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Programmable
Analog ICs



Example analogue circuit:

e Active low-pass filter C2
R o
- o —

i WL
1 }
“ = RoC2

O Frequency parameter
dependent on absolute s
resistance and
capacitance values:
sensitive to process
variations, ageing and
temperature

gain

.l
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Achieving high-accuracy

e Use external (discrete) components (but
watch temperature dependence)

e Use ratio-dependent building blocks

e Use SWITCHED CAPACITOR TECHNIQUES

O SC circuits can provide the advantages of
digital circuits in the analogue world

— programmability and accuracy

.l
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e Charge-per-clock-cycle

e Equivalent resistance

What iIs a switched-capacitor?

=Vs.C

Average current
= Vs.C.f,

1
C.f,

R=<or

- Cf,

provided f, >> f,
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Why Switched Capacitor?

e Much larger resistance values for a given area

o Better “resistor” values
O Better tolerance; typically £ 1.0%
O Better matching - typically £ 0.1%
O Better temperature coefficients - ~ 1/20th to 1/300th
O Better voltage linearity - ~ 1/5th to 1/2000th
O Wider range

e Temperature and process independent ratios
e The “extras”
O Building blocks with “Negative Resistors”

o Non-linear functions (rectification)
O Corner frequencies scale linearly with the sample clock
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Switched-capacitor functions (1)

e Inverting gain-stage R

o Gain defined by capacitor R1
ratio

R2 _ %:2.sz c1

— 77

NB: Non-switched
capacitors prevent opamp
being left “open-loop”

.l
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Switched-capacitor functions (2)

o Non-inverting gain-stage _ﬁﬁ’_
(& LPF)
o change input sampling a I =
phase i .
Cl g
G=+—
C2
NB: Non-switched capacitor needed (H:E
to prevent opamp being left “open-
loop” Lo %][P o
e
- creates low-pass filter o i C2 E

1 fC .C2 O_O\,__HH‘ O_EI}—O
a) — —
°"R2C3  C3 107

.l
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Switched-capacitor functions (3)

e Summing gain-stage (& _H[L
LPF)
-R1a _%l_
Gl= +C—1a R1b ‘ED_O
C2
G2= +% c3
C2 Cla H[}

L o
—F
Vout :\/inl'Gl+\/in2'GZ C1b <T7 CZE

!
Rever se phaseto get : j@%\i % _°

Vout :\/inl'Gl_\/inZ'Gz
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Example analogue signal processing

S

offset-removal amplification filtering

Cla HH
V4 NS

Hi/ \J} %/_%\Jj
U %ﬂ
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Switched-capacitor functions (4)

e Integration

(common component in
control systems) R1

Cc2

Voo = K[V,

K=-—t

(Sign dependent on input-sampling phase)
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Switched-capacitor functions (5)

o Differentiation R2
(common component in i
control systems) —
V. =K av,
dt
K =-Cl.R2
_ Cl .

f.C2 —] E
\ —o0
(output responds to input change during each HALF clock period)
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Switched-capacitor Filters

e Biguad stage

O Replace RLC
prototype with : ~() > ouT
signal-flow path '

equivalent <

O Implement using
integrator building
blocks
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SC Bandpass Filter

. Co—
Gain=-— E
ouT
Different '
sampling

phases

C 2C3 20000 :...,0 C2
@, = fou :
CACB - o _I][I_ o—
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Dynamic Phase-Switching

e Addition of a
comparator and some
logic gives increased
flexibility
Q e.g. polarity-swapping

amplifier

C1

Input sampling-phase dependent on
control signal

@ © Anadigm 2003. All rights reserved.
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phase-control
2-phase
generator

O
clock
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e Full-wave

iZgm

SC rectifiers

O Use input signal to

control amplifier
polarity

Q Output is always
positive (or negative)

o NO DIODES!

