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Tl Precision Labs
Seminar

Driving SAR and Delta-Sigma ADC Inputs




Objectives

« Key considerations for driving a SAR ADC
— RC charge bucket component selection
— Driver op-amp need and selection

« Wideband Delta-Sigma ADC characteristics and input drive design
considerations
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SAR ADC Drive
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Basic diagram of SAR ADC

Successive Approximation Register

SAR ADC

N-Bit [
_ —
Register |-

Sample and Hold
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SAR ADC Acquisition & Conversion Phase

SAR ADS

Acquisition Phase

RsH l

=W ' Comd N-Bit
Co KSZ Register

T
' N-Bit
CDAC

SAMPLE & HOLD

COMPARATOR

1/2 LSB

VREF

Vesa (8) = Ve (8) + Vi = Vs (8)]1x (1 - 6_5)

T=Ry xCgy,
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SAR ADC Acquisition & Conversion Phase

SAR ADS

Conversion Phase

Vin / Rsh ¢
VW ' C N-Bit
S1 omp .
Co KSZ Register
SH

N-Bit
CDAC

1/2 LSB

VREF

Vesa (8) = Ve (8) + Vi = Vs (8)]1x (1 - 6_5)

T=Ry xCgy,
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Charging the Cg, Capacitor Within t

acq

« The ADC’s sample-hold capacitor (Cgy) needs to be settled to 72 LSB within the
ADC's acquisition time (t,.q)-

e where tacq ( /f mpl) conv max

ADC chip

_________________ :
:— | tva
I Rsan : o | 0 iemmmmeend

e e—AN\—9 ADC | g

| S/H | g sett;e?_ évghin
| switth  Ceny —— | Cgy Voltage
| |
| |
| |

Time
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Why an ADC Driver Circuit is Needed

* If Cgyis not settled to 2 LSB within t,.,, the ADC’s sampled waveform will be
distorted and attenuated.

ADC Output Waveform

ADC Input Waveform

1.0 1
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(W] [«}]
o
g 00 8 00-
] S
—-0.5 -0.5
-1.0 T T T T T T
0.0 0.2 0.4 0.6 0.8 1.0

0.0 0.2 0.4 0.6 0.8 1.0
Time

Time

« An ADC driver circuit ensures fast and accurate settling of Cgy,.
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Do You Need an External ADC Driver Circuit?

Does your ADC have an
integrated driver?

External driver circuit is needed No external driver needed

RC circuit is enough?

Driver amplifier is No driver amplifier
needed needed
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Does Your ADC Have An Integrated Driver?

On the ADC datasheet: On the ADC datasheet:

* Look for words like “integrated driver”. * Notice if there is a section on

+ In the ADC block diagram, look for a designing the drive circuit.

driver block, like the one shown below: | * Look for diagrams showing a switch-
capacitor input structure, as below:

Rsn

ADC
ADC
Driver ADC Cen ——

e N <

Yes. External driver not needed. No. External driver is needed.
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Example: Does ADS8860 Have An Integrated Driver?

For ADS8860:

» Check the datasheet for a block diagram.

* The block diagram shows a lack of an integrated driver.
« This ADC will require an external driver circuit.

o

CCCCCC

SSSSSS

AINP
INN Hold
AGND
GND

e

Figure 44. Detailed Block Diagram
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Do You Need an External ADC Driver Circuit?

Does your ADC have an
integrated driver?

No external driver needed

Driver amplifier is No driver amplifier
needed needed
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Is RC Circuit Sufficient?

* Cexr =20 x Cgyy

« Calculate the max R, .. that may be interfaced with a given n-bit ADC:

1 l=1n2" ADC chip
r—————‘—‘—————‘———]
t R UUUUUU : RSH I
2. =24 source —AA\V\—e——«"e ADC | |
l | S/H |
Coar —— | switth  Cou—— I
¢ : :
3. Rsource < Cevr N ™ )
=

* If Ry, ree IS greater, then the ADC Cgy cannot settle within 72 LSB in the
acquisition time t,., without an external op-amp.
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Example: Is RC Circuit Sufficient for ADS88607

96 Q

« From the ADS8860 datasheet: NP 0 L W)
— Cgy = 55 pF T % % REF 5 oF
ADON L 311 )
B tacq B nS AINN O T i GNP ¢ ’3;\(;\/—/——‘_
- Nn = 16 Figure 45. Input Sampling Stage Equivalent Circuit
e Calculatel =In2" = In 216 = 11.09 taco Acquisition ime 290 ns
«10-9
+ Calculate 7, where 7= =X 0— =2.61+107°
«10—8
» Calculate max Rg, e USING Reoyree < 25'::1;?12 < 475.4 Q)

If Reource IS larger than 475.4 Q, a driver amplifier will be needed.
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Factors Affecting Driver Circuit: Ry,ce & ticq

o |f;

RC Circuit is Sufficient

- Rsource

- tacq

<
=
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475.4 Q)
290 ns

Driver Amplifier is Required
o |If:

— Ryyee > 4754 Q
~taq < 290nms

* For this example, assume R, .. = 1 kl —
so, a driver amplifier will be needed.
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Do You Need an External ADC Driver Circuit?

