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Single Ended Input: ADC Input Range Considerations

PARAMETER ADS7042 TEST CONDITION |MIN TYP MAX UNIT
ANALOG INPUT
Full-scale input voltage span 0 AVDD
AINP to GND 0 AVDD+0.1
Absolute Input voltage range AINM 10 GND 01 101 V
Absolute Maximum Ratings
ADS7042 MIN MAX UNIT Lbsolut
AVDD to GND -0.3 3.9 V 0.3 < MaxADC <36V 330 1.8V
DVDD to GND -0.3 3.9 Vv nputREnye
AINP to GND -0.3 AVDD + 0.3 V R 1 25 \
AINM to GND 0.3 0.3 ] Vv } 1 b _?

/

AVDD+0.3 = 3.3V + 0.3V = 3.6V

0PA320

ADSTO42

(1 L

LAnF 7] Full

0.0 < Scgale < 3.3V
Range

AIN W

DGND

AGND
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Single Ended Input: OPA320 Linear Range

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
_ . 0.1 < Vo < (V+)-0.1V, R, = 10kQ 114 132
Open-loop gain Ao 192 < Vo < (VH)-0.2V. R, = 2kQ 108 123 dB
. e Absolute
Amplifier Input Range |-0.1V <V_, < 3.4V 3.3V 0.3< Max ADC < 3.6V --
. Input Range
Amplifier Output Range |0.02 <V, < 3.28V : | R1257 \
' AIN_P
Amplifier Linear Range |0.1<V,<3.2V . T oPA320 \ Full
0.0 < Scale < 3.3V
Worst Case Range 0.1<V,<3.2V % Lo I Range
— Amp
Worst
0.1< Case < 3.2V
Range
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Single Ended Input: Extending the Op Amp Range

Low Noise Negative Bias

Generator

* Regulated Output Voltage -0.232 V
 Output Voltage Tolerance 5%
 Output Voltage Ripple 4 mV;p

* Maximum Output Current 26 mA

SuF
| |

||
CF+ CF+

-0.232V

Vout |—e—

5V —1 vdd

—1so wm7705 | — 22UF

Cres —_

<4 _1

; OPA320/ ~; _
/) -0.2v 1.5nF 7]

Absolute
3.5V -0.3 < Max ADC < 3.6V coe
Input Range
- R1 25Q Y
_|_
. —VW— AIN_P

\ Full

0.0 < Scale < 3.3V
Range

-0.1 < Worst < 3 gy

Case
T Range T

(V-)+0.1 (V+) -0.1V

— Amp —
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Single Ended Input: OPA625

Amplifier Linear Range

0.15 <V, < 3.15V

Worst Case Range

0.15 < Vg < 2.15V

Common-mode voltage range V V- (V+) - 1.15 V
_ _ RL = 10kQ 20 35
Voltage swing from both rails Vo RL = 6000 60 30 mV
Oben-loon gain A [0.15<Vo < (v4)-0.15V, R, =10kQ|110 132 4B
P P oL [0.2< Vo< (V+)-0.2V,R, =600Q |106 128
. c : Absolute
Amplifier input range 0.0V <V, <215V 3.3V 0.3< Max ADC < 3.6V --
. Input Range
Amplifier output range |0.035 <V, < 3.265V : | R1257 _ \

_I_
N OPA625,
C_/' 1. 5nF

— Amp
Worst
0.15< Case < 2.15V

Range

AIN_P

‘\\\;; Full

0.0 < Scale < 3.3V
Range

I
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Inverting amplifier: Eliminate Common mode issue

Common-mode voltaie ranie Vi‘ii iVi (V+) - 1.15 V
| | RL = 10kQ 20 35
Voltage swing from both rails Vo RL = 6000 60 30 mV
Oben-Ioon gain A [0.15<Vo<(V+)-0.15V, R =10kQ |110 132 4B
P P9 oL [02<Vo<(V+)-02V, R, =600Q0 |106 128
— : — R1 10kQ _ Rf 10kQ Absolute 3.3V 1.8V
Amplifier input range | No Vem limit e T T 03 < Max ADC <3.6V 1 L
: Input Range AVD[f) DVDD
. Vre
Amplifier output range |0.035 <V, < 3.265V [ R1 250 LV
Amplifier Linear Range |0.15 <V, < 3.15V ' L] OPAB2S ¢y | \F ” ADS7042
- 1.5nF u
Worst Case Range 0.15<V,<3.15V / 0.0 < Scale <3.3V
£ Range
i AIN_M
Vcm Is constant
AGND DGND
L <
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Input Crossover Distortion in Rail-to-Rail Inputs

