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Fully Differential Amplifier or FDA

V|N_

Vour
VIN+

Standard Operational Amplifier

Differential in

Single-ended out

Output Common Mode is Vout
Single feedback paths

Vin- Vour+

VOCM

Vin+ Vour-
ly-Differential Amplifier

Differential In

Differential out

Output Common-mode set by Vocm
Multiple feedback paths

Double the dynamic range of amplifier
Even order harmonic distortion canceled
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Fully Differential Amplifier or FDA

Vout+ =Vocm + Vdif _out/2
=25V +1V/2 =3V

Vin- Vout+
D) N\N— NN * C

1V -~ 3V
/ 5.4V \

Vd'f_'ﬂ — 2\/ = lV — 1\/ Sets Output

oy \Z/Oé:{n/\ cormmon mode Vdif _out = 3V-2v =1V
: + : g
Vcm_In = 5= 1.5V Vcm = Vocm :SVZZV: 2.5V

U1
\ THS4521 /

Vin+_ . Vout-
VWV a4 C oy

2V Rz 1K Re, 1K
Vout- = Vocm - Vdif_out/2
=2.5V-1V/2 =2V
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Integrated FDA — THS4551 block diagram

VCC

High-AOL
Differential
I/O0 Amplifier -

+

e mmm b ———

5.2 kQ

5.2 kQ

T OUT+
|
|
|
|
|
|
|
:— ouT
|
Vee 1
|
|
300 kQ ¢
|
FI VOCM
|
300kQ 1
|
|
V 1
EE "

Integrated fully-differential, high
Ay amplifier

Integrated wide-bandwidth,
common-mode feedback, error
amplifier

Integrated resistors to detect the
average output common-mode
voltage

Integrated mid-supply, common
mode setting resistors
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FDA Distortion Considerations

FDA Input FDA Output
Vs Digitized Signal P

0 - Inlput Flundirtl'nental| | | 0 - igftizec Slgnal Fower
— -20 -20
[aa]
3 @ -40
S Non-Inverting Output Z Even Or(.ierc .
.g -60 ga(X) =ag + ar’x + az'X2 + a3-x3 + a4-x4 + a5-x5+ § -60 armonics an\ce{
a - 2 3 4 5
g' -80 No discernable distortion Vout_pos = ag + a*(Vair) + az:(Vair)” + az(Vair)” + as*(Vair)” + as*(Vair) '+ ... £ 80 / A\
< ' o

-100 $ Ro1 1k Rr1 1k \ E-loo / \ N\
AMA— % C w N

0 1k 2k 3k 4k 5k 6k 7k 8k 9k 10k
Frequency (Hz)

Differential Output
Vout_dif = Vout_pos — Vout_neg

Ul

l THS4521 l

NAN—= A%

Rez 1k Re, 1k /
Inverting Output
gb(X) =bo+byx+ bz'X2+ b3'X3+ b4'X4+ b5'X5+
Vout_neg = bo + b1(-Vair) + bz'('vdif)2+ b3'('Vdif)3 + b4'('Vdif)4+ b5'('vdif)5+
Vout_neg = bg - by (Vair) + bz (Vai)* - b3 (Vair) + ba(Vair)* - bs-(Vain) >+ ...

-
S

Frequency (Hz)

-120 Wnﬁn -120
5.4V
0 1k 2k 3k 4k 5k 6k 7k 8k 9k 10k

Vout_dif = ag+ho + (a1+b1) (Vair) + (@2-b2):(Vair)® + (@z+b3) (Vair)® + (@4-ba)(Vair)* + (@5+bs) (Vair) >+ ...
Vout_dif = agtbg + (a1+b1)-(Vair) + 0.0 + (ag+bs) (Vair)* + 0.0 + (as*bs) (Vai) >+ ...
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FDA Distortion Considerations

Make sure you use accurate low drift resistors
for optimal THD (0.1%, 20ppm/C)

FDA Input Re1 1k Rr1 1K
. T [ [ T 1 > AA— A ¢
<@—— Input Fundimental
20 5.4V
)
Z 40
[}
-g -60 Vit Voem  >——H v
%- Input distortion will show out_dif
- up in the output also
E® . u1
1100 4 * \‘ THS4521
1120 - ) l
0 1k 2k 3k 4k 5k 6k 7k 8k 9k 10k b, AN— AYAAY, C
Rg2 1k Re> 1k