Does your ADC have an
integrated driver?

External driver circuit is needed No external driver needed
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Select a Driver Amplifier
Find amplifier unity gain BW, f;:

o Cpxr = 20 X Csy

2N+1
)

CsH
K
* fZ B 2nXtacQ
* fuz4+*fy

Find Rgyrand amplifier R

1
ZﬂXCEXTXfZ

* Rpxr =

o ROS9XREXT

ADC chip
|' __________________
I
Driver Amp Rex I ~ Rk
GBW & Rg vV ADC

Cexr

___________________
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Example: Select a Driver Amplifier for ADS8860

Find amplifier unity gain BW, f;: Find Regyrand amplifier R,
Rpyp = ————— = - =30.10
e Cpxr = 20 X Cgy = 20 X 55pF = 1.1nF * R EXT = S Caxrxfz  2RXLAnFx48MHz =

e Rp <9 X Rpyr <9x30.1<270.9Q

_ 2N+1 _ 216+1 _
K=l = ) = 87

CsH ADC chip
- G ’.
K 8.74 Driver Amp ,vi/xl . : o . Rsh ADC :
.« f, = = = 4.8 MHz GBI & Ro . |
2Xtgcq  2mX290ns Cexr —— | switch  Cew—— :
| |
|
| |

e fu=4xf;,>24+48MHz>19.2 MHz D S N
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Pick A Driver Amplifier

Selecting OPA836 to satisfy the requirements:
e fy =10x19.2MHz =192 MHz
e Rp <2709 Q

PARAMETER TEST CONDITIONS MIN TYP  MAX| UNIT LE'EEEIT“?
AC PERFORMANCE
"l.l"ou'r =100 m"l.l"pp, G=1 2058
Vour = 100 mVpp, G = 2 100
Small-signal bandwidth our r MHz c
"u".:.UT =100 ﬂ'l"l.l"pp, G=5 28
Vour = 100 mVpp, G = 10 11.8
Closed-loop output impedance f=100 kHz 0.02 0 C
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Buffered vs. Unbuffered Architectures

Buffered

lin1

: )—{ ,\ Rst SWi1

lin2

ED> DT

Integrated input buffer

High, constant impedance
Minimal (isolated by buffer)
Simplified drive requirements
Higher (buffer active)

Relaxed requirements

Feature

Input Structure
Input Impedance
Kickback

Driver Requirements
Power Consumption

Settling Time

Unbuffered (Traditional)

ENEEANE L

lin2

Direct capacitor array connection
Time-varying (switching)
Significant charge injection

Must handle transient currents
Lower (no buffer)

Critical consideration ”

TI Information — Selective Disclosure

wip TEXAS INSTRUMENTS



Unbuffered Challenge

SAR capacitor array switching during conversion
» Creates transient input currents (kickback)
» Driver must quickly settle these transients

Input impedance varies with conversion phase

N

Rs2 SW2 —C= l
A A A ?6 GND

Cs1

@

lin2

Impact on Driver:

Requires low output impedance

Must handle charge injection

Needs adequate bandwidth for fast settling
Complex input filter design (Charge-Bucket + Anti-
Aliasing)

Understanding the Challenge:

Buffered Benefits

» Buffer isolates capacitor array from input pins
» Eliminates kickback to driver circuit
» Simplifies anti-aliasing filter design

» Presents constant, high input impedance

lin1

: >—{ /\ Rst SW1

Cst

lin2

Rs2 SWe  ——Cs2
( ) )_{ % GND

Impact on Driver:
Removed need to continuously charge sample and hold

circuit.
Anti-aliasing and signal bandwidth main priority
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ADC Driver Design Process Steps

« Calculate Bandwidth Requirements
* Design Input Filter

« Set Common-Mode Voltage

* Analyze Noise

As an example, we will compare drivers for:

« ADS9227 — 16-bit, SMSPS, SAR ADC with Buffered Input
« ADS9327 — 16-bit, SMSPS, SAR ADC unbuffered

« Signal chain bandwidth: 100kHz

 Gain =1V/NV
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ADC Driver Design: Bandwidth

Buffered Benefits (ADS9227)
* Driver priority: signal fidelity

— Select Driver with low distortion to
desired input signal range (100kHz)

—THS4551 (150MHz GBW):

Unbuffered (ADS9327)

 Driver must settle to 16-bit accuracy to 1/2 LSB
» Settling time < acquisition time + margin
« Bandwidth Calculation:

— Rule of Thumb:
. . In 2N
» For N-bit accuracy: BW ~ ——==—
*Llsettle
- For 16-bit: BW ~ ——
2Txtsettle

— For 5 MSPS with 70ns acquisition:
* Required closed-loop BW = 25 MHz min

» Added margin in consideration for signal BW
and input RC filter

* *simulating RC combo still recommended

Distortion (dBc)

P
V| ~]

-100 ",

-110

-120 === —t—

30— :
140 I

-150 =

-50

—— HD2 A
'60 — HDS /!

