TLE2227, TLE2227Y, TLE2237, TLE2237Y
EXCALIBUR LOW-NOISE HIGH-SPEED
PRECISION DUAL OPERATIONAL AMPLIFIERS

SLOS184 — FEBRUARY 1997

® OQutstanding Combination of DC Precision P PACKAGE
and AC Performance: (TOP VIEW)
Unity-Gain Bandwidth . . . 15 MHz Typ U
Vp .. .3.3nV/VHz at f = 10 Hz Typ, ouT fl1 = 8flvees
2.5 nV/VHz at f = 1 kHz Typ ! 7{] 20UT
Vio . .. 100 pV Typ LN+ [} 3 6 [] 2IN-
AVD - .. 45 V/uV Typ With R | =2 kQ Vee- [} 4 5[] 2IN+
38 V/pV Typ With R | =1 kQ
® Available in 16-Pin Small-Outline DW PACKAGE
Wide-Body Package (TOP VIEW)
® Macromodels and Statistical Information U
Included NC[l1 ™ 16[INC
. NC || 2 15[ NC
® OQutput Features Saturation Recovery 10UT I v
Circuitry OuT[|3  14f]Vees
1IN-[] 4 13[] 20UT
description N+ [l5  12[]2IN-
Vee-_[] 6 11]] 2IN+
The TLE22x7C combines innovative circuit NC 7 10[] NC
desig_n expertise and high-quality process control nels 9f] NC
techniques to produce a level of ac performance

and dc precision previously unavailable in dual
operational amplifiers. This device allows
upgrades to systems that use lower-precision
devices and is manufactured using Texas
Instruments state-of-the-art Excalibur process.

NC — No internal connection

In the area of dc precision, the TLE22x7C offers a typical offset voltage of 100 pV, a common-mode rejection
ratio of 115 dB (typ), a supply voltage rejection ratio of 120 dB (typ), and a dc gain of 45 V/uV (typ).

The ac performance is highlighted by a typical unity-gain bandwidth specification of 15 MHz, 55° of phase
margin, and noise voltage specifications of 3.3 nV/VHz and 2.5 nV/VHz at frequencies of 10 Hz and 1 kHz,
respectively.

The TLE22x7C is available in a wide variety of packages, including the industry standard 16-pin small-outline
wide-body version for high-density system applications. This device is characterized for operation from 0°C to

70°C.
AVAILABLE OPTIONS
PACKAGED DEVICES
T Viotyp T CHIP FORM?*
A AT 25°Cc | SMALL OUTLINE PLASTIC DIP -
(bw) (P)
100 pv TLE2227CDW TLE2227CP TLE2227Y
0°C to 70°C
100 pv TLE2237CDW TLE2237CP TLE2237Y

T The DW package is available taped and reeled. Add R suffix to device type (e.g., TLE2227CDWR).
t Chip forms are tested at 25°C only.

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

PRODUCTION DATA information is current as of publication date. Copyright 0 1997, Texas Instruments Incorporated

Products conform to specifications per the terms of Texas Instruments
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symbol (each amplifier)

IN+ +
ouT
IN- —] -

TLE2227Y chip information

This chip, properly assembled, displays characteristics similar to the TLE2227C. Thermal compression or
ultrasonic bonding may be used on the doped-aluminum bonding pads. Chips my be mounted with conductive
epoxy or a gold-silicon preform.

BONDING PAD ASSIGNMENTS

Vee+

==

N+ @ |

&)

®)
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10UT

_ Il 1N- —
fn_Er 9 ¢ | ©
116 | % ._=I|" our O + o 2IN+

-— 2IN-
(4)

= CHIP THICKNESS: 15 TYPICAL
=
BONDING PADS: 4 x 4 MINIMUM

Tymax =150°C

TOLERANCES ARE +10%.

>
N

ALL DIMENSIONS ARE IN MILS.

¢ 104 P
I

{’f TeEXAS
INSTRUMENTS

2 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



TLE2227, TLE2227Y, TLE2237, TLE2237Y
EXCALIBUR LOW-NOISE HIGH-SPEED
PRECISION DUAL OPERATIONAL AMPLIFIERS

SLOS184 — FEBRUARY 1997

TLE2237Y chip information

This chip, when properly assembled, displays characteristics similar to TLE2237. Thermal compression or
ultrasonic bonding may be used on the doped-aluminum bonding pads. The chip may be mounted with
conductive epoxy or a gold-silicon preform.

