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MICROCHIP

MCP3302/04

13-Bit Differential Input, Low Power A/D Converter
with SPI Serial Interface

Features

 Full Differential Inputs

+ 2 Differential or 4 Single-ended inputs (MCP3302)
+ 4 Differential or 8 Single-ended Inputs (MCP3304)
+ +1 LSB maximum DNL

* +1 LSB maximum INL (MCP3302/04-B)

* 2 LSB maximum INL (MCP3302/04-C)

» Single supply operation: 4.5V to 5.5V

» 100 ksps sampling rate with 5V supply voltage

» 50 nA typical standby current, 1 yA maximum

* 450 pA maximum active current at 5V

* Industrial Temperature Range: -40°C to +85°C

* 14 and 16-pin PDIP, SOIC, and TSSOP packages

» Mixed Signal PICtail™ Demo Board (P/N:
MXSIGDM) compatible

Applications

* Remote Sensors
+ Battery-operated Systems
* Transducer Interface

General Description

The MCP3302/04 13-bit A/D converter features full
differential inputs and low-power consumption in a
small package that is ideal for battery-powered
systems and remote data acquisition applications.

The MCP3302 is user-programmable to provide two
differential input pairs or four single-ended inputs.

The MCP3304 is also user-programmable to configure
into four differential input pairs or eight single-ended
inputs.

Incorporating a successive approximation architecture
with on-board sample and hold circuitry, these 13-bit
A/D converters are specified to have +1LSB
Differential Nonlinearity (DNL); +1LSB Integral
Nonlinearity (INL) for B-grade and +2 LSB for C-grade
devices. The industry-standard SPI serial interface
enables 13-bit A/D converter capability to be added to
any PIC® microcontroller.

The MCP3302/04 devices feature low current design
that permits operation with typical standby and active
currents of only 50 nA and 300 pA, respectively. The
device is capable of conversion rates of up to 100 ksps
with tested specifications over a 4.5V to 5.5V supply
range. The reference voltage can be varied from
400 mV to 5V, yielding input-referred resolution
between 98 uV and 1.22 mV.

The MCP3302 is available in 14-pin PDIP, 150 mil
SOIC and TSSOP packages. The MCP3304 is
available in 16-pin PDIP and 150 mil SOIC packages.
The full differential inputs of these devices enable a
wide variety of signals to be used in applications such
as remote data acquisition, portable instrumentation,
and battery-operated applications.

Package Types
PDIP, SOIC, TSSOP
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MCP3302/04

Functional Block Diagram
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MCP3302/04

1.0 ELECTRICAL

CHARACTERISTICS

Absolute Maximum Ratings

1 Notice: Stresses above those listed under “Maximum
ratings” may cause permanent damage to the device.
This is a stress rating only and functional operation of
the device at those or any other conditions above those
indicated in the operational listings of this specification
is not implied. Exposure to maximum rating conditions

VDD v e eree e et et e 7.0V
All'inputs and outputs w.rt. Vgg............... -0.3V to Vpp +0.3V
Storage temperature ...........ccccoeiiiiiinienens -65°C to +150°C
Ambient temp. with power applied................ -65°C to +125°C

Maximum Junction Temperature
ESD protection on all pins (HBM)

ELECTRICAL SPECIFICATIONS

for extended periods may affect device reliability.

Electrical Characteristics: Unless otherwise noted, all parameters apply at Vpp = 5V, Vgg = 0V, and Vrge = 5V. Full differential
input configuration (Figure 1-5) with fixed common mode voltage of 2.5V. All parameters apply over temperature with
Tp =-40°C to +85°C (Note 7). Conversion speed (FsampLg) is 100 ksps with Fo x = 21*FsampLE
Parameter ‘ Symbol ‘ Min ‘ Typ ‘ Max ‘ Units | Conditions
Conversion Rate
Maximum Sampling Frequency FsampLE — | — | 100 ksps | See F¢ g specification. Note 8
Conversion Time Tcony 13 CLK
periods
Acquisition Time Taca 1.5 CLK
periods

DC Accuracy
Resolution 12 data bits + sign bits
Integral Nonlinearity INL — +0.5 +1 LSB | MCP3302/04-B

— +1 12 LSB | MCP3302/04-C
Differential Nonlinearity DNL — 0.5 +1 LSB | Monotonic over temperature
Positive Gain Error -3 -0.75 +2 LSB
Negative Gain Error -3 -0.5 +2 LSB
Offset Error -3 +3 +6 LSB
Dynamic Performance
Total Harmonic Distortion THD — -91 — dB Note 3
Signal-to-Noise and Distortion SINAD — 78 — dB Note 3
Spurious Free Dynamic Range SFDR — 92 — dB Note 3
Common Mode Rejection CMRR — 79 — dB Note 6
Channel to Channel Crosstalk CT — >-110 — dB Note 6
Power Supply Rejection PSR — 74 — dB Note 4
Reference Input
Voltage Range 0.4 — Vpp \Y Note 2
Current Drain — 100 150 pA

— | 0.001 3 WA [CS=Vpp=5V

Note

This specification is established by characterization and not 100% tested.

See characterization graphs that relate converter performance to Vygr level.

