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Data Acquisition System Overview

Purpose: sensor frontend of the Ultrasponder-implant

Problems with biomedical signals:

- at very low frequencies 1/f noise dominates in amplifiers and
overlays very small signals

- dc-offsets in amplifiers at very high gain distort or even destroy
these signals

o 12-bit
living “low frequency” amplifier anti-aliasing  gap_ digital
tissue e'eCtrOdeS/ fd \ lowpass  Apc 10
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Solution: use a chopping amplifier

Input Signal
below
expected 1/f-
noise floor

v
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_—L non-overlapping pulse clock, fo,=4kHz

GBW=10MHz

modulation of
input signal up
to higher
frequency by a
square-wave
— “chopping”

VA

amplification
=> high band-
width required
due to square-
wave spectrum

VA
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o p=70Hz, 80dB/dec

~

—O
O Vout

demodulation
by the same
square-wave

s
ultraspgn

output signal
contains the
amplified input and
undesired signals at
high frequencies

=> |ow-pass filtering
required!
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Realization of Chopper-Elements

phi1l

T™MG

Modulator / Demodulator

TMG

phi11

Non-o.verIaDDinq clock generator >ﬂ J_ ﬂ _
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Active LP- Filter — Fully Differential Multiple Feedback

Anti-Aliasing-Low-Pass-Filter Requirements

- 20dB gain in pass-region

- cut-off-frequency f 355=70Hz => large external passive elements required

- filter suppression of 72.24dB at least required for 12 bit resolution in ADC

7.5MQ

——

56pF
(1

A=10dB V

|

I
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ot T
1

36.25MQ
27pF
noisy signal i
from chopper-
amplifier 3.57MQ 10MQ 7.5MQ 10.7MQ
|:> Vi, II 265pF A=10dB II 500pF
3.57MQ 10MQ 7.5MQ 10.7MQ
(1
1]
27pF
36.25MQ
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Anti-Aliasing-Filter: frequency plot from lab-results

Verification of parameters by measurement

- 20dB Gain in pass-region
- cut-off-frequency f; ,,z=70Hz

- cut-off-steepness 80dB/decade due to 4 filter order

30
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ext. filter-elements on testboard
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Chopping in time domain: lab results

1) pulse-clock source
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2) chopped & amplified sine-signal
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Overview of ADC-Concepts: Speed vs Resolution

Targeted: 12bit, fs<50kS/s, V ~=1.5V, f,=1MHz

500MHz
100MHz
10 MHz

c

o

E 1 MHZ

E

R

IS 100KHz

o

N

n  10KHz

A

T

E 1KHz

- Very fast (one step conversion)

- Low resolution

bl

FLASH

b
b

| - High power consumption

~

PIPELINED

LY
INTERPOLATING 9 CONVERTERS
FOLDING S~
SUBRANGING d

r
o &

SUCCESSIVE i
APPROXIMATION .

- Still one-step converter

- Improvements to save space and
power, to increase resolution but
also maintaining speed => ‘fast
low power ADC’

-Very high resolution at

— charge-
scaling
ADC

™

e

~
Y

low noise due to

SIGMA :
DELTA oversampling (fast clock
. required!)
b 1
S - ‘low power ADC for
\ ] . )
*~_ high resolution
w~  Speed-Accuracy
* « Trade-off
el
b

100z — optimum properties for

ultra low power at medium [

~
-
L

speed/medium resolution

- can be very accurate

INTEGRATING TYPES ] but very slow

B

8 10 12

RESCLUTION (BITS)
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Successive-Approximation-Register-ADC (SAR)

General SAR-structure

V.