© Anadigm 2003. All rights reserved.
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SC oscillators (1)

e Relaxation (ramp generator)
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SC oscillators (2)

e Sine-wave generator

BANDPASS FILTER
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iZgm

Building programmable analogue circuits

Fixed function, variable ey,

parameters

o Exploit current-
dependence of some
parameters

Variable functionality,

memory

g S
e B

als
-

variable parameters

o Opamp-based topology —

switch matrix ,

changed using switches
(or anti-fuses)

O Parameters changed by
adding/removing
components

.l
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Programmable SC architecture

e SC techniques can cover

many analogue \ ........ |
functions: g
=
O Sum/Difference switch mattix
o Filtering % L. L
O Rectification el |
O Oscillators %7_?)? 7 Wthmt s
e Function parameters /=
AND func?ionality easily = +
programmed o

.l
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e Addressable blocks

give flexible and fast
re nfiguration

e Configuration data

decoded to yield
programming
data/addresses

e “Shadow RAM”

allows full re
configuration in one
cycle

-

© Anadigm 2003. All rights reserved.
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Configuration

Configuration hardware
interface

configuration data

Protocol translator

data address
bus bus

decode 0 |

byte 0 I I I I byte n I

decode 1 |

byte 0 I I I I byte n ]

decodenl
byte 0 I I I I byte n
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Internal control buses

addr Config. RAM
Counter
data LUT or
¢ ADC
LUT
address data

00000000 0ooooo0aj

00000001 00011001
00000010 00110001 RAM
00000011 01001010
00000100 01100001
00000101, 01111000
00000110 10001110
00000111, 10100010
00001000 10110100 [||]

00001001, 11000101
00001010] 11010100
00001011 11100001
00001100 11101100

0oooo1101, 11110100 —O o—
ooaot110; 11111010

B B Il
1]
__O O -
—0
(vao +
data address
bus bus
\/
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SC linearisation

T T T

NTC : :
i |
Lhern;lStor- i Analog core cell. K I ‘\‘
ase )
sensor ¢ I
P 1
! ] wr [
" I SARADC interface I \ I—l near
! I_ N _' ' temperature/voltage
Sensor output is ' _ o \ characteristic
non-linear ' Signal dependent gain | :
0.35 25 22
o o
© 0.20 o 151 g 15
§ 0.15 - S 10| S 1
0.10 1 ,
0.05 51 05 -
0.00 — 0 : : 0 —
0 10 20 30 40 50 60 70 80 0.00 0.10 0.20 0.30 0 10 20 30 40 50 60 70 80
Temperature (C) Voltage Temperature (C)
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Summary (1)

e SC techniques can provide:
O High accuracy integrated components
Q Process, temperature, & supply insensitivity
Q “Correct-by-construction” analogue functions
0 Design at a high-level of abstraction
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Summary (2)

e Programmable SC circuits offer:
Q Flexible functionality
QO Real-time full or partial reconfiguration

O Hardware-multiplexing

COST SAVINGS AND PERFORMANCE
ENHANCEMENTS
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Anadigmvortex™
Silicon Overview



[s7 ko P
i

Lok Ay Tabra

ool G S taba PG

Anadigmvortex

Fully Differential

2x2 CAB (Configurable
Analog Block)

7 Inputs and 2 Outputs

4 SAR (Successive
Approximation Register)

256-byte LUT (Look Up
Table)
AN220/221
O Dynamically reconfigurable
o Standby mode (100uA)
Package: 44pin QFP
(10x10x2mm)
Status: In Production
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Input Cell

Input p | |

Input_m B

Sgna| Diff " 1: 13 A55 AHII0EN4
" et [P E I: :l . Opamp Jj| Output_P :
T DT i ouput_u '

Anti-aliasing filters

User -programmable 2" order anti-aliasing filters
L ow offset, programmable gain amplifier (PGA)
e 100uV maximum offset (chopper mode)

— Low Offset
PGA
- Features (As4 Input Cells)
{2 o= .
4 pOsn
g O
2 = °
" ™ =
] j| | [0
CAR oHe Y] 5 s
b cs
'-D” - -
o e Unity Gain Buffer
[ J

-

© Anadigm 2003.

All rights reserved.

Integrated Single-Ended to Differential Converter
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CAB (Configurable Analog Block) Cell

Local inputs | [F——
Global inputs |[F——

BOTTOM PLATE SMFCHES

B AN

TOP/KLATE SWITCHES

Ny
-
e
.

SAR >

EEEEEEER o -
EdFERE8 FF §

inamaaml o «  2differential op-amps
LT EEGL - 1 differential comparator
T | Fe= * 1SAR
' “L E: « 8 switched capacitors
s | — = «  Maximum Sample Rate=4MHz
T «  SNR =80dB (108dB for BW=22kHz)
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CAMs

Programmable Gain
s3. &
6:._| =
C1+ (2)_)
HOuT +

N+ B— »—]} +>
- v E HOUT -

it S24
G

S3- 3.