Viy = 0.1V t0 4.9V @ 1 kHz.

Vpp =5V DC 500 mVp_p @ 1 kHz, see test circuit Figure 1-4.

VRer =400 mV, V= 0.1V to 4.9V @ 1 kHz.

TSSOP devices are only specified at 25°C and +85°C.
For slow sample rates, see Section 5.2 “Driving the Analog Input” for limitations on clock frequency.

4.5V - 5.5V is the supply voltage range for specified performance.

1
2
3
4
5: Maximum clock frequency specification must be met.
6
7
8
9
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MCP3302/04

ELECTRICAL SPECIFICATIONS (CONTINUED)

Electrical Characteristics: Unless otherwise noted, all parameters apply at Vpp = 5V, Vgg = 0V, and Vrgg = 5V. Full differential
input configuration (Figure 1-5) with fixed common mode voltage of 2.5V. All parameters apply over temperature with

Tp =-40°C to +85°C (Note 7). Conversion speed (FgapmpLg) is 100 ksps with Fo x = 21*FsampLE

Parameter ‘ Symbol ‘ Min ‘ Typ ‘ Max ‘ Units | Conditions

Analog Inputs

Full Scale Input Span CHO-CH7 | -Vggr — VRer \

Absolute Input Voltage CHO - CH7 -0.3 — Vpp +0.3 \Y

Leakage Current — 0.001 11 MA

Switch Resistance Rg — 1 — kQ | See Figure 5-3

Sample Capacitor CsamPLE — 25 — pF See Figure 5-3

Digital Input/Output

Data Coding Format Binary Two’s Complement

High Level Input Voltage ViH 0.7Vpp| — — \Y

Low Level Input Voltage Vi — — 0.3 Vpp \Y

High Level Output Voltage Vou 4.1 — — \Y log =-1mA, Vpp = 4.5V

Low Level Output Voltage VoL — — 0.4 \ loL =1 mA, Vpp =4.5V

Input Leakage Current I -10 — 10 MA | V|y=VssorVpp

Output Leakage Current Lo -10 — 10 MA | Vout = Vssor Vpp

Pin Capacitance Cins Court — — 10 pF Tp =+25°C, F =1 MHz, Note 1

Timing Specifications:

Clock Frequency (Note 8) Feok 0.105 — 21 MHz | Vpp =5V, FsampLe = 100 ksps

Clock High Time Thi 210 — — ns Note 5

Clock Low Time Tio 210 — — ns Note 5

CS Fall To First Rising CLK Edge Tsucs 100 — — ns

Data In Setup time Tsu 50 — — ns

Data In Hold Time Thp 50 — — ns

CLK Fall To Output Data Valid Tho — — 125 ns Vpp =5V, see Figure 1-2

— — 200 ns Vpp = 2.7V, see Figure 1-2
CLK Fall To Output Enable Ten — — 125 ns | Vpp =5V, see Figure 1-2
— — 200 ns |Vpp=2.7V, see Figure 1-2

CS Rise To Output Disable Tois — — 100 ns See test circuits, Figure 1-2
Note 1

CS Disable Time Tesh 475 — — ns

Doyt Rise Time TR — — 100 ns See test circuits, Figure 1-2
Note 1

Doyt Fall Time T — — 100 ns See test circuits, Figure 1-2
Note 1

Note

This specification is established by characterization and not 100% tested.

See characterization graphs that relate converter performance to Vggg level.

ViN=0.1Vt0 4.9V @ 1 kHz.
Vpp =5V DC #500 mVp_p @ 1 kHz, see test circuit Figure 1-4.

Vger =400 mV, Viy=0.1V t0 4.9V @ 1 kHz.
TSSOP devices are only specified at 25°C and +85°C.
For slow sample rates, see Section 5.2 “Driving the Analog Input” for limitations on clock frequency.
4.5V - 5.5V is the supply voltage range for specified performance.

1:
2
3
4
5: Maximum clock frequency specification must be met.
6
7
8
9
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MCP3302/04

ELECTRICAL SPECIFICATIONS (CONTINUED)

Electrical Characteristics: Unless otherwise noted, all parameters apply at Vpp = 5V, Vgg = 0V, and Vrgg = 5V. Full differential
input configuration (Figure 1-5) with fixed common mode voltage of 2.5V. All parameters apply over temperature with
Tp =-40°C to +85°C (Note 7). Conversion speed (FsapmpLg) is 100 ksps with Fo x = 21*FsampLE

Parameter ‘ Symbol ‘ Min ‘ Typ ‘ Max ‘ Units | Conditions
Power Requirements:
Operating Voltage Vpp 4.5 — 55 \% Note 9
Operating Current Ibp — 300 450 WA | Vpp, VRer = 5V, Doyt unloaded
— 200 — MA | Vpp, VRer = 2.7V, Doyt unloaded
Standby Current Ibps — 0.05 1 WA |CS= Vpp = 5.0V

Note 1: This specification is established by characterization and not 100% tested.
2: See characterization graphs that relate converter performance to Vygg level.

ook

Viy=0.1V10 4.9V @ 1 kHz.

