Using Fully Differential Op Amps to
Signal Conditioning High Voltage
Input Signals to Drive ADCs
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Note associated Tina and Excel files and latest is on FAE Summit Sharepoint



m Agenda

1) Overview

2) Differential Bipolar Input Circuit

3) Single Ended Bipolar Input

4) Single Ended Unipolar Input Circuit
5) New Product Overview THS4521
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We will start with the easiest and move to the more difficult.



Block Diagram

High Voltage |
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for ADC Input
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> Given a high amplitude signal source

> You want to interface to an ADC with low amplitude differential
input centered at a different DC common mode.

> How do you go about it?
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Given a signal source that provides a pulse from ground to 15V, you want to
interface to a 3.3V CMOS ADC with 2Vpp differential full scale input centered at
1.5V common mode. How do you go about it?

We will discuss one approach using a fully differential amplifier (FDA) as the active
element.

With proper component selection, the circuit provides the required signal attenuation
and level shift required.

The main function of the various components is described, the analysis is shown,
and a methodology for selecting the correct values is given.



b@ﬁ'! Differential (DIFF) Bipolar Input Circuit

|

> Easier to start with bipolar differential source into fully
differential amp

> For amplifier stability we want to keep amp gain = 1V/V
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Let’s start with Differential (DIFF) source feeding into a fully differential amplifier
circuit. This makes the analysis easier and makes it easier to understand why we do
what we do when we move to Single Ended (SE).

Unity gain stable Fully Differential op Amps (FDA) are typically compensated so that
a minimum gain of 1V/V is required for best stability and it is not recommended to
use a FDA op amp directly as an attenuator like you can do with a standard unity
gain op amp in inverting configuration.
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Bipolar DIFF Analysis Step 1:
Thevenize Input

’ Thevenin Equivalent ‘

MN —W—
2R IR,
2

> R
vee (1) 2 > Ve (D
S T

2R, IR,
2
M —\W\———
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Converting the input signal source and attenuator resistors to its Thevenin
equivalent eases analysis.



Bipolar DIFF Analysis Step 2:
Substitute Thevenin Equivalent
he W
2R || Ry Vs
2
R + = — Vour.
Vo x— T
%2R, +R; ID 4 Vo,
2Rs IRy VST]—{Vocm
AAA ARAGA ARAFA
VOUTir _ Ry Re
VSIG 2Rs + RT R 2RS ” RT
G
2
W% s

With the input Thevenized, the overall gain of the circuit is easily calculated.



Bipolar DIFF Analysis Step 3:
Set Design Constraints

RF

For unity gain stable FDA = 1
want gain to be 1V/V min ZRS || RT

R, + 1T

° 2

This leads to set equivalent | 2 RS || RT
input resistance equal to R, R,: = RG + T

VOUTJ_r _ RT

So the overall gain equals | =

the input attenuation
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Unity gain stable Fully Differential op Amps (FDA) are typically compensated so that
a minimum gain of 1V/V is required for best stability and it is not recommended to
use a FDA op amp directly as an attenuator like you can do with a standard unity
gain op amp in inverting configuration.

The gain is set to 1 by making the equivalent input resistance equal to the feedback
resistor.

The result is the overall gain is set by the input attenuator.
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Bipolar DIFF Design Step 1:
Calculate Component Values

==
-

n __ 2R

Choose Rg (= Z,,/2) > T V

and calculate R, SIG —1
VOUTi

Then Choose Rp and | 2 RS ” RT

calculate Rg RG = RF —T

Look at Z,, when choosing Rg

Note as attenuation goes t0 | m—)] ZIN = ZRS + RT ” 2RG
infinity Z,y = 2Rg

J‘} TEXAS
INSTRUMENTS

You now have 2 degrees of freedom.

15t degree of freedom is the input attenuator: there is an infinite combination of Rg
and R; that will give desired attenuation.