BONDING PAD ASSIGNMENTS
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= B (1)

= ) ) 10UT
= f 1IN- — =

= on (5)

= @ T 2IN+
= 20UT

= (6)

—= - —= 2IN-
E 116 (4)

E Vce-

= CHIP THICKNESS: 15 MILS TYPICAL
EE BONDING PADS: 4 x 4 MILS MINIMUM
E Tymax =150°C

EE TOLERANCES ARE +10%.

= ALL DIMENSIONS ARE IN MILS.
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ACTUAL DEVICE COMPONENT COUNT

COMPONENT TLE2227 TLE2237
Transistors 62 62
Resistors 24 24
Diodes
Capacitors
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) T
Supply voltage, Voc+ (SEE NOTE 1) .o e 19V
SUPPIY VORAGE, VO L o oo -19V
Differential input voltage, Vip (See NOE 2) ... .. e +1.2V
Input voltage range, V| (ANY INPUL) . . ...ttt e e e e Vee+
Input current, [j (€aCh INPUL) .. ..o e e +1 mA
OULPUL CUITENE, [0« v oot ettt e e e e e e e e e e e e e e e e e e +50 mA
Total CUMMENtINIO Vo G4+ oot 50 mA
Total CUMment OUL Of Vo L o o e 50 mA
Duration of short-circuit current at (or below) 25°C (see Note 3) ......... ..., unlimited
Continuous total dissipation . ......... ..t See Dissipation Rating Table
Operating free-air temperature range, TA ... oot ettt ettt 0°Cto 70°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds .............ccoiiiiiiinnennnn. 260°C

t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTES: 1. Allvoltage values, except differential voltages, are with respect to the midpoint between Vcc + and Voo —.

2. Differential voltages are at IN+ with respect to IN—. Excessive current flows if a differential input voltage in excess of approximately
+1.2 Vis applied between the inputs unless some limiting resistance is used.

3. The output can be shorted to either supply. Temperature and/or supply voltages must be limited to ensure that the maximum
dissipation rating is not exceeded.

DISSIPATION RATING TABLE

PACKAGE Ta <25°C DERATING FACTOR Ta =70°C
POWER RATING ABOVE Tp =25°C POWER RATING
DW 1025 mW 8.2 mw/°C 656 mwW
P 1000 mW 8.0 mW/°C 640 mw

recommended operating conditions

MIN  MAX | UNIT
Supply voltage, Vcc + +4 +19 \Y
) Ta =25°C +11
Common-mode input voltage, V|c T \
Ta = Full range +10.5
Operating free-air temperature, Tp 0 70 °C

T Full range is 0°C to 70°C.
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electrical characteristics at specified free-air temperature, V cc+ = +15V (unless otherwise noted)

TLE2227C
PARAMETER TEST CONDITIONS TaT UNIT
MIN  TYP MAX
v Input offset volt 25°C 100 350 v
nput offset voltage
10 P g Full range 500 "
Temperature coefficient of input offset o
av|o voltage Full range 0.4 1| pvieCc
Input offset voltage long-term drift R
(see Note 4) Vic =0, Rg=50Q 25°C 0.006 1] pv/mo
25°C 7.5 90
o Input offset current nA
Full range 150
. 25°C 15 90
B Input bias current nA
Full range 150
-11 -13
25°C to to
11 13
VicrR Common-mode input voltage range Rg =50 Q =Ty \%
Full range to
105
25°C 10.5
RL= 1kQ
V. Maximum positive peak output voltage Full range 10 v
OM* " swing 25°C 12
R =2kQ
Full range 11
25°C -10.5 -13
R =1kQ
v Maximum negative peak output voltage Fullrange | -10 v
OM=" swing 25°C 12 -135
R =2kQ
Full range -11
Vo =%11V, RL=2kQ 25°C 25 45
_sj i i Vo =10V, R =2kQ Full range 2
AVD Largg .5|gr1al differential voltage O L g ViV
amplification 25°C 3.5 38
Vo =+10V, R =1kQ
Full range 1
Cj Input capacitance 25°C 8 pF
Zo Open-loop output impedance lo=0 25°C 50 Q
o . . 25°C 98 115
CMRR Common-mode rejection ratio V|c = VIcrmin, Rs=500Q dB
Full range 95
K Supply-voltage rejection Vcc+=+4V1o+18V, Rg=500Q 25°C 94 120 dB
SVR " ratio (AVcc+/AVIo) Vcc+=124Vt0+18V, Rg=50Q | Fullrange 92
| oad 25°C 7.3 106
| Su current Vo =0, No loa mA
ce i 0 Full range 11.2

