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OPA695 Ultra-Wideband, Current-Feedback Operational Amplifier With Disable

1 Features

Wide bandwidth:

1900MHz (G = +1V/V)

— B600MHz (G = +8V/V)

Large-signal bandwidth (2Vpp): 540MHz
Output voltage swing: +4.05V

Ultra-high slew rate: 5000V/us

Input voltage noise: 2nV/\Hz

Low distortion (R = 100Q, Vo = 2Vpp):
HD2, HD3 at 10MHz: —-65dBc, —-92dBc
High output current: £140mA

Supply range: 5V to 12V

Supply current: 14mA

Shutdown current: 160pA

2 Applications

Very wideband ADC drivers
Low-cost precision IF amplifiers
Broadband video line drivers
Portable instruments

Active filters

Arbitrary waveform generators
Current DAC drivers
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3 Description

The OPA695 is a high bandwidth, current-feedback
operational amplifier that combines an exceptional
5000V/us slew rate and a low input voltage noise
to deliver a precision, low-distortion, high dynamic
range amplifier for use as intermediate gain stages in
high-speed instrumentation systems. The OPAG95 is
optimized for high gain operation and is an excellent
choice for interfacing current DAC output, or as
gain stage in high-speed digitizers, or for delivering
high output power at low distortion for cable-modem
upstream line drivers.

The OPA695 features a low supply current of 14mA
(at 25°C). System power can be further reduced
using the optional disable control pin. Leaving this pin
open, or holding this pin high, gives normal operation.
If pulled low, the OPA695 supply current drops to
less than 160pA. This power-saving feature, along
with exceptional single 5V operation and ultra-small
SOT23-6 packaging, make the OPAG95 an excellent
choice for portable applications.

The OPAGB95 is characterized for operation over the
wide temperature range of —40°C to +85°C

Package Information

PART NUMBER PACKAGE!(") PACKAGE SIZE®?)
D (SOIC, 8) 4.9mm x 6mm
OPA695 DBV (SOT-23, 6) 2.9mm x 2.8mm
DGK (VSSORP, 8) 3mm x 4.9mm

For more information, see Section 10.
The package size (length x width) is a nominal value and
includes pins, where applicable.
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Typical Arbitrary Waveform Generator Output Drive Circuit

An IMPORTANT NOTICE at the end of this data sheet addresses availability, warranty, changes, use in safety-critical applications,
intellectual property matters and other important disclaimers. PRODUCTION DATA.
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4 Pin Configuration and Functions

o

NC = No Connection

Figure 4-1. D Package, 8-Pin SOIC, and DGK
Package, 8-Pin VSSOP (Top View)

A71L

KRN EI RN E]
Pin Orientation/Package Marking
Figure 4-2. DBV Package, 6-Pin SOT-23 (Top View)

Table 4-1. Pin Functions

PIN
NS Ao TYPE(") DESCRIPTION
D (SOIC),
DGK (VSSOP) DBV (SOT-23)
DIS 8 I Not disable (enable)
Inverting input 2 4 | Inverting input
NC 1,5 — — Not connected
Noninverting input 3 3 | Noninverting input
Output 6 1 O Output
-Vs 4 2 P Negative supply
+Vg 7 6 P Positive supply
(1) 1 =input, O = output, P = power
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5 Speci

fications

5.1 Absolute Maximum Ratings
over operating free-air temperature range (unless otherwise noted)("

MIN MAX| UNIT
Vs Total supply voltage, Vg = (Vs+) — (Vs) 13 \Y
Vip Differential input voltage +1.2 Vv
V| Input common-mode voltage +Vg Vv
Internal power dissipation SeeThermal Analysis
N Continuous input current 10| mA
T, Junction temperature 150 °C
Tstg Storage temperature -65 125 °C
(1)  Operation outside the Absolute Maximum Ratings may cause permanent device damage. Absolute Maximum Ratings do not imply
functional operation of the device at these or any other conditions beyond those listed under Recommended Operating Conditions.
If used outside the Recommended Operating Conditions but within the Absolute Maximum Ratings, the device may not be fully
functional, and this may affect device reliability, functionality, performance, and shorten the device lifetime.
5.2 ESD Ratings
VALUE UNIT
Human body model (HBM), per ANSI(ESDA/ +1500
JEDEC JS-001, all pins expect Inverting Input(!)
V(Esp) Electrostatic discharge :'EglEag 32?5&?::3;;Egﬂl)r‘]gliE#NS”ESDA/ +500 Y
Char_g_ed <_jevice model (CDM), per JEDEC +1000
specification JESD22-C101, all pins(?
(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.
5.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)
MIN NOM MAX UNIT
Vgs+ —Vs. | Total supply voltage 5 12 \%
Ta Ambient operating air temperature —40 25 85 °C
5.4 Thermal Information
OPAG695
THERMAL METRIC(") D (SOIC) DBV (SOT 23) DGK (VSSOP) UNIT
8 PINS 6 PINS 6 PINS
Rgya Junction-to-ambient thermal resistance 136 164 135 °C/W
Raycitop)  |Junction-to-case (top) thermal resistance 78 80 81 °C/W
Rgys Junction-to-board thermal resistance 85 49 56 °C/W
YT Junction-to-top characterization parameter 24 28 8.5 °C/W
Y Junction-to-board characterization parameter 84 49 48 °C/W
Reycpoty |Junction-to-case (bottom) thermal resistance N/A N/A N/A N/A

M
report.