Analog Voltage Multiplier

s3. O*
F T
]
é—-om .
WOUT -

—I
ﬂ Nkl

S3- 3.

<

b pm——— |
4 v SAR
v &

o—
PR
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iZgm

SAR-ADC

Each CAB has an 8-bit Successive Approximation
Register (SAR) which can be used with the comparator to
generate an Analog to Digital Converter (ADC).
SAR-ADC requires 2 clocks

O CLOCKA determines the successive conversion rate.

O CLOCKB (=16 X CLOCKA) is used for the conversion itself.

SAR Input is limited to VMR +/- 1.5V.

SAR Output is routed to either: Giabal — ﬁ opamg>—] )
Local —3 __Hl_
O LUT’s address port i i 5o "
O Host CAB ; i T e
E —t-
NOLCoox| [ LUT | [ SAR S;:f':
anarator nbemacsa Ogc
TTTT 1 T -
- Aniog Clocks L0kUP SAR
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Look Up Table (LUT)

Features:
o 256-Byte SRAM LUT

@ @ O Eight banks of 32-bytes each

SAR-ADC

Counter

- N & LUTcan be addressed by any
of the four SAR-ADC outputs
\ L L1 OR a counter
BE‘N:‘; Bytecl)l Bytehl " Byte e,ll e LUT’s output can be used to
O | | | ) change the operation of any
@ part of the analog array.

Device Memory Array

.l
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Output Cell

LOAD ORTY .
VG1+| l—] CMOS Fets :
[vei| m—| (bypass mode) T
.
.|
=
. Tl
.
|
=
=
T
.
.
| o Tristate drivers
- (digital mode) ’\]\
-VLG- |

Vil L
V| =

CMOS Fets
(bypass2 mode)

Diff2singlel

our | o0

LPF

Input select

Diff2single2

oum |m

User -programmable low-pass
smoothing filter
Analog or digital output

« Digital output mode used with the internal
comparators

ol guration Stbe Maching

[+
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Interfacing to a EEPROM*

ey
L 2| A
EFFCOM AN 17 2200ED04 5:
MESD) A CHiM SCTIVARTE—
S0LH EARAL
RS 'T_ P iORE CFEFLGE o
Ak CE L
EXECUTE ,&
Caib
1 L —
— DO CLK—
=g RMHz | | | | | | gPI
o = MODE PIMEM
| in sl pull-un can B sl rrie bl
u: | Irts inbsmsl pl-up B ossd

* 25 series SPI or 17 series EEPROM

SPI — Serial Peripheral Interface

.l
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Interfacing to a Processor

I_.-'
SPI Port <
Micro b
GPIOk
AN220E04
(Data)
MOSI DIN ACTIVATE —

[ ERRb
PORb CFGFLGb—
GPIO A C52h /]:

EXECUTE i

C31b
4 ﬂﬂnfig urad
ACLK LCCh

<omHz ML CLK  SCLK |20 MHz DCLK /7 NOUTCLK

SPI — Serial Peripheral Interface

.
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SPI Part
Micro

Interfacing Multiple FPAAs

lhﬂhﬂA"

GHRODE

MO

GHO

SULK
M0

I

AMNZ20E04 ANZ20E04 ANZ220E04
DN ACTIVATE [ o DN ACTINATE [ A DIN ACTIMATE
ERRE ERRE ERRD
PORD CFGFLGD /I/ PORD CFGFLGD T- PORD CFGFLGD
C52h C52h 52
EXECUTE EXECUTE EXECUTE
Chip ID=1 ___ru:........‘chiplD:E _____—,._:.......,‘C:hip ID=3
s Alternate=p4--"" 7C51e Altemates Xy 7Cs1e Altemates¥
”“ R R “““ o
ACLK :.LOLE --______.-nﬂ,umm 1...L"C'5-:|‘2_“____.-..--"—.‘.1ACLK ‘.LL-I_E
1 DCLK o OUTCLK — DOLK e OUTCLE — A0CLK o OUTCLK

ho®

1|

1

© Anadigm 2003. All rights reserved.
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AnadigmbDesigner®2
Software Overview