-70 //
-80 A f/

90 yany.

AN
\ |

N

, =

10k 100k iM 10M
Frequency (Hz)

G=1VV, VOUT =2 Vpp

Figure 7-13. Harmonic Distortion vs Frequency 25
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Step 2 - Input Filter Design

Anti-Aliasing Filter Charge-Bucket Filter
* Main purpose: Low-pass filter to block * Main purpose: handle the "kickback"
frequencies above Nyquist frequency current when a SAR ADC sampling
_ Nvauist = 5 switch closes, quickly charge, and
Y4 2 must be optimized for settling time.

Ideal goal (Traditional SAR): Find a balance between both
Limitations:
 Depends on ADC input and driver capabilities’

= | T -« Charge bucket filter might not effectively stop aliasing
« Pure anti-aliasing filter might not be fast enough to settle the input.
- For buffered ADCs charge bucket not needed.

26
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ADC Driver Design: Input Filter Design

Unbuffered (ADS9327)

* Priority: charge reservoir + anti-kickback

* Pick Crpr = 20 * Cgy = 20 * 18pF = 360pF
— 470pF standard value

* Rp 7 calculation:

— PraCtlca| tFLTsettle == tACQ == 12 * TFLT

face  ~ 10

— Ry =
FLT = 10vCrir

*confirming RC combination + driver in simulation
recommended

*Driver with higher GBW - allows for improved Anti-Aliasing

*After simulation 100 & 1nF were found as best combination
for driving and anti-aliasing

L ~ 16 MHz

2nRpLTCFLT

* Outputfilter f_;45 =

e Minimum driver GBW > 4 % -~ 60MHz

2nRpLTCFLT

Buffered Benefits (ADS9227)
* Priority: Anti-Aliasing
* Nyquist frequency% = 2.5MHz

1 1
anNyq*ZRFLT 21T*2.5MHZz*2%50

— 470pF standard value

Cairf _ 470pF _ A7pF

o ( =
G 10 10

27
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Step 2 - Input Filter Design
ADS9227 Circuit (from EVM): ADS9327 Circuit (from EVM):

Y |
............... ;
1
== =" ! “ THS455x | 27|0|'°F :
I A LRt CEE L
THS455x : ] i kbbbl bl - 1 | | H I 1nF
I | VW yoo —
] i 1kQ -

ADS9227 110Q
1kQ
O— W
< ADC
O—\W\ >

s
Y

\/
53 28

1
1kQ : i
Vv 1 _— 1
N I 1nF -
——————— || Lo R R
270pF
h 4

Anti-Aliasing filter priority Charge Bucket Filter priority

» It ADC Driver bandwidth permits, additional filtering/bandwidth limitation
can be added in the driver stage
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Complete Design Comparison

Design Parameter ADS9327 (Unbuffered) ADS9227 (Buffered)
Min Driver BW 25-30 MHz (critical) 20-25 MHz (relaxed)
Filter Topology Simple 1st-order RC Simple 1st-order RC
Filter Cutoff 15 - 33 MHz (compromise) 5-10 MHz (better AA)
Series R 10-22 Q (limits kickback) 22-50 Q (flexible)

Shunt C 470 pF - 1 nF (limited) 470 pF - 2.2 nF (flexible)
Source Z <10 Q (critical) <50 Q (relaxed)

Design Complexity Higher (settling critical) Lower (isolated)

Power Lower (no buffer) ~ 100-200 mW (buffer)
SNR ~91 dB ~90 dB
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Which ADC to Choose?