For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application
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5.5 Electrical Characteristics Vg = 5 V, OPA695ID, OPA695IDBV

at Tp = +25°C, G = +8 VIV, RF =402 Q, and R = 100 Q to Vg /2 (unless otherwise noted)

PARAMETER ‘ TEST CONDITIONS ‘ MIN TYP MAX| UNIT
AC PERFORMANCE
G =+1V/V, Rg =523Q 1900
G=+2V/V,Rg =511Q 900
SSBW | Small-signal bandwidth Vo =0.5Vpp MHz
G = +8 V/V, Rg = 402Q 600
G =+16 VIV, Rg = 249Q 500
Bandwidth for 0.2-dB gain flatness Vo=0.5Vpp, G=+2V/V,REF=511Q 120 MHz
Peaking at a gain of +1V/V Vo =0.5Vpp, R =523 Q 3.7 dB
LSBW |Large-signal bandwidth Vo =4 Vpp, G=+8 VIV 510 MHz
G=-8VIV 5000 Vlius
SR Slew rate Vo =4-V step
G=+8 VIV 5000 Vlius
Vo = 0.5-V step 0.65
Rise and fall time G=+8 VIV ns
Vo = 4-V step 0.7
Settling time To 0.5%, Vo = 2-V step, G = +8 VIV 10 ns
Vo =2 Vpp, R|_ =100 Q -75
HD2 2nd-order harmonic distortion f=10 MHz dBc
Vo =2 Vpp, R|_ =500 Q —78
Vo =2 Vpp, R|_ =100 Q -92
HD3 3rd-order harmonic distortion f=10 MHz dBc
Vo =2 Vpp, RL =500 Q —86
en Input voltage noise f>1MHz 2 nV/VHz
in+ Noninverting input current noise f>1MHz 14 pA/Hz
in- Inverting input current noise f>1MHz 22 pA/Hz
DC PERFORMANCE
Z O | t i d i 45 300 kQ
en-loop transimpedance gain
ot P P P g T = —40°C to +85°C 41
Vv Input offset volt Vem=0V *03 =0 Y%
nput offset voltage = m
0s P 9 oM Tp=—40°C to +85°C +4
Average input offset voltage drift Vem =0V, Tao =—-40°C to +85°C +15| pv/°C
13 130
Noninverting input bias current Veu=0V MA
Ta =-40°C to +85°C 41
ﬁ:ﬁrage noninverting input bias current Vey = 0V, Ta = —40°C to +85°C 60 180! nAFC
Inverting input bi t V oV =5 *60 A
nverting input bias curren =
ginp oM T = —40°C to +85°C w70 "
Average inverting input bias current drift  |Vcy =0V, Ta = —40°C to +85°C +16 +160| nA/°C
INPUT CHARACTERISTICS
+3.1 +3.4
CMIR |Common-mode input range(") \%
Ta =—-40°C to +85°C $3.0
_— . 51 65
CMRR |Common-mode rejection ratio Vem =0V dB
Ta =-40°C to +85°C 50
Noninverting input impedance 450 || 2 kQ || pF
Inverting input resistance Open-loop 20 Q
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5.5 Electrical Characteristics Vg = +5 V, OPA695ID, OPA695IDBV (continued)
at Ty =+25°C, G =+8 V/V, RF =402 Q, and R =100 Q to Vg/2 (unless otherwise noted)

PARAMETER ‘ TEST CONDITIONS ‘ MIN TYP MAX| UNIT
OUTPUT CHARACTERISTICS
1+3.95 1+4.05
No load
) Ta =-40°C to +85°C +3.85
Output voltage swing \%
+3.65 +3.75
R =100 Q
Ta =—-40°C to +85°C +3.55
90 140
Output current, sourcing Vo=0V mA
| Ta =—-40°C to +85°C 70
° 140 -90
Output current, sinking Vo=0V mA
Ta =-40°C to +85°C -70
Zo Closed-loop output impedance G =+8 V/V, f=100 kHz 0.02 Q
POWER SUPPLY
11.7 14 15.6
la Quiescent current mA
Ta =—-40°C to +85°C 10 18
51 72
—PSRR |Negative power-supply rejection ratio dB
Ta =—-40°C to +85°C 48
DISABLE (Disabled LOW)
. 160 200
Power-down quiescent current Vps =0V uA
Ta =-40°C to +85°C 210
Disable time VN = 10.25 Vpe 4 us
Enable time VN = £0.25 Vpe 80 ns
Off Isolation G=+8 V/V,f=10 MHz 70 dB
Output capacitance in disable 2.5 pF
3 3.5
Enable voltage threshold \%
Tp =-40°C to +85°C 3.7
1.7 2.3
Disable voltage threshold \Y
Ta =-40°C to +85°C 1.5
I 95 130
DIS control pin input bias current Vps =0V WA
Ta =—40°C to +85°C 145

(1) Tested < 3 dB below minimum specified CMRR at + CMIR limits.
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5.6 Electrical Characteristics Vg = 5 V, OPA695ID, OPA695IDBV

at Tp = +25°C, G = +8 VIV, R = 348 Q, and R = 100 Q to Vg /2 (unless otherwise noted)