AnadigmDesigner®2 - Overview

B roove gerverotom ol e s £ eyt

Sdbiem Cilmy Tegsl Tew Tl Tl

o AnadigmDesigner®2
O Easy-to-Use

O Intuitive “drag-and-drop” user
interface

O Built-in signal generator, i —

|
. : ul) _
2
OSCIHIOSCOope CZREE vy
1 2
! Fis the passha nd gait ( enter frequency gain), fw, is the corner (center) frequency, and Qs the guality

factor. The filter's gain is equal o G %] at the comer frequency, f,

O Built-in, accurate discrete-time | peme e v oy
Hh IPmnd\ ymh\d H m \td ta _)
behavioral simulator B — /+\
LI

o Extensive help documentation L] Lt
el I

3

—EOouUT -

s satisfying the following relations
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O8] & a|tv]x] ~

© Anc

AHII0EDN4

~ofsnl ] (N2

LOAD OEDEE.: 1

Main Screen

Library

AMx20 Standard
A= Standard

CaM

Comparator
Diifferentiator
FilterBilinear
FilterBiguad
(3 ainH alf
[ainHald

G ainlaw
Huold
|ntegrator

b ultiplier
DzcillatorSine

Perniodicia ave
B =rtifiarFiltar

M ame

Comparator

Irvverting Differentiator
Bilinear Filter
Biguadratic Filker

Half Cycle Gain Stage
Half Cycle [nverting Gain Stage with Hold
Irverting Gain Stage
Sample and Hold
Inteqgrator

M ultiplier

Sinewave Dzcillator

Arhitrary Periodic W aveform Generator
B artfiar with | raw Pase Filtar

Approved | & |

ez
Ve
Ve
e
Ve
Yes
Yes
ez
ez
ez
ez

Yes
e

Create Céakd

21

Cak Documentation |

Cloze

Help




What are CAMS?

- DEQ

e Configurable Analog

Modules (CAMSs)

O Circuit building blocks abstracted D
to a functional level

0 Gain Stages A S

0 Summing Stages oo =

~ |
O Redctifiers — - |
a Filters o Ao -
e Each CAM is adjustable
o Dynamic user interface — —

options and limits can change

A complex circuit can be implemented in a“chip” simply by
selecting, configuring, placing and wiring CAMs
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Simulating a Circuit

filter_oul_20th_hamonic1.ckt - AD20 (0]

File Edit Simulate Configure Seftings Wiew Tool: Help

D@ E| 8 alk|X 2] A[2] %] 2%

l\ D151 07 ANZOE30 LDAD QRDER: 1

%

[-[O] %]

Volts Per Division — Position Woltage

SN < N EEER
[crovez | N = I ]
=El e BN
= EEN

Time Per Division: | 50 us j‘ Time -

Filter out 20th Harmonic

Far Help, Press F1

Start; 200.000 us |

M End  0.700 ms Grid Cursor
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Using the AnadigmFilter™ tool

2 I =
D@ & wls] X 4] Aol %] 2|2 I8 _lolx]

FPazsband Ripple

(0.07ta 9.99) & 4B

s

e s

it

mremlon 7
gz ,—
T

R, [T

et st |755% iz

[~ Ovenide CAM Clock Freq

Dipnamic Range Opt.

Ehzips ¥ fmplitude dB

1 [ Amplitude WA/ ™ Small signal
1 [ Phase [Deq|
1 [ Phase [Radl [ Group Delay Send Data

For Help, Press F1

Frequency = 0,0206 kKhz  Amplitude =-0.000 B 1.000 W Phase = -6.513 Deg Group Delay = 0,317 mSec
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Clock Settings

EAnadingesignerZ - Untitled |
File Edit Simulate Configure | Setkings  Dynamic Config.  Target  Wiew Tools Help

D|Ei”|ﬂ| §| = | [l Ackive Chip sektings...

Preferences. ..
LMD el “chip1™ Settings 7| x|
= Clocks l Chip ]
Maszter Clock
b azter Clock Frequency [fc): 16000.000000  kH=
Clock Dividers

Chopper Clock: o/ |54 i|= ZR0.00000 kHz

Sys Clock (fsysl e / [ = - [eoo0ao0  kHe

Clack O: faps /|4 == l4000.000 kHz
Clack 1: fps/ [2 :| = [2000.000 kHz
Clack 2: fsps/ [16 == [1000.000 kHz
Clack 3 fys/ [64 == [250.000 kHz

COUTCLE
Connect OUTCLE. tar: Maone -
MOTE

Cak parameters should be verified for all marked Chbkdz
- whenever any chip gettings are changed.

