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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 1/0 capability. The device operates from a single
5V 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/O 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 tg=1.0 MHz

Ratiometric Conversion

Completely Programmabie

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 Compatible Inputs at Full Speed with Supply
Voltage of 5 V £ 10%

CMOS LSI

(LOW-POWER SILICON GATE
COMPLEMENTARY MOS)

MICROPROCESSOR-COMPATIBLE
ANALOG-TO-DIGITAL CONVERTER

P SUFFIX
PLASTIC PACKAGE
CASE 7N

L SUFFIX
CERAMIC PACKAGE
CASE 734

ORDERING INFORMATION

MC14XXX
Suffix Denotes

L Ceramic Package
P Ptastic Package
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MAXIMUM RATINGS#*

Symbol Parameter Value Unit This device contains circuitry to protect the
Vpp | DC Supply Voltage (Referenced to Vgs) -051t0 +65 \ inputs against damage due to high static
Vin DC Input Voltage (Referenced to Vgg) -051t0 Vec+05 \% voltages or electric fields; however, it is ad-
Vout [DC Output Voltage (Referenced to Vgg) -051t0Vee+05 v vised that normal precautions be taken to

T DC nput Current, por Pin 170 A avoid applications of any voltage»hngr"er than
. maximum rated voltages to this high im-
lout | DC Output Current, per Pin +10 mA pedance circuit. For proper operation it is
'op_ | OC Supply Current, Vpp and Vgs Pins +20 mA recommended that Vin and Vgy be con-
Pp Power Dissipation, per Package’ 500 mw strained to the range Vggs(Vi, or
Tstg | Storage Temperature —65t0 +150 °C Vout SVD»Dv .
3 T Lead Temperature (10-Second Soldering) 300 °C Unusgd inputs must always be tied "_D an
appropriate logic voltage level (e.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%, Vgg=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 - 08 \'

Input Leakage Current lin Vin=01t055V - 11 uA

Interrupt Output (TRQ)

Output Low Voltage VoL ILoad=1.6 mA - 04 \%

Output Leakage Current {Off State) ILOH VoH=Vpp=55V - 10 A

Data Bus (DO-D7)

Input High Voltage ViH 20 - A

Input Low Voltage ViL - 08 \

Three-State (Off State) Input Leakage Current ITg| Vpp=55V, - +10 #A
VSs=Vin=VDD

Peripheral 1/0 (DIO0-DI02, Di3-DIS, PO-P5}

input High Voltage ViH 20 - "

Input Low Voitage ViL - 08 \

Input Leakage Current Di3-Di5, PO-P5 lin Vpp=55V, - +1.0 pA
Vss=VinsVpp

Output High Voltage DIOO-DIO2 | Vopr lor=-0.19 mA Vpp-0.4 — \4

Output Low Voltage DIO0-DIO2 | VoL 0L =0.975 mA - 0.4 v

Three-State (Off State) Input Leakage Current DIOO-DI02 ITs| Vpp=55V, — +10 pA
Vss=VoursVpp

Current Requirements

Supply Current Iop Vpp=55V, fg=1MHz - 10 mA

Converter Input Current iaADC Analog input current at - + 500 nA

fE=1 MHz with multiplexer
inputs between Vgg and Vpp

Reference Input Current Vrief lref Vief=45t055V - 800 nA
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ANALOG CHARACTERISTICS (Ta=-40°C 10 85°C)

