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Dual, Ultra-Wideband, Current-Feedback
OPERATIONAL AMPLIFIER with Disable

F

A

A

EATURES
GAIN = +2V/V BANDWIDTH (850MHz)
GAIN = +8V/V BANDWIDTH (450MHz)
OUTPUT VOLTAGE SWING: 4.1V
ULTRA-HIGH SLEW RATE: 2900V/ns

DIFFERENTIAL 3RD-ORDER INTERCEPT:

> 40dBm (f < 140MHz, 800Y)
LOW POWER: 129mW/channel
LOW DISABLED POWER: 0.5mW/channel

PPLICATIONS
VERY WIDEBAND ADC DRIVERS
LOW-COST PRECISION IF AMPLIFIERS
BROADBAND VIDEO LINE DRIVERS
PORTABLE INSTRUMENTS
ACTIVE FILTERS
ARB WAVEFORM OUTPUT DRIVERS
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PowerPAD is a trademark of Texas Instruments, Inc.

All other trademarks are the property of their respective owners.

DESCRIPTION

The OPA2695 is a dual, very high bandwidth,
current-feedback op amp that combines exceptional
2900V/ns slew rate and low input voltage noise to
deliver a precision, low-cost, high dynamic range
intermediate frequency (IF) amplifier. The device has
been optimized for high gain operation, and the pin
outs of the two available packages (QFN-16, SO-8)
have been optimized to provide symmetrical input
and output paths. This architecture makes the
OPAZ2695 an ideal choice as a differential driver, such
as for a high-speed analog-to-digital converter (ADC).

The OPA2695 low 12.9mA/channel supply current is
precisely trimmed at +25°C. This trim, along with a
low temperature drift, gives low system power over
temperature. System power may be further reduced
with the optional disable control pin. Leaving this pin
open, or holding it high, gives normal operation. If
pulled low, the OPA2695 supply current drops to less
than 200mA/channel. This power-saving feature,
along with exceptional single +5V operation, makes
the OPA2695 ideal for portable applications. The
OPA2695 is available in an SO-8 (without disable)
package or QFN-16 package (with disable).

OPA2695 RELATED PRODUCTS

SINGLES DUALS

TRIPLES COMMENTS

Ultra-wideband
OPA3695 | current-feedback operational
amplifier with disable

Wideband, high output
current, current-feedback
operational amplifier with
disable

OPAG95 —

OPAG691 OPA2691 OPA3691

Ultra-wideband, fixed-gain

OPA693 — - v
operational amplifier

OPA3693

Ultra-wideband, low-power,

OPA694 OPA2694 — current-feedback operational

amplifier

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.
Products conform to specifications per the terms of the Texas
Instruments standard warranty. Production processing does not
necessarily include testing of all parameters.
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This integrated circuit can be damaged by ESD. Texas Instruments recommends that all integrated circuits be handled with
appropriate precautions. Failure to observe proper handling and installation procedures can cause damage.

ESD damage can range from subtle performance degradation to complete device failure. Precision integrated circuits may be more

susceptible to damage because very small parametric changes could cause the device not to meet its published specifications.

ORDERING INFORMATION @

SPECIFIED
PACKAGE TEMPERATURE PACKAGE ORDERING TRANSPORT MEDIA,
PRODUCT PACKAGE DESIGNATOR RANGE MARKING NUMBER QUANTITY
OPA2695ID Rails, 75
OPA2695 SO-8 D —40°C to +85°C OP2695
OPA2695IDR Tape and Reel, 2500
OPA2695IRGTT Tape and Reel, 250
OPA2695 QFN-16 RGT —40°C to +85°C 2695
OPA2695IRGTR Tape and Reel, 3000

(1) Forthe most current package and ordering information see the Package Option Addendum at the end of this document, or see the Tl
web site at www.ti.com.

ABSOLUTE MAXIMUM RATINGS®

OPA2695 UNITS
Power supply 6.5 Vpe
Internal power dissipation See Thermal Analysis
Differential input voltage +1.2 \
Input common-mode voltage range +Vg \%
Storage temperature range: D, RGT —65 to +125 °C
Lead temperature (soldering, 10s) +300 °C
Junction temperature (T;) +150 °C
Junction temperature (T;), continuous operation +140 °C
Human body model (HBM)®@ 1500 \Y;
ESD rating: Charged device model (CDM) 1000 \%
Machine model (MM) 50 \%
(1) Stresses above these ratings may cause permanent damage. Exposure to absolute maximum conditions for extended periods may

degrade device reliability. These are stress ratings only, and functional operation of the device at these and any other conditions beyond
those specified is not supported.

(2) Pins 1 and 4 on the SO-8 package and pins 6 and 15 on the QFN package are greater than 500V HBM.
PIN CONFIGURATIONS
SO-8 PACKAGE QFN-16 PACKAGE
(TOP VIEW) (TOP VIEW)
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ELECTRICAL CHARACTERISTICS: Vg = 5V

Boldface limits are tested at +25°C.
At Re =402Y, R, =100Y, and G = +8V/V, unless otherwise noted.