Vpp =5V DC +500 mVp_p @ 1 kHz, see test circuit Figure 1-4.
Maximum clock frequency specification must be met.
Vger =400 mV, Viy=0.1V t0 4.9V @ 1 kHz.

TSSOP devices are only specified at 25°C and +85°C.
For slow sample rates, see Section 5.2 “Driving the Analog Input” for limitations on clock frequency.
4.5V - 5.5V is the supply voltage range for specified performance.

TEMPERATURE CHARACTERISTICS

Electrical Specifications: Unless otherwise indicated, Vpp = +2.7V to +5.5V, Vgg = GND.

Parameters ‘ Sym ‘ Min ‘ Typ ‘ Max | Units‘ Conditions
Temperature Ranges
Specified Temperature Range Ta -40 — +125 °C
Operating Temperature Range Ta -40 — +125 °C
Storage Temperature Range Ta -65 — +150 °C
Thermal Package Resistances
Thermal Resistance, 14L-PDIP CITN — 70 — °C/IW
Thermal Resistance, 14L-SOIC CETN — 95.3 — °C/IW
Thermal Resistance, 14L-TSSOP 0a — 100 — °C/IW
Thermal Resistance, 16L-PDIP CITN — 70 — °C/IW
Thermal Resistance, 16L-SOIC CETN — 86.1 — °C/IW
TcsH
cs // .
T 77
 SUCS,
T, Tio
M
ax [\ N\ ANVARY
Tsu' Thp )
Din MSB IN ’//:> b
// /
T
T Tog e e | Tos
e | I~
Dour / Null Bit sign BIT ) LSB
| |
FIGURE 1-1: Timing Parameters.
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MCP3302/04

1.1 Test Circuits

1.4V
S 3kQ  TestPoi
& |Dour est Point
o O
3] 1
= T CL=100pF
FIGURE 1-2: Load Circuit for Tg, Tg Tpo.
Test Point

O——Tgn Waveform

11 00pF o Tp,5 Waveform 1
= Vss

MCP330X

Voltage Waveforms for Tp,g

[ Vi
Dout 0
Waveform 1* 4‘ 90%
Tois

Dout 10%
Waveform 2t

*Waveform 1 is for an output with internal
conditions such that the output is high, unless
disabled by the output control.

TWaveform 2 is for an output with internal
conditions such that the output is low, unless
disabled by the output control.

VREF =5V VDD = 5V
1 uF
—|0 1“ i 0.1 uF
5Vp_p "i| 1 1
ING+)~ VeerVod
NG MCP330X
- V
5Vp.p SS
— Vey =25V )
I ™
FIGURE 1-5: Full Differential Test

Configuration Example.

FIGURE 1-3: Load circuit for Tp;g and

1 kQ 1/2 MCP602

o5V +500 mVp._p
To Vpp on DUT|

FIGURE 1-4:
Test Circuit (PSRR).

Power Supply Sensitivity

VREF =25V VDD =5V
1uF

_IJ| 0.1uF

] 0.1uF “_“jL

IN = —
5Vp.p ) VrerVbo

MCP330X
IN(-) Vs
Voy = 2.5V— L
T -
FIGURE 1-6: Pseudo Differential Test

Configuration Example.
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MCP3302/04

2.0 TYPICAL PERFORMANCE CURVES

Note:

The graphs and tables provided following this note are a statistical summary based on a limited number of
samples and are provided for informational purposes only. The performance characteristics listed herein
are not tested or guaranteed. In some graphs or tables, the data presented may be outside the specified
operating range (e.g., outside specified power supply range) and therefore outside the warranted range.

Note: Unless otherwise indicated, Vpp = Vgrgr = 5V, full differential input configuration, Vgg = 0V, FgampLe = 100 ksps,
Foik = 21" FsampLe: Ta = +25°C.
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MCP3302/04

Note: Unless otherwise indicated, Vpp = Vreg = 5V, Full differential input configuration, Vgg = 0V, FgampLe = 100 ksps,

Feik = 21"FsampLes Ta = +25°C.
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MCP3302/04

Note: Unless otherwise indicated, Vpp = Vrer = 5V, Full differential input configuration, Vgg = 0V, FgampLe = 100 ksps,

Feik = 21*FsampLes Ta = +25°C.
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FIGURE 2-13: Total Harmonic Distortion
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3.1

/

-
N

/

N

ENOB (rms)
>
—

©
-~

©

3
Vrer (V)

FIGURE 2-17:
(ENOB) vs. Vigr-

Effective Number of Bits

3
o
@ 29
s
£ 28
w
3 2.7
a°= .
2.6
25
50 0 50 100 150
Temperature (°C)
FIGURE 2-14: Offset Error vs.
Temperature.
79
78
77
76
ﬂé 75
g 74
® 73
72
7
70
69
1 10 100
Input Frequency (kHz)
FIGURE 2-15: Signal-to-Noise and

Distortion (SINAD) vs. Input Frequency.

100
90 L
80 E— T~
70
g 60
© 50
[=]
& 40
30
20
10
0
1 10 100
Input Frequency (kHz)
FIGURE 2-18: Spurious Free Dynamic

Range (SFDR) vs. Input Frequency.

© 2011 Microchip Technology Inc.

