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Summary of topics

Section 1: Op amp input topologies
« Common mode limits

Section 2: Causes of op amp output phase inversion
» Bipolar vs. JFET input effects caused by exceeding the Vcm

Section 3: Op amp output topologies
» Output swing limits

Section 4: Long-term stability spec
» For specs centered around a fixed value
» For parameters specified as an absolute value
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Section 1

INPUT STAGE
CONSIDERATIONS

NSTRUMEN
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Real world Vcm input range
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Op amp operation vs supply voltage

Each amplifier has
36V supplies!

The common
mode in each case
is the supply
midpoint.

All amps can act
as “single supply”
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Note: A single-supply optimized op amp is not the same as a single supply op amp.
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MOSFET simple input (Vcm to negative
rail)

OPA336N, U
OPA2336E, P, U
PARAMETER CONDITION MIN | TYP™M | MAX
INPUT VOLTAGE RANGE —_—
Common-Mode Voltage Range Vewu < -0.2 (V+) =1,
Common-Mode Rejection Ratio CMRR -0.2V < Vo < (V+) =1V 80 90
Over Temperature -0.2V < Vg < (V+) =1V 76
OPA336 _ v"ﬂowv
-0.2V< Vin+ < 4V + V- -2.7V< Vin-<1.5V + >
= -2.5V
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Simplified schematic of OPA336 input

stage (swing to positive rail)

Vin swing to positive rail:
Vsat+Vgs=.1V+.9V=1.0V
Q4 is Cuttoff!

+Vsupply
Vsat=0.1V I
1S1
\@
VIN- Vgs=0.9V
Vs-0.2V < VINem < +Vs-1V g \*
VIN+ Qg% -
Q4
Q2 ]} I
Q1
-Vsupply

to second stage
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Simplified schematic of OPA336 input

stage (swing to negative rail)

+Vsupply
L 1s1
VIN- Vgs=0.9V
-Vs-0.2V < VINcm < +Vs-1V
vl gx Vin swing to negative rail:
VIN+ = Vsat=0.1V =l VCE+Vsat-Vgs=.6V+.1V-.9V=-0.2V
Q3 AeY Q4 is saturated!
\
Q2 [_ VCE =06V to second stage

Q1 |,

-Vsupply
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Typical bipolar or JFET input (not rail-to-

rail)

STANDARD GRADE
OPAS827Al
PARAMETER CONDITIONS MIN TYP MAX

INPUT VOLTAGE RANGE | —
Common-Mode Voltage Ve < (V=)+3 (V+)-3 >
Range — —
Common-Mode Rejection CMRR | (V=)+3V = Vg = (V4+)-3V, Vg < 10V 104 114
Ratio

(V=)+3V £ Vep £ (V+)-3V, Vg 2 10V 114 126

Over Temperature (V=)+3V = Ve = (V+)=3V, Vg <10V 100
(V=)+3V £ Vepy S (V4)=3V, Vg 2 10V 110

-2V< Vin- <9L

-2V< Vin+ <9V

+12V
V+
OPA827 —
V-
+
5V

&
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Simplified schematic of OPA827 input
stage (swing to negative rail)

Swing to negative Rail
Vin > Vneg + VR2 + 2VBE + Vsat - Vgs

Vpos

—

to output stage

A

R S R
o NG
(V-)+3V < VINcm < (V+)-3V o1
'N+}7’"|:—"|: D2 et
Vgs— "
v R3
Vsat S Spetei
T
@l Is1
75
g » Vbe
o /4' [Ny
LN
§ R1 Vbe §R2 VR2
5

i

Vneg

10

Wi3 TEXAS INSTRUMENTS



MOSFET complementary N-P-FET (rail-to-
rail)

PARAMETER

OPAT703NA, UA, PA
OPA2703EA, UA, PA
OPA4703EA, UA

CONDITION MIN TYP MAX UNITS

INPUT VOLTAGE RANGE —
Common-Mode Voltage Range Vem V-) - 0.3 (V+) + 0.3 \Y%
Common-Mode Rejection Ratio CMRR | Vg =45V, (V=)= 0.3V < Vg < (V+) + 0.3V o S0 dB
over Temperature Vg =35V, (V=) < Ven < (V4) 68 dB
Vg = 15V, (V=) = 0.3V < Vi < (V+) = 2V 80 96 dB
over Temperature Vg =35V, (V=) < Vey < (V4) -2V 74 dB