OPA2695ID, IRGT
TYP MIN/MAX OVER TEMPERATURE
0°C to —40°C to MIN/ TEST
PARAMETER CONDITIONS +25°C +25°C@ 70°C® +85°C® UNITS MAX LEVEL®
AC PERFORMANCE (see Figure 68)
Small-signal bandwidth (Vo = 0.2Vpp) G =+1VIV, R =523 Y 1100 MHz typ C
G =+2VIV,Re=511Y 850 MHz typ C
G =+8V/V, R =402 Y 450 400 380 350 MHz min B
G =+16V/IV, Re =249 Y 350 MHz typ C
Bandwidth for 0.2dB gain flatness G =+2VIV, Vo = 0.2Vpp, Re =511 Y 300 MHz min B
Peaking at a gain of +1 Re=523Y, Vo =0.2Vpp 4.6 5.4 5.8 6.0 dB max B
Large-signal bandwidth G =+8VIV, Re =402 Y, Vo = 4Vpp 400 MHz typ C
Slew rate G =-8V/IV, Vi = 4V step 2500 2000 1900 1800 Vins min B
G = +8V/IV, V, = 4V step 2900 2600 2500 2400 Vins min B
Rise-and-fall time G = +8V/IV, Vo = 1V step 0.8 ns typ C
G = +8V/IV, Vp = 4V step 1.0 ns typ C
Settling time to 0.02% G = +8V/IV, Vp = 2V step 16 ns typ C
Settling time to 0.1% G = +8V/IV, Vg = 2V step 10 ns typ C
Harmonic distortion G = +8V/IV, f = 10MHz, V5 = 2Vpp
2nd harmonic R =100Y -73 —62 —-60 -59 dBc max B
R, +500Y —78 —76 —74 —73 dBc max B
3rd harmonic R =100Y -82 -80 -75 -72 dBc max B
R, *500Y -81 -80 =79 -78 dBc max B
Input voltage noise f>1MHz 18 2 2.7 29 nV/ ¥z max B
Noninverting input current noise f>1MHz 18 19 21 22 pA/ ¥Hz max B
Inverting input current noise f>1MHz 22 24 26 27 pA/ ¥z max B
Differential gain G= +2V/Vi?’t”:—51%b\$ = 14Vee, -0.01 % typ C
Differential phase G =+2vr Vh't‘zslgbv-;’ = 1.4Vee, -0.05 . typ c
Crosstalk f " 10MHz -50 dB typ C
DC PERFORMANCE @
Open-loop transimpedance gain (Zo,) Vo =0V, R =100Y 85 45 43 41 kY min A
Input offset voltage Ven = 0V +0.3 +35 +4.0 +4.5 mV max A
Average offset voltage drift Vew = 0V +10 +15 nv/°C max B
Noninverting input bias current Ve = 0V +13 +30 +37 +41 mA max A
Average noninverting input bias current drift Vew = 0V +150 +180 nA/°C max B
Inverting input bias current Vew =0V +20 +60 +66 +70 m max A
Average inverting input bias current drift Ven = 0V +120 +160 nA/°C max B
INPUT
Common-mode input voltage range (CMIR)® £3.3 3.1 +3.0 £3.0 \Y% min A
Common-mode rejection ratio (CMRR) Ven = 0V 56 51 50 50 dB min A
Noninverting input Impedance 2801 1.2 kY|l pF typ C
Inverting input resistance (R) Open-loop 29 Y typ C
OUTPUT
Voltage output swing No load +4.1 +3.9 +3.9 +3.9 \Y min A
100 Y load £3.9 3.7 3.7 £3.6 min A
Current output, sourcing Vo=0 +120 +90 +80 +70 mA min A
Current output, sinking Vo=0 -120 -90 -80 -70 mA min A
Closed-loop output impedance G = +8V/V, f = 100kHz 0.04 Y typ C

(1) Testlevels: (A) 100% tested at +25°C. Over temperature limits set by characterization and simulation. (B) Limits set by characterization
and simulation. (C) Typical value only for information.

(2) Junction temperature = ambient for +25°C specifications.

(3) Junction temperature = ambient at low temperature limits; junction temperature = ambient +26°C at high temperature limit for over

temperature specifications.

(4) Current is considered positive out of pin.

(5) Tested < 3dB below minimum specified CMRR at £CMIR limits.

Copyright © 2008, Texas Instruments Incorporated
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ELECTRICAL CHARACTERISTICS: Vg = 5V (continued)

Boldface limits are tested at +25°C.
At Re =402Y, R, =100Y, and G = +8V/V, unless otherwise noted.

OPA2695ID, IRGT
TYP MIN/MAX OVER TEMPERATURE
0°C to —40°C to MIN/ TEST

PARAMETER CONDITIONS +25°C +25°C@ 70°C® +85°C® UNITS MAX LEVEL®
DISABLE (Disabled LOW) QFN-16 (RGT) package only
Power-down supply current (+Vg) Both channels, Vg5 = 0 -200 —340 -375 -385 mA typ A
Disable time VN = $0.25Vp¢ 1 ns typ C
Enable time Viy = %0.25Vpe 25 ns typ C
Off isolation G = +8V/V, 10MHz 80 dB typ C
Output capacitance in disable 4 pF typ C
Turn-on glitch G=+2VIV,R =150V, V,y=0 +100 mV typ (03
Turn-off glitch G=+2VIV,R =150Y,V,y=0 +20 mv typ C
Enable voltage 3.3 35 3.6 3.7 \Y min A
Disable voltage 1.8 17 1.6 15 \ max A
Control pin input bias current (DIS) Vps=0 75 130 143 145 max A
POWER SUPPLY
Specified operating voltage +5 typ C
Minimum operating voltage +1.75 +1.8 +1.9 min B
Maximum operating voltage +6 +6 +6 \Y max A
Maximum quiescent current Both channels, Vg = 5V 25.8 26.8 27.6 28.6 mA max A
Minimum quiescent current Both channels, Vg = 5V 25.8 25.2 23.6 22 mA min A
Power-supply rejection ratio (+PSRR) Input-referred 55 51 48 48 dB typ A
TEMPERATURE RANGE
Specification: ID, IRGT —40 to +85 °C typ C
Thermal resistance, q;a Junction-to-ambient