DS21697F-page 9



MCP3302/04

Note: Unless otherwise indicated, Vpp = Vreg = 5V, Full differential input configuration, Vgg = 0V, FgampLe = 100 ksps,

Feik = 21"FsampLes Ta = +25°C.
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FIGURE 2-21: Power Supply Rejection

(PSR) vs. Ripple Frequency. A 0.1 uF bypass
capacitor is connected to the Vpp pin.
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MCP3302/04

Note: Unless otherwise indicated, Vpp = Vrer = 5V, Full differential input configuration, Vgg = 0V, FgampLe = 100 ksps,

Feik = 21*FsampLes Ta = +25°C.
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MCP3302/04

Note: Unless otherwise indicated, Vpp = Vreg = 5V, Full differential input configuration, Vgg = 0V, FgampLe = 100 ksps,
Foik = 21" FsampLe, Ta = +25°C.

2 80
- 79
) " < 78 N
a8 1 N
E 77
E 0.5 76
£ 0
8 K 75 \
g 05 — g 14 \
5 A — S 5
o
z 72
1.5 3 71 \.
-2 70
-50 0 50 100 150 1 10 100 1000
Temperature (°C) Input Frequency (kHz)
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MCP3302/04

3.0 PIN DESCRIPTIONS

The descriptions of the pins are listed in Table 3-1.

TABLE 3-1: PIN FUNCTION TABLE
MCP3302 MCP3304
Symbol Description
PDIP, SOIC, TSSOP PDIP, SOIC
1 1 CHO Analog Input
2 2 CH1 Analog Input
3 3 CH2 Analog Input
4 4 CH3 Analog Input
— 5 CH4 Analog Input
— 6 CH5 Analog Input
— 7 CHG6 Analog Input
— 8 CH7 Analog Input
7 9 DGND Digital Ground
8 10 CS/SHDN Chip Select / Shutdown Input
9 1 Din Serial Data In
10 12 Dout Serial Data Out
1 13 CLK Serial Clock
12 14 AGND Analog Ground
13 15 VREF Reference Voltage Input
14 16 Vpp +4.5V to 5.5V Power Supply
5,6 — NC No Connection
3.1 Analog Inputs (CH0-CH?7) 3.4 Serial Data Input (Dy)

Analog input channels. These pins have an absolute
voltage range of Vgg - 0.3V to Vpp+ 0.3V. The full scale
differential input range is defined as the absolute value
of (IN+) - (IN-). This difference can not exceed the
value of Vggr - 1LSB or digital code saturation will
occur.

3.2 Digital Ground (DGND)

Ground connection to internal digital circuitry. To
ensure accuracy this pin must be connected to the
same ground as AGND. If an analog ground plane is
available, it is recommended that this device be tied to
the analog ground plane in the circuit. See Section 5.6
“Layout Considerations” for more information
regarding circuit layout.

3.3  Chip Select/Shutdown (CS/SHDN)

The CS/SHDN pin is used to initiate communication
with the device when pulled low. This pin will end a
conversion and put the device in low-power standby
when pulled high. The CS/SHDN pin must be pulled
high between conversions and cannot be tied low for
multiple conversions. See Figure 6-2 for serial
communication protocol.

The SPI port serial data input pin is used to clock in
input channel configuration data. Data is latched on the
rising edge of the clock. See Figure 6-2 for serial
communication protocol.

3.5 Serial Data Output (Doyr)

The SPI serial data output pin is used to shift out the
results of the A/D conversion. Data will always change
on the falling edge of each clock as the conversion
takes place. See Figure 6-2 for serial communication
protocol.

3.6 Serial Clock (CLK)

The SPI clock pin is used to initiate a conversion, as
well as to clock out each bit of the conversion as it takes
place. See Section 5.2 “Driving the Analog Input”
for constraints on clock speed, and Figure 6-2 for serial
communication protocol.

© 2011 Microchip Technology Inc.
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MCP3302/04

3.7 Analog Ground (AGND)

Ground connection to internal analog circuitry. To
ensure accuracy, this pin must be connected to the
same ground as DGND. If an analog ground plane is
available, it is recommended that this device be tied to
the analog ground plane in the circuit. See Section 5.6
“Layout Considerations” for more information
regarding circuit layout.

3.8  Voltage Reference (VRrgF)

This input pin provides the reference voltage for the
device, which determines the maximum range of the
analog input signal and the LSB size.

The LSB size is determined according to the equation
shown below. As the reference input is reduced, the
LSB size is reduced accordingly.

EQUATION 3-1:

2x VRer

LSB Size = 5790

When using an external voltage reference device, the
system designer should always refer to the
manufacturer’s recommendations for circuit layout.
Any instability in the operation of the reference device
will have a direct effect on the accuracy of the ADC
conversion results.

3.9 Power Supply (Vpp)

The device can operate from 2.7V to 5.5V, but the data
conversion performance is from 4.5V to 5.5V supply
range. To ensure accuracy, a 0.1 yF ceramic bypass
capacitor should be placed as close as possible to the
pin. See Section 5.6 “Layout Considerations” for
more information regarding circuit layout.