T Full range is 0°C to 70°C.
NOTE 4: Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at Tp = 150°C extrapolated
to Ta = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV.
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operating characteristics at specified free-air temperature, V cc+=15V
TLE2227C
PARAMETER TEST CONDITIONS TAT UNIT
MIN TYP MAX
25°C 1.7 25
SR Slew rate R =2kQ, CL =100 pF Vlius
Full range 1.2
v Eauivalent inout noi " Rg=200Q, f=10Hz peoc 33 8 —
uivalent input noise voltage ° VNHZ
n a P g Rs=20Q, f=1KHz 25 45"
VN(PP) Peak-to-peak equivalent input noise voltage [ f=0.1 Hz to 10 Hz 25°C 50 250 nVv
| Equivalent inout noi " f=10 Hz o5°C 15 4 iz
uivalent input noise curren ° HZ
. g P f=1kHz 0.4 o6 [PV
THD  Total harmonic distortion Vo=x10V.  Avp=1, 25°C <0.002%
See Note 5
B1 Unity-gain bandwidth R =2kQ, CL =100 pF 25°C 7 13 MHz
Bowm Maximum output-swing bandwidth RL =2kQ 25°C 30 kHz
®m Phase margin R =2kQ CL =100 pF 25°C 40°

T Full range is 0°C to 70°C.

NOTE 5: Measured distortion of the source used in the analysis is 0.002%.
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electrical characteristics at specified free-air temperature, V cc+ = +15V (unless otherwise noted)

TLE2237C
PARAMETER TEST CONDITIONS Tal UNIT
MIN  TYP MAX
25°C 100 350 Y
Vio Input offset voltage
Full range 500 viC
ayjo Temperature coefficient of input offset voltage Full range 0.4 1 "
Input offset voltage long-term drift (see Note 4) 25°C 0.006 1| pVv/mo
Vic =0, Rgs=50Q
25°C 7.5 90
llo Input offset current nA
Full range 150
. 25°C 15 90
B Input bias current nA
Full range 150
-11 -13
25°C to to
) 11 13
VicrR Common-mode input voltage range Rg =50 Q o5 \%
Full range to
105
25°C 10.5
RL =1kQ
) o ) Full range 10
Vom+ Maximum positive peak output voltage swing Py o \
RL =2kQ
Full range 11
25°C -10.5 -13
RL=1kQ
v Mani i K outout volt . Full range -10 v
_ Maximum negative peak output voltage swin
oM 9 P P 9 9 25°C -12 -135
R =2kQ
Full range -11
Vo = £11V, RL=2kQ 25°C 25 45
A L ional diff tial volt lficati Vo=+10V, R =2kQ | Fullrange 2 Viuy
arge-signal differential voltage amplification
VD ge-sig g p 25°C 35 38 H
Vo=+10V, RL=1kQ
Full range 1
Cj Input capacitance 25°C 8 pF
z0 Open-loop output impedance lp=0 25°C 50 Q
= i 25°C 98 115
CMRR Common-mode rejection ratio Vic = Vicrmin, dB
Rs=50Q Full range 95
=+ +
\égC:iSO 54 Vio£18Y, 25°C 94 120
k Supply-voltage rejection ratio (AV IIN\Y dB
SVR  Supply-voltage rej (&vccz/Avio) Vocz=:4vVozisv, | o -
Rg=500Q uftrang
25°C 7.3 106
Icc Supply current Vo =0, No load mA
Full range 11.2