D SO-8 100 °C/W typ C

RGT QFN-16 55 °C/W typ C
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ELECTRICAL CHARACTERISTICS: Vg = +5V
Boldface limits are tested at +25°C.

At Rg =422 Y, R, =100 Yto Vg/2, and G = +8, unless otherwise noted.

OPA2695ID, IRGT
TYP MIN/MAX OVER TEMPERATURE
0°C to —40°C to MIN/ TEST
PARAMETER CONDITIONS +25°C +25°C@ +70°C® +85°C® UNITS MAX LEVEL®
AC PERFORMANCE
Small-signal bandwidth (Vo = 0.2Vpp) G=+1VIV,R=511Y 940 MHz typ C
G =+2VIV,Re =487Y 700 MHz typ C
G =+8V/V, R =348 Y 395 380 330 300 MHz typ B
G = +16VIV, Rg = 162 Y 275 MHz typ c
Bandwidth for 0.2dB gain flatness G =+2VIV, Vo < 0.2Vpp, Re =487 Y MHz min B
Peaking at a gain of +1 Re=511Y, Vo <0.2Vpp 1.0 2.0 25 3.0 dB max B
Large-signal bandwidth G = +8V/IV, Vg = 2Vpp 363 MHz typ C
Slew rate G = +8V/IV, 2V step 1800 1300 1200 1100 Vins min B
Rise-and-fall time G = +8VIV, Vg = 2V step 1 ns typ C
Settling time to 0.02% G = +8VIV, Vg = 2V step 16 ns typ C
Settling time to 0.1% G = +8VIV, Vp = 2V step 10 ns typ C
Harmonic distortion G = +8V/V, f = 10MHz, Vp = 2Vpp
2nd harmonic R, =100 Yto Vg/2 -67 -55 -55 -54 dBc max B
R_ +500 Yto Vg/2 -101 —-64 —64 —63 dBc max B
3rd harmonic R, =100 Yto Vg/2 —64 —62 —62 —63 dBc max B
R, *500 Yto Vg/2 -92 61 —-61 —-60 dBc max B
Input voltage noise f>1MHz 1.8 2 2.7 2.9 nV/ ¥Hz max B
Noninverting input current noise f>1MHz 18 19 21 22 pA/ ¥z max B
Inverting input current noise f>1MHz 22 24 26 27 pA/ ¥HZ max B
DC PERFORMANCE @
Open-loop transimpedance Gain (Zo,) Vo = Vg/2, R, =100 Yto Vg/2 70 40 38 36 kY min A
Input offset voltage Vem = Vs/2 +0.3 +3.5 +4.0 +4.5 mV max A
Average offset voltage drift Vewm = Vg/2 +10 +15 nv/°C max B
Noninverting input bias current Vewm = Vs/2 5 +40 +45 +50 m max A
Average noninverting input bias current drift Ve = Vs/2 +110 +170 nA/°C max B
Inverting input bias current Vewm = Vg/2 +10 +60 +66 +70 m max A
Average inverting input bias current drift Vewm = Vs/2 +120 +160 nA/°C max B
INPUT
Least positive input voltage® 1.7 1.8 1.9 1.9 \% max A
Most positive input voltage® 33 3.2 3.1 3.1 min A
Common-mode rejection ratio (CMRR) Ve = Vs/2 54 51 50 50 dB min A
Noninverting input impedance 280 111.2 kY|l pF typ C
Inverting input resistance (R) Open-loop 32 Y typ C
OUTPUT
Most positive output voltage No load 4.2 4.0 3.9 3.8 \Y min A
R_ =100 Yload to V¢/2 4.0 3.9 3.8 3.7 \% min A
Least positive output voltage No load 0.8 1.0 11 1.2 \% max A
R, =100 Yload to Vg¢/2 1.0 11 1.2 13 \ max A
Current output, sourcing Vo = Vg/2 +90 +70 +67 +66 mA min A
Current output, sinking Vo = Vg/2 -90 -70 -67 —66 mA min A
Closed-loop output impedance G = +2V/V, f = 100kHz 0.05 Y typ C

(1) Testlevels: (A) 100% tested at +25°C. Over temperature limits set by characterization and simulation. (B) Limits set by characterization
and simulation. (C) Typical value only for information.

(2) Junction temperature = ambient for +25°C specifications.

(3) Junction temperature = ambient at low temperature limits; junction temperature = ambient +12°C at high temperature limit for over

temperature specifications.

(4) Current is considered positive out of pin.

