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_Ed A/D Converter Offering

SAR ADCs Dual Slope ADCs AY ADCs

— 13-bit TC500/10/14/30/34
I_ 17-bit, programmable

— 12-bit

. MCP3550/1/3
22-bit, 13/15/60sps
MCP3301/2/4 resolution, diff input
100 ksps, diff input MCP3421
18-bit, SOT-23, I’°C™

TC7109

12-bit + sign, diff input

B MCP3221
22 ksps, I12C, SOT-23

MCP3201/2/4/8

100 ksps, SPI Display ADCs
I
—  10-bit | | |
BCD/Binary LCD LED

MCP3021
22 ksps, I?C, SOT-23 TC7135, TC835 TC7106/A/7116/A/ |_ TC7107/AI7T117/A
BCD, 4'- digit res. 7126/A/820 3" digit resolution

32 digit resolution

MCP3001/2/4/8

200 ksps, SPI . TC14433/A
BCD, 32 digit res. - TC7129
4/ digit resolution
— TC850
Binary, 15-bit res.
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Class Agenda

4, How to use AYX. ADC Devices

0. Hanas-On C|ass WItH MCP3421 Demo Boara
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Section 1

ADC and Signal Theory
Fundamentals




Real World Signal Chain

=
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AMP
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Analog Domain

. Mcurcpy|;

POWER
AMP
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=== Representing Analog Signals

Any analog waveform can be
described as a sum of multiple
sinewave signal functions.
(Fourier Analysis). We can
represent the same signals with
time or frequency domains

The power of the signal can be
calculated with spectrum or time

domain :
T/2

voice wavefarm example

1 o0
— 2 — 2
P== [g*(dt="Y M,
~T/2 k=00
Spectrumn of a voice signal (15 seconds)
?D [ [ [ [ 1 1 1 -
60 .

decibels

04+
_I:IE i 1 1 1 1 1 1
9 95 10 105 11 1.5 0 a00 1000 1500 2000 2500 3000 3500 4000
seconds hertz
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Components of an Analog Signal

V,=A, sin(ot+ ¢, ) A _ : Amplitude (Peak)
- o : Pulsation (rad.s)

f :Frequency (Hz)

t :Time (s)

¢, : Phase (rad)

T : Period (s)

T=1/1f, ® = 2nf

10 kHz Sine Wave — Time Domain




Univi
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MASTERs2007 Time Harmonics of an Analog Signal

Any waveform can
be described as a
sum of multiple
signal functions.

T2

1 o0
P==] g2<r)dt=k;oMk2

-T2

Any of these can be
uniquely singled-out
with appropriate
filtering

© 2007 Microchip Technology Incorporated. All Rights Reserved. 11075 ADC Slide 8
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Loriv] The Sampling Theorem

« When sampling a signal, the sampling frequency must be greater than twice
the bandwidth of the input signal (Nyquist frequency) in order to be able to
reconstruct the original signal from the sampled version »

Klje)
Time | Frequency
- A
| o (@) o
0 L
P(je)
2__';___1'
~—T— P
. i 1]
jl ‘l 1 * 1 ws Wg o) Wy [t a2 ©
X ()
1]
T
’ A VAN A VAVAVAN
x(ﬂ ----- 01 by, ..L
) —+—T—I'-R[ } xm () {LS .
- H‘"\,.' - e g .
j‘f l x_‘h #Jf.-" H,f X “mt.' .‘:T,:{J.J
51 ]‘ H}‘ —- J\N\J’.\/\M_/\_
'D t — tg} 't'."(m_‘5 udy ) R
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The Sampling Theorem

With certain conditions it is possible to reconstruct
an analog signal perfectly from a sampled data

stream
If input signal is band-limited, and

If you sample the signal at least greater than x2 the highest signal
frequency component (The “Nyquist” Frequency)

Then, you can reconstruct the original signal by convolving the
samples with an SINC kernel (ldeal diaital-to-analoa transfer

function)

© 2007 Microchip Technology Incorporated. All Rights Reservea. Slide 10



iy Under Sampling

When the A/D converter is not sampling input signal fast enough : The
higher frequency signals create aliased frequency components will fall in
your baseband

In practice this means that the too-high frequencies will appear as lower
frequencies, i.e. under an Alias!

To see where they will fall into , you need to fold your frequency
spectrum into the baseband, like folding a piece of paper :

. N being the largest integer so that
faliased B ‘fm B qu fiaseq CaAN fall in the baseband

65 KHz inqu

signal /

9 KHz ALIASED
SIGNAL due to
56 Ksps Sample Rate under sampling

~ B e

© 2007 Microchip Technology Incorporated. All Rights Reserved. 11075 ADC Slide 1
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10 kHz Sine Wave sampled at 250 kHz. (25X / period) * Gen_eral!y, faster is better to
. e " e . (. " A — avoid aliasing, but ...
g « Limited by physical
2 Mo il B constraints
;ﬂj : ¢ : : : ¥ : — Switch resistance, sampling
B S S SR capacitor
' ' N : : e — Amplifier settling time and
“o ooz o0+ 006 008 01 01z Q14 008 018 02 power consumption
Time {msec)

10 kHz Sine Wave sampled at 70 kHz. (7X/ period) — Jitter & aperture time
! |

¢ Rule of thumb:
Sample at greater than 10X
signal BW

Magnitude

e Minimises sampling effects
(amplitude distortion)

i 0.02 0. 006 0.08 . 01 01z 0.14 0.8 018 0.2 . . . .
Tirme {msec) o Eases the anti-aliasing filter

design (reduced filter order)

© 2007 Microchip Technology Incorporated. All Rights Reserved. 11075 ADC Slide 12
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==¥ The Analog/Digital Data Conversion
Interface
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UcriVi Ideal A/D Converter

MASTERs 2007
R 0
I"FREJ‘_‘ '\\II.:I.::;B 110 ——
| bd-/ PRLIEE S
— D1 E . %m T
Analog-to-——— Dy =72 Son |
.- digital | | z =2
converter D> EE 010 -
IfA.DE:I D Ez' 001 |-
DI:I : - Qo0
N o
EoB AN
Analog Input
FIGURE 1. Ideal 3-Bit A/D Converter Transfer Function.
Unipolar N-Bit ADC 1 LSB = Vg /2N Code out =
Round(V,/Vger X 2N)
Bipolar N-Bit ADC 1 LSB = Vg /2N Code out =
Round(V,\/Vgge x 2N1)

An ideal ADC shows quantization error A due to the
nature of the digital output

Also cI:'aIIed quantization noise although deterministic
signal!

© 2007 Microchip Technology Incorporated. All Rights Reserved. 11075 ADC Slide 14
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b L Uniform Quantizer
(Blnary EnCoder)

o 4 | “Linear” progression of

S S quantization steps of “Uniform”

e width

on| T Max. input voltage = V

oorf T i il Quantizer step width, A, refers to
A 34 8A 74 94 114 1324 Analog the minimum change in input to

@ nput change output code by 1, given by

Equivalent V

Output

Quantization Error Signal Power:

© 2007 Microchip Technology Incorporated. All Rights Reserved. 11075 ADC Slide 15
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(for Sine wave)

N-bit Unipolar Quantizer Derivation of SNR

with Input Signal: P ;
Full Scale Sinewave SNR, =~ = (5)2”
function o,

Peak Value =V, /2
Input signal power:

v, 12f x2

P =

AV 2 8
The quantization noise calculation
assumes that the noise is

Quantization noise uniformly distributed

power: This formula can be improved

A2 with noise shaping in Sigma-Delta
o 2 converters.

e:E

© 2007 Microchip Technology Incorporated. All Rights Reserved. 11075 ADC Slide 16



Real A/D Converter
[ vref = vDD[_] CviN+ | = | vIN-[]
o
Cvin+| Q| cs[d []eND § vDD[ ]
JviN- °g° sbo[_] ClscL | = | spa[ ]
[lonD sckl_] SOT-23

Non-idealities and limitations due to CMOS implementation
Static Errors affecting DC characteristics
Offset error , Gain error, INL, DNL...

Dynamic Errors affecting AC characteristics
Noise, Distortion, Drift...

Other Circuit limitations (PSRR, CMRR, stability, dynamic
range, bandwidth, aliasing, latency, clock jitter, aperture
time, power consumption,...)

Digital Interface/Coding (SPI, I2C™ binary 2’s complement)

©

2007 Mic
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Linear Static Errors

Static errors that can be calibrated out (internally or externally with a MCU) by
simple transformation

Offset Error

Defined by the position of

the zero

Correction with Translation
MCU operation : Addition

Gain Error

Defined by the slope of the
transfer function

Correction with Rotation
MCU operation : Multiplication

1 lzzal Transfer .’ 1M1 —
Function - .
# Actual Gain Emor
110 —— \ £ 110 —
o
# 2101
g 01 . g —
8 AN b
= #
g1 ‘ Actual g 00 — .
a g ) \\
011 - . L o Ideal Sain Error
# k Slope = +1
: 00— =
00— +
g )4
ool | 4 o1 - /’/
. ooo | [T I I
e 111 N B R B B R
2 1 2 3 4 5 g I Fs
: ¥ ¥ ¥ ¥ § § B 8 § ¥ ®§ § § #
Anzlog Input Analog Input
© 2007 Microchip Technology Incorporated. All Rights Reserved. 11075 ADC Slide 18



UniversiTy oF IMICROCHIP

LUorVi

Non-Linear Static Errors

Static Errors that cannot be calibrated out or at least not by simple

transformations

DNL Error INL Error
Transition Step Size Deviation from an ideal straight
DNL<1 LSB — No line after linear calibration
missing codes Correction with Distortion

MCU operation : 2"d or 3d
degree equation solving

End Points Best Fit

Correction with
lookup table

1 i

|
,
o
e
Y
b

Mizsing Code All Bits Om All Bis On

=]
|
I

Menlinearity Referred to End Points

HI

Quiput Code
= =
a8 =
| |
| |
i
[l
1]
m
Ay
]
= A
N /
Ay
Y
Y
5

L]
B =
a8 &
I-_- 'é E. Monlinearity Referred
011 4= ] = "Best Fit” Straight Line
I o s
o0 - -
0E5LSE
001 —— rd \
ooo | | | I I I I I ldeal Straight Line Transfer Functon Ideal Straght Line Transfer Function
[ [ [ [ [ [ [ I
i 2 2 4 5 6 1 FS All Bits OFf - All Bits Off
B 8 ] 8 B B 8 —FSIn +FSIn _FSin .
Analog Input Analog Input _ Aralog nput
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Total Unadjusted Error

The Total Unajusted Error (TUE) is a common figure of
merit for static errors

Combination of:
Offset Error
Gain Error
Linearity Error
Missing codes L

Characteristic of the ADC Vi (V)

FIGURE 2-20: Total Unadiusted Error
(TUE) vs. Input Voltage (Vgee = 5.0V).