V- -2.8V< Vin-< 2.8V V-

-0.3V< Vin+ < 5.3V

-+

-2.5V
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Simplified schematic of OPA703 input

stage

+Vsupply

Turns on when
+Vs-2V < Vem < +Vs+0.3V
Steals current from PCH

/

J:VCM_ISW/'éh él IS1
oV

y
ITEETS

VIN- .

PCH1

= —~

PCH2 NCH4
VIN+ Eﬂ
NCH3
A
T2 Fﬂ| t%ﬂ'SZ

-Vsupply . I

PCH input pair active for:
-Vs-0.3V< Vem < +Vs-2V

NCH input pair active for:
+Vs-2V < Vcm < +Vs+0.3V

Wi3 TEXAS INSTRUMENTS

12



OPA703 complementary CMOS (rail-to-rail)

20

Input Offset Voltage (uV)

0.0 1.0 20
Common Mode %
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MOSFET charge pump (rail-to-rail)

-0.1V< Vin-< 5.1V

V+
OPA365
-0.1V< Vin+ < 5.1V V-

‘ OPAX365

PARAMETER TEST CONDITIONS MIN TYP [ MAX UNIT
INPUT VOLTAGE RANGE
Comman-Meode Violtage Range Vem (V=)1=-01 (V+)+0.1 v
Commen-Mode Rejection Ratio CMRR (V=) =01V = Vg = (V) + 0.1V 100 120 dB

-2.6V< Vin- < 2.6V

V+
OPA365
-2.6V< Vin- < 2.6V V-

-2.5V
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Remember from earlier in the presentation...

+Vsupply

—»

Vsat=0. 1/\// @l 1S1

\

VIN-

-Vs-0.2V < VINcm < +Vs-1V

Vgs=0.9V

VIN+

-Vsupply

=

g\
\
|
—
Q4

The limit is based on the
positive supply minus saturation

voltage and Vgs.

Vin swing to positive rail:
Vsat+Vgs=.1V+.9V=1.0V
Q4 is Cuttoff!

Q2

X/

7\

Q1

to second stage
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MOSFET charge pump OPA363 (rail-to-rail)

Regulated
- Charge Pump
/\j Vour = Vge +1.8V T
Voo + 1.8V T =4
Patent Pending
Very Low Ripple
sss  1Opology
Vi El—‘w Vit . i
& - » Supplies a small current to input

— « GBW = 50MHz, charge pump freq =10MHz

-

16

Wi TEXAS INSTRUMENTS ()



MOSFET zero drift (rail-to-rail)

OPA333, OPA2333

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
INPUT VOLTAGE RANGE
Common-Mode Voltage Range Vem (V=) =0.1 (V+) + 0.1 V
Common-Mode Rejection Ratio CMRR (V=) =01V < Vey < (V+) + 0.1V 106 130 dB
+2.5V
T SV
-2.6V< Vin-< 2.
26V<Vin-<28V | _ -0.1V< Vin- < 5.1V
V+ — =
OPA333 v#
-2.6V< Vin- < 2.6V V- OPA333 —
— + -0.1V< Vin+ < 5.1V + v:
2.5V L
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MOSFET zero drift (rail-to-rail)

200 No Offset
Correction

100 \

+VsuppLy

-100

Input Offset Voltage (uV)

-200

-300

00 1.0 20 3.0 40 50
Common Mode Voltage

To Offset
‘Correction 200 With Offset
Circuits Correction

100

-V SUPPLY |

-100

Input Offset Voltage (uV)

-200

-300

00 10 20 30 40 50
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Zero-drift chopper topology