« Choose ADS9227 (Buffered) When: v Ease of design is priority
v Need simplified filter design
v Driver has limited bandwidth/drive capability
v/ Power budget allows extra 100-200 m\W
v Prototyping/quick time-to-market
v Multiple ADCs sharing same driver

 Choose ADS9327 (Unbuffered) When: v Minimum power consumption
required
v Maximum SNR performance needed (~1 dB better)
v Have experience with SAR ADC design
v/ Can provide low-impedance driver
v Willing to optimize settling/filtering

30
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Agenda

« Wideband Delta-Sigma ADC characteristics
v' Delta-Sigma ADC verses SAR ADC
v" Digital Filter characteristics
v Anti-Alias Filter (AAF) requirements using wideband filter verses SAR

« Equivalent input model
* Input driver design procedure

32
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SAR vs Delta-Sigma Sampling

S

AR

Delta-Sigma

SAR:

Red dot indicates
the “snap-shot”
captured

Delta-Sigma:
Red dot indicates
the average of the

signal in the green
sampling interval
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High Speed Delta Sigma ADC

REFP REFN

ADC

24 -bit o-| Wideband SPI
AT ADC Digital Filter Interface

Modulator Low -Latency &
Digital Filter Control

Analog Digital Digital .
Modulator Filter Interface

Simplified Model of Delta-Sigma ADC

Delta-sigma .

Analog Modulator
v' Continuously captures data
v Input sample rate (Modulator frequency) f,,oq

» f0q 1S directly proportional to clock
frequency, f

Digital Filter
v" Averages many input samples to produce a

single output value, typically 24b or 32b

Digital Interface

v
v
v

Typical interface options are SPI, Frame-sync
ADC requires a continuous clock (CLK) source
DRDY (Data Ready) indicates when the next
conversion result is ready to read by the
processor

34
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High Speed Delta Sigma ADC

Typical Wideband Filter Response

Low-Latency SINC3 Filter Response

Amplitude (dB)

Amplitude (%)

. \
\
|

-80

-100

-120 I

-140 i

-160

0 01 02 03 04 05 06 07 08 09 1

Normalized Frequency (fin/fpata)

110
100 A ,I
90 Final Value —
80

70 Group Delay —

60

N

0 | b gt

40 nailog (inpu

30

20 -

10 I’ — Initial Value

0 | A
-10

0 4 8 12 16 20 24 28 32 36 40 44 48 52 56 60 64 68
Data Periods (1\fpata)

0 \
'20 \
-40
)
% -60 ﬁ I I N
ER ANAIA A
: [IRVERVERVE
< 100 \
RN
-140
0 1 2 3 4 5 6 7 8
Normalized Frequency (fin/foata)
120
100
/,._-—-—"‘71
—~ 80 %
S /
° Analoglnput/ Final Value
S e0
i /
E 40
Initial Value/
L
0

0 1 2 3 4
Data Periods (1/fpata)

Digital Filter (continued)
* Many Delta Sigma ADCs have
multiple filter options
*  Wideband filter maximizes input
signal bandwidth
v' Usually very close to the
Nyquist bandwidth %2*fpata
v' Very long settling time, >55
data rate periods are typical

* Low-latency filter

v' Usually a SINC filter, which is
simply a moving average filter

v' Filter will attenuate input signal
at very low frequency

v' Very fast settling times, 3 to 5
data rate periods

35
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High Speed Delta Sigma ADC | Anti-Aliasing Filter

Digital filter attenuates nalog Anti-Alias filter attenuates
signal by 100dB signal by 100dB at f,,4-foaa/2

/ Typical Wideband Filter Response /
0dB Alias

L] I

Magnitude (dB)

fmoa-foaTa’2 fmoatfoaTal2

Frequency

I:mod
(OSR*fpata)

Input signal Aliases,
but attenuated -100dB
by digital filter

Digital filter has 0dB of
attenuation in this frequency
range

Input signal aliasing occurs for any
input frequency greater than fyaa/2
(Nyquist frequency)

« The digital filter in a Delta-sigma ADC
will attenuate the aliased signal
frequency up to f,.4-fpata/2.

* Any signal in the range of f, ,qtfpata/2
will have little or no attenuation by the
digital filter.

* An external anti-alias filter is required

to attenuate signals greater than f,,4-

~

fDATA/ 2
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High Speed Delta Sigma ADC Tonos = s

Equivalent Analog Input Circuit Model S1 O(|)=NF
: < T >« T g
Revr . AINP MO acq conv
l s ON —
Corr T Cn == | | OFF
- O/'p{O ? . .
Rer AINN st /C”\,,ADC sampling capacitor )
v' 81 closed during the acquisition period
Tacq» Cin = Vbier
v' 82 closed during the conversion period
\ Tconv, CIN =0V /
Average Input Circuit Model (Cp,.r 2100 x C\)
/ [Delta Sigma ADC input can be modeled as )
S AINP an input resistance
Come l R = 1 v' Possible since input is continuously
T €4 Cpfo g sampling
Im ) AINN \ ‘/ CDIFF 2> 100 X CIN
- _/

37
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High Speed Delta Sigma ADC

Iavg /
Reur AINP / ]
1
CorrE < ; Req B CIN'fmod
Q{Qﬁ ) AINN —\

« Using recommended values for the external RC input filter averages current transients
required to charge the input sampling capacitor, resulting in a resistive amplifier load.
v' The amplifier only needs to drive the input filter and the ADC resistive load, allowing
use of lower bandwidth amplifiers.
v' Many amplifiers in the 5MHz to 40MHz range can be used.
« Afully settled input driver design can be used but requires an input amplifier bandwidth
approximately 20 times greater than the input sample rate.
v Typical wideband delta-sigma ADC input sample rate is 10MHz, requiring an input
amplifier bandwidth of 200MHz or higher to fully settle. .