Frequency (Hz)
N A

Any mismatch in resistors will introduce distortion

Amplitude (dB)

FDA Output

Vs Digitized Signal Power

Even Order Harmonics

From Inputs and

Mismatch of feedback

/ 1\

/ AN
/

N\
4

MNIYNVY

0

1k 2k 3k 4k 5k 6k 7k 8k 9k 10k

Frequency (Hz)
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FDA — Single Ended Unipolar to Differential

5.0 +

3.75¢%

2.5

1.25 ¢

0.0-

5.0 1+

3.75 ¢t

2.5

1.259

0.0-

Example
Vin=3.75V

/- Example
N\ Vout_dif=2.5V -

Input to FDA Signal

Output of FDA

Vcm =2.5V
}1/2FSR +0.1V

Re1 1k Re1 2k
2.5V NN— ANV
Val 5v
Connect to
Vref/2 for
Unipolar 2.5V Vout_dif = +5V

Vem = 2.5V

|

5V 1.ng 1;‘83/
= / Vref AVDD DVDD
AIN_P
ADS9110
AIN_M
\ AGND  DGND

I

Ayais
= ( vzl ) * (Vin—Vocm) + Vocm

A dif
Voutn = _< 1;21 > * (Vin—"Vocm) + Vocm

QOutDif = Avdif * (Vin—VYocm)

Example Calculation: v;,= 3.75V

p _RF_ZkQ_ZV/V
vdif T R, T 1kQ

2
Vourp = <§> - (3.75V = 2.5V) + 2.5V = 3.75V

2
Vourn = — (E) - (3.75V = 2.5V) + 2.5V = 1.25V

Voutpir = 2+ (3.75V — 2.5V) = 2.5V

~

/
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FDA — Single Ended Bipolar to Differential

A Input to FDA Signal
2.5+
1.25+4 \
0 Example
Vin=1.25V
-1.25 ¢+
25+
A Output of FDA
50+

3.75 1

- /- Example

2.5

N Vout_dif=2.5V+

1.25¢

0.0-

Vin

-2.5V to 2.5V

Vcm =2.5V
}1/2FSR +0.1V

Connect to

GND for Bipolar

Vin

-2.5V

5V 1.ng 1.8V
Ro1 1k Re1 2k 1 Vref AVDD DVDD
I’\/\/\/ + NN B
]_ 5V AIN_P
/
2.5V Vout dif = x5V
_~  Vem =25V ADS9110
== l AIN_M
AAA AA \ AGND  DGND
Reo 1K Re, 2k

I

/Equations for this Configuration

Rp
Apair = R,
A dif
Voutp = ( vzl ) * (Vin) + Vocu
A d'f
Voutrn = —< vzl > *(Vin) + Vocu

QOutDif = Apair * Vin)

Example Calculation: v;,= 3.75V

Ry 2kQ
Avaig =g =g = 2V
2

2

Voutpis = 2 - (3.75V — 1.25V) = 2.5V

~

/
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Improve Linear Range

2.6V 15k
Buffer 5V 1.8V 1.8V
16.2k T T
Rg; 1k Rr1 2K = AVDD DVDD

' Vref
A Input to FDA Signal oy Rt 1k NS / re

\\ 5.4V T AIN_P
2.6V Vout_dif = £5V Valid CM Range
U1l
1 THS4521 AIN_M
OV 10 5V —AAA AN \ AGND  DGND
Rgo 1k Re, 2k J_ é
N Output of FDA -
50+ PARAMETER THS4521 MIN TYP MAX UNIT
AIN M Output voltage low (V-) +0.1 (V-) +0.15 Vv
357 - Output voltage high (V+)-0.3 |(V+)-0.25 V
25 Vcm =2.6V
PARAMETER ADS9110 MIN TYP MAX UNIT
1.259 = AIN_P Full-scale input voltage span -Vref Vref V
0. e———————————————- Absolute Input voltage range AINto GND |-0-1 AVDD+0.1 vV
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Thanks for your time!
Please try the quiz.



Quiz: Driving a SAR ADC =
with a Fully leferentlal Ampllfi
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Quiz: Linear Range ADC + FDA

1.

Design a FDA circuit topology to translate a single ended OV to 1V, to OV to
4V. Use THS4551, OPA320, and ADS9110 with a 4.096V reference. Will the
output be linear over the full OV to 1V signal range?