P I I I -

= ] k] o O o= e =] : ]
=] I = M 2] ¥

{b{ H \_X\I'l ‘Xﬁrl 'C)( H
& 2 2 B

i o o i

5] 2 LER LR, L] o

I >_||_||_||_|'
EpEEEE .
— >

I

L“_“_”H
= :?' o o= eI ::-
& I 0 - 2] I
g el el Mg

] = 2 M

i 1 o 1
o A (LR (X I

T

>

Kl

Kl

19

Wi3 TEXAS INSTRUMENTS



Zero-drift auto-zero topology
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Input bias current in chopper op amps

Ig (PA)

Input Bias Current (uA)

INPUT BIAS CURRENT vs COMMON-MODE VOLTAGE
210

205
200 —
_|B ‘-u..____-—/
195
190
190
-195 |
200 ° —_—
205
210
0 1 2 3 4 5

Common-Mode Voltage (V)

INPUT BIAS CURRENT vs INPUT DIFFERENTIAL VOLTAGE
50

Normal Operating Range

40 | (see the Input Differential .
30 | Voltage section in the
Applications Information)

20

10 //
0 —
-10 /
w0/
30
-40
-50

Over-Driven Condition Over-Driven Condition|

-1V -800 -600 -400 -200 O 200 400 600 800

Input Differential Voltage (mV)
Figure 17.

+In C
CORE
-In C

Figure 19. Equivalent Input Circuit

The typical input bias current of the OPA330 during
normal operation is approximately 200pA. In
over-driven conditions, the bias current can increase
significantly (see Figure 17).The most common cause
of an over-driven condition occurs when the op amp
is outside of the linear range of operation. When the
output of the op amp is driven to one of the supply
rails the feedback loop requirements cannot be
satisfied and a differential input voltage develops
across the input pins. This differential input voltage
results in activation of parasitic diodes inside the front
end input chopping switches that combine with 10kQ
electromagnetic interference (EMI) filter resistors to
create the equivalent circuit shown in Figure 19,
Notice that the input bias current remains within
specification within the linear region.
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Section 2

OP AMP OUTPUT PHASE
INVERSION

NSTRUMEN

TS



Typical case of op amp phase inversion
due to exceeding Vcm
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Phase Iinversion on a single transistor

Vc

Vcb

Vce

Vin

977.85m —
81.72m\/\/\
675.13m —

4.92\/\
551
15.54m/\_/
5.00/\/
000 |

0.00

]
500.00u 1.00m

Time (s)
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PNP bipolar input op amp low-common-
mode limitation

Normal operation — no phase inversion

Vss|

;L 02 Wl N : -
Cvind
Vin > 0.9V for to output stage
Normal Operation Vbe v T
Lvind <2T9 Vsat T10 = ce
Vin a
Vdc=1.2V M
D3 S D4ZS Y Vbe=06v
VC Vbe '8 INPN
o + +
/ T1
Vbe —
il

For Normal Operation

Vin decreases, Vc increases
Vin > -Vbe + Vsat + Vbe +Vbe
Vin > -6V + (.3V+.6V+.6V)

Vin > 0.9V for normal operation

\/in <« N O\/ far nhaca invarcinn

25
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PNP bipolar input op amp low-common-
mode limitation

Phase inversion issue!

SIVAN p2/\ T4 rl T3 T7 T6
vind
Vin < 0.9V for to output stage
phase inversion Vbe \ N T
Lvind <gw Vsat T T
Vin -
0lS oS 1 V=12V /,/'5 Vbe=0.6V +—
VC @l Vbe s INPN
) e i
/ T1
Vbe —
J__ or Phase Inversion Ope'ratlon

Decreasing Vin in saturation region causes Vc to become in phase
(decreasing in this case). This happens because the emitter follows

the base.
Vin > -VVbe + Vsat + Vbe +Vbe
Vin > -6V + (.3V+.6V+.6V)

26
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Example of IC circuit used to prevent a

phase inversion

+Vsupply

VIN-

=*V CM _Iswitch

T8 Noname

VIN+

= T

I

-Vsupply

|

=l

T3

|

N-channel Anti-Phase
Reversal Differential Pair

=l

| To Output Stage |

|
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Summary of Output Phase Inversion

What causes a phase reversal?
Exceeding the input common-mode voltage range may cause a phase reversal.