PARAMETER ‘ TEST CONDITIONS MIN TYP MAX| UNIT
AC PERFORMANCE
G=+1V/V,Rg=511Q 1200
G =+2V/V, Rg = 487Q 700
SSBW | Small-signal bandwidth Vo =0.5Vpp MHz
G =+8 V/V, Rg = 348Q 500
G =+16 VIV, Rp = 162Q 410
Bandwidth for 0.2-dB gain flatness Vo =0.5Vpp, G=+2V/V,RF =487 Q 110 MHz
Peaking at a gain of +1 V/V Vo =0.5Vpp, RE=511Q 2.2 dB
LSBW |Large-signal bandwidth Vo =2 Vpp, G=+8 VIV 430 MHz
SR Slew rate Vo = 2-V step, G = +8 VIV 2500 V/us
Vo =0.5-V step 0.7
Rise and fall time G=+8 VIV ns
Vo = 2-V step 0.8
Settling time to 0.5% Vo = 2-V step. G = +8 VIV 10 ns
Vo =2 Vpp, RL =100 Q -69
HD2 2nd-order harmonic distortion f=10 MHz dBc
Vo =2 Vpp, R|_ =500 Q -68
Vo =2 Vpp, R|_ =100 Q —-62
HD3 3rd- order harmonic distortion f=10 MHz dBc
Vo =2 Vpp, R|_ =500 Q —-63
en Input voltage noise f>1MHz 1.9 nV/VHz
in+ Noninverting input current noise f>1MHz 14 pA/VHz
in- Inverting input current noise f>1MHz 22 pAAHz
DC PERFORMANCE
Z O | t i d i 40 250 kQ
en-loop transimpedance gain
ot P P P g T = —40°C to +85°C 36
Vv Input offset volt Vew = Vs/2 03 = Y%
nput offset voltage = m
s P 9 M= rs Tx = —40°C to +85°C +4
Average input offset voltage drift Vem = Vg/2, Tp = -40°C to +85°C +4 +15| pv/°C
Noninverting input bi t V Vg/2 19 *40 A
oninverting input bias curren =
ginp oM rs Tp=—40°C to +85°C w50 "
ﬁxfetrage noninverting input bias current Veu = Ve/2, Ta = —40°C to +85°C 60 +170| nACC
Inverting input bi t V Vg/2 =5 *60 A
nverting input bias curren =
ginp oM rs T = —40°C to +85°C w0 "
Average inverting input bias current drift | Vg = Vg/2, Tp = —40°C to +85°C +16 +160| nA/°C
INPUT CHARACTERISTICS
3.2 34
Common-mode input range (positive)
Ta =—-40°C to +85°C 3.1
CMIR \
1.6 1.8
Common-mode input range (negative)
Ta =—-40°C to +85°C 1.9
o ) 51 65
CMRR |Common-mode rejection ratio Vem = Vs/2 dB
Ta =-40°C to +85°C 50
Noninverting input resistance 250 2 kQ || pF
Inverting input resistance Open-loop 21 Q
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5.6 Electrical Characteristics Vg = 5 V, OPA695ID, OPA695IDBV (continued)
at Ty =+25°C, G =+8 V/V, Rp = 348 Q, and R = 100 Q to Vg /2 (unless otherwise noted)

PARAMETER ‘ TEST CONDITIONS ‘ MIN TYP MAX| UNIT
OUTPUT CHARACTERISTICS
. " 3.95 4.05
Output voltage swing (most positive) No load
Ta =-40°C to 85°C 3.75
Vo \Y
0.9 1.05
Output voltage swing (least positive) No load
Ta =—-40°C to +85°C 1.25
70 100
Output current, sourcing Vo =Vg/2
Ta =—-40°C to +85°C 66
lo mA
-100 -70
Output current, sinking Vo = Vg/2
Ta =-40°C to +85°C —60
Zout Closed-loop output impedance G =+2V/V, f=100 kHz 0.02 Q
POWER SUPPLY
10.9 13 14.4
la Quiescent current mA
Ta =—-40°C to +85°C 9.1 17.1
—PSRR |Negative power-supply rejection ratio 69 dB
DISABLE (Disabled LOW)
120 160
Power-down quiescent current (+Vs) Vps =0V uA
Ta =-40°C to +85°C 180
Disable time VN = £0.25 Vpe 5 us
Enable time VN = 10.25 Vpe 80 ns
Off isolation G=+8 V/V,f=10 MHz 70 dB
Output capacitance in disable 2.5 pF
3.1 3.5
Enable voltage threshold \%
Ta =—-40°C to +85°C 3.7
1.7 2.4
Disable voltage threshold \%
Ta =—-40°C to +85°C 1.5
— o . 95 130
DIS control pin input bias current MA
Ta =—-40°C to +85°C 149
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5.7 Electrical Characteristics Vg = +5 V, OPA695IDGK
at Tp=+25°C,G=+8V/V,Vg =15V, R =402 Q, and R_ = 100 Q to Vg /2 (unless otherwise noted)

PARAMETER ‘ TEST CONDITIONS MIN TYP MAX| UNIT
AC PERFORMANCE
G =+1V/V, Rg =523Q 1700
G=+2V/V,Rg =511Q 1400
SSBW | Small-signal bandwidth Vo =0.5Vpp MHz
G = +8 V/V, Rg = 402Q 450
G =+16 VIV, Rg = 249Q 350
Bandwidth for 0.2-dB gain flatness G=+2V/IV,Vg=0.5Vpp, RE=511 Q 320 MHz
Peaking at a gain of +1V/V RF =523 Q, Vo =0.5 Vpp 4.6 dB
LSBW |Large-signal bandwidth G=+8V/N,Vg =4 Vpp 450 MHz
G=-8VIV 4300
SR Slew rate Vo =4-V step V/us
G=+8 VIV 2900
Vo = 0.5-V step 0.8
Rise and fall time G=+8 VIV ns
Vo = 4-V step 1
o Vo = 2-V step, 0.02% 16
Settling time ns
Vo = 2-V step, 0.1% 10
Vo =2 Vpp, R|_ =100 Q —-65
HD2 2nd-order harmonic distortion f=10 MHz dBc
Vo =2 Vpp, R|_ =500 Q -78
Vo =2 Vpp, RL =100 Q —86
HD3 3rd-order harmonic distortion f=10 MHz dBc
Vo =2 Vpp, RL =500 Q —-86
e, Input voltage noise f>1MHz 1.8 nV/AVHz
in+ Noninverting input current noise f>1MHz 18 pA/Hz
in- Inverting input current noise f>1MHz 22 pA/NHz
DC PERFORMANCE
Z O | t i d i Vo=0V 45 8 kQ
en-loop transimpedance gain =
o pen-ioop P 9 ° Ta=—40°C to +85°C 41
Y Input offset volt Vem =0V *03 =0 Y%
nput offset voltage = m
0s P 9 oM Tp=—40°C to +85°C +4
Average input offset voltage drift Vem =0V, Tp =—-40°C to +85°C +15| yv/°C
) o ) 13 +30
Noninverting input bias current Vem =0V pA
Ta=Ta=-40°C to +85°C 41
Qsﬁrage noninverting input bias current Ve = 0V, Ta = Ta = —40°C to +85°C +150| nACC
+20 +60
Inverting input bias current Vem =0V HA
Ta=Ta=-40°C to +85°C 170
Average inverting input bias current drift  |Vgy =0V, Ty = Tp = —40°C to +85°C +160| nA/°C
INPUT CHARACTERISTICS
+3.1 +3.3
CMIR |Common-mode input range(") \%
Ta =—-40°C to +85°C +3
51 56
CMRR |Common-mode rejection ratio Vem =0V dB
Ta =-40°C to +85°C 50
Noninverting input impedance 28011 1.2 kQ || pF
R, Inverting input resistance Open-loop 29 Q
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5.7 Electrical Characteristics Vg = 5 V, OPA695IDGK (continued)
atTp=+25°C,G=+8V/V,Vg=+5V, R =402 Q, and R_ = 100 Q to Vg /2 (unless otherwise noted)