(5) Tested < 3dB below minimum specified CMRR at £CMIR limits.
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ELECTRICAL CHARACTERISTICS: Vg = +5V (continued)
Boldface limits are tested at +25°C.
At Rg =422 Y, R, =100 Yto Vg/2, and G = +8, unless otherwise noted.
OPA2695ID, IRGT
TYP MIN/MAX OVER TEMPERATURE
0°C to —40°C to MIN/ TEST
PARAMETER CONDITIONS +25°C +25°C@ +70°C® +85°C® UNITS MAX LEVEL®
DISABLE (Disabled LOW) QFN-16 (RGT) package only
Power-down supply current (+Vg) Both channels, Vg5 = 0 -190 -320 -350 —360 m max A
Disable time 1 ns typ C
Enable time 25 ns typ C
Off isolation G = +8V/V, 10MHz 80 dB typ C
Output capacitance in disable 4 pF typ C
Turn-on glitch G =+2VIV, R =150V, Vjy = Vg/2 +100 mV typ C
Turn-off glitch G =+2VIV, R =150Y, Vy = Vg/2 +20 mV typ C
Enable voltage 3.3 35 3.6 37 \Y min A
Disable voltage 1.8 1.7 1.6 15 \ max A
Control pin input bias current (DIS) Vps=0 75 130 143 149 m max A
POWER SUPPLY
Specified single-supply operating voltage 5 \% typ C
Minimum single-supply operating voltage 35 3.6 3.6 3.8 \% min B
Maximum single-supply operating voltage 12 12 12 \Y max A
Maximum quiescent current Both channels, Vs = +5V 22.8 24.2 252 26.0 mA max A
Minimum quiescent current Both channels, Vg = +5V 22.8 21.8 18.8 18.2 mA min A
Power-supply rejection ratio (+PSRR) Input-referred 56 dB typ C
TEMPERATURE RANGE
Specification: ID, IRGT —40 to +85 °C typ C
Thermal resistance, q;a Junction-to-ambient
D SO-8 100 °C/wW typ C
RGT  QFN-16 55 °C/W typ c
6 Submit Documentation Feedback Copyright © 2008, Texas Instruments Incorporated
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TYPICAL CHARACTERISTICS: Vg = 5V
At G = +8V/V, Rg = 402 Y, and R, = 100 Y, unless otherwise noted.
NONINVERTING SMALL-SIGNAL FREQUENCY RESPONSE INVERTING SMALL-SIGNAL FREQUENCY RESPONSE
6 3
LG = +1VIV G =-2, Ry = 499V
3 = & 0 #
L~ T \
g o ‘/ﬁ\ N g s \>< \
z D z
F RN - ™
o -3 \ \ o -6
b G=+2v \ 5(\ \ b G=-4,R. = 470N
8 6 X 8 e H —
£ G = +4VIV \\ £ G=-8 Ry = 442W N\
S . 9 | | e 4 N S . 12 - , , AY
zZ | | Z T I I
G =+avv |\ \V G =-16, Re = 806N \\
-12 [ -15
G = +16V/IV \\
-15 e -18
10M 100M 1G  10G 10M 100M 1G
Frequency (Hz) Frequency (Hz)
Figure 1. Figure 2.
NONINVERTING LARGE-SIGNAL FREQUENCY RESPONSE INVERTING LARGE-SIGNAL FREQUENCY RESPONSE
3 3
|
0 0 | G=-8 |
Re = 442W
= -3 N o \
s \ Vo = 1Vpp and 2V g -3
5 6 \< s s \
o 4] /]\
S -9 kel
8 N g N\
g -12 N g Vo = WVpp, 2Vpp, 4Vpp, and 7Vpp \
2. 15 \ S -12 \
Vg = 4V
18 ° \;‘ -15 ~
Rg = 402W Vo = 7Vpp ~~
-21 . -18
0 200M 400M 600M 800M 1G 0 200M 400M 600M 800M 1G
Frequency (Hz) Frequency (Hz)
Figure 3. Figure 4.
NONINVERTING PULSE RESPONSE INVERTING PULSE RESPONSE
25 1.25 25 1.25
75MHz Square Wave Input 75MHz Square Wave Input
2.0 / ‘ ‘ ‘ ‘ 1.00 2.0 ‘ ‘ ‘ ‘ 1.00
1.5 — 0.75 15 0.75
. / \<'— Large-Signal +2V . / \ Large-Signal +2V
S 10 \ 050 95 10 / 050 O
S 05 025 2% 05 \\\ 025 €
S o 0 ;f) S o \ 0 g
2 -05 - -025 € 2 -05 - -0.25 €
8 L Small-Signal £500mV. o 8 Small-Signal +500mV / °
3 -10 \{T // 2050 23 -10 \N — // 050 2
-15 G Y \ / -0.75 -1.5 G 8\)N -0.75
= +i [ =- U
-20 [R_= 402w = -1.00 -20 [R_ = 442w — -1.00
-25 — -1.25 -25 — -1.25
Time (1ns/div) Time (1ns/div)
Figure 5. Figure 6.
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TYPICAL CHARACTERISTICS: Vg = x5V (continued)
At G = +8V/V, Rg = 402 Y, and R, = 100 Y, unless otherwise noted.
HARMONIC DISTORTION vs LOAD RESISTANCE HARMONIC DISTORTION vs SUPPLY VOLTAGE
-65 -60
Vo =2Vpp Vo =2Vpp
G = +8VIV f=10MHz
5 -70 N\ f = 10MHz 5 "6 G=+8VV]
% \ %’ 2nd Harmonic R, =100W
5 /1 g " —
= -75 B
= = ——
2 ———_2nd Harmonic .‘% 75 ——
a N/ — a \
L -80 Qo
3 L 5 -80
S \ // S| \ //
T -85 T N\
7 -85
3rd Harmonic \_/3rd Harmonic
90 | | .90 | |
50 100 1k 5 6 7 8 9 10 11 12
Resistance (W) Supply Voltage (Vg, - Vg ) (V)
Figure 7. Figure 8.
HARMONIC DISTORTION vs FREQUENCY HARMONIC DISTORTION vs OUTPUT VOLTAGE
-50 -65
Vo = 2V T T f= 10MHz | |
GO: +8VF/}\P/ 2nd Harmonic // G = +8VIV 2nd Harmonic _L~7
3 -60 | R, = 100W // y 3 -0 R, = 100W 1 /
S |~ // z
c c
£ -70 = / g -75
g L~ —~—" 2
2z ///’ / 3rd Harmonic a /
L -80 7 L -80 T
c |~ P s 7
5 p 5] P
£ L /// £ AN
£ .90 | — £ .g5 \-/ )
= 3rd Harmonic
T
T
/
-100 _g0 X ‘ ‘
1 10 100 0.5 1 6
Frequency (MHz) Output Voltage (Vpp)
Figure 9. Figure 10.
HARMONIC DISTORTION vs NONINVERTING GAIN HARMONIC DISTORTION vs INVERTING GAIN
-65 -68
Vo =2Vpp
2nd Harmonic -70 | f=10MHz /
S -70 3 . R, = 100W /
@ .
I < :
E/ ’/// = /// 2nd Harmonic
g 75 N —] g -74
S S |
B / @ -76
[a} [a}
L -80 Q
s \ |_——"1 3rd Harmonic s - 78
1S | €
a g -80
I -85 | Vo=2Vpp T _——— | 3rd Harmonic
f=10MHz -82
R, = 100W
-90 -84
2 10 20 2 10 20
Gain (V/IV) Gain ([V/IV])
Figure 11. Figure 12.
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TYPICAL CHARACTERISTICS: Vg = x5V (continued)
At G = +8V/V, Rg = 402 Y, and R, = 100 Y, unless otherwise noted.