Characteristic Description l Min ] Max I Unit J
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 alf analog input voltages between Vgs and VpD
A/D Converter (V5g=0V, VAG=0V, 45 V= ViefsVpp)
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-Scate 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 Nonfinearity, Zero Error, and Full-Scale Error - Q‘/z) 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 Acguisition Time Time required to sample the anatog input - 12 E cycles
AC CHARACTERISTICS (Ta= —40° 1o 85°C) (See Figure 1)
Characteristic Signal Symbol Min Max Unit
Enable Clock Cycle Time (1/fp) £ teycE 943 - ns
Enable Clock Pulse Width, High E PWEH 440 — ns
Enable Clock Pulse Width, Low E PWEgL 410 — ns
Clock Rise Time E tEr - 26 ns
Clock Fall Time E tef - 30 ns
Address Setup Time RS1, R/W, CS | tas 145 — ns
Data Delay (READ) D0-D7 IDDR 335 ns
Data Setup (WRITE) D0-D7 IDSW 185 — ns
Address Hold Time RST, R/W, CS | tan 10 - ns
Input Data Hold Time D0-D7 tDHW 10 - ns
Output Data Hold Time DO-D7 DHR 10 - ns
Input Capacitance ANO-AN15 Cin — 55 pF
DI0-Dib, 15
R/W, E, RS1,
CS, RESET
Three-State Output Capacitance DIO0-DIO2 Cout - 15 pF
DO-D7
High-Impedance Output Capacitance IRQ Cout 15 pF
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FIGURE 1 — BUS TIMING
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PIN ASSIGNMENT
Analog Ground  Vag []1 N’ 40 [1 VREF Analog Reference Voltage
Dugnal Ground Vsg q: 330 Ypp  Supply Voltage
DICO O3 3B IRQ  Interrupt Request
Digitial 1/0 Port D!0Y 4 370 MO Multptexer Output
DI02 5 361 ANOY
Di3 g6 350 AN2Z
Dedicated Digital Inputs Dia 7 341 AN3
S D15 []8 331 AN4 Analog
b7 [:9 32 :l ANS P Inputs
o6 Q10 31 Ane
D5 c 1" 30 J AN7
MPUDataBusd 0% §12 29[ Ang
D3 [J13 281] AN9
Dz fj14 273 rotANIO)
D1 15 26[1 P1eaNTy Anatog
L 00 Q16 251 P2(AN12) OR
Read/Wnte rRW Q17 24 1 P3(AN13) Digital Inputs
Enable Clock E Qs 23 {1 PalAN14)
Register Select RSt 19 22{] PS(AN15}
Chip Select TS Q2o 213 Reset System Reset
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PIN FUNCTIONS

Pin No. | Pin Name Function Type
1 VAG A/D Converter Analog Ground Supply
2 Vvss Digital Ground Supply
3 DIOO Digital Port input/Output
4 DIOY Digital Port input/Output
5 DIO2 Digital Port Input/ Qutput
6 D13 Digital Port Input
7 Dl4 Digital Port Input
8 Di5 Digital Port Input
9 b7 Data Bus Bit 7 (MSB} input/ Cutput
10 D6 Data Bus Bit 6 Input/ Cutput
11 D5 Data Bus Bit5 tnput/ Output
12 D4 Data Bus Bit 4 Input/ Output
13 D3 Data Bus Bit 3 Input/ Qutput
14 D2 Data Bus Bit 2 Input/Output
15 o3} Data Bus Bit 1 Input/Output
16 Do Data Bus Bit 0 (LSB} input/ Qutput
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) | Digita! 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 n Input
27 PO(AN10} | Digitat Port or Analog Channel 10 input
28 ANS Analog Channel 9 Input
29 AN8 Analog Channet 8 Input
30 AN7 Analog Channel 7 input
31 ANB Analog Channel 6 input
32 ANS Analog Channel 5 Input
33 AN4 Anatog Channei 4 Input
34 AN3 Analog Channel 3 Input
35 AN2 Analog Channel 2 input
36 ANO Analog Channel 0 Input
37 MO Analog Multiplexer Output Test Only
38 RQ interrupt Request Open-Drain
Output
39 VDD Supply Voltage Supply
40 Vret A/D Converter Positive Reference Input J
Voltage
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MC14444 MPU INTERFACE SIGNALS

Bidirectional Data Bus (D0-D7) — The bidirectional data
lines DO-D7 comprise the bus over which data is transferred
in parallel to and from the MPU. The data bus output 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, enabie 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
1s required on R/W to transfer data out of either of the ADC
data registers.