Tl Information — Selective Disclosure .
wip TEXAS INSTRUMENTS



High Speed Delta Sigma ADC

« The disadvantage of using a large RC

- A A'NP value to average the input current is a
- cD.FF < % - steady state gain error.
—- T o « This error results from the average

A'NN current flow through Rg, 1.
« Using the simplified ADC input model, it is
straightforward to calculate the gain error
v' The input filter resistors, Ry 1 create
Gain Error = [1- Reg 1*100% a voltage divider with R,
Req+2*RFLT « The Gain Error is the difference between
an ideal gain of 1 and the voltage divider
created by R, and Rt
R

v' Gain Error =[1 - 2 ——1*100%

R, + 2% RFLT

39
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High Speed Delta Sigma ADC

ﬁrecharge buffers \

« Latest generation high-speed Delta Sigma ADCs include
input pre-charge buffers
« These buffers quickly charge the input capacitor C,y to

REFP REFN

24 -bit Wideband SPI

Az ADC Sty Interface approximately 0.999 of the input value (coarse switch

Modulator o Low -Latency &

Digital Filter Control | closed)

» After this pre-charge phase, the buffers are switched off,
and the inputs are directly connected to the input
capacitor (fine switch closed)

« This reduces the amount of average input current

o/c \ needed to charge the input capacitor C by /

Precharge Fine L approximately 1000x

(o]
On —— f/:\’eset ON

— — — 1000

0 C Fine o R j—
‘ / Coarse r OFF 4 Cuv*f mod
& o— |

ON
Reset

Fine OFF

4

Trnod = 1fmod
—

Precharge Buffers Enabled

¢
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High Speed Delta Sigma ADC — ADC Input Filter

/How to choose the ADC input RC capacitance \
* Cper should be in the range of 100-Cin up to 22nF
v' 22nF is a maximum practical limit to ensure amplifier stability
v High value capacitors result in better low frequency performance (<10kHz)
but cause amplifier distortion at high frequencies due to low impedance
loading on amplifier outputs

\ v" Higher amplifier load current also results in higher power consumption /

Recr AINN \ S1

Equivalent Analog Input Circuit

41
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High Speed Delta Sigma ADC — ADC Input Filter

Gow to choose the ADC input RC filter resistance \

* Rg 7 should be in the range of 1/(1r-fyopCpier) up to 100Q maximum

v' Maximum 100Q Rg 7
v" Minimizes offset voltage due to ADC input leakage current
v Minimizes linearity errors due to nonlinear ADC input current flowing
through Rg 7
v" Minimum Rg 7 value sets the input RC filter corner frequency at a maximum of

k Ya fuop frequency

Recr AINN 1

Equivalent Analog Input Circuit 42
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High Speed Delta Sigma ADC — ADC Input Amplifier

ﬁow to choose Input amplifier Bandwidth x
* The minimum bandwidth of the input amplifier should be GBW = fmod/2
v Higher amplifier bandwidth will support better THD performance
v" Higher bandwidth amplifiers will typically require lower Rg 1 values to maintain stability,
resulting in improved linearity and THD
« Simulate input amplifier, RC filter, and simplified ADC input impedance using SPICE to verify
stability and proper settling
v" Most amplifiers have a complex, multi-order open loop output impedance making simple
calculations for stability inaccurate
K v" Modern amplifier SPICE models have very accurate output impedance and can be used to/

accurately simulate stability

Reir AINP
CDIFF < %eq = C :;
T IN *mod
RFLT AINN
Average Input Circuit (Cp,r > 100 x C,N) 43
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High Speed Delta Sigma ADC - Input Recommendations

-

Resistor Recommendations

Rg, Rf, Riso and Rflt metal film

0.1% or better tolerance for good matching
Rf and Rg set gain of input stage

Riso used to improve amplifier stability

~

/Capacitor Recommendations
 Low tc COG/NPO ceramic capacitors
* High-quality film capacitors

* 1% or better tolerance

~

« Optional common mode C,, capacitors

N v' Ccem =110 x Cpje
Rg Rf k j
AM———AW\ _
T e oo /Amplifier Recommendations \
AVDD o . i - Fully Differential Amplifiers
@ +FDA> YWV R .\/ TH.P210,TH§4551 ,THS4§61
e MW —e—WV  Differential output instrumentation
) v" INA851, PGA854, PGA855
« Standard Operational Amplifiers
ANA————AM = \ v' OPA325, OPA320, OPA328 /