Start with the input. Typically input impedance is a concern; not always that it has to
be an exact value, but at least in a range. Considering input impedance leads to a
good starting point is to choose Rg = Z,\/2. Then you can calculate R; based on
overall gain using the equation shown.

2"d degree of freedom is the gain resistor values: there is an infinite combination of
Rr and Rg to choose from.

By choosing R, you can calculate Rg based on unity gain criteria and input
attenuator values chosen using the equation shown.

The input impedance can then be calculated using the equation shown, and the
process can be iterated if the value is not acceptable.
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Wksht: “Bipolar DIFF FDA Atten”

- Bipolar DIFF Design Step 2:
“put Design Equations in Spreadsheet

Yellow = input values
Orange = output values
Note Vsig = 2x (max-min)

Design Inputs (enter values)
Vsig min Vsig max Vout Diff Vocm
-5 5 2 1.5
Design Choices (enter values)
Rs Rf
499 499
Calculated Values (do not enter values)
Vout/Vsig Rt Rg
0.100 110.889 449.100
Nearest Standard Values (enter values)
Rt Rg
110 453
Atten, FB Factor and Zin with Std Values
(do not enter values)
FB factor Atten Zin
0.502 0.099 1096.09
Output Voltages with Standard Values
(do not enter values)
Min Mid Max Vout Diff
Vout+ 1.007 1.500 1.993 1.972
Max Mid Min Offset
Vout- 1.993 1.500 1.007 0.000
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Building a spread sheet tool makes it easy to change and tweak design.
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@ Bipolar DIFF Design Step 3:
=Sy ‘\fg . . 9 .
- ' Simulate in Spice (Tl Tina)
Example 1: 500 — g
Bipolar DIFF Source to FDA Attenuator Circuit
Using the THS4520
VM1 Vin-
R6 499 R1499
@” R2 453 500 -
A vt = 500 —
: 2 [—:* itz W .
2 =Vv215 z = M il in+
< l ;vws :
I
R7 499 T Re4% - 'ggg:—
@z R3 453
VM2
VM3 4
1.00 — bl
2.00— —1
wwe ] Vou
1.00 T 1
0.00 500.00n 1.00u 1.50u 2.00u
Time (s)
IQ'E;“R’UMENTS

Spice simulation is a great way to verify the design formulas and values calculated

using the spreadsheet are correct.



Bipolar DIFF Design Step 4:
Validate by Bench Testing
Tek Run: 1.00G5/s Sam[:plleT : . 0
S e —— s dse v
Al 142ns
J@: 2,28 V
Vg e = $2.34V PR
each side
C2 Ampl
4.64 V
’ ) C3 Ampl
Vour = 0.44Vpp I 44omy
each output -
i C4 Ampl
..... -t 440mVy
: |
Note: }
Signal generator . : : boor :
not able to CRT~ 200 Ve WE '33331 VT WS0:0Rs CHT 7 640MY. 31 Mar 2008
supply full VSIG 11:39:21
amplitude
W

Validation is completed by testing in the lab.
Note: Signal generator not able to supply full VSIG amplitude, but circuit is right.



e Next: Move Design to
- Single Ended (SE) Bipolar Input

» We will now convert the bipolar differential input source and
circuit to a single ended bipolar input source and circuit
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Split Ry in %2 and
ground the center point

S
A

% Bipolar SE Conversion: Step 1

G Re
\ MN . MN MY
VS+
%2 Ry
+ X Vour-
Vsic g/_\_ FDA
/ - * —— Vour+
Change Vg Vocm
to Bipolar SE S
—W—
—3 RF
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First step to convert the previous differential input to single ended is to change the

input source to single ended, split Ry in 72 and ground the center point.

14



Rea=Rg + (1/2‘RT) I| Rs
v

Vour.-

P VOUT+

-/

Combine resistors on the alternate
input to maintain balance in the FDA
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Combine resistors on the alternate input to maintain balance in the FDA.