Reset (RESET) — The reset line supplies the means of
externally forcing the MC14444 into a known state. When a
fow is applied to the RESET pin, the start conversion, inter-
rupt enable and 1/0 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
cieared. Any A/D results present in the Analog Data register
are not affected by a reset. Reset forces the data bus and 110
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 TS 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 I/0
(Refer to the ADC Block Diagram)

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

Shared Analog Channels (AN10-AN15) — These input
pins are also connected to the anaiog multiplexer and may be
used as analog channels for A/D conversion. However,
these pins may also serve as digital input pins as described
next.
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Shared Digital inputs (PO-P5} — P0-P5 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-DI02) — These pins serve as a 3-bit
digital I/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 1o the external pins on the last falling edge of £
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-DIS) — 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
V§s to filter noise caused by transient current spikes.

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

Positive A/D Reference Voltage (Vref) — 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 Ve — VAG (full scale). Hence Vref should
be a very noise-free supply. Ideally Vref should be single-
point connected to the voltage supply driving the system’s
transducers. Vyef may be connected to VDD, but degrada-
tion of absolute A/D accuracy may result due to switching
noise on Vpp.
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A/D Ground Reference Voltage (VAG) — This supply 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 Vg at the ADC
package unless Vg has been sufficiently filtered to remove
switching noise. Ideally VG should be single-point ground-
ed 1o the system analog ground supply.

Muitiplexer Output (MO} — The analog muitiplexer selects
one of 16 analog input channels and connects it to the input
of the A/D converter. The multiplexer output 1s 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 singie 16-bit instruc
tion such as the MB800 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 AQ and the addressing of the ADC
should be such that RS1 does not change states dur-
ing a 16-bit access.

INTERNAL REGISTER ADDRESSING

Addressing Signals

RESET | CS | R/W| RS1 ADC Response

0 X X X | Reset

1 0 0 0 | No Response

1 0 0 1 | MPU 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

a — Typical 16-Bit ADC Access
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MC14444 CONTROL REGISTER

(Write Only)
15 8 7 0
0 [t | X X {x | x| x| sc|loor|oo|[pio|owo]azazla] ac
MSBI wssiimsel| 2 1 0 LSBI

.

b——————Most Significant Byt
le——————

8-Bit Write———————3»]

Least Significant Byte ———— gl

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.

Hexadecimal Address (A3= MSB) Select
0 ANO
! VREF
2-9 AN2-ANSG
A-F AN10-AN15(PQO-P5)

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

1/0 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 0 configures the port as input.

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

16-Bit Write >

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

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

Interrupt Enable (IE} — The interrupt enable bit, when set
to a logical 1, aliows the IRQ pin to be activated at the com-
pletion of the next analog to digital conversion.

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

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 to initiate
an A/D conversion if the anatog MUX is already selecting the
desired channel. This is useful when repeated conversions
on a particular analog channel are necessary.

MC14444 ANALOG DATA REGISTER

(Read Only)

15 8 7 0
EOC 0 0 0 0 0 0 0 R7 R6 RS R4 R3 R2 R1 RO
(MSB) (LSB){MSB) {LSB)
[€——————— Most Significant Byte o Least Significant Byte ———————

- 8-Bit Read >
-« 16-Bit Read >

A/D Result (RO-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 1o a full-scale analog voitage. There
are no special overflow or underflow indications.

A/D Status (EOC) — The A/D status bit is set whenever a
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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 simplity MPU interrogation of the ADC status. For exam-
ple, a single 8-bit MB800 TST instruction can be used to
determine the status of the A/D conversion.
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MC14444 DIGITAL DATA REGISTER

(Read Only)
15 8 7 0
P5 P4 P3 P2 P3 PO A3 A2 Al A0 | D5 | D4 | DI3 | DIO | DIO | DIO
2 1 0
L &——————Most Significant Byte o Least Significant Byte —————
-t 8-Bit Read >
3 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 of output.

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

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

Shared Digital Port (P0-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 fuily-
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 Vs S 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
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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
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. Atthis
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 enabled by the IE 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. |f 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 togical 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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