PARAMETER ‘ TEST CONDITIONS ‘ MIN TYP MAX| UNIT
OUTPUT CHARACTERISTICS
+4 4.2
No load v
v Outout volt ) Ta =-40°C to +85°C +3.9
utput voltage swin
© P ge swing 3.7 3.9
R =100 Q \Y
Ta =—-40°C to +85°C +3.6
90 120
Output current, sourcing Vo=0V mA
| Ta =—-40°C to +85°C 70
° -120 90| mA
Output current, sinking Vo=0V
Ta =-40°C to +85°C -70| mA
Zout Closed-loop output impedance G =+8 V/V, f=100 kHz 0.04 Q
POWER SUPPLY
12.6 12.9 13.3
la Quiescent current mA
Ta =—-40°C to +85°C 11 14.1
51 55
—PSRR |Negative power-supply rejection ratio dB
Ta =—-40°C to +85°C 48
DISABLE (Disabled LOW)
100 170
Power-down quiescent current (+Vs) Vps =0V uA
Ta =-40°C to +85°C 192
Disable time VN = 10.25 Vpe 1 us
Enable time VN = £0.25 Vpe 25 ns
Off Isolation G=+8 V/V,f=10 MHz 70 dB
Output capacitance in disable 4 pF
Turn-on glitch G=+2V/V,R . =150Q, V=0V +100 mV
Turn-off glitch G=+2V/V,R.=150Q,V|y=0V +20 mV
3.3 3.5
Enable voltage threshold \%
Ta =-40°C to +85°C 3.7
1.7 1.8
Disable voltage threshold \%
Ta =—40°C to +85°C 1.5
_ 75 130
DIS control pin input bias current MA
Ta =—-40°C to +85°C 145

(1) Tested < 3 dB below minimum specified CMRR at + CMIR limits.
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5.8 Electrical Characteristics Vg = 5 V, OPA695IDGK
at Tp = +25°C,G=+8 V/V,Vg =5V, RF =348 Q, and R_ = 100 Q to Vg /2 (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
AC PERFORMANCE
G=+1V/V,Rg=511Q 1400
G =+2V/V, Rg = 487Q 960
SSBW | Small-signal bandwidth Vo =0.5Vpp MHz
G =+8 V/V, Rg = 348Q 395
G =+16 VIV, Rp = 162Q 235
Bandwidth for 0.2-dB gain flatness G=+2,Vp=0.5Vpp, RE =487 Q 230 MHz
Peaking at a gain of +1 V/V R =511 Q, Vo =0.5Vpp 1 2| dB
LSBW |Large-signal bandwidth G=+8V/N,Vg=2Vpp 310 MHz
SR Slew rate G =+8 VIV, Vg = 2-V step 1700 V/us
Vo =0.5-V step 1
Rise and fall time (10% to 90%) G=+8 VIV ns
Vo = 2-V step 1
o To 0.02%, Vo = 2-V step 16 ns
Settling time
To 0.1%, Vo = 2-V step 10 ns
Vo =2 Vpp, R|_ =100 Q -62 -58
HD2 2nd-order harmonic distortion f=10 MHz dBc
Vo =2 Vpp, RL =500 Q -70 —66
Vo =2 Vpp, RL=100 Q —66 —64
HD3 3rd-order harmonic distortion f=10 MHz dBc
Vo =2 Vpp, RL =500 Q —65 —63
en Input voltage noise f>1MHz 1.8 2| nvViNHz
in+ Noninverting input current noise f>1MHz 18 19| pAWHZ
in- Inverting input current noise f>1MHz 22 24| pANHz
DC PERFORMANCE
Z O | t i d i Vo = Vg/2 40 70 kQ
en-loop transimpedance gain =
ot P P P g o= s T = —40°C to +85°C 36
Input offset volt Vew = Vs/2 *03 =0 Y%
nput offset voltage = m
P 9 oM rs Tp=—40°C to +85°C +4
Average input offset voltage drift Vem = Vg/2,Tp = -40°C to +85°C +15| pv/°C
Noninverting input bi t V Vg/2 =0 +40 A
oninverting input bias curren =
ginp oM rs T = —40°C to +85°C 50| "
ﬁ:ﬁrage noninverting input bias current Veu = Ve/2, Ta = —40°C to +85°C +170| nACC
Inverting input bi t V Vg/2 =5 *60 A
nverting input bias curren =
ginp oM rs T = —40°C to +85°C w70 "
Average inverting input bias current drift | Vcy = Vs/2, Ta = —40°C to +85°C +160| nA/°C
INPUT CHARACTERISTICS
3.2 3.3
Common-mode input range (positive)(")
Ta =—-40°C to +85°C 3.1
CMIR \Y
1.7 1.8
Common-mode input range (negative)(!)
Ta =-40°C to +85°C 1.9
51 54
CMRR |Common-mode rejection ratio Vewm = Vg/2 dB
Ta =-40°C to +85°C 50
Noninverting input resistance 28011 1.2 kQ || pF
Inverting input resistance Open-loop 32 Q
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5.8 Electrical Characteristics Vg = 5 V, OPA695IDGK (continued)

atTp=+25°C,G=+8V/V,Vg=5V, R =348 Q, and R_ = 100 Q to Vg /2 (unless otherwise noted)