How can it be prevented?

*Staying with op amp specified Vcm linear region

*Using op amp with a built-in anti-phase reversal circuitry
-Utilizing external circuitry to prevent a phase inversion

Is it process dependent?

*Some built-in anti-phase reversal circuitry might be process dependent depending on
topology used

*Most modern op amps use a robust topologies assuring no phase reversal

How can a customer be confidant of no phase reversal?

(if it is not explicitly stated in the data sheet)

Apply a slow triangular waveform in a buffer configuration 1V beyond rails to test for
phase inversion - you must limit the input current to less than 10mA to prevent
damaging IC

28
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Section 3

OP AMP INPUT PROTECTION
DIODES

NSTRUMEN

TS



Op amp input-common-mode below
negative rail

Vss

U NVANNE - JAN 4 T3 T j_ T6

—l—{ -> to output stage |
4 j

VIN+ {
l T10

Vin < 0V results in forward biasing
low-side ESD protection diode, D4

T T = Lj

\ 7/
VA

30
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Op amp input-common-mode above

positive rail

T6

5

-—l—{ -> to output stage |

— Cc

Vss
N r j If\’
A LN
o1 /\ o2 /\ T T4 K i
VIN-
R |
T VIN+ 1§
Vin > Vss results in forward biasing ™ o
high-side ESD protection diode, D2
t
D4 j
ng ZS el Iref
T2 N T1 NPN T8 INPN
t [ r
A LN LN

.||_

_
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JFET input op amp high-common-mode

limitation

To positive rail looks like “dc rail to rail,” to negative rail shows
phase inversion

Vss

Vsat=0.3V

D1ZL 02 /

—

| Vdc=Vss-0.6V |E:
A

\TZ

T3 T T6

T

=

Vss > Vin > Vss-

0.3V may result in a lower
BW and SR while higher noise and THD

2608

T10 2

2608

11

/ D5

| Vdc=Vss-1.2V |

»—l—{ -> to output stage |

— Cc

I5

T8 INPN

7\

[Vive] - . Vgs=0.6V
v
L B SHE
T2 INEPN T1 NPN €EE>l
™~ |
A LN
il
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Section 4

OUTPUT STAGE
CONSIDERATIONS

NSTRUMEN

TS



Real world outputs
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Classic output stage

Common-emitter output

Current source driver

Headroom set by VBE+VCESAT
Unity Gain

<

35
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Output Swing (V)

OPA827 — classic output

STANDARD GRADE
OPAB827AI
PARAMETER CONDITIONS MIN TYP MAX UNIT
OUTPUT
YVoltage Output Swing Ry = 1kQ, Ay = 120dB (V—=)+3 (V+)3 A
Over Temperature R, =1kQ, Ay > 114dB (V=)+3 (V+)-3 vV
Output Current louT Vg —Vourl = 3V 30 mA
Short-Circuit Current lsc 65 mA
OUTPUT VOLTAGE SWING
WSS e
> Vg = 5V 16
- - Ve =
: -55°C 12 // \\\ s=1 Short
2 %aﬂ\;wc l a | OPAS827 ?\ \ \ Circuit
1 Nk | = A/ RN Limit
I o 4 / / \ \\
, | OPA827 ”50\%25 :‘5‘)0 /+25 c £ +150°C +125°C +85°C / / \\
+ -40°C » 0 > 2 7 ;
. ) 7l ¢ ' \\, 28°C] —40° -55°C
‘ iy 2 NATRY, -\ *
-2 = 1! y A} N 7
= 1V
_3 N -8 * ./
VIR AN/.
-4 -12 . 7
-5 ,', / / ,/_.r,/
20 30 40 50 60 16t - - - o .
Qutput Current (mA) Outp ut
S t t d Output Current (mA)
alwurate Wi3 TEXAS INSTRUMENTS:




OPA827 — classic output

STANDARD GRADE
OPAB27AI
PARAMETER CONDITIONS MIN TYP MAX UNIT
OLUTPLT
YVoltage Output Swing Ry = 1kQ, Ay = 120dB (V—=)+3 (V+)3 A
Over lemperature R = 1k, A5 > 114dE V=)+3 (V+-3 v
Output Current louT Vg —Vourl = 3V 30 mA
Short-Circuit Current lsc 65 mA
OUTPUT VOLTAGE SWING
. . vs OUTPUT CURRENT
The Table Output Swing is ”
defined at: __»® // AN NNy |Vs = =18V
Vout swing = 18V — 3V = #15V .| opas27 T AN\ \\
E 4 / / \& \ \‘
= = i 7 7 7 B
lout = 15V/1k = 16mA £ | #1sbe e ez / / \\
%) \ LY 4 \
< \ ° -40°C|  -55°C
For Aol > 120dB i Ny v R R P
- 3 1/ / bl
As you approach the limit or -8 / / / / 7
increase | Aol will decrease. _12
LOAD> ® /i W A
-16
48 53 58 63 68 73

Output Current (mA)
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Rail-to-rail output stage

+V +V
S Vsat =50mV S

to=1mV Vsat = 0.2V

RLOAD

v/ \_JLK
g

S S
Common Collector or Common Drain
Headroom set by Vg, OF Vipeat
On bipolar sat is approximately 0.2V

— After sat Beta drops dramatically

On FET sat is limited by output transistor scaling
— Can achieve very low sat values (e.g. mV)

38
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Rail-to-rail output stage

+VS
_IE RLOAD
VW
_k -
-V

» Value of R 5,p affects Ay and Output Swing
— the gain in the last stage is setby r, ./ gm
— r,,; decreases with loading

out

39
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Why can’t we get rail-to-rail on CMOS?

MOSFET characteristic curves

Vos
ILHT ....................................................................
i Vag =TV
FRETY (NN FENUSSTTIRNOI RO NEVRD oy o AN BV CIENNUE IR TRt (N i
40 / : 6V
. .——l—'-'——-.-—'-.-'-_.
= K IR,
- : : =
Ew Linear Region / .
3F 30 (Ohmic) “ 5V
[15] = o |
it // et
5 —T aturation Region
‘-’3 5 20 /” (Active) 4V
g~ .
= o 3V
LT 2\
1 1V
ﬂ n
0 0.1 0.2 0.3 04 0.5
Drain-Source Voltage (Arbitrary Units)

« Some minimum drain to source voltage is required.

* Increasing current requires more Vgs.
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Typical rail-to-rail input/output topology

= o o
»&%F H%ﬁ |
3y e

¢ ¢ 9

41
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OPA211 - rail-to-rail out (bipolar)

20
0°C
15 /
I
+85°C
10 \ /
> f +125°C
5 0 o
D -55°C | +150°C 0°C
-5 . \ -
\ \ /‘S ’11'(
10 L0
= ~ ’ y |
' 2, o
15 \,\";F.r‘/ e
-20
0 10 20 30 40 50 60 70
lout (MA)

Standard Grade
OPA211Al, OPA2211Al
PARAMETER CONDITIONS MIN TYP MAX UNIT

OUTPUT
Voltage Output Vour R, = 10kQ, Ay, = 114dB (V=) + 0.2 (V4) - 0.2 v

R, = 6000, Ag, = 110dB v\ (V=) + 06 (V+)— 0.6 v

lp < 15mA, Ay, = 110dB (V=) + 0.6 (V4) - 0.6 v
Short-Circuit Current lsc ™ +30/—45 mA
Canacitive | oad Nrive [ - 3 Twnical Charactenstics nF

Loading limits
output swing
and reduces
Aol.
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Achieving output swing to the negative rail

Vy, ©

Op Amp V-= GND (g
-5V

Additional
Negative
Supply

Cut
oﬁ|
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SS pull-down cheat sheet

Part # Resistor Value
for -5V Supply

OPA335 40 kQ
OPA340 7.5 kQ Selected to sink quiescent
OPA343 75KQ | | amroximatety i
OPA348 250 kQ
OPA350 2 kQ
OPA353 2 kQ
OPA333 20 kQ

44
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Common questions: Op amp output range
consideration