PARAMETER OPA316 TEST CONDITIONS | MIN TYP MAX UNIT
INPUT VOLTAGE RANGE
Veum Common mode voltage range | TA =-40C to 85C -0.2 (V+)+0.1 \
CMRR Common mode Rejection Vs =5V, 76 90 dB
-0.1V<Vcm< 3.6V
Vs =5V, 65 80 dB
-0.1V<Vcm<5.2V
Input vs. Output
Crossover
et distortion in
5.0 S— Output with Crossover 5.5V outbut sianal
XN _ distortion / P 9
3
— 4.0 - + Rl 250
= —AM
L 30 Input ideal P
oo > OPA316
© / sinusoidal wave ‘\ < N Ccl —
o 2.0 / va — 1.5nF
> \
1.0 N\ = Linear =
00. \a/ input
00 10 20 30 40 50 60 7.0 signal

Time (us)
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Input Cross-Over distortion vs Zero Cross-Over

PARAMETER: MIN TYP | MAX UNIT PARAMETER: MIN TYP | MAX UNIT
OPA350 — Has Crossover OPA320 - Zero Cross-Over
INPUT VOLTAGE RANGE INPUT VOLTAGE RANGE
Vewu Common mode voltage range | (V-)-0.1 (V+)+0.1 Vv Vem Common mode voltage range | (V-)-0.1 (V+)+0.1 Vv
CMRR Common mode Rejection 74 90 dB CMRR Common mode Rejection 100 114 dB
-0.1V<Vcm<5.6V -0.1V<Vcm<5.6V
r— Regulated
+Vs 500 Charge Pump Vs
v (D Vout = Vcc+1.8V
IN™ —
i 250 No Crossover — Vn- <¢>
P MOS E’ distort‘ion
vl I T £ o PMO with RS
I—E EI g _ Crossover Q1 Q2
Qs Q4 = 4T distortion E EI
L [NMOS £ | Vit | T
..... 2 500 NMOS
© 750 I
00 10 20 30 40 5.0
Vs ~— Common Mode Voltage (V)
Vs
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Optimize bypass for internal charge pump op amps

Regulated Short direct connections from
supply to decoupling

Charge Pump |FVs

Vout = Vcc+1.8V
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THD vs. Input Crossover Distortion

Frequency(Hz)

Crossover at 3.8V
5.2V
------------------------ Vout to
~ ADS8860
Vpp =2V N
+ OPA316
"""""" Vin —
THD vs. Vmax N
120 20- Vmax=4.00Vv  Note that SNR
THD=71.2dB .

110 40—

o - sNR-g3sqe T€Mained constant
) ] as THD degraded.
= 90 8 80-
|:I_: 80 E-mu—

70 o=
60
2.5 3 3.5 4 4.5 5
Max Input Signal Level (V)
-200-6 ZUIZ;IUU 4UIZIIUEJ EIZJEIIUU BUE.!IUU 10UIUUU 120IUEJU 14UIUUEJ ‘1EUIEJEJI.’J 1BUIUEJI.’J ‘199|998
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Finding standard resistors for unusual gains

44 Main _Pocket_Reference_Calculator.vi

Select the Calculator
+- Converters
= Amplfier
single Supply Amp

Find Amplifier Gain 3 Resistors
INA Vcm + Dif Filter

Find Amplifier Gain

+ Passive
+- Noise

+- Stability
+- PCB

+ Sensor

Calculator

Type

Inverting

Target Gain (Rf/R1)

-0.122

Tolerance

0.1% E198

OK

Rf

133

R1

1.09k

Best Gain
-0.12202

Error(%o)
0.015

=10l x|

http://www.tl.com/tool/analog-engineer-calc

Help

R, Ry
AN\ AVAVAY
Voo

Vout
(
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Thanks for your time!
Please try the quiz.



Quiz: Determining a SAR ADC
Linear Range when using

Operational Am pllflers
TIPL 4101 0 S Y ST
Tl Precision Labs — ADCs o mape 11300 <t aa

Created by Art Kay sz, Ses - '.f':';:_i-
e~ -
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Quiz: Linear Range ADC + OPA[—,

" R1 25Q
1. What is the worst case output range for the . OPAS?:W”
amplifier below. o < CL 1nF -

Common-mode voltage range V V-)-0.1 (V+)+0.1 V
RL = 10kQ 10 20
Voltage swing from both rails Vg RL = 2KkO 20 30 mV
_ 50mV < Vo < (V+)-50mV, R, = 10kQ 120 134
Open-loop gain AoL 101 < Vo < (V+)-0.1V, R, = 2kQ 120 126 dB
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Quiz: Linear Range ADC + OPA

2. What Is the worst case output range for the

amplifier below.