=k
=

TUE (ppm)
L ombhoo
s

i
L= - =]

L

Mostly impacted by analog process quality and
calibration schemes efficiency

Does not include VCM, power supply effects, beware of
the conditions !

TUE depends a lot on input voltage and Vref

Incorporated. All Rights Reserved. 11075 ADC Slide 20
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Dynamic Errors

Deterministic errors : depend only on the given input conditions (aliasing,
distortion, tones,...)

Non-deterministic errors : Imply randomness even with same conditions
(noise, drift,...)

Noise : Random variation of the Distortion : Spurs in the output

output code with time (thus with frequency spectrum (harmonics)

frequency!)

A I A

Fundamental
Fundamental
£ 3
E 2 2nd
=1 [+1 harmanic
-E E 3rd
harmaonic
Moise floor m,:},rf;mr Sth
S harmonic
AL AR AN b b
Frequency Frequency —

© 2007 Microchip Technology Incorporated. All Rights Reserved. 11075 ADC Slide 21
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Distortion and Linearity

e Linear System:y =A .x
Sine wave in — Sine wave out

. with same frequency and
x(1) = Asin( wt) phase but different
> amplitude

Non-linear system:
- Sine wave in — Sine wave

e out + Harmonics @ integer
- é J multiples of the
. v fundamental frequency

Typizal Sine Wawe 10kHz
T T T T

Cause spikes in the
frequency spectrum :
Distortion

THD (Total Harmonic
Distortion) of the signal:

::::::::::::%::::“‘:::: :::::::::::f::: O R S - Measure of the linearity of
|| the system for AC signals

lime {msec)

For DC signals, all
harmonics are
superimposed — INL

£
Freguency (kHz)

W) =ax(t)+ax" () +ax’())

© 2007 Microchip Technology Incorporated. All Rights Reserved. 11075 AD(q
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w157 Signal Distortion

Typical Sine Wave 10kHz

3" THD = Total Harmonic
i Distortion
=
A U A W S B L Y Measure of the power of all
_113 ﬂiﬂﬁ 0?1 ﬂ_il.ﬁ ] ﬂi_E ﬂ.ii-‘.E Q?E ﬂ.‘35 a4 harmonlcs relatlve to the
Time {msec) fundamental (usually close
; ; ; ; ; to a full scale input signal)
) : ; : P
2 Harmonics _Total
THD = -
é* P Fundamental
- p-E- HH-EH- i e e R e R e R 2 2 2
Freguency (kHz) HDdB :10|0 I/hZ +I/h3 ‘;VM T...
OFUN = OpPurious rree vyilidiinig Vf
Range
Magnitude of the largest 2 2 2
harmonic relative to the THD. - \/th +Vs Vo +... 100
fundamental % v X
In this case, about 50dB = 0.32% !
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Output Noise Definition

255

192 4~

Amplitude
8

I
'S
I
]
I
1
I

1
————tmmmmd e - - b ———
I
I
I
|

— - ——————
1
|
I
|
S+ ——p—————
]
]
1
]
e o e

I 1
1 ]
1 I
| I
P W IS SR FYURY S— | U, SN SN S—
I I I
1 1 I
] I 1
i I [}
] I
' H
0 t t i
0 16 32 48 64 80 96 112 127
Sample number
10000
| c. 256,000 point histogram
#8000
¥
=]
g
26000
&
o
i
$4000 -
=
E
=
z

:

0-

90

100 110 120 130 140 150 160 170
Value of sample

(M

Noise is the variation over time of
the output signal of a system
driven by the same stimuli

Variance, ¢? is a measure of how
spread out the distribution is, or a
measure of variability (noise) for a
static (DC) input signal.

Computed as the average
squared deviation of each signal
sample from its mean.

1 2
ze :ﬁz;-]io(xi _IU)

o, = %Z,No(l B :u)zHi

Used to estimate the power of a
quantization error signal

© 2007 Microchip Technology Incorporated. All Rights Reserved.
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UcFivi Noise Distribution

-5-4-3-2-10 1 2 3 4 5

a1
o

N
o

140

30

N
o

20

=
o

c can be expressed in LSB, or mV 110

Occurrence Probabilty [%]
()
o

‘ ‘ ‘ -0
-5 -4 -3-2-10 1 2 3 4 5
Output Code In o

Gaussian distribution is the most typical distribution for
physical quantities like output noise

Infinite spread but most of the probability is within the o
range which is the variance of the distribution : RMS noise

Noise adds in squares ! Averaging technique divides by Vn
the noise level if n samples are used

Commonly-used modeling for analyzing system noise :
Superposition of uncorrelated noise sources

© 2007 Microchip Technology Incorporated. All Rights Reserved. 11075 ADC Slide 25
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e Noise Representations

As a non-certain signal, noise can be
described with a statistical
distribution giving a probability of
output codes

Noise units are in nV/\VHz : spot
noise taken over a 1Hz bandwidth Time

Output noise is one of the critical
specifications of an ADC: it
represents the total integrated noise
during a conversion, measured in uV

Output Code

~
7

nVv/ \Hz

RMS -
Noise histogram gives output code  — ey
distribution for a certain number of PR
conversions :

A noise histogram on every code

transition would give a complete "No .

missing code” check

© 2007 Microchip Technology Incorporated. All Rights Reserved. 11075 ADC Slide 26
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Reading Noise Histograms

Reading noise histograms can give precise idea of noise
distribution at one point. Noise distribution will vary with
frequency and input conditions

Peak-to-peak amplitudes are depending on low probability
events (“outside of the bell”) thus hard to reproduce/evaluate

The Crest Factor is the Ratio between Peak-to Peak signals
and RMS signal. It is calculated here as a probability factor of
occurring inside a certain range. Industry generally uses a
crest factor of 6.6 to specify peak-to-peak noise (99.9% event)

Distribution
range

Probability of output
codes in the range

Probability of output
codes not in the range

2.0 x RMS (1 sigma)

68 %

32%

3.0 x RMS (1.5 sigma)

87 %

13 %

4.0 x RMS (2 sigma) 95.4 % 4.6 %
5.0 x RMS (2.5 sigma) 98.8 % 1.2%
6.0 x RMS (3 sigma) 99.73 % 0.27 %
6.6 x RMS (3.3 sigma) 99.90 % 0.10 %
8.0 x RMS (4 sigma) 99.954 % 0.046%
10.0 x RMS (5 sigma) 99.994% 0.006%

NOISE HISTOGRAM

80
70
B0
>
o 50
D
3 40
[
L 30
20
10

= 0n SOy Wy os= el S ) s D oF 4D 0 O
n M & © 0w M o o« om W oo O B
= SR i el HelieE do) Ne) el e e R e

ADC Qutput [ppmj

AYarage vutput code
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Building a Low-noise System

Evaluate your system requirements (resolution, noise floor,
power consumption,..

Choose the best archltecture (make a noise budget for the
system)

Know your transducer/sensor characteristics (output range,
noise, accuracy,...)

Evaluate/Calibrate static errors
Evaluate and optimize the three types of Noise :

Conducted Noise : Noise created by the propagation of
signals inside the system — Layout issues

Radiated Noise : Noise created by the environment of
the system (RF, EMI...) — Packaging/chassis issues

Device Noise : Noise created by the electronic devices
used in the system — Devices issues

Incorporated. All Rights Reserved. 11075 ADC Slide 28
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Device Noise Overview

For Passive Devices, ideally only
resistors generate noise :

Resistors show thermal noise
(equal to 4kT x R x BW)

_ Distortion
|deal Inductors and Capacitors are \
noise-free, but real ones have small

series resistances S
Frequency

\ nVIHz
1/f Noise

~

Harmonic
Broadband

Active Devices : All types of integrated transistors (CMOS,BJT...)
have typically three different voltage noise sources

1/f Noise : due to random capture and release of charge carriers.
Inversely proportional to frequency of operation

Thermal noise : Due to random thermal motion in resistive
material. Typically broadband and independent of DC current

Shot Noise : Due to random diffusion and electron-hole pairs
recombinations. Typically broadband, proportional to DC current

© 2007 Microchip Technology Incorporated. All Rights Reserved. 11075 ADC Slide 29
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Effective Number of Bits

In (FSR/ RMS Noise)
In (2)

ENOB=

Effective Number Of Bits (ENOB) or Effective Resolution is a figure
of merit for the noise performance of the ADC

The effective resolution fgives the “noise-free” resolution of the
device, or the number of directly usable bits

The effective resolution is usually much lower than the “No
missing codes” resolution

MCP3551: 2.5 uVy,s Noise— 21.9 bits effective resolution with
Vref=5V and 22 bits no missing codes !