INPUT VOLTAGE AND CURRENT NOISE DENSITY 2-TONE, 3RD-ORDER INTERMODULATION INTERCEPT
100 45
N 40 H
N S Inverting Input Current Noise ||| 22pA/CHz £
1515 St Inverting Input Current Nolse ] 22pA/GHz 5 A\ o
<3 PR % AN T
g Noninverting Input Current Noise ||| 19pA/CHz 5 \ G = +8V/V, Noninverting
o O 6
zz 2
2 g =
2 & 3 25
53 ‘% NN
o> Nl s [e)
™~ lll Input Voltage Noise 1.7nV/CHz 20
T~
\
1 3 4 5 6 7 8 15
10 10 10 10 10 10 20 40 60 80 100 120 140 160 180 200 220 240
Frequency (Hz) Frequency (MHz)
Figure 13. Figure 14.
INPUT RETURN LOSS vs FREQUENCY (S;1) OUTPUT RETURN LOSS vs FREQUENCY (S5»)
0 T 0
G =-8VIV G = +8VIV
-10 SRTAD \ /\
\Vd "10 | AR
/ . ) . \‘u/
. -20 - Without 2.7pF Trim Capacitor /
m / Y m .20 \ /
> A K >
9 -30 7 a2
S d / G = +8VIV S -30 =
E -40 A £ pad
3 - g a0 afliP=g
& .50 - S S g B
/ /T
-60 ,/ -50 S
i i i 22
,.,_// With 2.7pF Trim Capacitor Trim Gap /2.7pF
.70 60 | L1 [ 1]
10M 100M 1G 10M 100M 1G
Frequency (Hz) Frequency (Hz)
Figure 15. Figure 16.
SMALL-SIGNAL FREQUENCY RESPONSE
RECOMMENDED Rg vs CAPACITIVE LOAD vs CAPACITIVE LOAD
1k 21
- T 1
0.1dB Peaking Allowed Vo =0.5Vpp C,_ = 47pF C, =22pF ‘ ‘
C_ = 10pF
18
— 4
100 ™~
5 g g
. = £ 15
h O]
10
12
56.2W
— NOTE: (1) 1kWis optional
1 9
1 10 100 1000 10M 100M 400M
Capacitive Load (pF) Frequency (Hz)
Figure 17. Figure 18.
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TYPICAL CHARACTERISTICS: Vg = x5V (continued)
At G = +8V/V, Rg = 402 Y, and R, = 100 Y, unless otherwise noted.