] | Cancel | Help
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Other Software Features

Clacks Chip ) : LHI20EN

Power Settings
{*' High Bandwidth

£ Low Power

Enable Pull-upz* " available
™ DIN ¥ CFGFLGD & ACTIVATE : amp: in usz
wajlable
PROM Support* in use
[ Configure for PROM " available

available

p:
available

available
HOTES

wm|  *Applies to configuration files only. Sernial download to
development board remain: unchanged.

Cabd parameters should be verfied for all marked Cabdz
8| whenever any chip zettings are changed.

0k Cancel Help
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Static and Dynamic Reconfiguration



FPAA Configuration Downloads

e From computer serial port to FPAA(S)
o On Anadigm Eval/Kit Board
Q All chips or Selected chips

e From afile

O Formats
a AHF, reversed AHF
Q Binary, reversed binary
0 Motorola S-1, reversed Motorola S-1
0 Motorola S-2, reversed Motorola S-2

O For EPROM or Processor
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Designer?

mulate

% 1.1.£1

- ToneGeneratorCircuit2

Zonfigure

Creating A Configuration File

Settings  Dynamic Config.  Target  Wiew Tools Help

Wy'rite configuration data to serial pork Chrl-Hy

Write configuratiggsd
Write Candiguration [t

Wy'rite configurat

e
I
]

Sevmic | Corfiguraton Fis w

Wy'rite configurat 2 - e
Wy'rite configurat AD |config M 2

By Fiacant

5 Recerd Sart Addrzss

Dhascasinis

Wy'rite configurat

Write configurat o — ] [—

Write configurat T b o o iyl e Tk sl PROM |

Write l:l:ll-lﬂngr' Foi 51 mecandt, B rasrmen addheer iz FL35

Fil=  Edit

DeE & #

Wiew Inserk Format Help

3Z240000000000000000D05EB72200300205C2000C200040040002007FO003FFO12ADEOOOLOFES
32240000202 ACEQ13701453F483F01Z00ZFFZ004FFO000453F4583F3001315300181190010CED1
3Z22400004000100007 2800200700003 00152a65002000606002000000031AB581ACE ACEO3I0BS0ER
3Z240000600000950000000070419D2ADEO31C2000900A30FFO010FFO181FFO01I0FFO151004A7
322400008007 FFO0183207Y0000FF012832 ACZ0503D8C1AE: ACEOSOBSS00C1ACO0000031CCO09081
32240000402 ADEOS380A300101531260153127001027001000073C0182070000020182EEQ00Z2093
3Z240000C000EFO0Z000450005ADS1AC0000000005002530000958050000419D31ACZADEOTLY 7Y
3Z240000E02000900AS03F0010FCO010FCOO100000000003000000072AC1090483100C14AFEZAR4
3216000100CA0207419D0000000051ZA9E09020A502 A00Z25

39030000FC
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™
o Oty TS
a3
N [ ——=0 E%
L Q
2[5 CAB1
N (B2
2P [ o« L[] | |95
23 | | A
N[ ——70©
—
8 -
®© = c 0 .
© < O .
c 4 2 S -
24| 2 | JdS2 s |
=)
cH = > v |
5 o) =0 -
L O < 3
c = ®) ®) o
o n -

.l

Dynamic Reconfiguration

© Anadigm 2003. All rights reserved.

Features:

e Each CAB has two RAM blocks
o Configuration SRAM
o Shadow SRAM
o After power-up, data moves
from the outside world
o To the shadow SRAM
O Then to the configuration SRAM

e While the device is operating

o The contents of the shadow
SRAM can be updated without
impacting device operation

e Shadow SRAM contents can be
transferred to configuration
SRAM ‘on-the-fly’
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Dynamic Reconfiguration — C-Code

Fie Edt Simulate Configure [ 1 seserueses |
| This function sets the 3dB corner frecquency of the filter in |
| this Cutput cell. |
| |
| |
| Instance Name nCAM nChip |
| |
| CutputCellZ an chipl OutputCelli an chipl |
| |
i L
d Py
Ly
#
Comparator . catm #
M IErate
*
£* i oze
Hysteresis and Output Polarity [
i *
i " elp
| CompSetCutputPolarity |
| |
| Function Declaration | .
ye "} fn Ophiong. ..
void an CompSetfutputPolarity(an CAM nCAM, an Comparator NewFol):
i i)
! . : inchions. ..
| Description |
| |
| This function controls the output polarity of the Comparator. |
| |
[ | |
| |
| Instance Name nCAM nChip |
| |
| Comparatorl an chipl Comparatorl an chipl |
| |
i L
s *
# #
# RectifierHalf.cam #
# #
Y */
IE Yy
i m . ) Gain { . _
mh & © Anadigm 2003. All r| - o sors Workshop - 50
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Measurement &
Sensing
Applications