15



Bipolar SE Analysis: Step 1

Thevenize and Substitute
(“2Rq) || Rs Re Vs. Re
2 R
Vsig X i g/_\_
7 Rr+Rs + X — Vour-
FDA
= -ﬂ" V0UT+
Vocm
Rea=Re +(%R7)[IRs | Vs g
% 'AVAV‘ 'AVAV‘
RT
Vours _ 2 % Re
R R
¥aek R R R (|
2 2
wﬁﬁwzm

Converting the input signal source and attenuator resistors to its Thevenin

equivalent eases analysis.




Bipolar SE Analysis Step 2:
Set Design Constraints

— Re
For unity gain stable FDA = 1
want gain to be 1V/V min ’ RT
Re +Rs I
This leads to set equivalent | RT
input resistance equal to R, R,: — RG + RS ” 7
RT
So the overall gain equals > VOUTi . 2
the input attenuation V - R
SIG Rs 4T
2
Ji‘E?ﬁ?umzms

Same as before:

Unity gain stable Fully Differential op Amps (FDA) are typically compensated so that
a minimum gain of 1V/V is required for best stability and it is not recommended to
use a FDA op amp directly as an attenuator like you can do with a standard unity

gain op amp in inverting configuration.

The gain is set to 1 by making the equivalent input resistance equal to the feedback

resistor.

The result is the overall gain is set by the input attenuator.
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Bipolar SE Design Step 1:
Calculate Component Values

=
[

R, R,

Choose Rg (= Z,) -

and calculate R, > 2 VSIG —1

VOUTJ_r

Then Choose Rp and RT

calculate R . RG — RF - Rs ” A
RT

Calculate Req > REQ =] RF + RS ” 7
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Same as before, you now have 2 degrees of freedom.

15t degree of freedom is the input attenuator: there is an infinite combination of Rg
and R; that will give desired attenuation.

Start with the input. Typically input impedance is a concern; not always that it has to
be an exact value, but at least in a range. Considering input impedance leads to a
good starting point is to choose Rg = Z\. Then you can calculate 2 R; based on
overall gain using the equation shown.

2"d degree of freedom is the gain resistor values: there is an infinite combination of
Rr and Rg to choose from.

By choosing R, you can calculate Rg based on unity gain criteria and input
attenuator values chosen using the equation shown.

The input impedance for this SE circuit is much more complex than the DIFF circuit.
We will discuss how to analyze next.

18



Bipolar SE Design Sidebar:
How to Calculate Z,,
R
_ T
ZIN - Rs +7” ZA
ZA
RS RG RF
AAM?—Wv AMN—
V3 RT > Vs"‘
VSIG @ -
+ - p— VOUT-
FDA
= - + Vour+
Vocm
Vs.
Rea = Re + (2 R1) || Rs
_r\N‘v‘ Jg\l‘—
g - -

The input impedance in the SE case is complicated by the fact that it now depends
on the impedance looking into RG, which depends on the value of the resistor and
the gain of the amplifier.



Bipolar SE Design Sidebar:
How to Calculate Z,,
R
Ly = Rs +—-| Z,
2 Z,
Re ° N R R
VSIG A \ _va ANFv Vou'r.
%R % e
— :Vp
= lp=0
7 - V_A | = VA _VOUT—
AT AT
|, Rs + Re
g < -

The outline of how to approach calculating Z, for the SE circuit is shown above.
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Bipolar SE Design Step 2:
“Put Design Equations in Spreadsheet

Design Inputs (enter values)

Vsig min | Vsig max | Vout Diff Vocm
-10 10 2 1.5
Design Choices (enter values)
Rs Rf
1000 499
Calculated Values (do not enter values)
Vout/Vsig 1/2 Rt Rg Req
0.100 111.11 399.00 499.00
Nearest Standard Values (enter values)
1/2 Rt Rg Req
110 402 499

Atten, FB Factors, and Z
(do not enter values)

in with Std Values

Wksht: “Bipolar SE FDA Atten”
Yellow = input values
Orange = output values

B+ B- Atten Zin
0.501 0.500 0.099 1092.16828
Output Voltages with Standard Values
(do not enter values)
Min Mid Max Vout Diff
Vout+ 1.008 1.502 1.996 1.976
Max Mid Min Offset
Vout- 1.992 1.498 1.004 0.003
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Building a spread sheet tool makes it easy to change and tweak design.
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e Bipolar SE Design Step 3:
> Simulate in Spice (Tl Tina)

k!