CMRR AND PSRR vs FREQUENCY

OPEN-LOOP TRANSIMPEDANCE GAIN AND PHASE

60 i — 100 — 0
1l +PSRR % nu [T
55 \ k=) 90 ‘\ T~ 20 |Og|ZOL| T -20
M \ E 80 i 40
. 50 NN 8 N TN o
g SRR evrr TN g 70 N -60 3
S 45 \ = I 3
= 60 -80
g N \ 8 f\\\~‘~. \\ 8
40 2 50 -100 ©
s £ \ Y T
il 7] D Zy N \ >
5 2 40 N -120 3
9 35 o N @
¢ \ S 30 NS 240 2
30 N o ~
N S 20 -160
% § 10 -180
O
20 0 s -200
10° 10* 10° 10° 10’ 10° 10° 10° 10 10 10°
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OUTPUT VOLTAGE AND CURRENT LIMITATIONS SUPPLY AND OUTPUT CURRENT vs TEMPERATURE
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TYPICAL CHARACTERISTICS: Vg = x5V (continued)
At G = +8V/V, Rg = 402 Y, and R, = 100 Y, unless otherwise noted.
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Figure 25. Figure 26.
COMPOSITE VIDEO (dG/d@) TYPICAL DC DRIFT OVER TEMPERATURE
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Figure 27. Figure 28.
COMMON-MODE INPUT AND OUTPUT SWING
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Figure 29. Figure 30.
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TYPICAL CHARACTERISTICS: Vg = x5V (continued)
At G = +8V/V, Rg = 402 Y, and R, = 100 Y, unless otherwise noted.

SMALL-SIGNAL BANDWIDTH vs

CROSSTALK SINGLE-SUPPLY VOLTAGE
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Figure 31. Figure 32.
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TYPICAL CHARACTERISTICS: Vg = x5V, Differential Operation
At Gp = 10V/V, R =500 Y, and R, = 800 Y, unless otherwise noted.
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Figure 33.
DIFFERENTIAL LARGE-SIGNAL FREQUENCY RESPONSE
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RECOMMENDED Rg vs CAPACITIVE LOAD
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DIFFERENTIAL HARMONIC DISTORTION vs FREQUENCY
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total feedback network impedance. This 82 Y load
requires no more than 45mA output current to
support the +3.7V minimum output voltage swing
specified for 100 Y loads. This minimal requirement is
well below the minimum +90mA specifications.

The specifications described above, though familiar in
the industry, consider voltage and current limits
separately. In many applications, it is the voltage x
current, or V-I, product that is more relevant to circuit
operation. Refer to the Output Voltage and Current
Limitations plot (Figure 21) in the Typical
Characteristics. The X- and Y-axes of this graph
show the zero-voltage output current limit and the
zero-current output voltage limit, respectively. The
four quadrants provide a more detailed view of the
OPA2695 output drive capabilities. Superimposing
resistor load lines onto the plot shows the available
output voltage and current for specific loads.

The minimum specified output voltage and current
overtemperature are set by worst-case simulations at
the cold temperature extreme. Only at cold startup do
the output current and voltage decrease to the
numbers shown in the specification tables. As the
output transistors deliver power, the junction
temperatures  increase, decreasing the VpggS
(increasing the available output voltage swing) and
increasing the current gains (increasing the available
output current). In steady-state operation, the
available output voltage and current always are
greater than that shown in the over-temperature
specifications, because the output stage junction
temperatures are greater than the minimum specified
operating ambient.

To maintain maximum output stage linearity, no
output shortcircuit protection is provided. This lack of
protection is normally a problem, because most
applications include a series-matching resistor at the
output that limits the internal power dissipation if the
output side of this resistor is shorted to ground.
However, shorting the output pin directly to the
adjacent positive power-supply pin does, in most
cases, destroy the amplifier. If additional short-circuit
protection is required, consider a small series resistor
in the power-supply leads. Under heavy output loads,
this additional resistor reduces the available output
voltage swing. A 5Y series resistor in each
power-supply lead Ilimits the internal power
dissipation to less than 1W for an output short circuit
while decreasing the available output voltage swing
only 0.25V for up to 50mA desired load currents.
Always place the 0.1nF power-supply decoupling
capacitors directly on the supply pins after these
supply current-limiting resistors.

DRIVING CAPACITIVE LOADS

One of the most demanding, and yet very common,
load conditions for an op amp is capacitive loading.
Often, the capacitive load is the input of an
ADC—including additional external capacitance that
may be recommended to improve analog-to-digital
linearity. A high-speed, high open-loop gain amplifier
such as the OPA2695 can be very susceptible to
decreased stability and closed-loop response peaking
when a capacitive load is placed directly on the
output pin. When the amplifier open-loop output
resistance is considered, this capacitive load
introduces an additional pole in the signal path that
can decrease the phase margin. Several external
solutions to this problem have been suggested. When
the primary considerations are frequency response
flatness, pulse response fidelity, and/or distortion, the
simplest and most effective solution is to isolate the
capacitive load from the feedback loop by inserting a
series isolation resistor between the amplifier output
and the capacitive load. This isolation resistor does
not eliminate the pole from the loop response, but
rather shifts it and adds a zero at a higher frequency.
The additional zero acts to cancel the phase lag from
the capacitive load pole, thus increasing the phase
margin and improving stability.

The Typical Characteristics show the recommended
Rs versus capacitive load and the resulting frequency
response at the load. Parasitic capacitive loads
greater than 2pF can begin to degrade the
performance of the OPA2695. Long PCB traces,
unmatched cables, and connections to multiple
devices can easily cause this value to be exceeded.
Always consider this effect carefully and add the
recommended series resistor as close as possible to
the OPA2695 output pin (see the Board Layout
Guidelines section).