You can optimize the Effective Resolution b)(lusing larger Vref
because noise floor is almost constant with Vref (look for
admissible Vref range)

Effective resolution is reduced by one bit for single-ended apps

© 2007 Microchip Technology Incorporated. All Rights Reserved. 11075 ADC Slide 30
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Resolution vs. Accuracy

Resolution : Number of distinct output levels, number of bits available

Accuracy : difference between the ideal converter transfer function and the
actual transfer function :

Total Unadjusted Error (TUE) for static measurements(DC).
Effective Resolution, SINAD for dynamic measurements (AC).
A 12-bit resolution ADC may be 10-bit accurate only !
A 10-bit resolution ADC may have 12-bit level accuracy !

A 3-bit resolution ADC perfectly accurate

]
|
I

=
|
\

Output Code
=
[=]
|
|

=
|
[

=
=}
|
|

=)
=]
|
[

(=]
(=]
=]

|

l

5

8
Analog Input

@l ——
ool ——

|

l
2
B

W= —— b
~

ol ——

|
l
i
]

l
FS

© 2007 N

FIGURE 1. Ideal 3-Bit A/D Converter Transfer Function.

A 16-bit resolution ADC with 3-bit accuracy

All Bits Cn

Oiatpeit Sl

Al Bitg OF

-F5

Real Transfer Function

\
™\

ldeal Eraight Line Tranafer Function

Anzilog Inpiat

+F3 In
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MASTERs 2007 QuestionS?

Is noise bandlimited ?

© 2007 Microchip Technology Incorporated. All Rights Reserved. 11075 ADC Slide 32
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Section 2

High Resolution ADC
Architectures
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) ADC Architectures Overview

Oversampling
/" Delta-Sigma

L0

Integrating Subranging

Resolution (bits)

12 -
Successive Flash
Approximation Pipeline
. Alaorithmic
4
Power
Consumption

10 100 Tk 10k 100k 1M 10M 100M 16 106G

Sample rate (samplesfs)

Delta-Sigma converters are mainly used for high-
resolution, low bandwidth applications

Microchip’s approach to the market:

Lower power consumption, space-saving packages
and higher resolutions

© 2007 Microchip | echnology Incorporated. All Rights Reserved. 11075 ADC Slide 34
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S Nyquist vs. Oversampling

Major advantage of oversampling ADCs is that they allow the
specifications of the input anti-aliasing filter to be relaxed

— Lowers the implementation cost

Nyquist rate ADC = Sampler, Oversampling ADC = Averager
Nyquist -

LPF Nyquist Rate

f
x@), ) A gl i
| fef2 — WP &D S N Bit
| \ S v

ANY signal that resides above fs/2 will be ALIASED

(a)
Oversampling  inspeca  Nyais
clock | Rate
o, Al
x(t) P el S [hga‘ial CEA A a;——“} N Bit
_— Modulator el ) Filier B i /N>M
v Bit G —
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Active Analog Filters

n = Filter order

Higher Order gives Steeper
Transition closer to brick wall

Drawbacks : more expensive,
more board space, power
consumption, static errors

1.0

Amplitude Response Voyut/ViN
o
o =
T

0.001

0.1 1.0 10
Normalized Frequency I I

© 2007 Microchip Technology Incorporated. All Rights Reserved. 11075 ADC Slide 36
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U™ SAR ADC Architecture

VREF  VIN#

+— atart D
Timing and CERYersion
control logic s1 20pF 82
— End of virid
Sample B CORVEFSION ’ F-o | —80 O *—

86 5pF

Comparator
i C | ! 83

Viso—+-o—oe— i Successive | D10 16
i s approximation — Cutput ‘i +
s i : ]
. v | =~ reqictar

DAC

| o™
|
Very prevalent, used inside many MCUs » - T
Prices are relatively low (Up to 16 bits resolution ' —ere—{ s
Medium/high speed from <10 ksps to > 1 Msps | 205 ==
Easy to multiplex, one-shot converter <

Principal drawbacks:

Stringent anti-aliasing filter is required at the input (Nyquist)

High resolution is expensive (mostly due to high-resolution
DAC cost)

High linearity difficult to achieve (trimming)

© 2007 Microchip Technology Incorporated. All Rights Reserved. 11075 ADC Slide 37
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Dual-Slope Architecture
4 4
v  rcl1=TRc 12
Reset _ Vi
Integrator ~ Clock in— Couner OFF— T2  Veer ]1
T Reset ) laV, I = const
I H ‘ — | Control l l /

Ve | | |

NS | Logic ‘
Viv —S/H— Ve Latch T
W< ) N | | 1

Comparator \
P Dy Dyr DDy D }-—fixed time——|-—ATa Vin—b-| time=—=y_=

Digital out (n/60th second)

Standard high performance ADC ... before Delta-Sigma
High resolution up to 18-bit in CMOS(5"- digit DVMs)
Small dependency on component tolerances
Low output noise due to averaging
High rejection of line frequencies
Principal drawbacks:
Very low speed
External capacitors and resistors very often required
Comparator has to be as accurate as required precision

© 2007 Microchip Technology Incorporated. All Rights Reserved. 11075 ADC Slide 38



ez The Delta-Slgma Architecture

| DECIMATION |
. FLTER

INPUT DELTA- SIGMA
SIGNAL gﬁ MODULATOR

N output
> CODE

ANALOG DIGITAL

The modulator is an analog feedback loop which is
sampling the input at a very fast rate (oversampling rate
>> Nyquist Rate)

It gives a very low resolution (usually 1-bit), very fast signal
called bitstream, estimator of the input signal

The bitstream contains quantization noise which is
averaged out by the decimation filter to obtain a precise
representation of the input

The decimation filter processes the bitstream out of the

| modulator to obtaln N-bit output codes at the Nyquist rate
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The Delta-Sigma Modulator

The modulator runs at the
oversampling frequency f,

Input U] ;/» Output
Signal |  Bitstream
V(z) = STF(z) U(z) + NTF(z) E(2)
ANALOG | DIGITAL
STF : Signal Transfer Function (V/U)

NTF : Noise Transfer Function (V/E)

Modulation principle: obtain a sim{JIe digital estimator of the
incoming signal and reprocess it in the loop filter in order to
minimize the error E introduced by the rough quantization

STF ~ 1 in the signal bandwidth (Average in = Average out), STF is a
low pass filter

NTF ~ 0 in the signal bandwidth to obtain good performance : Noise
Shaping, NTF is a high pass filter

The system is non-linear due to the presence of the quantizer
The quantizer can be a simple comparator of a flash ADC
The DAC can be either 1-bit (inherently linear) or multi-bit
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= Pelta-Sigma ADC: A Washing Machine

Digital —
Ir.1put Y V: .OUtPUt »] Decimation —
Signal Bitstream Filter

MICROCIH’
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Ucrivi First Order Modulator Example
(MCP3421)

Difference Amplifier Integrator Comparator Digital
Input Oo— A | + - c \ o | 5 Tn Digital Filter | Filter
/ = 100101011001 Up/Down
DELTA SIGMA v o Counter
Sample Clock (fs) BITSTREAM
1-bit DAC I
E e
e fs
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gei  First Order Modulator Signals
Lor V] (MCP3421)

WRef+ 7 T R L N

1-Bit DAC
VRef—L L1 L] || I .

Clock 1 1
I Incorporated. All Rights Res
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High Order Modulator Example

(MCP355X)

3 order single-bit single-loop

>

switched capacitors modulator
using cascade of feed-forward DELTA
integrators

Transfer functions : i

STF(z) =1 — Low distortion

L‘—LJ—{:PL—L—"GJ o1
SIGMA

NTF(z) = @)

2% +(ba, -3) % +(bc,a, —2ba, +3) z+bc,c,a5 —bc,a, +ba; —1

3 zeros located at z=1 (DC!) to

cancel quantization noise in

desired bandwidth

1-bit DAC has inherent linearity s g
— Low INL --.-__a:mbdj:_«-JL

Coefs realized by capacitors T
ratio can be very precise

PRI

Only first stage is crucial (high
gain, low offset). Front-end

needs great care (circuit, layout)
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kgl Over sampling & Noise Shaping

SNQRmax vs OSR vs order (N)

63 P & U

Digital o =222 N4 N=3 —

§ STF = _ il

T @ [
o - ___.Fh'= 1

S NTF 3 order g =

G T ...........

w Froeme

NTF 1storder & | —

& S S SO S

. > . _ _ ]

(1] i i i i i i i
0 fs frequency 4 8 16 32 B4 128 2% 512 1024
Nyquist Oversampling OSR
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7 Multi-Bit Architecture : A New Trend

A Integrator »{ ADC »Dout
in 4+
A nlev
]
fS
DAC
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Digital Decimation Filter

1-osr \ L1

14z 4z 4. +2
OSR

D(z)=

SINC filter transfer function

D(z) 1 |-z
2=
L+l -1
OSR -2z
0.0 30 60 90 120 150 180
_ ‘ ‘ , , | ‘
[a1]
S, —20 -20
3 40| 140
>
o
= 60 1-60
g
= -80 1-80
c
2 -100 | —100
5
® 120 1-120
o
- ‘ ‘ ‘ ' ' ~ ~140
0 30 60 90

120 150 180
Input Frequency [Hz]
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Digital Filter Implementation

Sigma Delta

IN >(+f >(+f -~ :(+) :(+) /% OuT
7-1 J 7 J f/OSR L 71 - L 7-1 -

A\

! ! 1 1

fJOSR fJOSR
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Benefits of A modulation

High resolution achievable (20+ bits <1uV LSB)
High linearity if 1-bit DAC is used

Excellent line frequency and noise rejection
Analog process requirements are minimized

Anti-aliasing filter and overall signal conditioning
requirements are minimized

Filtering is done In the digital section — low power
consumption

Easy to multiplex, limited memory
Applications: Wide dynamic range, low frequency
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Microchip’s AX ADC
Devices
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waSTERRRR” Let’s see ... What are the MCP3421 ....
MCP355x ?