44
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THP210 + ADS127L11: General Purpose Data Acquisition Card Example

MWV -
. Rg‘/\}l\iﬂ | Ruﬁfo . i EE :T: Com: 220 pF [ REF6241 |
Example Design Steps: : Sl T =
_en W W — T
- Select ADC input filter component values @ T > Sy A T F< S
- Select MFB filter component values waf’ il L camzmert L
v Use MFB filter Equations Rt k0 § l: :
Design Methodology for MFB Filters in - i--eeeeceeeeeeecfeeeeeeeeeeeeeee 7777777 g
ADC Interface Applications I
v Alternative: Use filter tool THP210, 2 order, muliple
FilterPro3.1 Link feedba’cklow-pa’ss filtter ADC Input Filter
« Verify AC Performance using SPICE
v Stability Analysis Example Critical Specs:
v System Noise | « BW: f(-3dB) = 150kHz, f(-0.2dB) = >20kHz
v AG Freq Response Analysis + Attenuation: -90dB at fyop= 12.8MHz
v ADC Transient Settling .  Noise/SNR: 106-dB
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THP210 + ADS127L11: Select ADC input filter Components

; ; ADC input filter selection
ADC RC filter at the ADC inputs serves two purposes: . Cup: P
« Provides a third pole, increases filter roll-off. v Cpoer should be 100x or greater
« Charge reservoir to filter the sampled input of the ADC than Delta-Sigma C, sample-and-
hold capacitor
RE: 1kQ e . v ADS1x7Lxx CIN =7.4pF
W 5 - 45V v" Minimum Cgx 740pF up to 22nF
Reiko | R0 Cf::}z”F . | T com:220 pFE {.@ . \/_ This example, Cyg = 2.2nF
45V FUURRE | B : cm -
Cin A AN et et ANA I = v’ Ccy scale to 1/10 of Cy for best
@ e > iRsies | iRm0 cdm22 "F< ADSTZTLYT common-mode noise rejection
AL : K 1+ R Ry, :
A —— A4 Cf'f}an L J:‘ v Ry are outside the feedback loop,
RE 1KO f i L and works as an isolation resistor
Wy b eecenennan PR : for amplifier to remain stable
/ v Ry <100Q to avoid non-linearities
and settling errors.
Riso resistors inside FB loop Riso: ] ] .
help further isolate the ADC Input Filter v Inside the loop improves stability:

amplifier outputs, to improve
filter phase margin

Typical range of 20Q to 100Q

Ensure to verify FDA stability and
phase margin via simulation
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THP210 + ADS127L11: THP210 FDA Stability
Simulate Phase Margin on TINA-TI

AC Small-Signal
Test Source

Rin 100

Large Inductors to Simulate
Open-Loop

Rfil1 22

VCVS1 500m

Cin4.3n

o

1
| Riso168]
[

X aoL

ea— |

OutP:
/

cm1220p

\

Ccm2220p

OutN
{

Large Capacitors to Inject
Voltage AC Test Signal

i R121G :

Loop Gain = AOL*Beta = [(Vfb-) - (Vfb+)] I l o ]

1/Beta = AOL/Loopgain : o E % !

AOL = Vout/ VT = Vout | Loop_Gain 7%, T 2 3T :

I l | > R131G — i

1 i 1

b e )

Input impedance .

differential mode Input pins at [(Vs:)-(Vs.)]/2 1|1 GQ || pF

Riso resistors inside loop:

Adjust to improve phase
margin:

Riso = ~20Q to ~100Q

Measure loop gain phase:

Loop-Gain [(Veg.) = (Ves.)]

Reflect the Differential Input
Impedance (data sheet values)

TINA-TI Simulation

D

TINA_THP210_MFB_Stability_ ADS127Lxx.TSC
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THP210 + ADS127L11: THP210 FDA Stablllty

Simulate Phase Margin on TINA-TI - !

AOL = Vout (differential FDA output pins) oo

Loop-Gain = [(Veg ) — (Vs+)] =
(see schematic) g i [[oopGan

1/Beta = AOL / Loop-Gain S
(Use TINA-TI Post Processor) ]

Phase Margin: j = \
Monitor Phase Shift of Loop-Gain from *14 | Aot Ttoop-can

low frequency (close to DC) to 1-decade

above circuit GBW ey
Phase Margin at AOL and 1/ Beta o]
intersection (or when Loop-Gain = 0-dB) ] V\

Gain :
Allow a conservative >55° of phase

—— ADL A2.22416TMEG: 13.729962)

Phase [deq]

e | cop Gain A2 22416TMEG; 0)

