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OVERVIEW

An Analog-to-Digital (A/D) converter translates an ana-
log input signal into a discrete digital code. This digital
representation of the “real world” signal can be manip-
ulated in the digital domain for the purposes of informa-
tion processing, computing, data transmission or
control system implementation. In any application
where a converter is used, it is advantageous to have
the code structure complement the microcontroller’s
operands.

This application note describes the straight binary and
binary two’s complement code schemes that are out-
putted by Microchip’s Analog-to-Digital (A/D) convert-
ers.

All code examples given in this application note are for
a 4-bit conversion. The median analog voltages in the
tables are the equivalent analog voltages that are at the
center of the digital code.

STRAIGHT BINARY CODE

The straight binary code is more accurately called uni-
polar straight binary. This digital format for an A/D con-
version is the simplest to understand. As the name
implies, this coding scheme is used only when positive
voltages are converted. An example of this type of cod-
ing is shown in Table 1.

When this scheme is used to represent a positive ana-
log signal range, the digital code for zero volts is equal
to zero (0000 per Table 1). Given an ideal converter
with no offset, gain, INL or DNL error, the code transi-
tion from 0000 to 0001 occurs at the analog value of:

First Code Transition = (0 + éLSB)

Second Code Transition = (ILSB + éLSB)

where:

where:
n is equal to the number of bits in the converter

+FS is equal to the analog full-scale range.

Median Analog Voltage Digital Code
(V)
0.9375 FS (%44 FS) 1111
0.875 FS (/46 FS) 1110
0.8125 FS ("3/44 FS) 1101
0.75FS ("%/44 FS) 1100
0.6875 FS (/46 FS) 1011
0.625 FS (19,4 FS) 1010
0.5625 FS (%46 FS) 1001
0.5 FS (3/46FS) 1000
0.4375 FS ("/1 FS) 0111
0.375 FS (%/45 FS) 0110
0.3125 FS (%44 FS) 0101
0.25FS (*/44 FS) 0100
0.1875 FS (3/46 FS) 0011
0.125 FS (%/4 FS) 0010
0.0625 FS ('/46 FS) 0001
0 0000

TABLE 1: The unipolar straight binary code
representation of zero volts is equal to a digital (0000).
The analog full-scale minus one LSB digital
representation is equal to (1111). With this code, there
is no digital representation for analog full-scale.

The A/D converters from Microchip that produce a
straight binary output code are from the MCP320X (12-
bit) and the MCP300X (10-bit) families.

These devices can be operated in a single ended, pos-
itive voltage input mode or a pseudo-differential input
mode, but in both cases the digital output represents a
positive input voltage. In the pseudo-differential mode,
the IN- input is limited to £100 mV. This can be used to
cancel small noise signals present on both the IN+ and
IN- inputs. This provides a means of rejecting noise
when the IN- input is used to sense a remote signal
ground. The converter will produce digital code that
represents the analog input when the IN+ input range
is from IN- to (Vgg -1 LSB). When the voltage level of
IN+ is less than IN-, the resultant code for the family of
devices will be still be ‘0’, which does not represent a
negative voltage.
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BINARY TWO’S COMPLEMENT CODE

In some applications it may be necessary for an ADC
to convert negative and positive values. The logic mod-
ification that allows this flexibility in the digital output
code is to produce the bipolar results called offset
binary two’s complement. Binary two’s complement
arithmetic is widely used in microcontrollers, calcula-
tors and computers.

Binary two’s complement is not as straight forward as
the scheme for straight binary. The codes are not con-
tinuous from one end to the other due to the discontinu-
ity that occurs at the analog bipolar zero.

The two’s complement of a negative binary number is
generated by logically complementing all the digits of
the positive binary number, hence converting it to the
negative binary number counterpart as shown in
Table 2. With this coding scheme, the MSB can be con-
sidered a sign indicator. When the MSB is a logic ‘0’, a
positive value is indicated and when the MSB is a logic
‘1", a negative value is indicated.

This system is has an odd number of codes and only
one zero state. It is also mathematically consistent
making it synergistic with signed arithmetic functions.

Median Voltage (V) Digital Code
0.875FS ("IgFS) 0111
0.75FS 8/ FS) 0110
0.625 FS (% FS) 0101
0.5 FS (*/5 FS) 0100
0.375 FS (%/g FS) 0011
0.25 FS (%/g FS) 0010
0.125 FS (/g FS) 0001
0 0000
-0.125 FS (-1/5 FS) 1111
-0.25 FS (-%/g FS) 1110
-0.375 FS (-3/5 FS) 1101
-0.5 FS (-*/gFS) 1100
-0.625 FS (-°/g FS) 1011
-0.75FS (-%/5 FS) 1010
-0.875 FS (-"IgFS) 1001
-1FS 1000

TABLE 2: The binary two’s complement
representation of zero volts is also equal to a digital
(0000). The analog positive full-scale minus one LSB
digital representation is equal to (0111) and the analog
negative full-scale representation is (1000).

The A/D converters from Microchip that produce a
binary two’s complement output code are from the
TC340X, TC53X, TC7109, TC85 and all 1°C/SMBus
thermal sensors families.

These devices are operated in a full-differential input
mode. In this mode, the full-scale range of the device is
equal to:

FS range = (IN+MAX—(IN-M]N))+(1N-MAX—(1N+M1N))

And the input voltage presented to the converter is
equal to:

AIN = ((IN+)—(IN-))

These converters will produce digital code that repre-
sents both negative and positive analog inputs.
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Information contained in this publication regarding device
applications and the like is intended through suggestion only
and may be superseded by updates. It is your responsibility to
ensure that your application meets with your specifications.
No representation or warranty is given and no liability is
assumed by Microchip Technology Incorporated with respect
to the accuracy or use of such information, or infringement of
patents or other intellectual property rights arising from such
use or otherwise. Use of Microchip’s products as critical com-
ponents in life support systems is not authorized except with
express written approval by Microchip. No licenses are con-
veyed, implicitly or otherwise, under any intellectual property
rights.
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Trademarks

The Microchip name and logo, the Microchip logo, PIC, PICmicro,
PICMASTER, PICSTART, PRO MATE, KeeLoq, SEEVAL,
MPLAB and The Embedded Control Solutions Company are reg-
istered trademarks of Microchip Technology Incorporated in the
U.S.A. and other countries.

Total Endurance, ICSP, In-Circuit Serial Programming, Filter-
Lab, MXDEV, microlD, FlexROM, fuzzylLAB, MPASM,
MPLINK, MPLIB, PICC, PICDEM, PICDEM.net, ICEPIC,
Migratable Memory, FanSense, ECONOMONITOR, Select
Mode and microPort are trademarks of Microchip Technology
Incorporated in the U.S.A.

Serialized Quick Term Programming (SQTP) is a service mark
of Microchip Technology Incorporated in the U.S.A.

All other trademarks mentioned herein are property of their
respective companies.

© 2001, Microchip Technology Incorporated, Printed in the
U.S.A., All Rights Reserved.
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Microchip received QS-9000 quality system
certification for its worldwide headquarters,
design and wafer fabrication facilities in
Chandler and Tempe, Arizona in July 1999. The
Company'’s quality system processes and
procedures are QS-9000 compliant for its
PICmicro® 8-bit MCUs, KEELOQ® code hopping
devices, Serial EEPROMs and microperipheral
products. In addition, Microchip’s quality
system for the design and manufacture of
development systems is ISO 9001 certified.
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