RIN 1k RF 1k

l A% %%

=+v2 -25 T 1

I D B Vout2 171.4mV

= 3 ~ Vout1 2.5V VF2 171.4mv >

- Vos 26.7uV > : - (
os u ) e ———
v U1 OPA140 ~ U2 OPA140
- _—_+V1 5 B _T:-VS °
A Valid Op Amp Configuration An Invalid Op Amp Configuration
(Input and Output within the linear range) (Output outside of the linear range)
LV‘I 25
OPA140, OPA2140, OPA4140

PARAMETER CONDITIONS MmN | Tve [ max UNIT
SErSETUOLTAGE VF1  -260.570012mV
Offset Voltage, RTI Vos | Vg = +18Y | | a0 | 120 | wv L+ —(
INPUT VOLTAGE RANGE — J___ U1 OPA140
Common-Mode Voltage Range Veu | [ (v-)-0.1 | ( Jwsss] )v ' R
OUTPUT ~—_ = V225
Voltage Output Vo Ry = 10kQ, Aoy 2 108dB | (v-p02 | | w02 | v I

What Causes the problem here? |45
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Section 5

LONG-TERM STABILITY

NSTRUMEN

TS



Gaussian (or normal) distribution

18%

e—— 11 St Dev—
—— +3 St Dev

16% -

X 14% |
n Erf(ﬁ) i.e. 1 minus ... orlin...
12% |
110,682 669492137 0.317 310507 863 31514867 187 53 ] ]
210954 499736104 0.045 500 263 896 21.977 894 5080 10% 1
310.997 300203 937/0.002 699 796 063 370.398 347 345 8%

4/0.999936 657516 0.000 063 342484 15,787.192 7673
5/0.999 999426 697/0.000 000 573 303 1,744 277 893 62
6/0.999 999 998 027/0.000 000 001 973 506,797,345.897

6% -

4% -

2% ~

I

S9
oz [

0%

Gel T
ogl [

GelL @

or. [
Gyl |

0g [

G, [

g8
06
G6
0ol
GolL
oLl
SLL
ocl

« 68% within +1 standard deviation

¢ 99.7% within +3 standard deviations
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Understanding statistical distributions

Specs centered around a mean value

Population

OPA140, OPA2140, OPA4140
PARAMETER CONDITIONS MIN TYP MAX UNIT
OFFSET VOLTAGE
Offset Voltage, RTI Vos 30 120 v
Over Temperature 220 uV
Drift dVe/dT +0.35 1.0 wvrc

OFFSET VOLTAGE PRODUCTION DISTRIBUTION

——L] _II_TT
8283828535822 R82BERSS

Offset Voltage (uV)

110

828

Population

OFFSET VOLTAGE DRIFT DISTRIBUTION

—
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Long-term (10 year) shift for Gaussian
distributions

Centered around a mean value

Gaussian
density function

JS(x)

m-2  p-l B pel s pe2
1 (x—wyrze
x) = | e
f( ) 4mno?

Initial PDS Distribution (blue) vs Long-Term Parametric Shift (green)

For 10 year life of a product
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Lifetime Vos and Vos temp drift shift

OFFSET VOLTAGE PRODUCTION DISTRIBUTION OFFSET VOLTAGE DRIFT DISTRIBUTION
8 5 -
s S
a — 2
£ & L
—l—f—#— rirrrrr T
R2888R3RIBHSO2RBIBBRBRB2N °8°0S0S89938382R2888S3
0 - R R R
Offset Voltage (uV) Offset Voltage Drift (uV/°C)
Max LT Vos = 240uV Max LT Vos drift = 2.0uV/C

Lifetime max shift (10 year) = Max initial value

Long-term max spec = 2 * initial spec
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Lifetime output voltage initial accuracy shift

Specs centered around a fixed value

PER DEVICE
PARAMETER CONDITIONS MIN TYP MAX UNIT
REF5020 (Vour = 2.048V)"
OUTPUT VOLTAGE
Output Voltage Vour 27V<Vy< 18V 2.048
Initial Accuracy: High-Grade -0.05 0.05
OUTPUT VOLTAGE
INITIAL ACCURACY
S
c
S
ke
=3
Q
=]
o
€3 38835 °5 883 8
T 9T T ° ° ° ° 9