Zeee...
ou guys need to learn how
to make them larger ...

14-LEAD T550P

B
6-LEAD SOT-23
I1CHII Or HOTII

10-LEAD MSOP

8-LEAD S0IC
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Block Diagram

MCP3550/1/3 Delta Sigma ADCs

VREF wis vﬁi
o VDD i 2 2
g £ == Vint AX ADC = 5 _._:_D
7] CS Madul ol £ SCK
S . v -.-.-,:':ll_nltJE-arEI % E E _lp.gﬁ
E ﬂ SDO/RDY YN Calibration E E‘f
) | Internal Voo L?% | -
= SCK I Gscillafmr ] I
| POR |
L - . _ _ _ 1
DEVICE OUTPUT DATA ENOB RMS with 50/60 Hz Rejection
RATE Vref=5V
MCP3550-50 12.5 SPS 21.9 bits -120dB @ 50Hz
MCP3550-60 15 SPS 21.9 bits -120 dB @ 60Hz
MCP3551 13.75 SPS 21.9 bits -85dB from 47 to 63 Hz
MCP3553 60 SPS 20.6 bits N/A

© 2007 Microchip Technology Incorporated. All Rights Reserved.
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MCP355X Architecture
3rd order modulator with 1-
bit DAC (OSR=512 for
MCP3550/1, OSR=128 for [
MCP3533) S S e S N
Auto-calibration for offset T "‘ T
and gain errors 1
Modified 4th order SINC filter
for extended 50/60Hz
rejection

Low-tempco, low drift
internal oscillator

VDD Monitoring (POR @ 2V)
3-wire SPI interface
8-pin MSOP package
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MCP355X Decimation Filter

4-th order modified SINC filter with staggered zeros for wider
notches — Less constraints on notch centering

MCP3551 : >80dB rejection from 49 to 61 Hz. Reduce
inventory cost for different markets (USA, Europe, Asia)

MCP3550-50/60 : >120dB rejection around chosen frequency
(50 or 60 Hz ¥2%)

0O 15 30 45 60 75 90 105 120 135 150 165 180 0 15 30 45 60 75 90 105 120 135 150 165 180
=
e
~20 MCP3550-60 1720 = 20 MCP3551 20
o
-40} -40 4
o —40r 140
-
60 60 &
o 60 1 -60
3
-80 -80 =
c-ts -80¢ 1-80
-100r -100 &
o
@]
=
—120- 1-120 H—lOO’ 1-100
2
' : : ' m'ﬂ ' : : {\‘ —140 E L L L L L L L L L L L L L _120
0O 15 30 45 60 75 90 105 120 135 150 165 180 0 15 30 45 60 75 90 105 120 135 150 165 180
Input Differential _Signal Frequency [Hz] Input Differential _Signal Frequency [Hz]
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MCP355X Internal Timings

3RD Order Modulator, 4th Order SINC Filter

SINC filter zero is at 60Hz (50Hz)

Sampling Frequency at Input is 30.72 kHz (25.6kHz) 44— k%%
Switching Frequency at Input is 122.88 kHz (102.4kHz) — *kk
Overall Data Rate at output is 15Hz (12.5Hz)

I— 122.88kHz +«—122.88kHz +—122.88kHz +—122.88kHz —T
ge

Sample Input | Transfer Charge |Sample Reference | Transfer Char

o

30.72kHz 4»‘
|11 X512

Filter Order 1 Filter Order 2 Filter Order 3 Filter Order 4
«— (60Hz) (60Hz) (60HZz) < (60Hz) —

...........
............
-------------
...................................
...........
.........
............
............
-------------
-------------

LIEE sz e fiixsa2 | iixsaz

\ 4

\ 4
A

\ 4
A

toara = 66.6ms (15Hz)
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MCP355X Calibrations

MCP355X auto-calibration for offset and gain errors is
processed real-time (no delay, no internal disconnection of
inputs)

“On-the-fly” calibrations permit faster data rate and open the
way to continuous operation without calibration phase

Offset Calibration: Gain Calibration:

“Fractal algorithm” “Rotating Caps”
Generalization of chopper Dynamic Element Matching
algorithm and scaling of the input
Principle: switch back and Caps

forth in a special way with Principle: DEM principle
adapted switch-cap circuit averages caps matching

to cancel integrators offset error and cancels gain error
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== New Delta-Sigma ADC: MCP3421

Vss Voo
22 i
Yoltage Referance
{2.048V)

Gain=1,2,4,0r8 l Vi

AT ADC : Clock
Converter Oacillator

I2C Interface

- o

SCL SDA

Analog-to-Digital (A/D) Converter
in 6-pin SOT-23 Package
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© 2007 Microchip Technology |

MCP3421 Architecture

\"'IrEE VDD

ncorporated. All Rights Reserved.

11075 ADC

Gain=1,2, 4 or8

“oltage Reference

2.048v)

I2C Interface

Clock

Oscillator

SCL SDA
Vins 11 5 16 |Vin-
VSS |2 2 VDD
SCL (EJ SDA
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w= o MCP3421 Key Specifications
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MCP3421 SINC Filter

0 | BRI
-10 Data Rate = 3.75 SPS |

EE /\V (W\Mm

40 -

o I
'70 '| N L
-80 |
90 - |

-100 T
110 |
120

Magnitude (dB)

Input Signal Frequency (Hz)

1st notch at 3.75/15/60/240 Hz depending on 18/16/14/12 bit
resolution

Beware of Oscillator frequency large range (not trimmed, not
enough room!)
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HoeM) What's in MCP3421 ?

MCP3421 incorporates two new algorithms
in order to improve resolution and output

noise

5-Level Linear Multi-Bit
DAC

Replaces 1-bit DAC and
improves by 2 bits the
resolution

Principle: Multiple charge
transfer using same Vref
capacitance

Inherently linear because
using same capacitance

Bit stream Dependent
Chopper algorithm for
Vref

Chopper synchronous with
sampling frequency

Principle: Adapts chopper
frequency to bit stream for
improved offset and 1/f
noise reduction (10x less
1/f noise compared to std)
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==  MCP3421 Target Application List

B}

5 = a2
‘T %,vl_m pF$1n pF ?
. -

Pressure Measurement
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Overranging, Code Locking

Vv
DD V|N+, VIN-’ VREF 4 VCM

between V- 0.3V and

| o V,, + 0.3V to avoid ESD
Vem [+ - diode turn-on
e 2 VCM=(V,y, + V)2
VIN=Vy, - Vin
VSS | . i
2N 0 + 2N
Output Code

MCP355X: Overranging
If |V | >Vref, OVH or OVL bits = 1 (data becomes 23 bits long)

Codes roll over, continue to get accurate data, MCP355X is
operational up to 12% past Vger

MCP3421: Code Locking

If |V | >Vref, Code is locked to maximum : +2N-1 or -2N depending on
sign and resolution (N bits mode)
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Power Consumption Efficiency

Power

ENOB
2 X f, oUT

ADC Efficiency =
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oF CP3 C
UcrVi MCP3421 Competition
*Note: Prices are not official numbers.

Part Max Res | Speed Current Noise (uV | INLmax | Vref Price PKG

Number (bits) (sps) max (UA) | RMS) (ppm)

MCP3421 | 18/16 3.75/15 | 190 1.5 35 Int 2.048V | $1.75 SOT23-6

ADS1110 | 16 15 350 3.1 100 Int 2.048V | $1.75 SOT23-6

ADS1100 | 16 8 150 0.7 125 VDD $1.95 SOT23-6

AD7788 16 16.6 (2x | 80 1.5 50 Diff. Ext $1.99 MSOP-10

latency)

AD7790 16 9.5 80/140 1.1 15 Diff. Ext $2.96 MSOP-10
(buffer)

LTC2481 16 6.2 250 0.84 10 (Vref) | Diff. Ext $1.85 DFN-10

LTC2483 | 16 6.8 250 0.6 10 (Vref) | Diff. Ext $1.65 DFN-10

LTC2433 | 16 6.8 300 1.45 20 Diff. Ext $1.95 MSOP-10

MAX1409 | 16 60 1090 8 53 Int or Diff. | $5.85 SSOP-20
(periph.) Ext

MAX1368 | 20 5 960 1.5 Not Int or Diff. | $7.98 TQFP-48
(LCD) spec. Ext

LTC2430 | 20 6.2 300 2.8 20 (Vref) | Diff. Ext $4.45 MSOP-10

LTC2431 | 20 6.2 300 2.8 20 (Vref) | Diff. Ext $4.55 SSOP-16

LTC2435 | 20 12.5 300 4 20 (Vref) | Diff. Ext $3.55 SSOP-16

© 2007 Microchip Technology Incorporated. All Rights Reserved.
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T MCP3421 Available Resource
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Datasheet : MCP3550/1/3 (DS21950) in English and Chinese
Dev Tools
MCP3551 Delta-Sigma ADC Demo Board
MCP355X Sensor Application Developer's Board
MCP355X Tiny Application Sensor Demo Board
User Guides

MCP3551 22-Bit Delta-Sigma ADC PICtail Demo Board User's Guide (English and
Japanese)

MCP355X Sensor Application Developer's Board User's Guide
MCP355X Tiny Application Sensor Demo Board User's Guide
Mixed Signal PICtail Demo Board User's Guide
Application Notes
AN1007 - Designing with the MCP3551 Delta-Sigma ADC (English and Japanese)

AN1030 - Weigh Scale Applications for the MCP3551 - Weigh Scale Applications
for the MCP3551

MCP3551 App Note Source Code
Scientific articles and conferences

V. Quiquempoix, P. Deval, A. Barreto, G. Bellini, J. Markus, J. Silva,and G. C.
Temes, “A Low-Power 22-bit Incremental ADC with 4 é)m INL, 2 ppm Gain Error
and 2 yV DC Offset”, IEEE ESSCIRC’05 Conference F ept 2005)

V. Quiquempoix, P. Deval, A. Barreto, G. Bellini, J. Markus, J. Silva,and G. C.
Temes, “A low-power 22-bit incremental ADC,” IEEE Journal of Solid-State Circuits
(Invited Paper), vol. 41, no. 7, p. N/A, July 2008, in press.