Example 2: 1000
Bipolar SE Source to FDA Attenuator
Circuit Using the THS4520 VM1
R6 1k R1499 -10.00—-
T 2.00—
vcg\/w o ]
1.00—-
2.00—
VM4
1.00—
1.00
Vp
» The outputs are not correct!!!
» AARGHHHHHHH o2
» Vg of the THS4520 is violated "
» What can we do?
» Call Jim => no; we can fix it 000
0.00 500.00n 1.00u 1.50u 2.00u
Time (s)
{aﬁm
INSTRUMENTS

Spice simulation is a great way to verify the design formulas and values calculated
using the spreadsheet are correct.

We see from results above there is a problem; the outputs are not correct.

Upon examination, we find the input voltage range of the THS4520 is violated
causing the input to saturated.

What can we do?



Bipolar SE Design Step 4:
Validate by Bench Testlng
Tek Run: 1.00GS/s Sample . . . 0
| ] la e
: : ; @iz
C1 Ampl
’VSIG_+7 3V ‘—» : 4.6V
1+
- C3 Ampl
460mv
’ Vgyur hot correct ‘—)
: C4 Ampl
480mv
Note:
Signal generator SR : :
not able to Ch1 S.00 VG . M50.0ns CRi T 75V
supply full Vg, Cch3 500mva 500mMVG ' ' ?;:;ﬂ;:rsiﬂns
amplitude
Ji‘E?ﬁ?umzms

Validation is completed by testing in the lab.

Note: Signal generator not able to supply full VSIG amplitude, but we can still see
the circuit is not right.
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Example 3:

ﬁ Bipolar SE Design Step 3:
ol Simulate in Spice (Tl Tina)

10.00
Bipolar SE Source to FDA Attenuator Circuit
Using the THS4520 with Pull-Up Resistors M1 ]
R6 1k R1499
- + -10.00—
g Red2 2.00—
T ]
veto L R’ [ M3 1
P U1 THS4520 S = Ve
= Lvzrs 2
1 Lo % i
R9 1k l 1 R
R4 499 VM4 ]
1 R3499
1.00—
2.00—
. . Ve 1 [Op Amp Non-werting npt] t
» Adding 1k Pull-Up resistors R
fixes the problem 100
Vn 1 [Op Amp Inverting Input \
1.00 ‘ T ‘ T ‘ T ‘
0.00 500.00n 1.00u 1.50u 2.00u
Time (s)
{;m
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Pull up resistors fix the problem.
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’VOUTiscorrect ‘—V

Note:

Signal generator
not able to
supply full Vg
amplitude

Bipolar SE Design Step 4:
Validate by Bench Testing

Tek Run: 1.00GS5/s Sampl‘e
B T
|7

]

[

Chi  5.00 v
Ch3 5060mva 500MVQ

WMS50.0ns Chi 7 2.5V

A 740my
R

Al 142ns

C1 Ampl
14.6 ¥

C3 Ampl
700mv

c4 Ampl
700mv

31 Mar 2008
12:20:10
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Validation is completed by testing in the lab.

Note: Signal generator not able to supply full VSIG amplitude, but we can see the

circuit right.