DISTORTION PERFORMANCE

The OPA2695 provides good distortion performance
into a 100Y load on #5V supplies. Relative to
alternative solutions, the OPA2695 holds much lower
distortion at higher frequencies (> 20MHz). Generally,
until the fundamental signal reaches very high
frequency or power levels, the 2nd harmonic will
dominate the distortion with a negligible 3rd-harmonic
component. Focusing then on the 2nd harmonic,
increasing the load impedance improves distortion
directly. Remember that the total load includes the
feedback network. In the noninverting configuration
(Figure 68), this value is the sum of R + Rg, while in
the inverting configuration, it is only Rg. Also,
providing an additional supply decoupling capacitor
(0.01nF) between the supply pins (for bipolar
operation) improves the 2nd-order distortion slightly
(3dB to 6dB).
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Revision History

Changes from Original (April 2008) to Revision A Page

Changed storage temperature range rating in Absolute Maximum Ratings table from —40°C to +125°C to —65°C to
19745 R OO PUPPPPPTPTPT

Changed ordering number for OPA2695IRGT in Table 1
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PACKAGE OPTION ADDENDUM
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PACKAGING INFORMATION

Orderable Device status @  Package Package Pins Package EcoPlan @ Lead/Ball Finish  MSL Peak Temp ©
Type Drawing Qty

OPA2695ID ACTIVE SOIC D 8 75 Green (RoHS & CU NIPDAU Level-2-260C-1 YEAR
no Sb/Br)

OPA2695IDG4 ACTIVE SOIC D 8 75 Green (RoHS & CU NIPDAU Level-2-260C-1 YEAR
no Sh/Br)

OPA2695IDR ACTIVE SOIC D 8 2500 Green (RoHS & CU NIPDAU Level-2-260C-1 YEAR
no Sh/Br)

OPA2695IDRG4 ACTIVE SOIC D 8 2500 Green (RoHS & CU NIPDAU Level-2-260C-1 YEAR
no Sh/Br)

OPA2695IRGTR ACTIVE QFN RGT 16 3000 Green (RoHS & CU NIPDAU Level-2-260C-1 YEAR
no Sb/Br)

OPA2695IRGTRG4 ACTIVE QFN RGT 16 3000 Green (RoHS & CU NIPDAU Level-2-260C-1 YEAR
no Sb/Br)

OPA2695IRGTT ACTIVE QFN RGT 16 250 Green (RoHS & CU NIPDAU Level-2-260C-1 YEAR
no Sh/Br)

OPA2695IRGTTG4 ACTIVE QFN RGT 16 250 Green(RoHS & CU NIPDAU Level-2-260C-1 YEAR
no Sh/Br)

@ The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in
a new design.

PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS), Pb-Free (RoHS Exempt), or Green (RoHS & no Sh/Br) - please check
http://www.ti.com/productcontent for the latest availability information and additional product content details.

TBD: The Pb-Free/Green conversion plan has not been defined.

Pb-Free (RoHS): TI's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements
for all 6 substances, including the requirement that lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered
at high temperatures, Tl Pb-Free products are suitable for use in specified lead-free processes.

Pb-Free (RoHS Exempt): This component has a RoHS exemption for either 1) lead-based flip-chip solder bumps used between the die and
package, or 2) lead-based die adhesive used between the die and leadframe. The component is otherwise considered Pb-Free (RoHS
compatible) as defined above.

Green (RoHS & no Sb/Br): Tl defines "Green" to mean Pb-Free (RoHS compatible), and free of Bromine (Br) and Antimony (Sb) based flame
retardants (Br or Sb do not exceed 0.1% by weight in homogeneous material)

® MSL, Peak Temp. -- The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder
temperature.

Important Information and Disclaimer:  The information provided on this page represents TI's knowledge and belief as of the date that it is
provided. Tl bases its knowledge and belief on information provided by third parties, and makes no representation or warranty as to the
accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and continues to take
reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on
incoming materials and chemicals. Tl and TI suppliers consider certain information to be proprietary, and thus CAS numbers and other limited
information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by TI
to Customer on an annual basis.
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PACKAGE MATERIALS INFORMATION

14-Jul-2012
TAPE AND REEL INFORMATION
*All dimensions are nominal
Device Package |Package | Pins | SPQ Reel Reel A0 BO KO P1 w Pinl
Type |Drawing Diameter | Width | (mm) | (mm) | (mm) | (mm) | (mm) |Quadrant
(mm) |W1 (mm)

OPA2695IDR SoIC D 8 2500 330.0 12.4 6.4 5.2 21 8.0 12.0 Q1
OPA2695IRGTR QFN RGT 16 3000 330.0 12.4 3.3 3.3 11 8.0 12.0 Q2
OPA2695IRGTT QFN RGT 16 250 180.0 12.4 3.3 3.3 11 8.0 12.0 Q2

Pack Materials-Page 1



PACKAGE MATERIALS INFORMATION

www.ti.com 14-Jul-2012
*All dimensions are nominal
Device Package Type |Package Drawing | Pins SPQ Length (mm) | Width (mm) | Height (mm)
OPA2695IDR SOIC D 8 2500 367.0 367.0 35.0
OPA2695IRGTR QFN RGT 16 3000 367.0 367.0 35.0
OPA2695IRGTT QFN RGT 16 250 210.0 185.0 35.0

Pack Materials-Page 2



MECHANICAL DATA

RGT (S—PVQFN—N16) PLASTIC QUAD FLATPACK NO—LEAD
-
| B8]
|
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NOTES:  A. All linear dimensions are in millimeters. Dimensioning and tolerancing per ASME Y14.5M-1994.