DS21697F-page 14
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4.0 DEFINITION OF TERMS

Bipolar Operation - This applies to either a differential
or single-ended input configuration, where both
positive and negative codes are output from the A/D
converter. Full bipolar range includes all 8192 codes.
For bipolar operation on a single-ended input signal,
the A/D converter must be configured to operate in
pseudo differential mode.

Unipolar Operation - This applies to either a single-
ended or differential input signal where only one side of
the device transfer is being used. This could be either
the positive or negative side, depending on which input
(IN+ or IN-) is being used for the DC bias. Full unipolar
operation is equivalent to a 12-bit converter.

Full Differential Operation - Applying a full differential
signal to both the IN(+) and IN(-) inputs is referred to as
full ~ differential operation. This configuration is
described in Figure 1-5.

Pseudo-Differential Operation - Applying a single-
ended signal to only one of the input channels with a
bipolar output is referred to as pseudo differential
operation. To obtain a bipolar output from a single-
ended input signal the inverting input of the A/D
converter must be biased above Vgg. This operation is
described in Figure 1-6.

Integral Nonlinearity - The maximum deviation from a
straight line passing through the endpoints of the
bipolar transfer function is defined as the maximum
integral nonlinearity error. The endpoints of the transfer
function are a point 1/2 LSB above the first code
transition (0x1000) and 1/2 LSB below the last code
transition (OxOFFF).

Differential Nonlinearity - The difference between two
measured adjacent code transitions and the 1 LSB
ideal is defined as differential nonlinearity.

Positive Gain Error - This is the deviation between the
last positive code transition (OxOFFF) and the ideal
voltage level of Vgep-1/2 LSB, after the bipolar offset
error has been adjusted out.

Negative Gain Error - This is the deviation between
the last negative code transition (0X1000) and the ideal
voltage level of -Vrgp-1/2 LSB, after the bipolar offset
error has been adjusted out.

Offset Error - This is the deviation between the first
positive code transition (0x0001) and the ideal 1/2 LSB
voltage level.

Acquisition Time - The acquisition time is defined as
the time during which the internal sample capacitor is
charging. This occurs for 1.5clock cycles of the
external CLK as defined in Figure 6-2.

Conversion Time - The conversion time occurs
immediately after the acquisition time. During this time,
successive approximation of the input signal occurs as
the 13-bit result is being calculated by the internal
circuitry. This occurs for 13 clock cycles of the external
CLK as defined in Figure 6-2.

Signal-to-Noise Ratio - Signal-to-Noise Ratio (SNR)
is defined as the ratio of the signal-to-noise measured
at the output of the converter. The signal is defined as
the rms amplitude of the fundamental frequency of the
input signal. The noise value is dependant on the
device noise as well as the quantization error of the
converter and is directly affected by the number of bits
in the converter. The theoretical signal-to-noise ratio
limit based on quantization error only for an N-bit
converter is defined as:

EQUATION 4-1:
SNR = (6.02N + 1.76)dB

For a 13-bit converter, the theoretical SNR limit is
80.02 dB.

Total Harmonic Distortion - Total Harmonic Distortion
(THD) is the ratio of the rms sum of the harmonics to
the fundamental, measured at the output of the
converter. For the MCP3302/04, it is defined using the
first 9 harmonics, as is shown in the following equation:

EQUATION 4-2:

R I SR

THD(-dB) = —20 /ogJ

Here V4 is the rms amplitude of the fundamental and V5
through Vg are the rms amplitudes of the second
through ninth harmonics.

Signal-to-Noise plus Distortion (SINAD) - Numeri-
cally defined, SINAD is the calculated combination of
SNR and THD. This number represents the dynamic
performance of the converter, including any harmonic
distortion.

EQUATION 4-3:

(SNR./10) (THD./10)

SINAD(dB) = 20 log+/10 + 107

Effectlve Number of Bits - Effective Number of Bits
(ENOB) states the relative performance of the ADC in
terms of its resolution. This term is directly related to
SINAD by the following equation:

EQUATION 4-4:

SINAD - 1.76

ENOB(N) = =05

For SINAD performance of 78 dB, the effective number
of bits is 12.66.

Spurious Free Dynamic Range - Spurious Free
Dynamic Range (SFDR) is the ratio of the rms value of
the fundamental to the next largest component in the
output spectrum of the ADC. This is, typically, the first
harmonic, but could also be a noise peak.

© 2011 Microchip Technology Inc.
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5.0 APPLICATIONS INFORMATION

5.1 Conversion Description

The MCP3302/04 A/D converter employ a conven-
tional SAR architecture. With this architecture, the
potential between the IN+ and IN- inputs are
simultaneously sampled and stored with the internal
sample circuits for 1.5 clock cycles (tacq). Following
this sampling time, the input hold switches of the con-
verter open and the device uses the collected charge to
produce a serial 13-bit binary two’s complement output
code. This conversion process is driven by the external
clock and must include 13 clock cycles, one for each
bit. During this process, the most significant bit (MSB)
is output first. This bit is the sign bit and indicates
whether the IN+ input or the IN- input is at a higher
potential.

Hold < CDAC =
ol

CSAMP

lCSAMP
IN- 5 Shift
\&'j Register

Hold

DOUTl

FIGURE 5-1: Simplified Block Diagram.