T Full range is 0°C to 70°C.
NOTE 4. Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at Tp = 150°C extrapolated
to Ta = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV.
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operating characteristics at specified free-air temperature, V cc+=15V
TLE2237C
PARAMETER TEST CONDITIONS TAT UNIT
MIN TYP MAX
Ayp =5, RL =2 kQ, 25°C 4 5
SR Slew rate Vius
CL=100pF Full range 3 .
v Equivalent input noi it Rg=20Q, f=10Hz 250C 33 8 i
uivalent input noise voltage © V/VH
n a P 9 Rs=20Q, f=1kHz 25 45 |V
Vn(PP) Peak-to-peak equivalent input noise voltage f=0.1Hzto10 Hz 25°C 50 250 nVv
| Equivalent inout noi . f=10Hz . 15 4 i
uivalent input noise curren °
n a P f=1 kHz 0.4 06 | PAVHe
THD Total harmonic distortion Vo=2£10V, Ayp=5V, 25°C <0.002%
See Note 5
. . f=100kHz, R =2kQ, o
GBP Gain-bandwidth product CL=100pF 25°C 35 50 MHz
Bom Maximum output-swing bandwidth RL =2kQ 25°C 80 kHz
Om Phase margin RL=2kQ, Cp=100pF 25°C 40°

T Full range is 0°C to 70°C.
NOTE 5. Measured distortion of the source used in the analysis was 0.002%.
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electrical characteristics, V. cc+ = +15V, Tp = 25°C (unless otherwise noted)

TLE2227Y
PARAMETER TEST CONDITIONS UNIT
MIN  TYP MAX
Vio Input offset voltage 100 350 pv
Input offset voltage long-term drift (see Note 4) 0.006 1| pVv/mo
Vic =0, Rg =50 Q
llo Input offset current 7.5 90 nA
B Input bias current 15 90 nA
-11  -13
VICR Common-mode input voltage range Rg=500Q to to \%
11 13
\Y Maxi iti k output volt i RLZ1KO 105 v
aximum positive peak output voltage swin
OM+ p p p g g RL=2kQ 12
v Maxi ti k output volt i RL=1kO i %
— aximum negative peak output voltage swin
oM 9 P P 9 9 R =2kQ -12 -135
. ) . o Vo =%11V, R =2kQ 25 45
AvD Large-signal differential voltage amplification Vipv
Vo =+10V, R =1kQ 35 38
ci Input capacitance 8 pF
Zo Open-loop output impedance lp=0 50 Q
CMRR  Common-mode rejection ratio V|c = Vicrmin, Rg=500Q 98 115 dB
ksvr Supply-voltage rejection ratio (AVcc +/AV|0) Vcc+=+4Vto+18V, Rg=50Q 94 120 dB
Icc Supply current Vo =0, No load 73 106 mA

NOTE 4. Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at Tp = 150°C extrapolated
to Ta = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV.

operating characteristics, V. cc+ =15V, Tp = 25°C

TLE2227Y
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX
SR Slew rate R =2kQ, CL =100 pF 1.7 25 Vlius
v Equivalent inout noi " Rg =20 Q, f=10 Hz 3.3 8 iz
uivalent input noise voltage nVANHZ
n a P g Rg=20Q, f=1kHz 25 4.5
VN(PP) Peak-to-peak equivalent input noise voltage f=0.1Hzto 10 Hz 50 250 nVv
| Equivalent inbut noi ; f=10 Hz 15 4 iz
uivalent input noise curren ANHZ
: a P f=1kHz 0.4 06|P
=+ =
THD Total harmonic distortion Vo=£10V,  Ayp=1, <0.002%
See Note 5
By Unity-gain bandwidth RL =2kQ, CL =100 pF 7 13 MHz
Bowm Maximum output-swing bandwidth RL =2kQ 30 kHz
®m Phase margin RL =2kQ CL =100 pF 40°

NOTE 5 Measured distortion of the source used in the analysis is 0.002%.
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electrical characteristics at specified free-air temperature V

cc+ = +15V (unless otherwise noted)