PARAMETER ‘ TEST CONDITIONS ‘ MIN TYP MAX| UNIT
OUTPUT CHARACTERISTICS
4.0 4.2
No load v
Ta =-40°C to +85°C 3.8
Output voltage swing (most positive) 39 a
R, = 100Q : v
Ta =-40°C to +85°C 3.7
Vo
0.8 1
No load \Y
Ta =—-40°C to +85°C 1.2
Output voltage swing (least positive) ] 11
R_ = 100Q : v
Ta =-40°C to +85°C 1.3
. 70 90
Output current, sourcing Vo = Vg/2 mA
| Ta =—-40°C to +85°C 66
© -90 70
Output current, sinking Vo = Vg/2 mA
Ta =-40°C to +85°C —66
Zouyt |Closed-loop output impedance G=+2V/V, f=100 kHz 0.05 Q
POWER SUPPLY
10.9 1.4 12
la Quiescent current mA
Ta =-40°C to +85°C 9.1 12.9
—PSRR |Negative power-supply rejection ratio 56 dB
DISABLE (Disabled LOW)
95 160
Power-down quiescent current Vps =0V HA
Ta =-40°C to +85°C 180
Disable time VN = £0.25 Vpe 1 us
Enable time VN = £0.25 Vpe 25 ns
Off isolation G=+8V/V,f=10 MHz 70 dB
Output capacitance in disable 4 pF
Turn-on glitch G=+2V/V,R.=150Q, V=0V +100 mV
Turn-off glitch G=+2VINV,R.=150Q, V=0V 120 mV
3.3 35
Enable voltage \%
Ta =-40°C to +85°C 3.7
1.7 1.8
Disable voltage threshold \%
Ta =—-40°C to +85°C 1.5
L 75 130
DIS control pin input bias current MA
Ta =-40°C to +85°C 149

(1) Tested < 3 dB below minimum specified CMRR at + CMIR limits.
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5.9 Typical Characteristics: Vg = 5 V, OPA695IDBV, OPA695ID
at Tp = +25°C, G = +8 VIV, RF =402 Q, and R_ = 100 Q (unless otherwise noted)
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Figure 5-1. Noninverting Small-Signal Frequency Response
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Figure 5-2. Inverting Small-Signal Frequency Response
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Figure 5-3. Noninverting Large-Signal Frequency Response
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Figure 5-4. Inverting Large-Signal Frequency Response
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5.9 Typical Characteristics: Vg = 5 V, OPA695IDBV, OPA695ID (continued)
at Tp = +25°C, G = +8 VIV, RF =402 Q, and R_ = 100 Q (unless otherwise noted)
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Figure 5-7. 10-MHz Harmonic Distortion vs Load Resistance
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Figure 5-8. 10-MHz Harmonic Distortion vs Supply Voltage
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70 L
-80 /// /

Harmonic Distortion (dBc)
) o @
o o O
AN

-105
4

-110 | — HD2
—— HD3

100m 1
Output Voltage (Vpp)
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5.9 Typical Characteristics: Vg = 5 V, OPA695IDBV, OPA695ID (continued)
at Tp = +25°C, G = +8 VIV, RF =402 Q, and R_ = 100 Q (unless otherwise noted)
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Figure 5-17. Rg vs Capacitive Load
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Figure 5-18. Small-Signal Frequency Response vs Capacitive
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5.9 Typical Characteristics: Vg = 5 V, OPA695IDBV, OPA695ID (continued)
at Tp = +25°C, G = +8 VIV, RF =402 Q, and R_ = 100 Q (unless otherwise noted)
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Figure 5-23. Noninverting Overdrive Recovery Figure 5-24. Inverting Overdrive Recovery
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5.9 Typical Characteristics: Vg = 5 V, OPA695IDBV, OPA695ID (continued)
at Tp = +25°C, G = +8 VIV, RF =402 Q, and R_ = 100 Q (unless otherwise noted)
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Figure 5-25. Disabled Feedthrough vs Frequency Figure 5-26. Typical DC Drift Over Temperature
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5.10 Typical Characteristics: Vg = 5 V, OPA695IDBV, OPA695ID
at G =+8 V/V, Rg = 348 Q, and R, = 100 Q (unless otherwise noted)
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Figure 5-29. Noninverting Small-Signal Frequency Response
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Figure 5-30. Inverting Small-Signal Frequency Response
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5.10 Typical Characteristics: Vg = 5 V, OPA695IDBV, OPA695ID (continued)
at G =+8 V/V, RF = 348 Q, and R, = 100 Q (unless otherwise noted)
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Figure 5-35. Harmonic Distortion vs Frequency Figure 5-36. 10-MHz Harmonic Distortion vs Output Voltage
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Figure 5-37. 10-MHz Harmonic Distortion vs Load Resistance Figure 5-38. Small-Signal BW vs Single-Supply Voltage
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5.11 Typical Characteristics: Vg = #5 V, OPA695IDGK
at G =+8 V/V, RE =402 Q, and R, = 100 Q (unless otherwise noted)
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Figure 5-39. Noninverting Small-Signal Frequency Response
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5.11 Typical Characteristics: Vg = 5 V, OPA695IDGK (continued)
at G =+8 V/V, RE =402 Q, and R = 100 Q (unless otherwise noted)
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Figure 5-45. 10-MHz Harmonic Distortion vs Load Resistance Figure 5-46. 10-MHz Harmonic Distortion vs Supply Voltage
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Figure 5-47. Harmonic Distortion vs Frequency Figure 5-48. 10-MHz Harmonic Distortion vs Output Voltage
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Figure 5-49. 10-MHz Harmonic Distortion vs Noninverting Gain Figure 5-50. 10-MHz Harmonic Distortion vs Inverting Gain
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5.11 Typical Characteristics: Vg = 5 V, OPA695IDGK (continued)
at G =+8 V/V, RE =402 Q, and R = 100 Q (unless otherwise noted)
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Figure 5-51. Input Voltage and Current Noise Density Figure 5-52. Two-Tone 3rd-Order Intermodulation Intercept
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5.11 Typical Characteristics: Vg = 5 V, OPA695IDGK (continued)
at G =+8 V/V, RE =402 Q, and R = 100 Q (unless otherwise noted)