Janos Markus, Philippe Deval, Vincent Quiquempoix, Jose Silva and Gabor C.

;I'emes,” Incremental DeIta-Sigma_ Structures\, for DC Measurement: an Overview”,
el e

L]
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MCP3421 Part Numbering
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Multi-Channel Versions of the

MCP342X Teaser

MCP3421 to come soon !!

DEVICE

CHANNELS

12C
ADDRESS

PACKAGE

MCP3421

1 Diff.

Program at
factory

SOT23
6 pin

MCP3422

2 Diff.

Program at
factory

SOIC,
MSOP, DFN
8 pin

MCP3423

2 Diff.

2 select pins
8 addresses

MSOP, DEN
10 pin

MCP3424

4 Diff.

2 select pins
8 addresses

SOIC, TSSOP
14 pin

MicrocHip MCP3424 PRODUCT BRIEF

Four Channel 18-bit AX A/D Converter with I?C Interface

FEATURES

+ Four ADC Input Channels

Differential Inputs (Vin+, Vin-)

On-board Veltage Reference:

- Accuracy: 2.048 Y </ 0.05%

- Dnift: 5 ppmiiC

Programmable Gain Amplifier (PGA):

- Gain Selection: 1,2, 40r8

Selectable Resolution with no Missing Code:
- 18 bits: Sample Rate = 3.75 5PS

- 16 bits: Sample Rate = 15 SPS

- 14 bits: Sample Rate = 60 SPS

- 12 bits: Sample Rate = 240 SPS

INL: 10 ppm of FSR (FSR = 4.096/PGA)
One-Shot or Continuous Conversion Option
Auto-Calibration of Internal Offset and Gain
per Each Conversion

On-board Oscillator

« EC™ Interface:

- Eight Available Addresses

- Two Address Selection Pins (A0, A1)

- Standard, Fast and High Speed Modes
Single Supply Operation: 2.7V to 5.5V

Low Current Consumption

Extended Temperature Ranges: 40C to 125C

APPLICATIONS

= Temperature Sensing with RTD, Thermistor,
and Thermocouple

« Bridge Sensing for Pressure, Strain, and
Force

» Portable Instrumentation

« Factory Automation Equipment

C Goods

DESCRIPTION

The MCP3424 is a famiy of high performing MCP342x
delta-sigma devices from the Microchip Technology
Inc. The MCP3424 is a four channel low noise, high
accuracy AZ AID converter with difersntial inputs and

up te 13 bits of resclution. The on-board 2.048Y refer-
ence voltage enables an input range of + 2,043V differ-
entially (4 voltage = 4.096V).

The device can perform analog-to-digital conversion at
rates of 3.75, 15, 80, or 240 samples per sscond
depending on the user confrollable configuration bit
settings using the two-wire 1°C serial interface. During
each conversion, the device calibrates offset and gain
efrors automatically. This provides accurate conversion
results from conversion to conversion over variations in
temperaturs and power supply fluctuation.

The user can select the PGA gain of x1, %2, x4, or x8
before the analog-to-digital conversion takes place.
This allows the MCP3424 device to convert a smaller
input signal with high resolution

The MCP3424 device has two conversion modes: (a)
One-Shot Conversion mode and (b) Continucus Con-
version mede. In Cne-Shot conversion mode, the
device enters a low curreni standby mode automati-
cally after ane conversion. This reduces current con-
sumption greatly during idle perieds. In centinuous
conversion mede, the conversion takes place continu-
ously at the set conversion speed. The device updates
its output buffer with the most recent conversion data.

The device has twe address selecfion ping (40 and
A1), The user can select the two address bits (AD, A1)
by connecting these pins to a logic level (i.e., fis to Voo,
Vsg, etc.).

The MCP3424 operates from a single 2.7V to 5.5V
power supply and has a two-wire EC compatible serial
interface for a standard (100 kHz), fast (400 kHz), or
high speed (3.4 MHz) mode.

The MCP3424 is available in 14-pin S0IC and TSS0P
packages.

PACKAGES
SOIC, TSSOP
e[ 7 [igeors-
- 12 ke
ﬁ =] cHe-
s 7] cHz-
£
FoR L] IS
= =] A0
| scL
30IC: Namow-130 mil body. TIS0R: 4.4 mm bogy

MCP3424 Samples Available
Now !

: eomeneereeitaes | Page | SPECNO. | REV. |
|:1::tz.:e Microchp Technalogy, Inc ‘ 10f2 | Prefiminary | A |
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Think in Volts not in bits !!

Designer/Vendor:
“My converter is a 22-bit one !”

Customer:

“I only need 12 bits resolution ! | don’t think | need
your product ! It must be an expensive one !

Designer/Vendor:

“But if you look at your sensor, there is only 10
mVp-p full scale signal, this leads to a 2.5 vV
Resfolution, which is my ADC resolution with a
Vref=5V”

Customer:

“Thus You meet my requirements! You are in ! It’s
always a pleasure to work with Microchip !”
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Effective Resolution at Sensor output

ENOB@sensor = ADC ENOB - Unused dynamic Range
Unused Dynamic Range = In(2*Vref/[FSR@sensor)/In(2)

2.5V

ov

- - 2,097,151

| _ 8192

4096 I 12-bits

-0

*

21-bits




System Design Consideration
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wer=  Reduce Signal Conditioning Circuitry

pob o

MCU/CPU

VREF

58 L B e L

© 2007 Microchip Technology Incorporated. All Rights Reserved. 11075 ADC
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Signal Conditioning: - Voltage Reference
Buffer p (Bandgap Voltage Ref)

- Gain / Attenuation &,

- Active Filter . L .
- Level Shift TN
- Differential to Single- L | Voo

ended conversions =1

T -

Filtering : Anti-Aliasing, Bypass Caps
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== Selecting Signal Conditioning
Amplifier

Operational Amplifiers
Ideal for small single ended signals.
Used where common mode voltage is NOT an issue

Differential Amplifiers
Best for low (<100) gain differential signal - fixed

Most commonly used to translate a differential signals to
single ended in present of high common mode voltage.
Current shunt

Relatively low input impedance (10K — 1M)

Instrumentation Amplifiers

High gain variable (up to 10,000), high common mode
rejection and high input impedance

Connect directly to sensor
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wr=zr - Example of Amplifier Noise Calculation

W
Rg

en = 8nV4L Hz A

in = ignore e ADC

-+
R,=Ry=1K  BW20-20KHz
Gain=1 1 LSB = 44pV
R.=0 Vnoise at ouput = 12.4 uVv

2
Virms = \/153.6uV2 +7.68uV? +7.68uV ~ =12.4uV

|, is the noise current source

SNR=20log(1/12.4 uV) = 98dB
T=25

© 2007 Microchip Technology Incorporated. All Rights Reserved. 11075 ADC
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R,
WWW
R, Vie = Vossp ¥ Vomrr T Vesrr
o MWL =
R.= _RiRo ¢\|7\/F</\ + )
= "RR, |

_ R R
V, = £V, {1 + W;}i lg. Rp{1 + ?12}1 s, R,

Input signal + Vo +/ 7 Input signal

E +vO\f

> ADC

If not calibrated , offset of the opamp will be seen as a signal thus
it will contribute to ADC output offset error
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Signal Gain Error

ViNo—F

| g }-o—]

Non-inverting Amplifier Gain

1 1
A =<1 + %) 1+ 1 = . (&) 1 1
1 Aypf R

+
AypB
B = Feedback factor R,
R,*R,

A = Closed-loop gain

© 2007 Microchip Technology Incorporated. All Rights Reserved.
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Switched-Cap Input Structure

Analog inputs are a switched
capacitor stage where the sampling
cap is charged and discharged

A switched cap is acting like a
resistor thus input current is
proportional to voltage input

Input impedance is proportional to
1/(f,.C.) and can be several MQ
(MCP355X, MCP3421 input

impedance about 2 MQ typ.)

VIN o

VDD

K lILEAK

> Ron
W——

E Csample_£

Analog Input structure

Leakage current comes from ESD input diodes

For absolute accuracy, you need to consider input R-C
settling time here . Input should settle to within 1/14 time
constants of sample time for 1 ppm accuracy.