Output Initial Accuracy (%)

Max LT Vref = +/-0.1%
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Long-term Vref shift

Output Voltage Stability (ppm)

REF50xx
PARAMETER CONDITIONS MIN TYP MAX UNIT
LONG-TERM STABILITY
MSOP-8 0 to 1000 hours 50 ppm/1000 hr
MSOP-8 1000 to 2000 hours 5 ppm/1000 hr
SO-8 0 to 1000 hours 90 ppm/1000 hr
S0O-8 1000 to 2000 hours 10 ppm/1000 hr
REF50xx
LONG-TERM STABILITY (2000 HOURS) REF50xx
140 LONG-TERM STABILITY (2000 HOURS)
S 250 T T
96 Units 96 Units
120 | MSOP-8 Package S0-8 Package
] T 200
00 g
80 N\ Z 150
ey 2
60 %
o 100
40 7 g
20 g 50
A~ 2
-20 ©
-40 -50

0 200 400 600 800 1000 1200 1400 1600 1800 2000
Hours

200 400 600 800 1000 1200 1400 1600 1800 2000

The initial shift (first few months) makes
up the majority of change. Self curing
of molding compound.

Hours
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Single-ended limit

STANDARD GRADE
OPAB2TAI
PARAMETER CONDITIONS MIN TYP MAX
POWER SUPPLY
Specified Voltage Vg +4 18
Quiescent Current la louT = OA 4.8 52
(per amnlifier)

A typical MIN and MAX range is
at least +/-30:

Mean = Typical
MAX = Mean + 30 (or greater)
MIN = Mean - 30 (or greater)

Mean=280  NO Min Spec = Mean = 4.8uA ~— Max = 5.2uA
Std. dev. = 0.13 ¢
1400 : : :
: 1492 :
1200 ' . '
[ ] 0 [ ]
[ ] 0 [ ]
1000 : | 911 '
[ ] 0 [ ]
: 06 3 ] :
«~ 800 ' 717 '
S o Tl a
[ ] U [ ]
: : :
400 - N 0 '
H 217 1 269 H
200 - . 89 i 126 .
[ ] 0 [ ]
00002428DH 0 2465 01 0 0
0 T T T T \_‘\:I\ T T T \. T T T T \:I\-:_\ T T T
8288428388828 8983
ERZERANRANRVANR SERVARRVARR AR AR R SRR ARRV AR VAR VA VA R VAR VAR VAR
[ ] L] [ ]
Num = 5004 ' Vi '
'— 30 —<—+30=—
99.7% of all
Measurements
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Long-term shift for single-ended specs

OPAX365
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Quiescent Current Per Amplifier fe) lo=0 4.6 5 mA
over Temperature 5 mA
OPEN-LOOP GAIN
Open-Loop Voltage Gain AgL | RL =10k, 100mV < Vg < (V+) - 100mV 100 120 dB
RL = 600£, 200mV <V < (V+) — 200mV 100 120 dB
RL =600<, 200mV < Vg < (V+) = 200mV 94 dB

QUIESCENT CURRENT vs SUPPLY VOLTAGE

4.75

4.50

4.25

OPEN-LOOP GAIN/PHASE vs FREQUENCY

Quiescent Current (mA)

4.00

3.75

22 25 3.0 35 4.0
Supply Voltage (V)

45

5.0

140 0
120
100 +/-11dBl= +/.10% 45
o Phase
T gp N —_
£ N / =
1]
O 60 == Sy -90 &
Q
g ™ a
9 .
20 Gain 135
0
-20 -180
5.5 10 100 1k 10k 100k 1M 10M 100M
Frequency (Hz) 54
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Reading between the lines

Estimating max spec based on a typical value

OPAXx365
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
OFFSET VOLTAGE
Input Offset Voltage Vos 100 200 nv
Drift dVgge/dT 1 uv/ee
OFFSET VOLTAGE DRIFT
PRODUCTION DISTRIBUTION