Product Folder Links: OPA695

60 T T 100 — 0
Ul +Ps sl [T T
55 SUIaN 90 R 20 o9l Zal -20
f N Q 1 y.
o 80 —40
—~ 50 . /\ 5 N TR ~
% —PSRR CMRRA 8 70 Sy -60 2
g ® EG 60 ) 80 &
© 2@ 4 TN N o
T 40 s 2 50 i 1| —100 2
8 = £ 27 \\ ™ 8
B 35 g8 40 * N -120 4
ko) S N\ &
2 ; 30 -140 &
30 S o
25 8— 20 -160
10 -180
20 0 —200
103 104 105 106 107 108 105 106 107 108 109
Frequency (Hz) Frequency (Hz)
Figure 5-57. CMRR and PSRR vs Frequency Figure 5-58. Open-Loop Transimpedance Gain and Phase
5 | | 130 — ‘ 14
4 1 Watt \ Sourcing Output Current
3 | Internal Power 7\ Left ScaTe\
\‘\/ / / < Supply Current—{ 13 =
2 < — <
1/ X £ —t | E
1 A < Sinking Output Right Scale =
S 500 Load Ling 2 [~ Current N e
o ‘ 3 I 12 =]
. &) &)
> » 250 Load Line < LeftScale | >
Q.
2 // //\ ! ! g \ 5
: o) %)
_3 P / | 7000 LoadLing/y 1
~~// TWatt |
-4 Internal Power
5 | | 110 10
-250 -200 -150-100 -50 O 50 100 150 200 250 -25 0 25 50 75 100 125
lo (MA) Ambient Temperature (°C)
Figure 5-59. Output Voltage and Current Limitations Figure 5-60. Supply and Output Current vs Temperature
6 T T 6 T T T
5 \ G = +8VIV G =-8VIV Input \
utput Output
4 ) — —— 4 N 4 ) /\< ¥
[0 (9]
g AED g / \
3 7 i 3 {
2 Input 2 *
5_ 0 - Linear Input Range §. 0 Y Linear Inpu Range
=} =]
Q / f g / ?
= =
a2 2 / 3 2
£ / £
-6 -6
Time (50ns/div) Time (50ns/div)
Figure 5-61. Noninverting Overdrive Recovery Figure 5-62. Inverting Overdrive Recovery
Copyright © 2024 Texas Instruments Incorporated Submit Document Feedback 23



https://www.ti.com
https://www.ti.com/product/OPA695
https://www.ti.com/lit/pdf/SBOS293
https://www.ti.com/feedbackform/techdocfeedback?litnum=SBOS293I&partnum=OPA695
https://www.ti.com/product/opa695?qgpn=opa695

13 TEXAS
OPA695 INSTRUMENTS
SB0OS293| - DECEMBER 2003 — REVISED OCTOBER 2024 www.ti.com

5.11 Typical Characteristics: Vg = 5 V, OPA695IDGK (continued)
at G =+8 V/V, RE =402 Q, and R = 100 Q (unless otherwise noted)
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Figure 5-63. Settling Time Figure 5-64. Disabled Feedthrough vs Frequency
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Figure 5-67. Large-Signal Disable and Enable Responses Figure 5-68. Small-Signal BW vs Single-Supply Voltage
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5.12 Typical Characteristics: Vg = 5 V, OPAG695IDGK
at G =+8 V/V, Rg = 348 Q, and R, = 100 Q (unless otherwise noted)
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Figure 5-69. Noninverting Small-Signal Frequency Response Figure 5-70. Inverting Small-Signal Frequency Response
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Figure 5-73. Rg vs Capacitive Load Figure 5-74. Small-Signal Frequency Response vs Capacitive
Load
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5.12 Typical Characteristics: Vg = 5 V, OPA695IDGK (continued)
at G =+8 V/V, Rg = 348 Q, and R, = 100 Q (unless otherwise noted)
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Figure 5-75. Harmonic Distortion vs Frequency Figure 5-76. 10-MHz Harmonic Distortion vs Output Voltage
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Figure 5-77. 10-MHz Harmonic Distortion vs Load Resistance Figure 5-78. Two-Tone, 3rd-Order Intermodulation Intercept
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6 Detailed Description
6.1 Overview

The OPA695 is a high-speed current-feedback amplifier (CFA) designed to operate over a wide supply range
of £25 V (5 V) to +6 V (12 V) for applications requiring low distortion along with wide-bandwidth and high
slew-rate. Common applications for current-feedback operational amplifiers include gain blocks in high-speed
data-acquisition systems, coaxial cable drivers, analog-to-digital converter (ADC) drivers, and digital-to-analog
converters(DAC) drivers. The OPA695 features a power-down pin that puts the amplifier in low-power standby
mode and lowers the quiescent current from 14 mA to 160 pA.

6.2 Functional Block Diagram

y AN |,
R (1 + Re/Rg)Vsic

ags)
OPAB95
Zn

ZOL(S)X Ierr

Re Ay = VolVin: = 1+ (Re/Rg)

6.3 Feature Description
6.3.1 Wideband Current-Feedback Operation

The OPAG95 provides a new level of performance in wideband current-feedback operational amplifiers. The
nearly constant ac performance over a wide gain range, along with 5000-V/us slew rate and ultra-low distortion
makes this device an excellent choice for high-speed data acquisition gain stages. While optimized at a gain of
+8 V/V (12 dB to a matched 50-Q load) to give 600-MHz bandwidth, applications from gains of 1 V/V to 40 V/V
can be supported. At gains above 20 V/V, the signal bandwidth starts to decrease, but still exceeds 180 MHz up
to a gain of 40 V/V (26 dB to a matched 50-Q load). Single +5-V supply operation is also supported with similar
bandwidths but reduced output power capability.