. Design a FDA circuit topo

to 2.5V. Use THS455], O
the output be linear overt

ogy to translate a single ended -0.1V to +0.1V, to OV
PA320, and ADS9110 with a 2.5V reference. Wil

ne full OV to 1V signal range?

(T/F) Assume the input signal applied to an FDA has both even and odd order
harmonics. The the FDA will cancel the even order harmonics.

(T/F) The Vocm pin can be directly connected to a voltage divider to set it's

output common mode.
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Quiz: Linear Range ADC + FDA

1. Design a FDA circuit topology to translate a single ended OV to 1V, to OV to
4V. Use THS4551, OPA320, and ADS9110 with a 4.096V reference. Will the
output be linear over the full OV to 1V signal range? Type

Non-Inverting

2.048V
Buffer 4.096V 1.8V 1.8V R1
H'gh BW T T Target Gain (Rf/R1) o04
Re: 1K Re1 2k Vref AVDD DVDD 4.096 _
2.048V ANA—2 AWV : Best Gain
/ 5y AIN P 4.096
Connect to .
Vref/2 for Tolerance Error(%)
Unipolar 2.048V Vout_dif = £4.096V, (0.1% E198 0.000647
Vem = 2.048V ADS9110
Res 6.04k  Res 18.7k —
VWA —— WA Ul
= THS4551
— AIN M
— AN AN AGND DGND
Rez 1k Re> 2k J_
Vin OPA320 = J7 Analog engineer’s
OVto 1V -
L OV to 4.096Y calculator used to select U2

Feedback resistors
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Quiz: Linear Range ADC + FDA

Problem 1: continued.

Common-mode voltagerange Vo, | [(\)-01 ]  [(VH)+01

RL = 10kQ 10 20

Voltage swing from both rails Vo RL = 2kO o5 35 mV

Open-loop gain A [0.1<Vo<(V+)-0.1V, R, = 10KQ 114 132 "
i i b 0.2 <Vo < (V+)-0.2V, R, = 2kQ 108 123
Amplifier input range  |-0.1V <V _, <5.1V Rgs 6.04k  Res 18.7k

Amplifier output range |0.02 <V, <4.98V

Amplifier Linear Range |0.1 <V, <4.9V

Target:0V to 4.096V
Linear range: 0.1V to 4.096V

Worst Case Range 0.1<V,y<4.9V
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Quiz: Linear Range ADC + FDA

Problem 1: continued.

0.1V <V, < 3.8V

0.23 <V, < 4.77V

PARAMETER THS4551 MIN TYP MAX UNIT i i
Output voltage low (V-) +0.2 (V-) +0.23 \Y; Input range
Output voltage high (V+)-0.23 |(V+)-02 \Y, output range
Common mode input voltage low (V-) +0.2 (V-)-0.1 V
Common mode input voltage high |(V+)—-1.2 |(V+)-1.1 V
Minimum output swing from OpAmp Ideal minimum output swing ~ Fails output range.
Must be > 0.23V
RGl 1k RFl 2k
2.048V Tﬁk}k Fﬁﬁfk o1y 2.048V AAA— AMN oV 2.048V
5V
2,048V vout Tﬁli 2.634236\/ 2.048V VO\‘;é?:ii ;.644g36v
u1
$ﬁ34551 THS4551
ov AN ANV 4.096V 4.096V
0.1V | 3.996V
ngak éﬁﬁ;( Re: 1k Res 2k \

4.096V - 0.1V = 3.996V

Vem_in = 1.365V
Passes input range

Passes output
range

Note: The output swing low on the THS limits the range.

Maximum output swing

RGl 1k RFl 2k

A4 4.096V

2.048V Vout_dif = +4.096V

Vem = 2.048V

ul
THS4551

AA'A% ov

R, 2k ?
Vem_in = 2.731V

Passes input range

A%%
Re2 1k

Fails output range.
Must be > 0.23V
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Quiz: Linear Range ADC + FDA

Problem 1: continued.