Margin for. MFB ﬁlterS _45_; Enuer_beta A2 22416TMEG: 13.729962)
|n thiS Examp|e_ Phase Margin — 670 -90—3 s | gop_Gain  A:(2.224167TMEG; 67.161904)
. “y s 1357
Circuit is stable!! -
180 ERLLL DL AL DL I LLLL I I L LRLL BLLILALLL IL AL LLL IR L

Frequency (Hz)
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THP210 + ADS127L11: Total System Noise

Simulate Total Integrated Noise

- ADC noise only (Wideband Filter, 400ksps)
v 10.6uVrms, Effective Resolution 19.5b
- Total system noise (including THP210)

v 14.3uVrms, Dynamic Range 106.1dB
v Noise limited by wideband filter at 175kHz

- Total system noise, SINC4 filter, 400ksps
v 9.3uVrms, Effective Resolution 19.7b

v Noise limited by SINC4 filter at 91kHz

Cfb11.2n

k Rin 100
N
VCVS1500m ’7
o

AVDD

Cfb2 1.2n
I |

|
1T
Ccm1 220p

1T !
p
il

Ccm2 220,

Ut THP210

40u —

30u —_

Total noise (V)
N
S
<
|

ADS1x7Lxx Wideband Filter
OSR32, fCLK=25.6MHz, 175kHz Noise BW

Total noise = 14.3uVrms @ 175kHz
Effective resolution = 19.1b (Vref=4.096V)

ADS1x7Lxx SINC4 Filter
OSR32, fCLK=25.6MHz, 91kHz Noise BW

Total noise = 9.3uVrms @ 91kHz
Effective resolution = 19.7b (Vref=4.096V)

1MEG

i—:vm 5.6 AVDDAXSS il |
T i 10u—]
S v utj—<C —
_ VoutADC
%%}é}%}é}é}/ 0 EREERLL | |1—|‘|‘|'|_'_|| T T T T T T BENERLY
;J_l_l_l_] 1 10 100 1k 10k 100k
' Frequency (Hz)
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THP210 + ADS127L11: AC Response

Simulate AC Response

- -3dB bandwidth of 157.9kHz
v Target BW>150kHz _
- -90dB attenuation at modulator frequency £
v -89.7dB at 12.8MHz
Typical Wideband Filter
Response
g
S 0dB
= ./_Alias h\ -
g -100 T/ \%M/\ \ :
foatal2 fnod-foata/2 fnoa*foata’2
/ Frequency Frnod
(OSR*fDATA)

20.00—

0.00 f
-20.00—5
-40.00—3
-60.00—3
-80.00—3

-1 00.00—5
-1 20.00—3

-140.00

f-3dB = 157.9kHz

-89.7dB @ 12.8MHZ[

180

135—3
90—3
45—3
0-
-45—3
-90—3

-135]

-180-

10

T T T oI T T T T T T T ITTI
100 1k 10k 100k 1MEG 10MEG 100MEG

Frequency (Hz)

TI Information — Selective Disclosure

wip TEXAS INSTRUMENTS



THP210 + ADS127L11: Step Input Settling Time using Low-Latency Filter

Simulate Transient Response of Step Input

ADS1x7Lxx family includes low-latency filter
v SINCA4 filter settles in about 4 data cycles
v 400ksps SINC4 latency (settling) time of
10.63us
v Input filter settling time to 19.7b of
effective resolution
Total settling time
v THP210 AAF + ADS1x7Lxx SINC4

v Blps + 10.63us = 61.63us

TINA-TI Simulation

il
&
TINA_THP210_MFB_AC_Noise_Transient ADS1x7Lxx.TSC

Voltage (V)

A ) N N o - N w N )
|||||||||||||||||||||||||||||||||||||||

]
(&)1

[~ 7

Effective resolution 19.7b (SINC4, 400ksps)
Settling to 1/2LSB = (2.4.096)/2*(19.7+1)=4.8uV
Tsettling(1/2LSB) = 51 microseconds

1.49m

1.52m 1.54m

Time (s)

1.57m 1.59m
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Thanks for your time!




Important notice and disclaimer

TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATASHEETS), DESIGN RESOURCES (INCLUDING REFERENCE DESIGNS),
APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS IS” AND WITH ALL FAULTS, AND
DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY IMPLIED WARRANTIES OF MERCHANTABILITY,
FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for skilled developers designing with Tl products. You are solely responsible for (1) selecting the appropriate
Tl products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable
standards, and any other safety, security, or other requirements.

These resources are subject to change without notice. Tl grants you permission to use these resources only for development of an
application that uses the Tl products described in the resource. Other reproduction and display of these resources is prohibited. No license
is granted to any other Tl intellectual property right or to any third party intellectual property right. Tl disclaims responsibility for, and you
will fully indemnify Tl and its representatives against, any claims, damages, costs, losses, and liabilities arising out of your use of these
resources.