——> S&H =

Source: Johns/Martin, Analog Integrated Circuit Design

SAR Iogi \r
_ here the DAC is |

realized as a charge-
scaling capacitor-

General SAR-algorithm : :
Example: find 0.4 V | array |
I I

I I

— advantage: DAC
mm also acts as S&H,

. by very low power

0 0.25 0.5 1

axis normalized to V,/2
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SAR-ADC with Charge Scaling DAC (1)

1. Sample Mode

V=0
SAR
16C L 8c _L
b,
19 X
MSB
2. Hold Mode / _
_____________ o
<:~ "'u"“ = 'Vin ,¢> N i
_________ 9 g
T - T SAR g
- o 4c oG C C + ;g
b1 b? b$ b"' bE ) g
ki hi L _-:I == = Tsa 2
—g 8
MSB Sy
v, o—? V' Bottom plate C to V.,

. | I_ = d f’- I\Ia
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SAR-ADC with Charge Scaling DAC (2)

3. Bit Cvclinq _________ /s
=V S s, Cycling principle:

.~ Yiet ",
hRS 2 . ~ .
_T_ B e e e o
16C 4C 2C = leave C, to V
b1 Jbz Jt% E b b5 = Vcomp
1 = T = = T if V.<V /2:b. =0

+

n

MSB l St
Vin o—? Vier Bottom plate C to V

P}

= leave C,; to GND

Source: Sansen, Analog Design Essentials

Win = 0%
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1.25 ]
V,,=0V
1.0
results in
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£ s
=
25
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- 25
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SAR-ADC with Charge Scaling DAC (3)

V;,=1.8V
results in

B=111111111Y

V,,=1.0V
results in

B=1000111000’

14 ULTRAsponder Sep-10
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Design Improvements of the ADC for Ultrasponder

Main-DAC Sub-DAC
Viefo Viefo regenerative amplifiers
P e L e | N
Vin,p ] Vin,p -
use topplates e T ) - )
as floating -
nodes: less i
parasitics /7 T S
differential input: )AZ —
Comp.
better CMRR 7y —
\ _L out
size of single \ == C,
capacitor not Sleep
too small due \ Y

—_— R 4 —_— 6 bit

to mismatch ——
Vi, — JT ‘ Vi, — JT ‘ — SAR control
|

Vrefn Vrefn
Vv Vv J\/l
“® " Main-DAC o Sub-DAC N
Digital
auto-zeroing: separation into 2 nearly Output  clk start

identical Main--and Sub-
DACs: better accuracy
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Design of the Comparator with Autozero

- single-stage preamplifiers increase V, -sensitivity to 180uV (= V|, s5/2) @
settling-time t_ < 500ns (maximum system-clock f_,=1MHz)

purge purge purge
latch
0O— > =™
ream E
Vin preamp preamp p p AZ Vout,com
j P
purge purge purge I
reset
sleep

A 4-step autozero-cycle is preceding every conversion:

1. Each preamp is shorted at its input. A short closing of the purge-switches
discharges the autozero-capacitors

2/3/4. On opening the AZ-switches from back to front the autozero-
capacitors store offset from preamplifiers
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ADC Lab-Results: Time-Domain-Signal

Test signal for ADC-performance-check:

« clean sine (negligible distortion & noise)
« perfect full-scale amplitude
 long conversion period to acquire enough data

— time domain signal (blue) with Sine Wave Fitting (red) from 512kSamples, fs=20kS/s

TIME DOMAIN

7 T T T T T 7 T
4000 -

3600 — —

3000 =

2800 — —

2000 — —

DIGITAL OUTPUT CODE

1500 —

1000

a00 — —

i} | | na’| | | | | |
273 2732 2734 2736 2738 274 2742 2744

SAMPLES

| r - @ r I\l(l
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ADC Lab-Results: FFT

Performance parameters can be calculated from the FFT of the conversion data:

18

APLITUDE [dB)

FFT PLO™

U!_ . . B . -+ . - ] . B T 7 B

4D

J
20c a0c
ANALOG INPUT FREQLEMCY (hHz1

FFT (512k Samples, 20kS/s)

ULTRAsponder Sep-10-© IMST GmbH - All rights reserved

2rd
il
411
At
kit

g C + 8]

8tn i

ot Calculated parameters:

Frq.: 39,9399Hz
A: 0,99976
SINAD: 51,2632 dB
ENOB: 9,1009
SNR: 51,2905 dB
THD: -53,2483 dB

SFDR: 53,2557 dB @ 2

JIWMHJHWMM
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ADC Lab-Results: Differential Nonlinearity (DNL)

- DNL: deviation in step sizes differing from ideal +1 LSB step Reason:

- here: 6 LSBs — costs 3 bits of resolution — undesirable mandatory metal-fill-
DIFFERENTIAL MOMLINEARITY DIGITAL OUTFUT CODE StrUCtureS On Chlp

! ! | increases

| | | capacitance of the
single elements
(C, ., =104fF) — the

| | | | | scaling capacitor of

R~ > i ]t - o s

B O |00 oFE || 8

.........