25



e Last: Move Design to
@ Single Ended (SE) Unipolar Input

» We will now convert the input source and circuit to a single
ended input unipolar source and circuit

{; TExAS
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= . SE Unipolar Conversion
RS+ RG+ RF
Change Vg MV —AWW\ MV
to Unipolar SE \ %RT V.
Vsie =
+ o~ — VOUT-
FDA
= Vs, - & —— Vour+
Add resistors to alternate Y
5 Rq. oCcMm
input to balance the — s R Vs.
q 3 G-
common mode input voltage MA

The design is otherwise the same and the task is to calculate the
alternate input component values to keep the circuit balanced

i3 Texas
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To convert the previous single ended bipolar input to single ended unipolar we add
a resistor divider to the alternate input to balance the common mode input voltage.

The design stays otherwise the same and the work left is to calculate the alternate
input values to keep the circuit balanced.

27



Unipolar SE Design: Step 1
Calculate Component Values

— RS—
Choose Rgand
— -1
Iculate R
e VSIG max +VSIG min o RT+
2Vs+ RS+ + RT+

Then calculate R, — RG— = RF — RS— ” RT—

J‘} Texas
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For the positive side use the same formulas as for the bipolar SE input.

Although not required, it is probably best to keep the R resistor value the same on
both side.

Choose Rg. and calculate R;. and Rg_ to adjust for the change in input common
mode voltage and balance the amplifier using the equations shown.
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Unipolar SE Design Step 2:
“Put Design Equations in Spreadsheet

—
@M

g/

Design Inputs (enter values)
Vsig min | Vsig max | Vout Diff CM Vs+
0 20 2 1.5 5
Design Choices (enter values)
Rs+ Rf Rs- Wksht: “Unipolar SE FDA Atten”
dodu fl f00 Yellow = input values
Calculated Values (do not enter values) _
VoutlVsig m Rgr RE Ro- Orange = output values
0.10 111.11 399.00 250.00 299.00
Nearest Standard Values (enter values)
Rt Rg+ Rt- Rg-
110 402 249 301

Atten and Feedback Factors with Std Values
(do not enter values)
B+ B- Atten + Atten - Zin
0.501 0.501 0.099 0.199 1092.168
Output Voltages with Standard Values
(do not enter values)

Min Mid Max Vout Diff
Vout+ 1.004 1.497 1.991 1.974

Max Mid Min Offset
Vout- 1.996 1.503 1.009 -0.005

J{} Texas
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Again building a spread sheet tool makes it easy to change and tweak design.
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Unipolar SE Design Step 3:

Example 4:

Unipolar SE Source to FDA Attenuator Circuit
Using the THS4520

Simulate in Spice (Tl Tina)

Things look OK, but per the data
sheet V  is too low and we may
want to pull it up a bit to be safe

VM4

Vp

1.00—
2.00—

1.00—
2.00—

0.00

T
500.00n

I ' [ ' |
1.00u 1.50u 2.00u
Time (s)

i3 Texas
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The Spice simulation shows no real problem, but the input voltage range of the
THS4520 is close to being violated and we may want to pull it up a bit to make for a

more robust design
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Unipolar SE Design Step 4:
Validate by Bench Testing

Tek Run:.l.OOGst Sam[iplﬁ_ . ' 0
S o Ta: 360mY
. : 1at 142ns
S B | @i 1.96 v
[ Vgig =0V t0 7.2V st | ci Ampl
|
. |
. |
|
[
| i
’ Vour is correct B | | ek SR "
i : ];f : | i A : : 1 c4 Ampl
T S S : i) 360MY
Note: ; ; ; | : : : :
Signal generator :
not able to E.: |
i i H H | i ’
supply full Vg Chi~ 5.00 V& MS0.0ns Chi F# 2.5V 31 Mar 2008
. WE 500mvs: Ch4 500mve -
amplitude K 13:02:26
J‘}TEXM
INSTRUMENTS

Validation is completed by testing in the lab.

Note: Signal generator not able to supply full VSIG amplitude. The circuit looks ok
or we can not see any issues, but the PDS says the V|-g should be 1.2V to 4.25V,
which may be an issue down the road = so we will show using pull-up resistors
again.