B. This drawing is subject to change without notice.

C. Quad Flatpack, No—leads (QFN) package configuration.

D. The package thermal pad must be soldered to the board for thermal and mechanical performance.

E. See the additional figure in the Product Data Sheet for details regarding the exposed thermal pad features and dimensions.
F

Falls within JEDEC M0-220.
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THERMAL PAD MECHANICAL DATA

RGT (S—PVQFN—N16) PLASTIC QUAD FLATPACK NO—-LEAD

THERMAL INFORMATION

This package incorporates an exposed thermal pad that is designed to be attached directly to an external
heatsink. The thermal pad must be soldered directly to the printed circuit board (PCB). After soldering, the

PCB can be used as a heatsink. In addition, through the use of thermal vigs, the thermal pad can be attached
directly to the appropriate copper plane shown in the electrical schematic for the device, or alternatively, can be
attached to a special heatsink structure designed into the PCB. This design optimizes the heat transfer from the
integrated circuit (IC).

For information on the Quad Flatpack No—Lead (QFN) package and its advantages, refer to Application Report,
QFN/SON PCB Attachment, Texas Instruments Literature No. SLUA271. This document is available at www.ti.com.

The exposed thermal pad dimensions for this package are shown in the following illustration.

1 4
U U U U —— Exposed Thermal Pad
. 16 AT 5
1,45 £010 — + =
I D) -
v 5 P ] g
(NAlAND
9

<«—p— 1,4520,10

Bottom View

Exposed Thermal Pad Dimensions

4206349-2/Q 10/11

NOTE: All linear dimensions are in millimeters
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LAND PATTERN DATA

RGT (S—PVQFN—N16) PLASTIC QUAD FLATPACK NO—-LEAD

Example Board Layout Example Stencil Design
(Note E)
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/ N Solder Mask Opening
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Al around / i
\\ ya 0,45—=
h \\ _ /'/ 4> O 9 «
4208050-4/G 10/1
NOTES: A. Al linear dimensions are in millimeters.
B. This drawing is subject to change without notice.
C. Publication IPC-7351 is recommended for alternate designs.
D. This package is designed to be soldered to a thermal pad on the board. Refer to Application Note,
QFN/SON PCB Attachment, Texas Instruments Literature No. SLUA271, and also the Product Data Sheets
for specific thermal information, via requirements, and recommended board layout.
These documents are available at www.ti.com <http: //www.ti.com>.
E. Laser cutting apertures with trapezoidal walls and also rounding corners will offer better paste release. Customers should
contact their board assembly site for stencil design recommendations. Refer to IPC 7525 for stencil design considerations.
F. Customers should contact their board fabrication site for minimum solder mask web tolerances between signal pads.
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MECHANICAL DATA

D (R—PDSO—G8)

PLASTIC SMALL QUTLINE

0.197 (5,00)
‘ 0.189 (4,80) ’
A
8 5
0.244 (6,20)
0.228 (5,80)
’ - 157 (4,00)
0.150 (3,80) AN

Pin 1

\

I

Index Area ﬁ bj
4

0.050 ( « 0.020 (0,51)

0.012 (0,31)

[ 0.010 (0,25) @]

[T ]
1]

\ Ve
i \

v
Toowo

L 0.069 (1,75) Max 0,004 (

0.010 (0,

\
25) / ﬁ
0.005 (0,13) )
1 \
?

A

[]0.004 (0,10)

/

-

0.050 (
0016

Gauge Plane i [:i
0.010 (0,25) L7

?

Seating Plane

4040047-3/M 06 /11

NOTES: All linear dimensions are in inches (millimeters).

This drawing is subject to change without notice.

Body length does not include mold flash, protrusions, or gate burrs.
not exceed 0.006 (0,15) each side.

Body width does not include interlead flash.
Reference JEDEC MS—012 variation AA.

.

Mold flash, protrusions, or gate burrs shall

Interlead flash shall not exceed 0.017 (0,43) each side.
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LAND PATTERN DATA

D (R—PDSO-G8)
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NOTES:

A. Al linear dimensions are in millimeters.

B. This drawing is subject to change without notice.

C. Publication IPC-7351 is recommended for alternate designs.

D. Laser cutting apertures with trapezoidal walls and also rounding corners will offer better paste release. Customers should
contact their board assembly site for stencil design recommendations. Refer to IPC—7525 for other stencil recommendations.

Customers should contact their board fabrication site for solder mask tolerances between and around signal pads.
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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.

Tl 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.

Tl 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 Tl 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 Tl 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, Tl 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 TI components are authorized for use in FDA Class Il (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.

Tl has specifically designated certain components which meet ISO/TS16949 requirements, mainly for automotive use. Components which
have not been so designated are neither designed nor intended for automotive use; and Tl will not be responsible for any failure of such
components to meet such requirements.

Products Applications
Audio www.ti.com/audio Automotive and Transportation www.ti.com/automotive
Amplifiers amplifier.ti.com Communications and Telecom  www.ti.com/communications

Data Converters
DLP® Products

DSP

Clocks and Timers
Interface

Logic

Power Mgmt
Microcontrollers
RFID

OMAP Applications Processors
Wireless Connectivity

dataconverter.ti.com

www.dlp.com

www.ti.com/clocks

interface.ti.com
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