vgg) PIN ASSIGNMENT
Rating Symbo! Value Unit
OC Supply Voltage VpD -0.510 +18 Vdc
input Voltage. All Inputs Vin 0.5t Vgp + 0.5 Vdc
DC Input Current, per Pin bn +10 mAdc s
Operating Temperature Range -- AL Device Ta -55to +128 °c 138 Vop = 16
CL/CP Device -40 to +85 2={c¢ fE=ats
Storage Temperature Range Tag -65 to +150 °c 3 =] Enable =1
4 RABO a 13
5 CJ RBI b2
63D c DN
AUXILIARY INPUT TRUTH TABLE 1544 dp=to
8CO 8 vgg o 9
Enable R8I Input RBO
Pin 3 Pin 5 Code Pin 4 Function Performed
o o X o Lamp Test
[+] 1 X 1 Blank Segments
1 1 [ 1 Display Zero DISPLAY
1 0 [} ] Blank Segments g
1 X 1-9 1 1-9 Displayed L,L-I'JJ‘ Jl:jl_;" Hlblbl 7J!91 ':"J
o 1t 2 3 4 5 6 7 8 9

X = Don’'t Care
RBI = Ripple Blanking Input
RBO = Ripple Blanking Gutput
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MC14558B

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vgg)

[ Tiow® 25°C Thigh*
Characteristic Symbol Vdce Min Max Min Typ Max Min Max Unit
Output Voltage “0" Level VoL 5.0 - 0.05 - 0 0.0 - 0.05 Vdc
Vin = Vpp or 0 10 - 0.05 - 0 0.05 - 0.05
15 - 0.05 - 0 0.05 — 0.05
“1" Level VoH 50 495 . 4.95 5.0 - 495 - Vde
Vin=00or Vpp 10 9.95 - 995 10 - 9.95 -
15 14 .95 — 14.95 15 - 14.95 —
input Voltage* 0" Level ViL Vdc
(Vo =4.50r 05 Vdc) 5.0 - 15 - 2.25 1.5 - 15
(Vg =9.00r 1.0 Vdc) 10 - 30 - 450 3.0 = 3.0
(Vg = 135 or 1.5 Vdc) 15 — 40 - 6.75 4.0 - 40
1" Level ViH
Vo= 050r45Vdc) 5.0 35 - 35 2.75 - 35 - Vdc
{Vp =1.00r 9.0 Vdc) 10 70 - 7.0 5.50 - 7.0 -
VO = 1.5 0r 13.5 Vdc) 15 11.0 - 11.0 8.25 = 11.0 -
Output Drive Current {AL Device) oM mAdc
(VOH = 2.5 Vdc) Source 5.0 -3.0 - —24 | —-42 - -1.7 -
{VOH = 4.6 Vdc) 5.0 —0.64 - -0.51] —0.88 - —0.36 -
(VOH = 9.5 Vdc) 10 -1.6 - —1.3 | —2.25 - -0.9 -
(VOH = 13.5 Vdc) 15 —4.2 - —3.4| —8.8 - —2.4 -
(VoL = 0.4 Vdc) Sink oL 5.0 0.64 - 051 0.88 - 036 - mAdc
(Vor = 0.5 Vdc) 10 16 - 13 226 - 09 -
(VoL = 1.5 Vde) 15 42 - 34 88 - 24 -
Output Drive Current {CL/CP Device) IoH mAdc
(VOH = 2.5 Vdc) Source 5.0 —2.5 - -2.1 —-4.2 - —-1.7 -
(VOH = 4.6 Vdc) 50 |-0.52 - —-0.44} —0.88 | - ~0.36) -
(VoH = 9.5 Vdc) 10 -1.3 - —-1.1 | —2.25 - -0.9 -
(VoH = 135 Vde) 15 —3.6 - —-30| —8.8 - —2.4 -
(VoL = 0.4 Vdel Sink oL 5.0 052 - 0.44 0.88 - 0.36 - mAdc
(VoL = 0.5 Vdc) 10 13 - 11 2.25 - 09 -
(VoL = 1.5 Vdcl 15 36 - 3.0 88 - 24 -
Input Current {AL Device) lin 15 - +0.1 - +0