4.096V 1;|§V 1.8V
Rei 1k Vref AVDD DVDD
2.048V NN
Connect to
Vref/2 for
Unipolar 2.048V 2 _
Vcm = 2.048V ADSQllO
Rg3 6.04k  Rg; 18.7k
_C NN—— ANV
i vV AIN_M
— AN/ NN AGND DGND

RGZ 1k R|:2 2k
OPA320 = N

- OV to 4.096V

Note: One approach to avoiding the output swing limitation is a -0.3V negative supply.
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Quiz: Linear Range ADC + FDA

2. Design a FDA circuit topology to translate a single ended -0.1V to +0.1V, to OV to
2.5V. Use THS4551, OPA320, and ADS9110 with a 2.5V reference. Will the
output be linear over the full OV to 1V signal range?

1. 25v Qé\/wf
Re1 1k Re1 2k Vref

—l_ NN * NN
) \\ 5\ AIN P

Vout dlf +2.5V
Vcm = 125V

Reg 1k RF3 11.5k [ |
—\VVV

+2.5V

Ul

THS4551
= AIN M

AGND DGND

2.5V 1.8V 1.8V
Il
AVDD DVDD
ADS9110

Vin
-0.1Vto 0.1V

RG2 1k R|:2 2k
OPA320

-1.25Vto 1.25V

[

Type
Non-Inverting

Target Gain (Rf/R1)
12.5

Tolerance
(0.1% E198

OK

Rf
1.15k

R1
100

Best Gain
12.5

Error(%o)
0

Help

Analog engineer’s
calculator used to select
U2 Feedback resistors
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Quiz: Linear Range ADC + FDA

Problem 2: continued.

Common-mode voltage range V V-)-0.1 (V+)+0.1 V
RL = 10kQ 10 20
Voltage swing from both rails Vo RL = 2kO o5 35 mV
Open-loob aain A 0.1 <Vo < (V+)-0.1V, R, = 10kQ 114 132 4B
P P oL [0.2< Vo < (V+)-0.2V, R, = 2kQ 108 123

Amplifier input range -2.6V <V, <2.6V

Res 1k
Amplifier output range |-2.48 <V, < 2.48V — VW
Amplifier Linear Range |-2.4 <V, < 2.4V
Target:-1.25V to +1.25V
Worst Case Range 2.4 <V, <24V Worst Case range: -2.4V to +2.4V
: Not limited
Vin
-0.1Vto 0.1V
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Quiz: Linear Range ADC + FDA

Problem 2: continued.

PARAMETER THS4551 MIN TYP MAX UNIT i
-U. < < o.
Output voltage low (V-) +0.2 (V-) +0.23 \Y; InpUt range 0.1V ch 3.8V
Output voltage high (V+)-0.23 |(V+)-02 V outputrange |0.23<V,<4.7/V
Common mode input voltage low (V-) +0.2 (V-)-0.1 V
Common mode input voltage high |(V+)—-1.2 |(V+)-1.1 V
Minimum output swing Fails output range. Maximum output swing
Must be > 0.23V
RG]_ 1k RFl 2k RGl 1k RF1 2k
LW VWV oV Wt AW 2.5V
) 5V ) 5V
1.25V Vout_dif =-2.5V 1.25V Vout_dif = +2.5V
vem = 1.25V vem = 1.25V
[ u1 | u1
THS4551 THS4551
2y A 2.5V LSV A ov
Ro2 1k Rz 2k \ Rgz 1k R, 2k ?
vVem_in =0V

Passes input range

Passes output
range

Vem_in = 0.833V
Passes input range

Fails output range.
Must be > 0.23V
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Quiz: Linear Range ADC + FDA

Problem 2: continued.

1.25V 10k

U3 ~Buffer 2.5V 1.8V 1.8V
10k T T
Ro: 1k Re1 2k Vref AVDD DVDD
VW AV

1.25V Vout_dif = +2.5V

Vcm = 1.25V

ADS9110

Rgs 1k Res 11.5Kk
—\VV\V

+2.5V

Ul
THS4551

AIN_M

—AAN AN AGND DGND

RG2 1k R|:2 2k
OPA320 = \Y4

-1.25V to 1.25V

Vin
-0.1Vto 0.1V

Note: One approach to avoiding the output swing limitation is a -0.3V negative supply.
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Quiz: Linear Range ADC + FDA

3. (False) Assume the Input signal applied to an FDA has both even and odd
order harmonics. The the FDA will cancel the even order harmonics.

4. (False) The Vocm pin can be directly connected to a voltage divider to set it's
output common mode.
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