Example: MCP3551 switching frequency = 112640Hz .
Source impedance has to be chosen so that

1< 14/112640=634 ns
© 2007 Microchip Technology Incorporated. All Rights Reserved.
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Input Equivalent Circuit

RS E Ri i
Fy ‘N\N\_.. WWA i R (= RS +R i
V, — C, Input Step: 0-Vs
v v
- ADC Input Structure
[ R- tC ] V
Vo=V, { 1-¢ 17 } Veiaise = Vs- N

Settling time for a 16-bit system :

tcioise = R+ Ry x C, x In(131072)
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RC Buffer Selection

Typical Op Amp output and SAR ADC input
VADC = VSIG — Verr

where Verr = % - VsiG - e_%
f

Solve for V_ with

t=T,, 1=R.C,,
Vo, Vsie = FSR, V,|ir. < yZLSB,
K= Amp DC Gain -
C.>10.C

Rule of thumb! ﬁ R Ts
105, in[10 2~ @]

© 2007 Microchip Technology Incorporated. All Rights Reserved. 11075 ADC Slide 86



Voltage Reference Selection

Most important choice after ADC

Low noise, low drift reference, calculate your
error budget

Look at 1/f noise corner frequency, the lower
the better, this noise cannot be averaged!

Beware of heating, look for low tempcos

Low power is always appreciated in battery
applications (think about total power budget)

Choose a Vref value that matches your
application (ex: low value for better linearity)

Low output impedance is preferable
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ekt Voltage Reference Drift

Output codes with a poor reference: Output codes with a stable reference:

~40ppm of V,; or 100uV of drift ~2ppm of V,; or SpV of drift
(Vref = 2.5V) (Vref = 2.5V)
] (= L -10] x|
ADC OQUTPUT ADC OUTPUT
— 313140 . 260090
= 1 =
S 313120+ o |
= | = 260088/
£ 313100¢ =
2 )
O 3130807 B
(| It (i B
=1 =
313060 — 260084
1000 2000 3000 4000 1000 2000 3000 4000
Sample Mumber Sample Number

If you write V = V. .ioctV emoise YOU Can write output code as :
OUtpUt Code = Vin/(vrefDC+Vrefnoise) X 2N=Vin/VrefDC x 2N x 1/(1 +Vrefnoise/vrefDC)

~ N N
Code Out VinNrefDC X2V - Vin/VrefDC X 2 (Vrefnoise/VrefDC)
Static Term Term with V  noise error
Becomes very important when Vin close to V ¢
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UorM  Buffered/Unbuffered Reference Circuit

HF NOISE FILTER
CAPACITOR
NEXT TO VREF PIN

VOLTAGE L LFNOISE =
REFERENCE = FILTER T+ VREF
IC CAPACITOR ADC

Most of the time no buffer is needed ( if not many
circuits to drive)

If buffer is needed, choose a low offset, low noise
HF NOISE FILTER

opamp CAPACITOR
~ l NEXT TO VREF PIN
/ ! “
* LF NOISE L
VOLTAGE NOISE FILTER mm FILTER 4 VREF
REFERENCE mm=  CAPACITOR CAPACITOR ADC
IC NEAR OP-AMP INPUT | _

S S
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Reference Distribution

Buffer/Filter

ADC

Buffer/Filter

ADC

Buffer/Filter

ADC

© 2007 Microchip Technology Incorporated. All Rights Reserved.
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Choosing Bypass Capacitors
Impedance —~ 1M - - Ilnfl s
Q}, 100k \ Ceramic 1=
Target Impedance (¢b] ! OOll.,lf
——————————————————— O 10k \ .
[ 1 1 1 [ [l 1 1 l’:re'qLller-'"::?'II C [ Ce ram I C
I T T T T T ! 1 1 1 - CG lk \ 1
1Hz 1kHz 1MHz 1GHz S — | ']
Switching Bulk ~ Ceramic PCB D 100 ‘ |
Power Supply Capacitors HI% haE;?:?tLé ?-QGF ;'l{::i o 10 1 f ]
= H - St
!§I>LT-F\ J% -% Vou _ 1 Tantulum 2= —
Vrer

— 100 1k 10k 100k 1M 10M
T ? Frequency (Hz)

Bypass capacitors act as a charge reservoir for current spikes caused
by fast edges. The bypass caps have to meet a low target impedance
over the full frequency range to have a good system PSRR

Try to put different caps in parallel covering different frequency
ranges:

Low MHz range : high capacitance, low ESR
Tantalum Electrolytic - Small size, large values, medium inductance
ngh MHzlGHz range : medium capamtance low ESL
- Jdow ESI, NPO, X7R
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MASTERs 2007 Anti-Aliasing Filter
Passband Attenuation Considerations

The maximum variation in the passband

An analog filter is required to must be less than the resolution of the
limit the BW of the input signal ADC
(as per the sampling theorem)
A< b
< o¥

W 1,/ f

FIGURE 3-4  Analog lowpass filter design.
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Anti-Aliasing Filter
0dB T
Dynamic
-50dB
. : !_ | | 3 R
Aliasing willj A f_zs fs-Ta 2 fy fs +fa Frequency
occur at
these
frequencies

50-dB, alias-free range is insufficient for 16 bits.
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Anti-Aliasing Filter

For higher frequencies, greater than 120dB rejection at all
frequencies except, around multiples of the over sampling
rate

Consider 1st order anti-aliasing filter design ( Simple RC! )
Locate R-C filter close to MCP355X/3421 analog input pins
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== EX: Simple RC Anti-Alising

Filter

Anti-Alising Filter Response

5
0 * L»L
R =150 Q ®
— o -10
C =0.1uF g
o -15 -
©
2
R e -20
— g
—
C I -30
_35 i
-40
1 10 100 1000 10000 100000 1000000
Frequency (Hz)
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PCB Layout strategies

Experiment different implementations for
layout: Use the converter to validate your PCB
layout experiments!

System noise can be as low as 5yV RMS even
with a 2-layer board

More layers are preferred for very quiet
systems (testers, instrumentation...)

The key of layout is routing discipline
Grounding is the first thing to consider
The more symmetrical the better

Slide 96
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PCB Layout : Ground

A low-noise, accurate system must have a stable, quiet
reference point: GROUND !

Provide current return path, wide power supply traces

Separate ground planes AGND and DGND but do not
split them : star connection between AGND and DGND

Good decoupling , for ex. 1uF tantalum w/ 0.1uF ceramic

Grounding, grounding, grounding: ground plane under
and around the MCP355X (2" x 2" region)

Minimize electric fields, magnetic
fields, temperature gradients

No CUTS or SLITS or SLOTS (these
act as antennas)
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PCB Layout: Analog signals

Keep minimal length lines =
9 fACP3551 Eval Bd.

Thermo-coupling effects are huge in
PCB vias

If possible no Vias on VIN+, VIN-,
VREF

If vias, try to match them between
VIN+, VIN-, VREF

Minimize electric fields, magnetic fields,
temperature gradients

Isolate VIN+, VIN-, VREF lines from fast
switching or full swing digital signals,
split PCB

Match VIN+, VIN- lines for minimal
offset

Interface directly with transducer
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PCB Layout: Digital signals

Digital signals do not only induce ®

noise but also repetitive transient = o
spikes that cause deterministic T
errors

Isolate fast transients, full swing digital
signals from the rest

Fast edges on the edge !

Digital circuits should have their own w7 N .
supply gy . D o :
Since reading and converting can be

done simultaneously, use series

resistors (10kQ) on digital interface
signals
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Section 5

Sensor Applications

© 2007 Microchip Technology Incorporated. All Rights Reserved. 11075 ADC Slide 101
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Loriv Universal Sensor Interface

VREF + VREF - CLK
Excitation
Voltage

Al —
IPG A ADC Programmable
N MUX SAR or ZA I Digital Filter
Al

Al Calibration|ll Control |l Output
Register Register |l Register

External .-. A

Sensor Element CS SDI SDO
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Sensor Classifications?

SEMSORS




What about Wireless Interface ?

RF

b
y
| W,
A
W
% III|
i [ 'l,I
i
)
1)
\
)
\
W
\
\
|\
\
\

Sensor

AAVAN AN

\
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RF Pressure Sensor and Its Interface

Excitation 2.4GHz
IEEE 802.15.4
100 Q ~ 5 kQ

\

10 ~ 50 mVpp

\ MRF24J40

PIC® MCU
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Pressure/Strain Sensors




Temperature Sensing

echnologies

Silicon IC Sensor




UHF ZigBee™
Transponder
| MCU | |

Computer [E5] Apc
(Data Base)

Sensor Module

Controller Module

© 2007 Microchip Technology Incorporated. All Rights Reserved. 11075 ADC Slide 108



MASTERs 2007

RF Thermocouple Solution

MRF24J40

Isothermal Block




MASTERs 2007

Thermocouple Types
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Thermocouple Sensors

Sensor Type: Type J and K are most common
Sensor Excitation: Not needed

Requirement: Cold Junction Compensation (Temp
compensation circuit in the signal conditioner)

Output Configuration: Differential
Output Swing (full scale): 0 mV to 50 mV (typical)

Type J: 0 V to 41 mV for temp change from 0C to
750C

Type K: 0 V to 50 mV for temp change from 0C to
1250C

Sensitivity: 55 uV/C for Type J, 39 uV/C for Type K
Applications: Stoves, Engines, Thermopiles

I Reserved.