— A

R1 25Q

OPA338

Cl 1nF—

Common-mode voltage range V

Voltage swing from both rails

Vo

Open-loop gain

V-)-0.2 (V+)-1.2 V
RL = 25kQ 40 125
mV
RL = 5kQ 150 500

125mV < Vo < (V+)-125mV, R; = 25kQ

100

120

500mV < Vo < (V+)-500mV, R, = 5kQ

100

114

dB
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Quiz: Linear Range ADC + OPA

R110kQ Rf10kQ

3. What is the worst case output range ?M SOV
for the amplifier below. [ | RL250
) OPA33

8 1

1
1

Common-mode voltage range V V-)-0.2 (V+)-1.2 V
RL = 25kQ 40 125
Voltage swing from both rails Vg RL = 5kO 150 500 mV
_ 125mV < Vo < (V+)-125mV, R = 25kQ (100 120
Open-loop gain Aol [500mV < Vo < (V+)-500mV, R, = 5kQ | 100 114 dB
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Quiz: Linear Range ADC + OPA

4. The amplifier shown below
Would have poor power supply rejection.
Would show crossover distortion if the input

a.
b.

signal is greater than 15Vpk.

Would not show crossover distortion.
Would have a low input impedance.

Vin

+18V

_|_

_|_
OPA192

-18V

100 |
5 Typical Units Shown |
75 } :
‘ : Voy = +18.1 V
50 1 .Y
| ! AW
25 Ve =-18.1V :
= I W
% D f_|_ ____,__/'/ b =\
:;j I . ‘.-M
-25 1 1
P-Channel : : N-Channel
-50 : :
1 1
~75 : —
1 Transition |
-100 L . L
125 13.5 145 155 16.5 17.5 18.5

VCI"."I (V}

Figure 13: Offset Voltage vs. Common-Mode Voltage
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Quiz: Linear Range ADC + OPA

5. The amplifier shown below

a.
b.

Would have poor power supply rejection.

Would show crossover distortion if the input
signal is greater than 15Vpk.

Would not show crossover distortion.

R110kQ Rf10kQ
ANN——
ng +18V

OPA192
-18V

100

Vos (V)
o

5 Typical Units Shown : :
i I 1
‘ : D Ve = +18.1V
1 1 .Y
| | | AW
VCM = '181 V : /‘ n' |
] ]
f_|_ ____,__/'/ *...--..-—"—-ﬁn'
. ‘.‘M
LN
P-Channel : JI : N-Channel
| |
1 1
1 1
: Transition :
] A ]
125 13.5 145 155 16.5 17.5 18.5
Vem (V)

Figure 13: Offset Voltage vs. Common-Mode Voltage
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Quiz: Linear Range ADC + OPA

6. Which of the following applies to an inverting amplifier topology.

a.

@ "0 000

Gain error Is determined by resistor tolerance.

The input impedance is relatively low (10kQ in this case).
The circuit will not have crossover distortion issues.
Common mode rejection would be eliminated

The output will be loaded by the feedback network (10kQ in this case).

All the statements apply to the inverting topology.

None of the statements apply to the inverting topology. 5V\ AN———
+

1

R1 10kQ Rf10kQ

+18V

OPA192
-18V
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Quiz: Linear Range ADC + OPA

7. Select 0.1% and 1% standard value resistors for the circuit below
to set the gain to -0.188.

R1 Rf
AA'A"

T +18V

OPA192
-18V
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Quiz: Linear Range ADC + OPA

1. What is the worst case output range
nelow.

for the amplifier

Amplifier input range

0.1V <V, <5.1V

Amplifier output range

0.02 <V, < 4.98V

Amplifier Linear Range

0.05 < V < 4.95V

Worst Case Range

0.05 <V, < 4.95V

— A

R1 25Q

OPA376

Cl 1nF—

Common-mode voltage range

Voltage swing from both rails

Open-loop gain

V

Vo

V-) - 0.1 (V+)+0.1 Y,
RL = 10kQ 10 20
RL = 2kQ 20 30 mv

50mV < Vo < (V+)-50mV, R, = 10kQ

120

134

0.1 < Vo < (V+)-0.1V, R, = 2kQ

120

126

dB
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Quiz: Linear Range ADC + OPA

2. What is the worst case output range for the

amplifier below.