Figure 6-1 shows the dc-coupled, gain of +8 V/V, dual-power supply circuit used as the basis of the +5-V
specifications and typical characteristic curves. The total effective load is 100 Q || 458 Q = 82 Q. The disable
control line ( DIS) is typically left open for normal amplifier operation. Assert the disable line low to shut off
the OPAG95. Figure 6-2 shows the dc-coupled, gain of —8 V/V, dual-power supply circuit used as the basis
of the inverting typical characteristic curves. Inverting operation offers several performance benefits. There is
no common-mode signal across the input stage; therefore, the distortion performance is slightly improved. In
addition to the usual power-supply decoupling capacitors to ground, a 0.01-uF capacitor is included between
the two power-supply pins. In practical PCB layouts, this optional added capacitor typically improves the 2nd-
harmonic distortion performance by 3 dB to 6 dB for bipolar-supply operation.
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Figure 6-1. DC-Coupled, G = +8 V/V, Bipolar Supply Specifications and Test Circuit
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Figure 6-2.

DC-Coupled, G = -8 V/V, Bipolar Supply Specifications and Test Circuit
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6.3.2 Input and ESD Protection

The OPAG95 is built using a very high-speed, complementary bipolar process. The internal junction breakdown
voltages are relatively low for these small geometry devices. These breakdowns are reflected in the Absolute
Maximum Ratings, where an absolute maximum +6.5-V supply is reported. All device pins have limited ESD
protection using internal diodes to the power supplies, as shown in Figure 6-3.

These diodes also provide moderate protection to input overdrive voltages above the supplies. The protection
diodes can typically support 10-mA continuous current. Where higher currents are possible (for example, in
systems with £15-V supply parts driving into the OPA695), add current-limiting series resistors into the two
inputs. Keep these resistor values as low as possible because high values degrade both noise performance and
frequency response.

+Vee

External Internal

Pin Circuitry

_VCC

Figure 6-3. Internal ESD Protection

6.4 Device Functional Modes

The OPA695 has two functional modes: enabled and disabled. While operating on a bipolar supply of Vg = £5V
the first functional mode is accessed by applying a logic 1 (> 3.5 V) to the (DIS) pin. In this mode, the amplifier is
fully enabled and draws a supply current of 14mA.

The second functional mode is the disabled state. The disabled state is accessed by applying a logic 0 (< 1.7V)
to the DIS pin. In this mode, the amplifier is fully disabled and draws a current of only 160uA. When disabled,
the output and input nodes go to a high-impedance state. When the OPAG95 operates in a gain of +1V/V, a
very high impedance at the output and exceptional signal isolation occur. When operating at a gain greater
than +1V/V, the total feedback network resistance appears as an impedance at the output, but the circuit still
shows very high forward and reverse isolation. If configured as an inverting amplifier, the input and output are
connected through the feedback network resistance, giving relatively poor input-to-output isolation.

Copyright © 2024 Texas Instruments Incorporated Submit Document Feedback 29
Product Folder Links: OPA695


https://www.ti.com
https://www.ti.com/product/OPA695
https://www.ti.com/lit/pdf/SBOS293
https://www.ti.com/feedbackform/techdocfeedback?litnum=SBOS293I&partnum=OPA695
https://www.ti.com/product/opa695?qgpn=opa695

13 TEXAS
OPA695 INSTRUMENTS
SB0OS293| - DECEMBER 2003 — REVISED OCTOBER 2024 www.ti.com

7 Application and Implementation

Note

Information in the following applications sections is not part of the Tl component specification,
and Tl does not warrant its accuracy or completeness. TI's customers are responsible for
determining suitability of components for their purposes, as well as validating and testing their design
implementation to confirm system functionality.

7.1 Application Information

7.1.1 Operating Suggestions
7.1.1.1 Setting Resistor Values to Optimize Bandwidth

A current-feedback operational amplifier such as the OPA695 can hold an almost constant bandwidth over signal
gain settings with the proper adjustment of the external resistor values. Section 5.9 shows this feature. The
small-signal bandwidth decreases only slightly with increasing gain. These curves also show that the feedback
resistor has been changed for each gain setting. The absolute values of Rg on the inverting side of the circuit for
a current-feedback operational amplifier can be treated as frequency response compensation elements, whereas
the ratios of Rg and Rg set the signal gain. Figure 7-1 shows the analysis circuit for the OPA695 small-signal
frequency response.

The key elements of this current feedback operational amplifier model are:

* a = Buffer gain from the noninverting input to the inverting input.

* R, > Buffer output impedance

* igrr = Feedback error current signal

* Z(s) > Frequency-dependent, open-loop transimpedance gain from iggrg to Vo

Zs) lerr

Figure 7-1. Current-Feedback Transfer Function Analysis Circuit

A current-feedback operational amplifier senses an error current in the inverting node (as opposed to a
differential input error voltage for a voltage-feedback operational amplifier) and passes this on to the output
through an internal frequency-dependent transimpedance gain. Section 5.9 show this open-loop transimpedance
response. This is analogous to the open-loop voltage gain curve for a voltage-feedback operational amplifier.
Refer to the training videos shown in Tl Precision Labs for further understanding on the CFA operating theory

The values for Rg versus gain shown in Figure 7-2 are approximately equal to the values used to generate the
typical characteristics and give a good starting point for designs where bandwidth optimization is desired.
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Figure 7-2. Recommended Feedback Resistor vs Noise Gain

7.1.1.2 Output Current and Voltage

The OPAB95 provides output voltage and current capabilities consistent with driving doubly-terminated 50-Q
lines. For a 100-Q load at a gain of +8 V/V (see Figure 6-1), the total load is the parallel combination of the
100-Q load and the 456-Q total feedback network impedance. This 82-Q load requires no more than 45 mA of
output current to support the £3.7-V minimum output voltage swing specified for 100-Q loads. This value is much
less than the minimum +£100-mA specifications.

For the specifications described previously, consider voltage and current limits separately. In many applications,
the voltage times the current (or V-l product) is more relevant to circuit operation; see also Figure 5-21. 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 OPA695 output drive capabilities.
Superimposing resistor load lines onto the plot shows the available output voltage and current for specific loads.