VELY Microchip’s
Thermocouple Solution
(MCP3421)

Temperature measurement resolution
K-type Thermocouple : -270°C to 1370°C
Voltage resolution: ~40uV/°C
ADC Resolution of: 2uV/LSb ~ 0.05°C/LSb




Microchip’s
Thermocouple Solution
(MCP3551)




Microchip’s _
Thermocouple Solution
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i\ A RTD App| ications
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RF RTD Solution

4- wire RTD Microchip Solution

+Vier

R IBIAS 2.4GHz
WIRE IEEE 802.15.4
ISR,

\

|

am=sl PIC® MCU

RTD
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Thermistor Sensors

Sensor Type: Two wire connections

Sensor Excitation: Vref or Iref

Output Configuration: Differential or Single-Ended
Output Swing (full scale): 0 mV to 50 mV (typical)

Resistance changes from 32 Kohms to 2 kohms
when temp changes from 0C to 100C

Sensitivity: ~-10 mV/C
Applications:
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RF Thermistor Applications

Excitation
Iref=~0.2 mA 2.4GHz
IEEE 802.15.4
AVOUt/AT
=~-10 mV/C
MRF24J40
Linearization
Resistor I

(5 KQ) g P|C®MCU

10 KQ NTC
Thermistor
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Bandgap Temperature Sensors

Sensor Configuration:

Brokaw Cell: OP Amp + two current sources +
One diode, or OP Amp + one current source +
Two diodes

Output Configuration: Single End
Sensitivity: ~ 10 mV/C

Applications: Battery Management, Power supply
(Over temp shutdown), Cellular/PCS (Power Amp’s
temp compensation, Thermal sensing), etc.
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we=ee - Silicon Temp Sensor Applications

R %R
, I

Q2 ‘}Q1
R2 VPTAT
O
R1

—W—

O Vce
O VREF
o, R KT (n)
PTAT ~ Zﬁ( a J'" N
REF ~ VBE (a1) © VPTAT
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Temperature Sensor Summary

650 C Voltage

Excitation

Thermistor J-100C to} Currentor -4.4 9%/C
300C Voltage @25C
Excitation

-50C to Current -2.2 mV/C
150 C Excitation
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Humidity & Due Point

Sensor Type: Capacitive (most common) , Resistive, or

Thermal Conductive Measurement
Sensor Configuration: Mostly two connection points

(excitation input and output)
Sensor Excitation:

- AC excitation for Capacitive and Resistive Sensor:
SVpp @ 30 Hz - 100 KHz range
DC Excitation for Thermal Conductive sensor
Sensitivity: 0.2 ~ 0.5 pF for 1% RH change

Output Range: 0~ 30 mV for Cap and Thermal,

- a few volts for Resistive measurement

- Capacitive: Between 100 and 500 pF
- Resistive: 1 Kohm to 100 Mohms
Sensor Response Time: 10 ~ 60 Sec

© 2007 Microchip
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PIR Sensor Applications

PIR Detector

ET
IR /
—_— ADC
—_— (> 12 bits)
—
ﬁ _

Fresnel
Lens

Element —p | ED

© 2007 Microchip Technology Incorporated. All Rights Reserved. 11075 ADC Slide 123



MASTERs 2007

PIR Sensors
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Hall Effect, Magnetic Field
Magnetoresistive Sensors
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Gas Sensor Applications

C
11 R3
Rz R4
Gas Sensor A A

Element

NI
T R1

(aoc |-
oo —{ e |

»




Gas Sensors

Example: CO Detector

Sensor Configuration: Two or three
electrodes. Mostly four pin connections

Sensor Supply Voltage: 2Vto12V
Sensitivity: ~ 50 nA/PPM
Detection Range: 0to 1000 PPM
Sensor Response Time: < 50 sec
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Sensor Interface

Type Configuration Excitation Outputs Output Range Sensitivity
Wheatstone SV(typ), 12V(max) . : Typ: 10mVpp~50mVpp, ~1mV/PSI
Pressure Bridge 2mA ~ 20mA Differential Mostly > 4mVpp Response <100us
. . Type J: 0 ~41mV Type J : 55uV/C
Thermocouple Type J & K Not Needed Differential Type K : 0 ~ 50mV Type K : 30uV/C
: , : Differential Typ: OmV ~ 50 mV _
Thermistor |Two wire connections Vref or Iref Single-ended Resistance 32K ~ 2K Typ: ~10mV/C
Two/Three/Four wire Vref or Iref . : _ 0.00385
RTD (Kelvin) > 0.2mA Differential Typ: OmV ~ 50mV ohm/ohm/C
Bandgap Brokaw Cell Need Vref or Iref Single-ended ~ Volts ~10mV/C
Capacitive, Resistive AC/DC Cap : 0~30mV 100~500pF)
Humidity or Thermo Single-ended Resistive: Few Volts 0.2~0.5pF
V Hz-100kH
Conductive SVpp@30Hz-100kHz (1K ~ 1Mohm)
FET Connections :
PIR Drain, Source, GND 2.5V ~ 15V Single-ended 0 ~ 20mVpp @ 5Vsupl ~1.3mVpp
Wheatstone Regulated . ,
Hall Effect Bridge 5V(typ), 12V(max) Differential | -30mV ~ +30mV @5Vsupl 1mV/V/Gauss
2/3 electrod
Gas /3 electrodes 2V ~ 12V Differential 0~2V ~50nA/PPM
Typ: 4 pins

© 2007 Microchip Technology Incorporated. All Rights Reserved.
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Section 6

Hands-On Class:
MCP3421 Battery Fuel
Gauge
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Battery Fuel Gauge Demo Board

9% Power Supply

Test Pins for Battery Charger (See Note 1)
Connector for *, -
L 9 Battery Connector |

= ,
MPLAB™ ICD2 In-Circuit KKR (See Note 1) |
N, 1
."II 2x16 LCD ™,

|I III lli | | II III II|II I|I
[JP1 dumper/ | | |MCP3422 \ | MCP73831 \
| Jo | Footprint | | | |
USE Connector |,.'" III [ | I.'I \ II".I MCP3421 12C
(Mot used) X / b f \ \ Interface Test Points
f | MCP3421 \
PIC18F4550 | | \
Potentiometer |

| MCLU MCLRE Reset Switch
III
| b
Current Sensor JP2 Jumper )

(for Battery Charging Test)
© 2007 Microchip Technology Incorporated. All Rights Reserved.
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el  Battery Fuel Gauge Diagram

MASTERE EDU

Battery Voltage= < > V
Discharging Current=< > A
Charging Current=-<> A
Fuel Used =< > mAH
Remaining Fuel = <> mAH
Remaining Fuel =<> %

' LCD Control

MCU
PIC18F4550

—>

Charging
Current

o
c I/O
g % /0
= c £ 5
o0 S E STAT PROG
! 8o

VBAT
| [2CT™
MCU
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Battery Fuel Gauge Schematics

MASTERs 2007
A B [ c [ D [ E F
REV Fevision Moles Date
1 Imiticl Rel B 21587
Lem nitiol Release
. oL
k24 | LCD_2X16_CO0G  pmla
E—Llnw oot
1 [ T RZ1 !
+ - st B Fea Bin 3
= = ] W
o ] e A4 Fin 2
= baant ] 249 T
* =1] 13 _I__-T_D
= Lk &3 ——o_ g EI
o
- MCP1 782 "'I—. b o] 'T*T"'TET“ ol 2|3 4 = To® 8 £
'.i\a'-ﬁﬂpmr-lr!':‘ul:\ply | | P Y- R23 _|0—|? -—|E-
1 = T == e BEooRiRiRgER" NGHE = = -
[ =L I wi & U u = ]
2 [+] — 1 EEfda-s
S3uF | ° —RC7? EEBRE ML
= SEE MQTE 1 [ P - | —;Ruusrm RCa 5
SELOW = e = RS ] —2RDS/SPPS osc2 T
‘ B FE _C'_ - ROG /5P RS Uz sl
2 v OC Hattery OV :":B“ﬁ"_ i = 5 |ROTYSPPT oy gRasse WSS cre = R28 2
P11 11 [ TP1@ - Vs - W) Vi it 332
T 1 <l o6 = = B— o #4 Pin TOFF  geo r0ESPE
= AT = i =R RE1./CK;
L - w2 rE REB/CK 1S = = R e
= raz a RAS| 1
w1 lpay & mas =
TPS it = 2
AN 4B JP3 | g
Bntiary Taai | - i 8,81 Ohres Senae Resistor ) é @ -
| FEEED o b suN =50
3.7V Rechargable Battary i R1Z .-| _'l ._| ._|
3TV R1d
TPE » L
- 13 R4 R15 R25
_E' | 1.5k 1.8 1.56 5K
BATZ |,
seaK D& ng Di@
L E; \\m-' REZ es
3 TP146 = 3
=
_ +5V tlﬂ
R4 < \ =5
S +5V K
_— CW"-, - Ba TP3 —
1@k Frog 2 b1
cow ™ ®7 &
e e
TR12 P13 RED GREFN |
& _é_ C-5TAT (R ™ T B 2‘.?-: P2 +
(=20 ? = 2l - = P €1 Frog 1 =
- NOTE: § 1 = T = -2 Voo MCP2421 Battery Fusl Gouge Deme Boord
Use 3V Pawer Supgy or Vsl iy e WCPTI BOTEI-G l— TF1 g1 el . 1a3—2a121
9V Battery, But not Both ot the some time =] — iy - @ 1
- ICROCHIE [Frg Youbon o
= Bts: BN 8T | D=wen e L Do
Fhensma: 1038015151808 B
A [ B [ C [ [ E F
© 2007 Microchip Technology Incorporated. All Rights Reserved. 11075 ADC Slide 133



et Li-Polymer Battery Characteristics

PO MRS 0% BT - Sasd Meuesiss Badis - CHA

Fir B views TeE Feip

O EFre 57T

THM Mema Bakary Typa Caparsy (Al)  VoRage: Cala TemAmps Taan Cinofy.
| oy = [0 [ood [ o my [ o0S !T|
PLETI0XG-2 .05 1 Leom oo, 0.2 AR O 10a ioltkags
|
14 Curmnl
10 I-mEHr
A 1
b
8 a4 ‘whahis
=
| ] Ta
14
&
i3 Dl O rcd
tound
w4 O 3 » B 2 = - T
=2 = =] =2 =] = = = [ =
AmpHis

Waady
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L START )

Fuel Remain (mAH) = Initial Battery Fuel (170 mAH)

]

Get ADC value from U1 Multiply ADC counts * LSB
{ for Discharging Current) (LSB = 15.625 uV)

|

Get ADC value from U5 Battery Volt = 2 * Acquired Volts
| for Battery Voltage) (ADC Input = After Voltage Divider)

'

Battery Volts < 50% 7 Yes -

Ma
Fuel Used (mAH) = » Discharging Fuel (mAH)
i

* Discharging Fusl (m&H) = Discharging Current (mas) 3600

Y

Fuel Remain i(mAH) = Fuel Remain {170 mAH)
- Fuel Used (mAH)

-
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' A
Get ADC value from U1
( for Charging Current)

'

Get ADC value from U5
(Battery Volts)

Fuel Remain (mAH) = Fuel Remain {170 mAH)
+ Fuel Charged (mAH)

Is Battery FLJII'_u,.r Charged 7 No

Interrupted ?