5.2 Driving the Analog Input

The analog input of the MCP3302/04 is easily driven,
either differentially or single ended. Any signal that is
common to the two input channels will be rejected by
the common mode rejection of the device. During the
charging time of the sample capacitor, a small charging
current will be required. For low-source impedances,
this input can be driven directly. For larger source
impedances, a larger acquisition time will be required,
due to the RC time constant that includes the source
impedance. For the A/D Converter to meet specifica-
tion, the charge holding capacitor (CgappLg) must be
given enough time to acquire a 13-bit accurate voltage
level during the 1.5 clock cycle acquisition period.

An analog input model is shown in Figure 5-3. This
model is accurate for an analog input, regardless of
whether it is configured as a single-ended input, or the
IN+ and IN- input in differential mode. In this diagram,
it is shown that the source impedance (Rg) adds to the
internal sampling switch (Rgg) impedance, directly
affecting the time that is required to charge the capaci-
tor (CsampLE)- Consequently, a larger source imped-
ance with no additional acquisition time increases the
offset, gain, and integral linearity errors of the conver-
sion. To overcome this, a slower clock speed can be
used to allow for the longer charging time. Figure 5-2
shows the maximum clock speed associated with
source impedances.
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= 00 =

100 1000 10000 100000
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FIGURE 5-2: Maximum Clock Frequency
vs. Source Resistance (Rg) to maintain £1 LSB
INL.
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Legend
VA signal source
Rs source impedance
CHx input channel pad
CpiN input pin capacitance
Vr threshold voltage
I EAKAGE leakage current at the pindue to various junctions
SS sampling switch
Rss sampling switch resistor
CsaMPLE sample/hold capacitance
FIGURE 5-3: Analog Input Model.
521 MAINTAINING MINIMUM CLOCK Using the values in Figure 5-4, we have a 100 Hz cor-

SPEED

When the MCP3302/04 initiates, charge is stored on
the sample capacitor. When the sample period is
complete, the device converts one bit for each clock
that is received. It is important for the user to note that
a slow clock rate will allow charge to bleed off the
sample capacitor while the conversion is taking place.
For the MCP330X devices, the recommended mini-
mum clock speed during the conversion cycle (Tcony)
is 105 kHz. Failure to meet this criteria may induce
linearity errors into the conversion outside the rated
specifications. It should be noted that during the entire
conversion cycle, the A/D converter does not have
requirements for clock speed or duty cycle, as long as
all timing specifications are met.

5.3 Biasing Solutions

For pseudo-differential bipolar operation, the biasing
circuit shown in Figure 5-4 shows a single-ended input
AC coupled to the converter. This configuration will give
a digital output range of -4096 to +4095. With the 2.5V
reference, the LSB size equal to 610 pV.

Although the ADC is not production tested with a 2.5V
reference as shown, linearity will not change more than
0.1 LSB. See Figure 2-2 and Figure 2-6 for INL and
DNL errors versus Vgee at Vpp = 5V. A trade-off exists
between the high-pass corner and the acquisition time.
The value of C will need to be quite large in order to
bring down the high-pass corner. The value of R needs
to be 1kQ, or less, since higher input impedances
require additional acquisition time.

ner frequency. See Figure 5-2 for relation between
input impedance and acquisition time.

VDD =5V
0.1 uF
L
C =
10 uF
ViN o——=2 N+
1kOSR |§ MCP330X
¢ - VRer
-
Vour  ViN
1uFE= | _McP1525 0.1 yF _I_
FIGURE 5-4: Pseudo-differential biasing

circuit for bipolar operation.
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Using an external operation amplifier on the input
allows for gain and also buffers the input signal from the
input to the ADC allowing for a higher source
impedance. This circuit is shown in Figure 5-5.

VDD=5V
10 kQ 0.1 yF
L
I
IN+
MCP330X
' VRer
T
—Voutr Vin
(L LMCPs2s|
T ooy

FIGURE 5-5: Adding an amplifier allows
for gain and also buffers the input from any high-
impedance sources.

This circuit shows that some headroom will be lost due
to the amplifier output not being able to swing all the
way to the rail. An example would be for an output
swing of 0V to 5V. This limitation can be overcome by
supplying a VRgr that is slightly less than the common
mode voltage. Using a 2.048V reference for the A/D
converter while biasing the input signal at 2.5V solves
the problem. This circuit is shown in Figure 5-6.

VDD =5V
10 kQ 0.1 pF
"
IN+ -
MCP330X
IN™ Vrer
10 kQ
b
2.048Vv
—Vour Vi -
1pF== |MCP1525| 1 p,-_i

FIGURE 5-6: Circuit solution to overcome
amplifier output swing limitation.

54 Common Mode Input Range

The common mode input range has no restriction and is
equal to the absolute input voltage range: Vgg -0.3V to
Vpp + 0.3V. However, for a given Vggg, the common
mode voltage has a limited swing, if the entire range of
the A/D converter is to be used. Figure 5-7 and
Figure 5-8 show the relationship between Vrgr and the
common mode voltage swing. A smaller Vrgr allows for
wider flexibility in a common mode voltage. Vrgr levels,
down to 400 mV, exhibit less than 0.1 LSB change in
INL and DNL.