TLE2237Y
PARAMETER TEST CONDITIONS UNIT
MIN  TYP MAX
Vio Input offset voltage 100 350 [\
Input offset voltage long-term drift (see Note 4) 0.006 1| uV/mo
Vic =0, Rg=50Q
llo Input offset current 7.5 90 nA
B Input bias current 15 90 nA
-11 -13
VICR Common-mode input voltage range Rg=50Q to to \Y
11 13
\Y Maxi it k output volt i RL=1ko 105 %
aximum positive peak output voltage swin
OM+ p p p g g RL =2 kO 12
v Maxi i K outout volt . RL=1kQ -10.5 -13 v
_ aximum negative peak output voltage swin
OM 9 P P g 9 RL=2kQ -12 -135
. . . o Vo =#11V, RL=2kQ 25 45
AvD Large-signal differential voltage amplification Vipv
Vo =10V, R =1kQ 35 38
Cj Input capacitance 8 pF
z0 Open-loop output impedance lp=0 50 Q
CMRR  Common-mode rejection ratio V|c = Vicrmin, Rg=500Q 98 115 dB
ksyrR  Supply-voltage rejection ratio (AVcc +/AV|0) Vcc+=+4Vtox18V, Rg=50Q 94 120 dB
lcc Supply current Vo =0, No load 7.3 106 mA
NOTE 4. Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at Ta = 150°C extrapolated

to Ta = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV.

operating characteristics at specified free-air temperature V cc+=%15V
PARAMETER TEST CONDITIONS TLE2237¥ UNIT
MIN TYP MAX
SR Slew rate R =2kQ, CL =100 pF 4 5 Vius
) ) ) Rg=200Q, f=10Hz 3.3 8 -
Vn Equivalent input noise voltage nV/vVHz
Rs=20Q, f=1kHz 2.5 4.5
Vn(pp) Peak-to-peak equivalent input noise voltage f=0.1Hzto 10 Hz 50 250 nVv
In Equivalent input noise current =10z L i pA/\/E
f=1kHz 0.4 0.6
THD Total harmonic distortion Vo=+10V, Ayp=1, SeeNoteb <0.002%
Bq Unity-gain bandwidth R =2kQ, CL =100 pF 35 50 MHz
Bowm Maximum output-swing bandwidth R =2kQ 80 kHz
Om Phase margin RL=2kQ, Cp =100pF 40°
NOTE 5. Measured distortion of the source used in the analysis is 0.002%.
I
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PARAMETER MEASUREMENT INFORMATION

Vo

V)

4kQ
=15V ¢ =100pF

(see Note A)

NOTE A: Cy includes fixture capacitance.

Figure 1. Slew-Rate Test Circuit

10 kQ

100 Q 15V

V|

-15V ¢ =100 pF
(see Note A)

NOTE A: Cy includes fixture capacitance.

Figure 3. Unity-Gain Bandwidth and
Phase-Margin Test Circuit

2kQ

2kQ

Vo

-15V
20Q 20 Q

Figure 2. Noise-Voltage Test Circuit

Vo
N

~ 2kQ
15V ¢ =100 pF

(see Note A)

NOTE A: Cy includes fixture capacitance.

Figure 4. Small-Signal Pulse-
Response Test Circuit
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TYPICAL CHARACTERISTICS

Table of Graphs

FIGURE
Vio Input offset voltage Distribution 5
AVio Input offset voltage change vs Time after power on 6,7
llo Input offset current vs Free-air temperature 8
g Input bias current Vs Commpn-mode input voltage 9
vs Free-air temperature 10
1] Input current vs Differential input voltage 11
Vo(PP) Maximum peak-to-peak output voltage vs Frequency 12
Vowm Maximum peak positive output voltage zz t?::—:iarstlztiggfature 12
Vowm Maximum peak negative output voltage z: t?::—er:iarstIZ:ng?ature ig
vs Supply voltage 17
AyD Large-signal differential voltage amplification vs Load resistance 19
vs Frequency 18, 20, 21
vs Free-air temperature 22
Zo Output impedance vs Frequency 23
CMRR Common-mode rejection ratio vs Frequency 24
ksvr Supply-voltage rejection ratio vs Frequency 25
vs Supply voltage 26, 27
los Short-circuit output current vs Elasped time 28, 29
vs Free-air temperature 30, 31
lcc  Supply curent o Freaat temperatre ii
Voltage-follower small-signal pulse response | vs Time 34,35
Voltage-follower large-signal pulse response |vs Time 36, 37
Vn Equivalent input noise voltage vs Frequency 38
Noise voltage (referred to input) Over 10-second interval 39
o Unromn b e o
SR Slew rate vs Free-air temperature 44, 45
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Phase shift vs Frequency 18, 20, 21
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TYPICAL CHARACTERISTICS