Yes
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Llor IV JP1 and JP2 Connectors

Connector Jumper
N JP1/JPZ Connector

*\-:j /

(a) JP1/JPZ is connected

Connector Jumper
| JP1JP2 Connector

w

(b) JP1/JP2 is disconnected
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WM - Experiment with 1.5 V AAA Battery

Step 1: Connect JP2 and disconnect JP1.

Step 2: Connect 9V Power Supply or 9V
Battery to the Demo Board.

Note: Do not connect both.

Step 3: Connect AAA-1.5V Battery clips to
the BAT2 (+ RED) and Gnd (- Black).




HEM - Experiment with 1.5 V AAA Battery
e ——————————————————————————————

Step 4: The LCD will display the following
message:

Microchip
Fuel Gauge Demo

Step 5: Press S3, the LCD will display the
following message:

S2: AAA Battery
S3: LiPoly, 170 mAH




weM  Experiment with 1.5 V AAA Battery
e ——————————————————————————————————

Step 6: Press S2, the LCD will display the following
message:

Battery In-Use:
1.5V-AAA, 1500mAH

Step 7. Press S3, the LCD will display the following

message:
Please Wait
Initialization ...




o] Experiment with 1.5 V AAA Battery
e —————————————————————————————————————

The LCD will display the Battery Voltage and Current:

V =1.4579628 V
| =0.0146034 A

A secdnd later, the LCD will display the fuel used:

Fuel Used:
0.002 mAH




ST Experllmer_\! with Rechargeable
4.2V L|-PoI¥mer Batte“

Step 1: Connect JP2 and disconnect JP1.

Step 2: Connect 9V Power Supply or 9V
Battery to the Demo Board.

Note: Do not connect both.

Step 3: Connect 4.2V Li-Poly Battery clips to
the BAT2 (+ RED) and Gnd (- Black).




MASTERs 2007

Step 4: The LCD will display the following
message:

Microchip
Fuel Gauge Demo

Step 5: Press S3, the LCD will display the
following message:

S2: AAA Battery
S3: LiPoly, 170 mAH




UcriVi xperiment wi echargeable

MASTERs 2007

4.2V Li-Ponmer Batte“

Step 6: Press S3, the LCD will display the
following message:

Battery In-Use:
170 mAH, 3.7 V

Step 7. Press S3, the LCD will display the
following message:

Please Wait

Initialization ...




Step 8: The LCD will display (A) Battery Voltage and Current,

(b) Fuel Used and (c) Fuel Remain by itself.

Note: The device calculates the Fuel Remain under assumption that
the battery is started with a 100% capacity (170 mAH).

UcrVi xperiment wi echargeable

V =4.1023046 V

| =0.0416021 A

Fuel Used:
0.1541 mAH

Fuel Remain: 99.411 % ,

169 mAH
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4.2V Li-Ponmer Batte“

Step 9: If the battery voltage drops below 50% (2 V),
then the LCD will display:

Battery Volt < 50%
S1: for Charging

Step 10. Disconnect JP2 and Connect JP1. This
allows the current flows into the battery from
the Battery charger output (U3).




UcriVi xperiment wi echargeable

MASTERs 2007

4.2V Li-Ponmer Batte“

Step 11: Press S1, the LCD will display the following

message:
Under Charging
S1: Stop Charging

V =1.2023046 V
| =-0.1356028 A

Step 12: During charging, the LCD will display
Battery Volts and Current.
Note that the negative sign of the current.

i Reserved.
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MASTERs 2007

4.2V Li-Ponmer Battew

Step 13. The device will exit charging mode if the
Battery voltage is greater than 4.2 V (fully
charged) or if you press S1.

Step 14: Once the it exits the charging mode,
disconnect JP1 and connect JP2.

The device will repeat Step 8 ...
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~ MCP3421 I2C™ Communication Test

Connect Oscilloscope Probe 1 to SCL test point.
Connect Oscilloscope Probe 2 to SDA test point.
Connect Oscilloscope Probe 3 to Sync test point.

Set Oscilloscope Trigger to Ch.3.
See Figs 5-4 and 5-2 of the MCP3421 Data Sheet.
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12C™ Hardware Overview

+VDD

Pull-up
resistors

SDA

SCL

Device Device
Master 1 Y 8
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Start and Stop Condition:
Generated by Master
After Start Condition: Bus is Busy
After Stop Condition: Bus is Free
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MCP3421 I2C™ Communication

SCL

LRREREAR

; I Y 4
Start Bit by — SEv AF ACK b b Bi
RIW— ACK by —RDY 0QIC . Stop Bit by
Master MCP3421 MCP3421  Master
15t Byte:
MCP3421 Address Byte Znd Byte
with Write command h‘ < Configuration Byte

Note: - Stop bit can be issusd any time during writing.

— MCP3421 device code is 2101,

— Address Bits A2- AD = 000 are programmed at factory unless customer requests different codes.
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SCL

Start Bit by RAW= 8CK by ACH by ACH by ACKby “RDY ©TIC AUCH by
Master MO 3421 M ter Master Master Master
1at Byte 2nd Byie Zrd Byis dth Byte Gih Byie
L MCP3421 Address Byte J # Uppser Data Byte J hiddle Data Byte L Loweer Data Byte J L Configuration Byie J
s "l (Data on Clocks 1-6th | . | I~ L {Opticnal) o
are ignoned)

' ROY [)ls MAK by Stop Bit by

Mlaster Ylaster
kMih Repeated Byte
L Configuradon Byte 4
I~ {Opsonal)
MNote: — MCPFP3421 device code is 1101.
— Address Bits AZ- A0 = 000 are programmed at the factory unless customer regueasts specific codes.

= Stop bit or NAK bit can be issued any time during reading
— Data bits an clocks 1 - Gth in 2nd byte are repeated MSB and can be ignorad.
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A. Writing Configuration Register

B 20ps —112. 80ps
-4

Volts/Adiv

| Coarse |
Fine

Unit

Volt

<> Deskew

il Peak-Peak 7. 96vY 7_ 96V (Max) 796V Min) 10. 00

& Frequency g9. 23kHz  99. 23kHz (Max) 99_ 23kHz (M in) [ +0. 00ns |
O

Edge _4& @B HF-Re. 2. 10V Hext

3. 500V A:20. OmVY

DC1MS DCTMD DC1MD (2/2)

. 40¥V|ofs —6. 00OV|[Emp tv Emp ty

f:16.5112Hz 1GS 200k points RTC:2007/06/30 07:18:05
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B. Reading Conversion Data

B 50us —495. 00ps
E |

Volts/Adiv

| Coarse |
Fine

Unit

Volt

<> Deskew

P Peak-Peak 7. 96vY 7_ 96V (Max) 7_ 96V {Min) 10. 00
& Frequency 89. 69kHz  89. 69kHz(Max)  89. 69kHz (M in) [ +0. 00ns |
LOFf
Edze _4& @B HF-Rel 2 10V Next

3: 5. 00V 4:20. OmY
DC 1M DC1MQ DC1MQ (2/2)
_40vjofs —6. 0O¥|Emp tv Emp ty
1GS 500k points RTC:2007/06/30 06:43:06
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Writing and Reading

B 20ns —-668. 40ps Ex100ps 5] 1/ 1 EJ 83%
N Cursors

T HHHHH

Cursorl

Peak-Peak 8. 2gv 8. 43V (Max) 6. 0OV (Min)
Frequency 141. 4kH= 141. dkHz {Hax) 4. THkHz{Hin)

Edee _4 #EP HF—Re Z. 10V

3: H. 00Y 4220, OmY

DCTHR DCTHO

—dJ. 30VIEmp ty Emp ty
T216. BO''hHH= o00MS 500k points RTC:2007/06/30 08:06:30
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jerivi MCP3421 I2°C™ Communication Test:
Continuous Conversion Mode

B b0ps —22_37ms B S50ns
Cursors

Tvpe

Time
& Amplitude
Time
Famp | i tude

Cursorl

At=—11_0ps 1/41t=90. 9kH= Edege _4 #EP HF—Rej
: 3: 500V 4:20. OmY
DCTIMQ DCTHO
L. TOVEmp tv Empty
T:1.B66232kH=z 1HS H00k points RTC-2007/06/30 09:41:30
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MASTERs 2007 Test

Questions:

1. What is the Device Address ?
2. What is the PGA setting ?

3. What is the operating bit mode ?
(12, 14, 16, or 18 bits)

4. How long it takes to finish one conversion ?

5. What is the ADC Value ?
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Thank You!
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Appendix
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MCP3421 Input Structure

Zdiff
Ct—

Vin- O || L C3
Zdiff
c2— "5, V

Values of C1 and C2 change with PGA Settings
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