B o | ) R A T

oy
/I:Et/
%

i | i | i
0 500 1000 1500 S‘DGDE_AL oUTRUT CQggDE 3000 3600 4000 4500 Slngle Ca paCItor element
with fill structure

-1

DNL of the ADC (512k Samples)
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ADC Lab-Results: Integral Nonlinearity (INL)

- INL: deviation from the ideal step value

- here: 6 LSBs in either direction — costs 4 bits of resolution — possibly worse
than in reality due to measurement errors

INTEGRAL MOMLINEARITY vs. DIGITAL OUTPUT CODE
B
T T T T

INLILSE)

| | 1 | 1 |
0 500 1000 1800 2000 2800 3000 3800 4000 4500
DIGITAL OUTPUT CODE

o e amples ‘:;—S\ I\l(l
INL of the ADC (512k Samples) U||TC:\SFD~_.,C__2,nder ﬁ-s

B | |
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ADC-Performance Comparison: Figure of Merit (FOM)

FO}!&A VS Resolution

At _x T x.
| %¢ " A X
Relation of power, resolution ¥ x s _
and input frequency: = O A X 5
g ¢ A |
w
: A .
FOM = ENOPB - & go AL acd
2=NO52F § i
p= g
2 o A S
L "~ Flash A :
< Pipelined O m

10 10 11 12 1|3 14
FOM for the Ultrasponder-ADC: Resolution (Bits)

F LoV » 19.2uA
.ﬂDE = = 2,56 lﬂ'm;
2ENOS 2F., 211 .2.27.5kHz convstep

FaM =
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Summary: Ultrasponder Data-Acquisition-Chip

7

- process technology 130nm

L—"
—

DSP

e LNl
Data-Acquisition-Chip
R I ! f
ii Analog Front End (AFE) i ' digital control i:
ii VCM and bias current f=4kHz i | i Vana
1 i | | l—
n generation ! ! chopper clock i Vdig
I for AFE and ADC : : |
I: i i ::
i | | i clock
I | | SAR-control logic !
ii impedance large GBW Anti-aliasing i i £ : i com-
I converter OP-Amp lowpass \ I i ii mandsg
ii ‘ 2048 : i g <:.::;\,\
i 1 H
.: 0dB w0ds ST . a} . 7 sanaoc 512,'3'“ FIFO 5P ! data
I | - 1
1 /> - . 12 bit L |
:i / Demodulator i \— | | i: FIFO
! |V =750mV L
i VsVDD/VSS|
e o S |
e e e e e e e o e e e ] N I
14 external
elements (R & C}_”
= !
UHIrQSPONOCEl ffr s
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Performance summary

Parameter Symbol Value Notes
supply voltage AVDD, 1.5V 5%
i DVDD
é temperature range T 27°to 42°C  |body temperature
ﬁ svstem clock frequency T max. IN[Hz [tfrom crystal (100ppm)
?2 [commonmode DC level Vet 750mV VCMI- generation on chip
total power consumption Piot - 400uW
gaim Aspr 60dB using chopping technique
mput frequency range foeare DC-70Hz
E chopper frequency fem 4kHz-6kHz
mput voltage range Voerre luv-lmV
anti aliasing low pass comer foaarp 70Hz 4t order active. 20dB gain. external
frequency passive elements
resolution ENOB 8-9 bit targeted 12 bit
ADC mput voltage range Virape 0.1to+1.4V |positive differential mput voltage
é mput frequency range fovape 0.1Hz-27.5kHz |ADC in stand-alone mode
max. sampling frequency T mox 55.5k8/s NOTE: fi ez’ Te/2
power consumption of ADC only Pipe 28uW FOM: 2.56e-13 J/conv-step
= Number of steps tor SAR-control Ngag 18 autozero. bit-cycling. data-ready
;gp FIFO size Nermo 100words |1 word = 12bit
SPI-clock Tapr 16kHz-10NHz |slave-mode

trasponder /7. !
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