DISTRIBUTION OF
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I|g - Input Bias Current — nA

I| = Input Current — mA

TYPICAL CHARACTERISTICS
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TYPICAL CHARACTERISTICS
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TYPICAL CHARACTERISTICS
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TYPICAL CHARACTERISTICS
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TYPICAL CHARACTERISTICS
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TYPICAL CHARACTERISTICS
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TYPICAL CHARACTERISTICS
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TYPICAL CHARACTERISTICS
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TLE2227

TYPICAL CHARACTERISTICS
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TYPICAL CHARACTERISTICS
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TYPICAL CHARACTERISTICS
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APPLICATION INFORMATION

TLE2227 macromodel information

Macromodel information provided was derived using Microsim Parts[], the model generation software used
with Microsim PSpicel. The Boyle macromodel (see Note 6) and subcircuit in Figure 49 and Figure 50 are
generated using the TLE2227C typical electrical and operating characteristics at 25°C. Using this information,
output simulations of the following key parameters can be generated to a tolerance of 20% (in most cases):

® Maximum positive output voltage swing ® Unity-gain bandwidth
Maximum negative output voltage swing ® Common-mode rejection ratio

® Slew rate ® Phase margin

® Quiescent power dissipation ® DC output resistance

® |nput bias current ® AC output resistance

® Open-loop voltage amplification ® Short-circuit output current limit

NOTE 6: G.R.Boyle,B.M.Cohn,D. O. Pederson, and J. E. Solomon,“Macromodeling of Integrated Circuit Operational Amplifiers”, IEEE Journal
of Solid-State Circuits, SC-9, 353 (1974).

PSpice and Parts are trademarks of MicroSim Corporation.

Macromodels, simulation models, or other models provided by TI,

directly or indirectly, are not warranted by Tl as fully representing all i

of the specification and operating characteristics of the

semiconductor product to which the model relates. I EXAS
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APPLICATION INFORMATION

TLE2227 macromodel information (continued)

Figure 49. Boyle Macromodel

.subckt TLE2227 1 2 3 4 5
*

cl 11 12 4.003E-12
c2 6 7 20.00E-12
dc 5 53 dx
de 54 5 dx
dip 920 91 dx
din 92 90 dx
dp 4 3 dx

egnd 99 0 poly(2) (3,00 4,00 0
fb 7 99 poly(5) vb vc ve vip
ga 6 0 11 12 2.062E-3
gcm 0 6 10 99 531.3E-12
iee 10 4 dc 56.01E-6

hlim 90 0 vlim 1K

ql 11 2 13 ogx

g2 12 1 14 gx

r2 6 9 100.0E3

rcl 3 11 530.5

rc2 3 12 530.5

rel 13 10 -393.2

re2 14 10 -393.2

ree 10 99 3.571E6

rol 8 5 25

ro2 7 99 25

rp 3 4 8.013ES3

vb 9 0 dc O

Ve 3 53 dc 2.400

ve 54 4 dc 2.100

vim 7 8 dc O

vip 91 0 dc 40

vin 0 92 dc 40

.model dx D(Is=800.0E-18)
.model gx NPN(Is=800.0E-18
.ends

Bf=7.000E3)

954.8E6 —-1E9 1E9 1E9-1E9

Figure 50. TLE2227 Macromodel Subcircuit
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TLE2037 macromodel information

Macromodel information provided is derived using PSpice] Parts[1 model generation software. The Boyle
macromodel (see Note 6) and subcircuit in Figure 51 and Figure 52 are generated using the TLE2237C typical
electrical and operating characteristics at 25°C. Using this information, output simulations of the following key
parameters can be generated to a tolerance of 20% (in most cases):

® Maximum positive output voltage swing ® Unity-gain bandwidth
Maximum negative output voltage swing ® Common-mode rejection ratio

® Slew rate ® Phase margin

® Quiescent power dissipation ® DC output resistance

® Input bias current ® AC output resistance

® Open-loop voltage amplification ® Short-circuit output current limit

NOTE 6. G.R.Boyle,B.M.Cohn,D.O.Pederson, and J. E. Solomon,“Macromodeling of Integrated Circuit Operational Amplifiers,” IEEE Journal
of Solid-State Circuits, SC-9, 353 (1974).