Measurement & sensing applications

¢ Common signal conditioning tasks:
Q Amplification
Q Offset removal
Q Rectification

O Filtering

.l
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Measurement & sensing applications

e Common conditioning tasks

offset-removal amplification filtering

g : AN220E04 LOAD ORDER: 1
09 03

.l
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Operating limits (1): high clock fregs

o Fl n |te OpAm p B an dWl dth Effect of settling time-constant on filter response

O Capacitors must charge or

discharge within each half B ow owoowm g L fe w0

clock-cycle o ] /'\ \
O OpAmp speed affects ;20‘000 f f x\ X
settling-time 2230'000 f f \ Y\

. F NN
e Non-zero switch o] fy Q‘a
resistance o0 ’ -

o Similar effect on settling- o0
time

Signal Frequency(kHz)

—¥—tau=1ns ——10ns 15ns ——20ns 30ns
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Operating limits (2)

e Finite OpAmp Gain
O Provided opamp has
high open-loop gain and
high input-resistance

. high signal freqgs

R2

R1

then:

1 Rl

G R2

O If open-loop gain is not

infinite then:

1 Rl 1 1
- = —_ 1+_ S
G RZ( Aj A

IZM|  © Anadigm 2003. All rights reserved.
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Operating limits (3): low clock freqgs

/

1] Droopn S | | t | |
> The charge that should be 0, Using Some approximate values:
stored on a node is: - CO10™ (arad)
Q=C.V - V0103101 (vol)
o This charge will be - S0, CV 010" to 10" (coulomb)
changed - 1, 010%10 10+ {amperes)
(+ or -) by leakage:
AQu=1.T For a leakage ermors of 0.1% or less:
QO So, the error will be
Error = I, T/ C.V T<(CN) i Error /() DL0420%/20% 0107 (secs)
O For a specified max error:
T < (C.V),;,.Error We can obtain leakage errors of 0.1% or less for millivol
(1) max signals, for sampling frequencies in the low kHz range.
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Offset voltages

e Offset errors =
o Slight mismatches . :V=<°§ 2
iInside the opamp : ;> B
require balancing
with a small input Vomz_vm_gwo{gzﬂj
voltage Rl

o Output voltage will
have a DC error

.l

IZM|  © Anadigm 2003. All rights reserved. IEEE/Anadigm Sensors Workshop - 57




Offset compensation

“Half-cycle” building blocks allow
cancellation of offset voltage

o GainHalf
o GainHold vﬁl
o RedctifierHalf Vi" Sl M N
O RectifierHold D_i\—”_{} —
o SumbDiff o
“Offset-compensated” in one
clock phase only (return-to-zero
or hold-with-offset in other phase)
Gain-Bandwidth Product (GBP) <L
and slew-rate are not infinite! S H'V“‘“I_%
o Selection of high-gain will limit ey

max clock frequency (and vice
versa) of RTZ CAMs

.l
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Achieving high-gain

e Cascade stages — high-gain at front-end for low-noise

Vout= k1 k2k3'vs i VNoise

Vnoise — K{Vlnoise +V2noise +V3noisej
Ky ki Kikkg

o Use offset-compensated CAMs when implementing large
gains
O Remember GBP limitations — select appropriate clock
frequency (but watch anti-aliasing requirements)

.l
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Phase selection

e Some CAMs have outputs which are only valid
(or offset compensated) in one phase

e Make sure input sampling and output \did
phases match!
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Output Waveforms (1)

e Staircase outputs:

v N nwe /A VAW

T | / I |
NS f‘“x/\f‘x/}
/\j jj\\ / _ 1: x‘\ﬁ\ A
L/ L \w / i \\._// ﬂbf/ \\__/ \N‘M"fi

aUse high f,./fsiqna ratio to reduce step size and

clock noise
QKeep f /f > 30 if using output cell filter

corner "signal
aIf output is being sampled (eg by ADC), steps may
i be desirable !
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Output Waveforms (2)

“Final-value” outputs

O Differentiator (and transimpedance amplifier) outputs
only reach their final value at the end of a clock phase

o Final-value CAM outputs need capturing by CAMs
which sample in one-phase and produce a valid output
in the next

[
=)
g
a
=

LeCroy

~ e Hold
EnERal! o Non-inverting GainHalf

W MWM&M T L e« Non-inverting SumDiff
: o i =

e Non-inverting SumFilter
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e Internal signal ground

iZgm

Is 2 volts (VMR)

o Centre inputs on 2V
If possible (use
Wheatstone bridge?)