For characterization graphs that show this performance
relationship, see Figure 2-2 and Figure 2-6.

w Ao
] ] ]

Common Mode Range (V)
N
|

FIGURE 5-7: Common Mode Input Range
of Full Differential Input Signal versus Vgeg

Common Mode Range (V)

FIGURE 5-8: Common Mode Input Range
versus Vger for Pseudo Differential Input.
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5.5 Buffering/Filtering the Analog
Inputs

Inaccurate conversion results may occur if the signal
source for the A/D converter is not a low-impedance
source. Buffering the input will overcome the
impedance issue. It is also recommended that an
analog filter be used to eliminate any signals that may
be aliased back into the conversion results. This is
illustrated in Figure 5-9, where an op amp is used to
drive the analog input of the MCP3302/04. This
amplifier provides a low-impedance source for the
converter input and a low-pass filter, which eliminates
unwanted high-frequency noise. Values shown are for
a 10 Hz Butterworth Low-Pass filter.

Low-pass (anti-aliasing) filters can be designed using
Microchip’s interactive FilterLab® software. FilterLab
will calculate capacitor and resistor values, as well as
determine the number of poles that are required for the
application. For more detailed information on filtering
signals, see AN699 “Anti-Aliasing, Analog Filters for
Data Acquisition Systems”, at www.microchip.com.

4.096V |
Reference
0.1 uF = 1uF
MCP1541
J CLT

1 0.1 uF
= = VRer| ¢—
IN+
MCP330X =

FIGURE 5-9: The MCP601 Operational
Amplifier is used to implement a 2nd order anti-
aliasing filter for the signal being converted by
the MCP3302/04.

5.6 Layout Considerations

When laying out a printed circuit board for use with
analog components, care should be taken to reduce
noise wherever possible. A bypass capacitor from Vpp
to ground should always be used with this device and
should be placed as close as possible to the device pin.
A bypass capacitor value of 0.1 yF is recommended.

Digital and analog traces on the board should be
separated as much as possible, with no traces running
underneath the device or the bypass capacitor. Extra
precautions should be taken to keep traces with high-
frequency signals (such as clock lines) as far as
possible from analog traces.

Use of an analog ground plane is recommended in
order to keep the ground potential the same for all
devices on the board. Providing Vpp connections to
devices in a “star” configuration can also reduce noise
by eliminating current return paths and associated
errors (see Figure 5-10). Layout tips for using the
MCP3302, MCP3304, or other ADC devices, are avail-
able in AN688, “Layout Tips for 12-Bit A/D Converter
Applications”, from www.microchip.com.

Vbb
Connection

Device 1

FIGURE 5-10: Vpp traces arranged in a
‘Star’ configuration in order to reduce errors
caused by current return paths.
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5.7 Utilizing the Digital and Analog
Ground Pins

The MCP3302/04 devices provide both digital and
analog ground connections to provide another means
of noise reduction. As shown in Figure 5-11, the analog
and digital circuitry are separated internal to the device.
This reduces noise from the digital portion of the device
being coupled into the analog portion of the device. The
two grounds are connected internally through the
substrate which has a resistance of 5 -10Q.

If no ground plane is utilized, then both grounds must
be connected to Vgg on the board. If a ground plane is
available, both digital and analog ground pins should
be connected to the analog ground plane. If both an
analog and a digital ground plane are available, both
the digital and the analog ground pins should be
connected to the analog ground plane, as shown in
Figure 5-11. Following these steps will reduce the
amount of digital noise from the rest of the board being
coupled into the A/D Converter.

/ MCP3302/04

|

I

/ Digital Side Analog Side I
-SPI Interface -Sample Cap

{ -Shift Register -Capacitor Array| |
-Control Logic -Comparator |

|

I

\ Substrate

DGND AGND

O O O

Analog Ground Plane

FIGURE 5-11: Separation of Analog and
Digital Ground Pins.MCP3302/04.
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6.0 SERIAL COMMUNICATIONS
6.1 Output Code Format

The output code format is a binary two’s complement
scheme, with a leading sign bit that indicates the sign
of the output. If the IN+ input is higher than the IN-
input, the sign bit will be a zero. If the IN- input is higher,
the sign bit will be a ‘1.

The diagram shown in Figure 6-1 shows the output
code transfer function. In this diagram, the horizontal
axis is the analog input voltage and the vertical axis is
the output code of the ADC. It shows that when IN+ is
equal to IN-, both the sign bit and the data word is zero.
As IN+ gets larger with respect to IN-, the sign bit is a
zero and the data word gets larger. The full scale output
code is reached at +4095 when the input [(IN+) - (IN-)]
reaches VRer - 1 LSB. When IN- is larger than IN+, the
two’s complement output codes will be seen with the
sign bit being a one. Some examples of analog input
levels and corresponding output codes are shown in
Table 6-1.

TABLE 6-1: BINARY TWO’S COMPLEMENT OUTPUT CODE EXAMPLES.