Vee+ din
92
91 _
dip -
IN+ vip vin
— +
IN— L L
Veec-———

Figure 51. Boyle Macromodel

Macromodels, simulation models, or other models provided by TI,

directly or indirectly, are not warranted by Tl as fully representing all i

of the specification and operating characteristics of the

semiconductor product to which the model relates. I EXAS
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APPLICATION INFORMATION

TLE2037 macromodel information (continued)

.subckt TLE2227 1
*
12 4.003E-12

cl
c2
dc
de
dip
din
dp
egnd
fb
ga
gcm
iee
hlim
ql
g2
r2
rcl
rc2
rel
re2
ree
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ro2
p
vb
vC
ve
vlim
vip
vin

.model
.model

.ends

11
6
5

54

90
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4

99
7
6

0
10
90

11
12

6
3
3
13
14
10
8
7
3
9
3
54
7
91
0

7 20.00E-12

53 dx
5 dx
91 dx
90 dx
3 dx

0 poly(2)
99 poly(5)

4 5

(30) (40) 0 5 5

vb vc ve vip vin 0 -1E9 1E9

954.8E6

0 11 12 2.062E-3
6 10 99 531.3E-12
4 dc 56.01E-6

0 vlim
2 13 gx
1 14 ¢
9 100.0E3
11 530.5
12 530.5
10 -393.2
10 —-393.2
99 3.571E6

5 25
99 25

4 8.013E3
0 dc O

53 dc 2.400
4 dc 2.100
8 dc O

0 dc 40
92 dc 40

dx D(Is=800.0E-18)

gx NPN(Ils=800.0E-18

Bf=7.000E3)

Figure 52. TLE2237 Macromodel Subcircuit

1E9-1E9
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APPLICATION INFORMATION

voltage-follower applications

The TLE22x7C circuitry includes input-protection diodes to limit the voltage across the input transistors;
however, no provision is made in the circuit to limit the current if these diodes are forward biased. This condition
can occur when the device is operated in the voltage-follower configuration and driven with a fast, large-signal
pulse. A feedback resistor is recommended to limit the current to a maximum of 1 mA to prevent degradation
of the device. Also, this feedback resistor forms a pole with the input capacitance of the device. For feedback
resistor values greater than 10 kQ, this pole degrades the amplifier’s phase margin. This problem can be
alleviated by adding a capacitor (20 pF to 50 pF) in parallel with the feedback resistor (see Figure 53).

Cg =20to 50 pF

S <4“— E<1mA

RF
Vee+

——— VO

Vi

Vce-

Figure 53. Voltage-Follower Circuit
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IMPORTANT NOTICE

Texas Instruments and its subsidiaries (TI) reserve the right to make changes to their products or to discontinue
any product or service without notice, and advise customers to obtain the latest version of relevant information
to verify, before placing orders, that information being relied on is current and complete. All products are sold
subject to the terms and conditions of sale supplied at the time of order acknowledgement, including those
pertaining to warranty, patent infringement, and limitation of liability.

TI warrants performance of its semiconductor products to the specifications applicable at the time of sale in
accordance with TI's standard warranty. Testing and other quality control techniques are utilized to the extent
Tl deems necessary to support this warranty. Specific testing of all parameters of each device is not necessarily
performed, except those mandated by government requirements.

CERTAIN APPLICATIONS USING SEMICONDUCTOR PRODUCTS MAY INVOLVE POTENTIAL RISKS OF
DEATH, PERSONAL INJURY, OR SEVERE PROPERTY OR ENVIRONMENTAL DAMAGE (“CRITICAL
APPLICATIONS”). TI SEMICONDUCTOR PRODUCTS ARE NOT DESIGNED, AUTHORIZED, OR
WARRANTED TO BE SUITABLE FOR USE IN LIFE-SUPPORT DEVICES OR SYSTEMS OR OTHER
CRITICAL APPLICATIONS. INCLUSION OF TI PRODUCTS IN SUCH APPLICATIONS IS UNDERSTOOD TO
BE FULLY AT THE CUSTOMER'’S RISK.