Q Input range 0 — 4V

o Convert external
single exed signals
to internal differential
signals for max
dynamic range

.l
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Input levels

FPAA

=

VMR

FPAA
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Single exded signals
— apply offset to 2nd
Input pin

Differential signals —
apply offset internally

Using differential
signhals gives better
CM noise immunity

© Anadigm 2003. All rights reserved.

+V

Offset removal

FPAA

IEEE/Anadigm Sensors Workshop - 64



Using the chopper input

e “Chopping” modulates the
input signal with a square wave

o Low freq noise and DC offsets
are pushed out to the clock
freq (for easy filtering)

RNSHINN NIy
: : T NN { iy
e Slewing and settling limitations (LY
mean the chopper output is not
“ideal” Chopper [ Lez [ L1

O To recover the “ideal” output,
sample in phase2 at twice the
chopper frequency

e To boost the gain, use offset-
compensated CAMs, sampling
In phase2 at twice the chopper
frequency
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Noisy environments

e Use differential signals where noise can be made
common-mode

e Use modulated sensor stimulus and synchronous
demodulation (lock-in detection)

Clock

migigighl enerator
OUTCLK €— 9

@ © Anadigm 2003. All rights reserved. IEEE/Anadigm Sensors Workshop - 66



Phase detection

e Synchronous demodulation

A
+086 +0.86
- 0.50 —> | \ —| - 0.50
=T -0.50 J 1[ -+ -0.50
T -0.86 + -0.86
A
sin(2.m.f.t + 30
&5
sin(30°)
— —
cos(30°)
-+ -0.50
-+ -0.86
4.1 Clock
generator
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Anti-aliasing & clock selection

e Input signal should be band-limited to <<f_../2
O prevents hf noise adding to If noise

O Use a clock at least 5—10 times faster than the maximum
signal

clock

e Use continuous-time not SC filtering

O attenuation at f /2 should attenuate any hf signals by the
required SNR

O Keep f /f

corner’ 'signal

lock

> 30 if using input cell filter

e Lock-in detection averages out noise & signals except at
harmonics of the modulation frequency

o Anti-aliasing not necessary (but will improve SNR if used)
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Temperature-sensing (1)

O Thermistors

Resislivity (ohm-cm) vs. Temparature ("C)
0 Resistances range from i :jzz::f_‘””“‘“m
100 to TMohm E acooo|\_|
Q Typical current < 100uA | -
to avoid self- heating 4 NS
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Temperature-sensing (2)

Voltage vs Temperature

P Thermocouples e
o Small voltage/degree C /S

EMF (millivolts)
Y
\
\

Q Prone to high levels of
CM noise

Chrommssd=CuF el 15%:)

e} i 400 G800 800 1000 1200 1400 180D 1800

fEmperaiure (ketin)

Ferrite beads
Twisted Pair

< O ek

VMR
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e Thermopiles

O Serially-interconnected
thermocouples with “hot”
and “cold” junctions

O “Hot” junction sensitive to
received IR radiation

O Close proximity of junctions
gives low sensitivity to
ambient temperature

@ © Anadigm 2003. All rights reserved.

Temperature-sensing (3)

Ambient Temperature

Pre-Amplification Circuit Compensation Circuit

_________________________________

p——
———
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Position-sensing (1)

e Strain gauges
o Typical output < 10 mV/V Srain gauge

O “Half bridge” has strain
gauges in two arms:

O doubles the output and
compensates for thermal
effects +V

o-+— Excitation -—eo

o “Full bridge™ has strain
gauges in four arms: <

0 re-doubles output and
compensates for thermal
effects.