Amplifier input range

0.2V <V, < 3.8V

Amplifier output range

0.02 < V, < 4.875V

Amplifier Linear Range

0.125 <V, <4.875V

Worst Case Range

0.125 < V, < 3.8V

— A

R1 25Q

OPA338

Cl 1nF—

Common-mode voltage range

Voltage swing from both rails

Open-loop gain

V

Vo

V-)-0.2 (V+)-1.2 V
RL = 25kQ 40 125
mV
RL = 5kQ 150 500

125mV < Vo < (V+)-125mV, R, = 25kQ

100

120

500mV < Vo < (V+)-500mV, R, = 5kQ

100

114

dB
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Quiz: Linear Range ADC + OPA

3. What is the worst case output range
nelow.

for the amplifier

Amplifier input range

No limit, Vcm = 0V

Amplifier output range

0.02 < V, < 4.875V

Amplifier Linear Range

0.125 <V, <4.875V

Worst Case Range

0.125 <V, <4.875V

R1 10kQ

Rf 10kQ

ANA———AAN
? 5.0V
N OPA338

C1

R1 250

1.5nF :|:

Common-mode voltage range V V-)-0.2 (V+)-1.2 V
RL = 25kQ 40 125
Voltage swing from both rails Vg RL = 5kO 150 500 mV
_ 125mV < Vo < (V+)-125mV, R, = 25kQ | 100 120
Open-loop gain Aol [500mV < Vo < (V+)-500mV, R, = 5kQ | 100 114 dB
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Quiz: Linear Range ADC + OPA

4. The amplifier shown below
Would have poor power supply rejection.
Would show crossover distortion if the input

a.
b.

signal is greater than 15Vpk.

Would not show crossover distortion.
Would have a low input impedance.

Vin

+18V

_|_

_|_
OPA192

-18V

100 :
5 Typical Units Shown |
75 } :
‘ : Voy = +18.1 V
50 1 LY
| ! AW
25 Ve =-18.1V :
> " e S—r—
= 0 “(“_|_ ___,_r/ R ——
g I S ‘*M
> 25 | |
P-Channel : : N-Channel
-50 : :
1 1
75 : :
1 Transition 1
-100 L : L
12.5 13.5 14.5 15.5 16.5 17.5 18.5

VCM (V}

Figure 13: Offset Voltage vs. Common-Mode Voltage
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Quiz: Linear Range ADC + OPA

5. The amplifier shown below

a.
b.

Would have poor power supply rejection.

Would show crossover distortion if the input
signal is greater than 15Vpk.

Would not show crossover distortion.

R110kQ Rf10kQ
ANN——
ng +18V

OPA192
-18V

100

Vos (V)
o

5 Typical Units Shown :
I |
‘ : Voy = +18.1 V
1 .Y
| ! AW
Ve =-18.1V :
] ]
f__|_ _____,-/ ——
Ii e ‘.‘M
I I
P-Channel : : N-Channel
| |
1 1
1 1
: Transition :
] A ]
125 13.5 145 155 16.5 17.5 18.5
Vem (V)

Figure 13: Offset Voltage vs. Common-Mode Voltage

wi# TEXAS INSTRUMENTS

14



Quiz: Linear Range ADC + OPA

6. Which of the following applies to an inverting amplifier topology.
a. Gain error is determined by resistor tolerance.
The input impedance is relatively low (10kQ in this case).
The circuit will not have crossover distortion issues.
Would have a low input impedance.
The output will be loaded by the feedback network (10kQ in this case).
All the statements apply to the inverting topology. ~110k0  Rf 10KQ

None of the statements apply to the inverting topology. Cg«/v\ AN———
+

+18V

@ "0 o000

OPA192
-18V
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Quiz: Linear Range ADC + OPA

7. Select 0.1% and 1% standard value resistors for the circuit below to set
the gain to -0.188. Use the "Analog Engineer’s calculator”.

For 0.1%: Rf = 2.67kQ), R1 = 14.2k Q (or another power of 10 multiple).
For 1.0%: Rf = 2.21kQ), R1 = 11.8k Q) (or another power of 10 multiple).

£ Main _Pocket_Reference_Calculator.vi
Select the Calculator Calculator

+- Converters R 1 Rf
=~ Amplfier

Single Supply Amp Type - R I\N\,

Find Amplfier Gain 3 Resistors Inverting 267

INA Vom + Dif Filker

" 9 +18V
w Noise Target Gain (Rf/R1) 142k
+ Stability -0.188 .
H PCB Best Gain
£ Sensor -0.18803
Vout
Tolerance Error(%) . (
0.1% E198 0.015 —
oK Help —
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