TI's products are provided subject to TI's Terms of Sale or other applicable terms available either on ti.com or provided in conjunction with
such Tl products. TI’s provision of these resources does not expand or otherwise alter Tl’s applicable warranties or warranty disclaimers for
Tl products.

53



http://www.ti.com/legal/termsofsale.html

IMPORTANT NOTICE AND DISCLAIMER

TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATASHEETS), DESIGN RESOURCES (INCLUDING REFERENCE
DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS IS”
AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY
IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD
PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for skilled developers designing with Tl products. You are solely responsible for (1) selecting the appropriate
TI products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable
standards, and any other safety, security, regulatory or other requirements.

These resources are subject to change without notice. Tl grants you permission to use these resources only for development of an
application that uses the Tl products described in the resource. Other reproduction and display of these resources is prohibited. No license
is granted to any other Tl intellectual property right or to any third party intellectual property right. Tl disclaims responsibility for, and you fully
indemnify Tl and its representatives against any claims, damages, costs, losses, and liabilities arising out of your use of these resources.

TI's products are provided subject to TI's Terms of Sale, TI's General Quality Guidelines, or other applicable terms available either on
ti.com or provided in conjunction with such Tl products. TI's provision of these resources does not expand or otherwise alter TI's applicable
warranties or warranty disclaimers for Tl products. Unless Tl explicitly designates a product as custom or customer-specified, TI products
are standard, catalog, general purpose devices.

Tl objects to and rejects any additional or different terms you may propose.

Copyright © 2026, Texas Instruments Incorporated
Last updated 10/2025


https://www.ti.com/legal/terms-conditions/terms-of-sale.html
https://www.ti.com/lit/pdf/SZZQ076
https://www.ti.com

	Slide 1
	Slide 2: Objectives
	Slide 3: SAR ADC Drive
	Slide 4: Basic diagram of SAR ADC Successive Approximation Register
	Slide 5: SAR ADC Acquisition & Conversion Phase
	Slide 6: SAR ADC Acquisition & Conversion Phase
	Slide 7: Charging the CSH Capacitor Within tacq
	Slide 8: Why an ADC Driver Circuit is Needed
	Slide 9: Do You Need an External ADC Driver Circuit?
	Slide 10: Does Your ADC Have An Integrated Driver?
	Slide 11: Example: Does ADS8860 Have An Integrated Driver?
	Slide 12: Do You Need an External ADC Driver Circuit?
	Slide 13: Is RC Circuit Sufficient?
	Slide 14: Example: Is RC Circuit Sufficient for ADS8860?
	Slide 15: Factors Affecting Driver Circuit: Rsource & bold t sub bold a. bold c bold q 
	Slide 16: Do You Need an External ADC Driver Circuit?
	Slide 17: Select a Driver Amplifier
	Slide 18: Example: Select a Driver Amplifier for ADS8860
	Slide 19: Pick A Driver Amplifier
	Slide 20: References
	Slide 21: Buffered vs Unbuffered Architectures
	Slide 22: Buffered vs. Unbuffered Architectures
	Slide 23: Understanding the Challenge:
	Slide 24: ADC Driver Design Process Steps
	Slide 25: ADC Driver Design: Bandwidth
	Slide 26: Step 2 - Input Filter Design
	Slide 27: ADC Driver Design: Input Filter Design
	Slide 28: Step 2 - Input Filter Design
	Slide 29: Complete Design Comparison
	Slide 30: Which ADC to Choose?
	Slide 31: Driving High Speed Delta-Sigma ADC Inputs 
	Slide 32: Agenda
	Slide 33: SAR vs Delta-Sigma Sampling
	Slide 34: High Speed Delta Sigma ADC
	Slide 35: High Speed Delta Sigma ADC
	Slide 36: High Speed Delta Sigma ADC  |  Anti-Aliasing Filter
	Slide 37: High Speed Delta Sigma ADC
	Slide 38: High Speed Delta Sigma ADC
	Slide 39: High Speed Delta Sigma ADC
	Slide 40: High Speed Delta Sigma ADC
	Slide 41: High Speed Delta Sigma ADC – ADC Input Filter
	Slide 42: High Speed Delta Sigma ADC – ADC Input Filter
	Slide 43: High Speed Delta Sigma ADC – ADC Input Amplifier
	Slide 44: High Speed Delta Sigma ADC – Input Recommendations
	Slide 45
	Slide 46
	Slide 47: Simulate Phase Margin on TINA-TI
	Slide 48: Simulate Phase Margin on TINA-TI
	Slide 49: Simulate Total Integrated Noise
	Slide 50: Simulate AC Response
	Slide 51: Simulate Transient Response of Step Input
	Slide 52: Thanks for your time! 
	Slide 53