.l
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Position-sensing (2)

e LVDT

Sensitivity ranges:
0.05 mV/V/0.001” for long stroke LVDTs
10 mV/V/0.001” for short stroke LVDTs

e Various signal processing techniques (eg):

O Rectify and filter AC signals, then: moveable
a Calculate (VA + VB)/V inary (insensitive Primary core
to the amplitude of the driving signal, . /
and gives some noise rejection). —_— = =
o Calculate the ratio of the difference and AL A NALAAAN
the sum of the secondary voltages i.e. Secondary A Secondary B

(VA — VB) / (VA+VB)

VA VB
o Measure the phase of the combined VA + VB

secondary voltage i.e. -180 degrees at one
extreme, zero degrees at the null position,
and +180 degrees at the other extreme.
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4 OUTFUT

—econdary A

Secondary B

© Anadigm 2003. All rights reserved.

LVDT sensing




Magnetic-sensing

e Hall effect devices
O Usually driven with a constant current

o Differential output voltage,
superimposed on a common-mode
voltage approximately equal to half the
excitation voltage.

O Typical sensitivity:
a 1-100 mV/kG
O (Refrigerator magnet: 200 gauss) ol
O Typical element resistance:
a 1to 10 ohms ’-L
O Typical excitation current:
o 20 to 200 mA. 5
O Typical linearity:
0 0.1% to 2%.
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Optical-sensing

Photodiode/transistor

O Photo-generated current
develops a voltage across a !
feedback “resistor”

O Transimpedance is
dependent on absolute
capacitor values, not a
capacitor ratio

O Transimpedance CAM T
output is only valid at the z
end of each clock phase — T
follow by an appropriate
CAM

IZM|  © Anadigm 2003. All rights reserved. IEEE/Anadigm Sensors Workshop - 76




Sensor linearisation

T T T

NTC , :
thermistor- —
Analog core cell. K \‘
based J I
sensor ¢ I
. 1
' | Y B Vs \ :
! SARADC interface I \ Linear
Sensor output is ' _ o \ characteristic
non-linear ! Signal dependent gain | \
0.35 25 22
o :
g 0201 £ ™ %157
§ 0.15 - 8 1o S -1
0.10 | ,
005 — 5 1 05 i
0.00 — 0 ‘ | o o
0 10 20 30 40 50 60 70 80 0.00 0.10 0.20 0.30 0 10 20 30 40 50 60 70 80
Temperature (C) Voltage Temperature (C)
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Sens

e TransferFunction

or linearisation

256 x 8 RAM
Look Up Table”

CAM Vin ] ﬂ% . YVout
Bﬂ[l;g = Address Data >4 %Ahg
O Quantises gain — use \ i ]

Full-Scale Range

full-scale input & NE
output for minimum
non-linearity

o When the input signal

Full-Scale Range
+- 1.5V to +/- 3V

IS nearly linear, use
“delta” information
rather than “direct”
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Hardware multiplexing

e State-driven dynamic reconfiguration:

| T L e L TR 210 =
Fir [ Jeminh Cwdepre Yoty | Dpere Coofg. Teped Sew Toeh =8

sensor #1
CleFEl & I lamd] 7 o LTl

sensor #2

mi

sensor #3 void main )
// Get the Priwary Configquration data
int dataSize = 0;
sensor #4 const an Byte* plata = an GetPrimaryConfigData(an _chipl Primary, sdataSize) ;
// send it
Domload(pbata, dataSize, 1);
sensor #5 an Circuit ntircuit = an circuitl chipl Data;
while (1}
§
sensor #6
// Tork out which eircuit is needed next
switch (nCircuit)
- > > ¢
sensor #7 i case an _cireuitl chipl Data:
nCircuit=an circuit  chipl Data;
break;
case an circuitd_chipl Data:
Aftircuit=an circéuit? chipl Dato;
hreak;
J/ ete., for the other cases
data
default:
nCircuit=an_circuitl chipl Data;
e tlma - - mw m - '
1 2 3 4 5 6 7 /! et the transition data
datasize = 0;
............................................................................... phata = an GkCireuitTronsitiomData(nCircuit, sdatefize;
<
. < J/f gend it
mlCI’OpI’OCGSSOI’ Download (phate, dataSize, 0);
// Pause vhile the measurement is taken
'

} fJend of wain()
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Summary

e Guidelines for sensor/measurement signal
conditioning:
Q Select suitable clock(s) and watch out for signal
aliasing effects

Q Use appropriate offset removal &
compensation techniques

O Think about output waveforms and smoothing

e Systems may benefit from dynamic
configuration and hardware multiplexing
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