Numb Percent
Standard % chance of Chance of
Deviations Pass Fail

1 68.2689491 31.73105087 c

]
2 95.449973 4.550027049 Eﬁ
(=R

3 99.7300204 0.269979613 &

4 99.9936658 0.006334248

5 99.9999427 5.73303E-05

6 99.9999998 1.97318E-07 .' + . : :

W o v o
o - b= [Tl
Offset Voltage Drift uvi” C)
sigm 0.27%
failures
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Lifetime shift rule summary

You may estimate the maximum expected parametric shift over any
given period of time by using:

— 100% of the max (min) PDS guaranteed value in the case of
specs centered around a mean value (Vos, Vref, Vos Dirift, etc).

— 10% of the max (min) guaranteed value for parameters
specified as a fixed positive value (IQ, AOL, PSRR, CMRR, etc).

and pro-rate them based on the expected ten-year life of the product.

You need to keep in mind that the long-term shift is not exactly a linear
function of time - it is steeper (shifts faster) in the first year and slows down
in the later years. It also usually excludes the first 30 days due to continuing
self-curing of the molding compound used for packaging of IC.
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HTOL (high temperature operating life)

« HTOL is used to measure the constant failure rate region in the bottom of
the bathtub curve as well as assess the wear-out phase of the curve for
some use conditions.

« Smaller sample sizes than EFR but are run for a much longer duration
« Jedec and QSS default are Ta=125C for 1000 hours

« Q100 is 1000 hours at max temperature for the device’s grade

* Most modern IC’s undergo HTOL at Ta=150C for 300 hours

« But how much is this simulating in the field?
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The Arrhenius equation

Process rate = Ae-FakT)
A = A constant

Ea = Thermal activation energy in electron volts (eV)

k = Boltzman’s constant, 8.62 x 10> eV/K

T = Absolute temperature in degrees Kelvin (degrees C + 273.15)
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Acceleration factors

Acceleration factors are the ratio of the process rate at two temperatures.

AF(T1 to T2) = eEa/k)(1/T2 - 1/T1)
A = A constant (has canceled out of the formula)

Ea

Thermal activation energy in electron volts (eV)

k = Boltzman’s constant, 8.62 x 10° eV/K

T = Absolute temperature in degrees Kelvin (degrees C + 273.15)
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Acceleration factors examples

Calculate the thermal acceleration factor (AF) between the stress test
temperature and the product use temperature:

T (life-test stress) =150C->423K
T (application) =65C->338K

Ea=0.7eV
AF(150 to 65) = e(0.7eV/k)(1/328 - 1/398) = 125

This means every hour of stress at 150C is equivalent to 125 hours of use in
the application at 65C.

Thus, for example, 300 hour life-test at 150C would cause similar shift as
37,500 hours (125*300hrs), or about 4 years, in the field at 65C.
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, enhancements, improvements and other
changes to its semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESDA48, latest
issue. Buyers should obtain the latest relevant information before placing orders and should verify that such information is current and
complete. All semiconductor products (also referred to herein as “components”) are sold subject to TI's terms and conditions of sale
supplied at the time of order acknowledgment.

TI warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI's terms
and conditions of sale of semiconductor products. Testing and other quality control techniques are used to the extent Tl deems necessary
to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not necessarily
performed.

Tl assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
applications using TI components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI components or services are used. Information
published by TI regarding third-party products or services does not constitute a license to use such products or services or a warranty or
endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual property of the
third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of significant portions of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration
and is accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for such altered
documentation. Information of third parties may be subject to additional restrictions.

Resale of TI components or services with statements different from or beyond the parameters stated by TI for that component or service
voids all express and any implied warranties for the associated TI component or service and is an unfair and deceptive business practice.
Tl is not responsible or liable for any such statements.

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of TI components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use
of any Tl components in safety-critical applications.

In some cases, TI components may be promoted specifically to facilitate safety-related applications. With such components, TI's goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No Tl components are authorized for use in FDA Class Ill (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.

Only those Tl components which Tl has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.

TI has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, Tl will not be responsible for any failure to meet ISO/TS16949.
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