- Unipolar SE Design Step 3:
e Simulate in Spice (Tl Tina)

Example 5: 200
Unipolar SE Source to FDA Attenuator Circuit
Using the THS4520 with Pull-Up Resistors M 1
R6 i R 499
K o Red02 0.00—]
L VMt % R112) = 2.00—
Veto 1 5 p
. EEVW
L Los | @ FR S
= vm 100
5 1 2,00
R3 30
VM4
1.004
1.90—
Vp ]
» Adding 2k Pull-Up resistors
" 140
fixes the problem 190,
Vn 3
1 [T T T
0.00 500.00n 1.00u 1.50u 2.00u
Time (s)
3 T
INSTRUMENTS

Pull up resistors move the inputs to an operating point with more margin



Vg =0V to 7.2V 4—»
1+

Unipolar SE Design Step 4:
Validate by Bench Testing

Tek Run: 1.00GS/s Sample
[ 1

’Vour is correct ‘

Note:

Signal generator
not able to
supply full Vg
amplitude

|
|
|
|
|
|
|
|
|
}
|
) } =
|
|
|
|
|
|
|
|

Chisoove WSo.0ns Chi F 3.5V
ch3 500mve 500mvVe

¢

Al 360my
Al 142ns
@ 1.01v

C1 Ampl
7.4V

C3 Ampl
360mv

c4 Ampl
360mv

31 Mar 2008
13:28:26
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Validation is completed by testing in the lab.

Note: Signal generator not able to supply full VSIG amplitude, but we can see the

circuit right.
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THS4521 Single
THS4522 Dual
THS4524 Quad

Lowest Power Fully Differential Op Amp Drivers for
High Performance SAR and AZ Converters
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The hardware setup used in testing the ADS8321 with the THS4521 includes the
actual THS4521EVM with the ADS8321EVM-PDK and a system One Audio
Precision signal source. The cabling was ‘generic’ in nature, nothing special was
needed to achieve data sheet performance from this combination of hardware.



ADSB321EVM-PDK

2.40000M I

|| se.z1e | -o.7sce | se.zade | zookee | -nsoce | [100.7d5

_——

\ g - -

This screen capture from ADCPro shows the FFT performance of the ADS8321 with
the THS4521 EVM'’s cabled together with a full scale 2K sine wave input signal.



ADS8321EVYM-PDK,

This screen capture from ADCPro shows the FFT performance of the ADS8321 with
the THS4521 EVM'’s cabled together with a full scale 10K sine wave input signal.



THS4521 and ADS8321
Combiped Performance

vy

ADS8321

in

—1— Open I
0.22pF
w I
AC Analysis at fg,p - = 100kSPS
Configuration Tone Signal SNR | THD SINAD SFDR (dBc)
(Hz) (dBFS) (dBc) | (dBc) (dBc)

THS4521 + 2k -0.5 87 -98 86.4 100.7

ADS8321

THS4521 + 10k -0.5 85 -98 85.2 102.2

ADS8321
ADS8321 PDS (typ) 10k -0.5 87 -86 84 86

The table above and the schematic diagram show the performance of these two
boards. Note that the typical data sheet numbers (bottom row). The SNR is a little
low, but the SINAD and THD numbers show better than datasheet performance.
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The hardware setup used in testing the ADS1278 with the THS4521 actually took
the existing ADS1278EVM and replaced one of the input drives found on that
hardware (an OPA1632) with the THS4521 device. A System One Audio Precision
signal source was used to provide the input signal. The cabling again was ‘generic
in nature, nothing special was needed to achieve performance from this
combination of hardware. The breakout in the lower left corner shows the actual
connection modifications to the EVM. The power connections were modified by
adding a zero ohm resistor in place of the bypass cap on the (-) supply. The +VA
supply was reduced from the nominal +10 to only +5VDC.
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ADCPro

File EVM Test Tools Help

a Dot | Foody €8 meal (7l B oot | semples J(;