Analog Input Levels Sé?tn Binary Data Dgzi_lr_r;al
Full Scale Positive (IN+)-(IN-)=VRggr-1 LSB 0 1111 1111 1111 +4095
(IN+)-(IN-) = VRgr-2 LSB 0 1111 1111 1110 +4094
IN+ = (IN-) +2 LSB 0 0000 0000 0010 +2
IN+ = (IN-) +1 LSB 0 0000 0000 0001 +1
IN+ = IN- 0 0000 0000 0000 0
IN+ = (IN-) - 1 LSB 1 1111 1111 1111 -1
IN+ = (IN-) -2 LSB 1 1111 1111 1110 -2
IN*-IN" = -Vggg +1 LSB 1 0000 0000 0001 -4095
Full Scale Negative IN* - IN" = -Vggr 1 0000 0000 0000 -4096

© 2011 Microchip Technology Inc.
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Co

0 + 1111 1111 1111 (+4095) -~

0 + 1111 1111 1110 (+4094) -

0 + 0000 0000 0011
0 + 0000 0000 0010

(+3) 1
(+2) -
(+1) 4

~—— 0 + 0000 0000 0000 (0)

0 + 0000 0000 0001

Output

de

Positive Full
Scale Output = Vggg -1 LSB

IN+ < IN- -
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Negative Full
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-1+ 1111 1111 1111 (-1) Y IN+ - IN-
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1111 1111 1101

0000 0000 0001
0000 0000 0000

(=3)

(-4095)
(-4096)

FIGURE 6-1:

6.2 Communicating with the MCP3302

and MCP3304

Communication with the MCP3302/04 devices is done
using a standard SPI-compatible serial interface.
Initiating communication with either device is done by
bringing the CS line low (see Figure 6-2). If the device
was powered up with the CS pin low, it must be brought
high and back low to initiate communication. The first
clock received with CS low and D)y high will constitute
a start bit. The SGL/DIFF bit follows the start bit and will
determine if the conversion will be done using single-
ended or differential input mode. Each channel in
Single-ended mode will operate as a 12-bit converter
with a unipolar output. No negative codes will be output
in Single-ended mode. The next three bits (DO, D1, and
D2) are used to select the input channel configuration.
Table 6-1 and Table 6-2 show the configuration bits for
the MCP3302 and MCP3304, respectively. The device
will begin to sample the analog input on the fourth rising
edge of the clock after the start bit has been received.
The sample period will end on the falling edge of the
fifth clock following the start bit.

After the DO bit is input, one more clock is required to
complete the sample and hold period (D)y is a “don’t
care” for this clock). On the falling edge of the next
clock, the device will output a low null bit. The next 13

Output Code Transfer Function.

clocks will output the result of the conversion with the
sign bit first, followed by the 12 remaining data bits, as
shown in Figure 6-2. Note that if the device is operating
in the Single-ended mode, the sign bit will always be
transmitted as a ‘0’. Data is always output from the
device on the falling edge of the clock. If all 13 data bits
have been transmitted, and the device continues to
receive clocks while the CS is held low, the device will
output the conversion result, LSB, first, as shown in
Figure 6-3. If more clocks are provided to the device
while CS is still low (after the LSB first data has been
transmitted), the device will clock out zeros indefinitely.

If necessary, it is possible to bring CS low and clock in
leading zeros on the Dy line before the start bit. This is
often done when dealing with microcontroller-based
SPI ports that must send 8 bits at a time. Refer to
Section 6.3 “Using the MCP3302/04 with
Microcontroller (MCU) SPI Ports” for more details on
using the MCP3302/04 devices with hardware SPI
ports.
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TABLE 6-1: CONFIGURATION BITS FOR TABLE 6-2: CONFIGURATION BITS FOR
THE MCP3302 THE MCP3304
Control Bit Control Bit
Selections Input Channel Selections Input Channel
; Configuration | Selection ; Configuration | Selection
Single | ). | p1 | Do Single | 1,5 | pq | po
IDiff IDiff
1 X | 0| 0 | single ended CHO 1 0 | 0| O | singleended CHO
1 X101 single ended CH1 1 0|01 single ended CH1
1 X 1 0 | single ended CH2 1 0 1 | 0 | single ended CH2
1 X 1 1 single ended CH3 1 0 1 1 single ended CH3
0 X100 differential CHO = IN+ 1 1 0 | 0 | single ended CH4
CH1 = IN- 1 1 ] 0| 1] singleended CH5
0 X 0 1 differential CHO = IN- 1 1 1 0 | single ended CH6
CH1 = IN+ .
5 " ] 0 e Tl CH2 = IN 1 1 1 1 single ended CH7
= |IN+
e Cha = N 0 | 0|0/ 0] Ldifferential | CHO=IN+
0 X |1 1 differential CH2 =IN on1 = IN-
e s o e 0 [0 [0 1] diferential | CHO=IN-
*D2i ’ for MCP3302 OH1T = INv
's don't care for MCP330 0 | 0| 1|0/ differential | CHZ2 = IN+
CH3 = IN-
0 0 1 1 differential CH2 = IN-
CH3 = IN+
0 1 0]0 differential CH4 = IN+
CH5 = IN-
0 1 011 differential CH4 = IN-
CH5 = IN+
0 1 110 differential CHG6 = IN+
CH7 = IN-
0 1 111 differential CH6 = IN-
CH7 = IN+
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