In order to minimize risks associated with the customer’s applications, adequate design and operating
safeguards must be provided by the customer to minimize inherent or procedural hazards.

Tl assumes no liability for applications assistance or customer product design. Tl does not warrant or represent
that any license, either express orimplied, is granted under any patent right, copyright, mask work right, or other
intellectual property right of Tl covering or relating to any combination, machine, or process in which such
semiconductor products or services might be or are used. TI's publication of information regarding any third
party’s products or services does not constitute TI's approval, warranty or endorsement thereof.
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KomnaHus ((3J'IeKTpO|_|J'|aCT» npeanaraeT 3akKn4vyeHmne onrocpoYHbIX OTHOLLIEHUN npu
NOoCTaBKaxX MMMNOPTHbIX 3NTEKTPOHHbIX KOMMOHEHTOB Ha B3aMMOBbLIFO4HbIX yCJ'IOBI/lFlX!

Hawwn npeumyuiectsa:

e OnepaTuBHbIE NOCTABKM LUMPOKOrO CMeKTpa 3NeKTPOHHbIX KOMMNOHEHTOB OTEYECTBEHHOIO U
MMMOPTHOrO NPON3BOACTBA HANPAMYO OT MPOM3BOAMTENEN U C KPYNMHENLLNX MUPOBbLIX
CKNaaos.;

MocTaBka 6onee 17-TM MUNIIMOHOB HAMMEHOBAHWUIN 3NEKTPOHHbLIX KOMMNOHEHTOB;

MocTaBka CNoXHbIX, AeULNTHBIX, MMOO CHATLIX C MPOM3BOACTBA NO3ULIUIA;

OnepaTtunBHbIE CPOKM NOCTABKM Nof 3aka3 (0T 5 pabounx gHewn);

OKcnpecc goctaska B Nnobyto Touky Poccuu;

TexHnyeckas nogaepkka npoekTa, NomMoLLlb B nogdope aHanoros, NocTaBka NPOTOTUMOB;

Cuctema MeHeXMeHTa KavyecTBa cepTuduumnposaHa no MexayHapogHomy ctaHgapTty 1ISO

9001;

o JlnueHausa ®CH Ha ocyulecTBneHne paboT ¢ NCNONb30BaHWEM CBEOEHUIN, COCTABAOLLINX
rocygapCTBEHHYIO TalHy;

o [locTaBka cneumnanmampoBaHHbIX KOMNoHeHToB (Xilinx, Altera, Analog Devices, Intersil,
Interpoint, Microsemi, Aeroflex, Peregrine, Syfer, Eurofarad, Texas Instrument, Miteq,
Cobham, E2V, MA-COM, Hittite, Mini-Circuits,General Dynamics v gp.);

MoMMMO 3TOro, O4HMM M3 HanpaBnNeHU koMnaHum «AnekTpollnacT» ABNseTca HanpaBneHne

«UcTouHmkn nutaHua». Mel npeanaraem Bam nomoub KoHCTpyKTOpCKOro otaena:

e [logGop onTuManeHOro peleHus, TexHn4eckoe 060CHOBaHME Npu BbIOOpPE KOMMOHEHTA;
Monbop aHanoros.;
KoHcynbTaumm no NpUMEHEHMIO KOMMOHEHTA;
MocTaBka 06pa3yoB M NPOTOTUMNOB;
TexHn4veckasn noaaepka npoekTa;
3awmTa OT CHATMSA KOMMOHEHTA C NPON3BOACTBA.

Kak c Hamu cBfizaTbCcA

TenedoH: 8 (812) 309 58 32 (MHOrokaHanbHbIN)
Pakc: 8 (812) 320-02-42

OnekTpoHHas nouTta: org@eplastl.ru

Aapec: 198099, r. Cankt-INeTepbypr, yn. KannHuHa,
Oom 2, kopnyc 4, nutepa A.
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