Multichannel FFT

ADS1278EVM-PDK ¢

DataRate o 52734k S

L
= Clack Frequency 27.000000M | Hz
A -
2 Modulator Frequency 6.75M Hz %
5
T
5 i !
s Clack Source =
& .
2 e PLL
& o J
: e : WWWWL f
) On-board ]
E 1
3
£

! v o v ol
5000 10000 15000 20000 26367.2

i
OperatingMode  High-Resolution T‘ Frequency (Hz)
B R
CLKDIW Control O @51
- Block Size 4096 T‘

Daks utput Format
BB RONE Plot&ll I Display Orly CHL o
Frame Sync, TOM, Fized bode |

AC Analysis
(referenced to dBc) SNR THD SIMAD  Tone(Hz) SFDR Signal

mcr—n — |i0a.60¢ -108.531 |10555 19913 juzezz  |-050

vref .L.E 2.5 ¥

| Display | FET | Stats

Colecting IR 100%.
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This screen capture from ADCPro shows the FFT performance of the ADS1278 with
the THS4521 device mounted on the board with an applied full scale 1K sine wave

input signal.



ADS1278 with 10K Sine Wave

=10l ]

File EVM Test Tools Help

a Datarecorder | iely 0 putol e 3 = oo | sampes J{a

ADS127BEVM-PDK ¥ Multichannel FFT
Data Rate ;‘)] 52,734k SPS 4 T

Clack Frequency 27,000000M | Ha

"
0

2

2

i .
£ Modulator Frequency 6.75M Hz g
B =
) E

A

) Clack Saurce z
E= % FLL 5
A
o External

5 On-board

2

8

=

o 0 o ]
10000 15000 20000 26367.2

T
Operating Mods  High-Resolution ‘T‘ Frequency (Hz)
[ PRIk
CLKDIW Control O @ 1
- Block Size. 4096 v!

Data Cutput F t
ata Cutput Format . Plot &l [~ Display only. CHL N
Frame Sync, TOM, Fixed Mode < |

AC Analysis
(referenced to dBc) SHR: THD SIMAD  ToneiHz) SFDR Signal

lllcm 120 114846 (10101 |10k 114846 |-0.52

yref }.Ji 25 W

Collecting I 1007

| Display | FFT | Stats
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This screen capture from ADCPro shows the FFT performance of the ADS1278 with
the THS4521 device mounted on the board with an applied full scale 10K sine wave
input signal.



THS4521 and ADS1278
Combined Performance

1.5nF
5v

v|N-|> AAA +*

- \AAZ l AINN1
THS4E> 490 22T <ADS1278: CHA1
V. © AAA - +, AAA AINP1

VVV VVv g Vcom

1k ﬂ Vocm

. <<—p
! T 01WF| 4, opA23s0 I 0.1uF
AC Analysis at foy,p. = 52KSPS 1k
Configuration Tone Signal SNR | THD SINAD SFDR (dBc)
(Hz) (dBFS) (dBc) | (dBc) (dBc)
THS4521 + 1k -0.5 109 -108 105 114
ADS1278
THS4521 + 10k 05 | 102 [ 110 | 101 110
ADS1278
ADS1278 PDS (typ) 1k -0.5 110 -108 NA 109

The table above and the schematic diagram show the performance of the ADS1278
being driven from the THS4521. Note that the typical data sheet numbers (bottom
row). The SNRis a little low, but the SINAD and THD numbers show better than

datasheet performance. Remember, this was a simply R&R of the amplifier on the
EVM, no additional changes were made.



ADS1278 EVM As Shipped
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INSTRUMENTS

This is the original configuration of a typical input drive circuit found on the
ADS1278EVM. The driver is an OPA1632 which consumes over 8x the power of
the THS4521. Replacing all OPA1632’s with the THS4521 on the EVM requires

less power than running a single input with the OPA1632 without compromising
performance.
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This is the modified circuit on the ADS1278EVM board. Vccis 0-5V...
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The End
Questions?
Comments?
Thank You
The End
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