To maintain maximum output-stage linearity, no output short-circuit protection is provided. No short-circuit
protection is not normally a problem, as 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, in most cases, destroys the
amplifier. If additional short-circuit protection is required, consider a small series resistor in the power-supply
leads. Under heavy output loads, this series resistor reduces the available output voltage swing. A 5-Q series
resistor in each power-supply lead limits the internal power dissipation to less than 1 W for an output short
circuit, while decreasing the available output voltage swing only 0.25 V for up to 50-mA desired load currents.
Always place the 0.1-uF power supply decoupling capacitors directly on the supply pins after these supply
current-limiting resistors.
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7.1.1.3 Driving Capacitive Loads

One of the most demanding, and yet very common, load conditions for an operational amplifier is capacitive
loading. Often, the capacitive load is the input of an ADC, including additional external capacitance that can be
recommended to improve ADC linearity. A high-speed, high-open-loop-gain amplifier like the OPA695 can be
susceptible to decreased stability and closed-loop response peaking when a capacitive load is placed directly
on the output pin. When the open-loop output resistance of the amplifier 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 distortion, the simplest and most effective solution is to isolate the capacitive load (C,)
from the feedback loop by inserting a series isolation resistor (R;sg) between the amplifier output and the
capacitive load. Figure 7-3 shows this configuration. This configuration does not eliminate the pole from the loop
response, but shifts the pole 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.

57.4Q 402 Q

Riso

OPA695
CL Rioan

Figure 7-3. Driving a Large Capacitive Load Using an Output Series Isolation Resistor

The Typical Characteristics show the recommended Rg versus capacitive load and the resulting frequency
response at the load. Parasitic capacitive loads greater than 2 pF can begin to degrade the performance of
the OPAG695. Long PCB traces, unmatched cables, and connections to multiple devices can exceed this value.
Always consider this effect carefully and add the recommended series resistor as close as possible to the
OPAGBG95 output pin (see Section 7.4.1).

7.1.1.4 Distortion Performance

The OPAB95 provides good distortion performance into a 100-Q load on +5-V supplies. Compared to other
devices, the OPA695 holds lower distortion at higher frequencies (> 20 MHz). Generally, until the fundamental
signal reaches very high frequency or power levels, the 2nd-harmonic dominates the distortion with a negligible
3rd-harmonic component. Focusing on the 2nd-harmonic, increasing the load impedance directly improves
distortion; the total load includes the feedback network. In the noninverting configuration (see Figure 6-1), this
feedback network load is the sum of Rg + Rg, while in the inverting configuration, the feedback network load is
only Rg. Also, providing an additional supply decoupling capacitor (0.01 uF) between the supply pins (for bipolar
operation) improves the 2nd-order distortion.
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7.1.1.5 Noise Performance

The OPA695 offers an excellent balance between voltage and current noise terms to achieve low output noise.
The inverting current noise (22 pA/YHz) is lower than most other current-feedback operational amplifiers, while
the input voltage noise (1.8 nV/VHz) is lower than any unity-gain stable, wideband, voltage-feedback operational
amplifier. This low-input voltage noise was achieved at the price of a higher noninverting input current noise (18
pA/NHz). As long as the ac source impedance looking out of the noninverting node is less than 50 Q, this current
noise does not contribute significantly to the total output noise. The operational amplifier input voltage noise and
the two input current noise terms combine to give low output noise under a wide variety of operating conditions.
Figure 7-4 shows the operational amplifier noise analysis model with all the noise terms included. In this model,
all noise terms are taken to be noise voItage or current density terms in either nV/vHz or pA/NHz.

} u *
OPA695 Eo

VAKTR

VAKTR

KT Re s
el 5 4KT = 1.6E —204
at 290°K

Figure 7-4. Operational Amplifier Noise Figure Analysis Model

The total output spot-noise voltage can be computed as the square root of the sum of all squared output noise
voltage contributors. Equation 1 shows the general form for the output noise voltage using the terms shown in
Figure 7-8.

Eo = \/(ENIZ +(|BNRS)2 +4kTRS) G\ + (ImRe )2 +4KTReGy A1)

Dividing this expression by the noise gain (NG = (1 + Rg/Rg)) gives the equivalent input referred spot-noise
voltage at the noninverting input, as shown in Equation 2:

2
IR )2 . 4KTR
E =4/E 2 4 (IgnRg ) +4KTRg +( BF) + 22 T°F
N N’ +(lenRs) s (NG) NG )

Evaluating these two equations for the OPA695 circuit and component values shown in Figure 6-1 gives a total
output spot-noise voltage of 18.7 nV/YHz and a total equivalent input spot-noise voltage of 2.3 nV/VHz. This total
input referred spot-noise voltage is higher than the 1.8-nV/vVHz specification for the operational amplifier voltage
noise alone. This reflects the noise added to the output by the inverting current noise times the feedback resistor.
If the feedback resistor is reduced in high-gain configurations (as suggested previously), the total input referred
voltage noise given by Equation 2 just approaches the 1.8 nV/YHz of the operational amplifier. For example,
going to a gain of +20 (using Rg = 200 Q) gives a total input referred noise of 2.0 nV/vVHz.

For a more complete discussion of operational amplifier noise calculation, see the Noise Analysis for High Speed
Op Amps application note, available through www.ti.com.

Copyright © 2024 Texas Instruments Incorporated Submit Document Feedback 33
Product Folder Links: OPA695


https://www.ti.com/lit/pdf/SBOA066
https://www.ti.com/lit/pdf/SBOA066
http://www.ti.com
https://www.ti.com
https://www.ti.com/product/OPA695
https://www.ti.com/lit/pdf/SBOS293
https://www.ti.com/feedbackform/techdocfeedback?litnum=SBOS293I&partnum=OPA695
https://www.ti.com/product/opa695?qgpn=opa695

13 TEXAS
OPA695 INSTRUMENTS
SB0S293| - DECEMBER 2003 — REVISED OCTOBER 2024 www.ti.com

7.1.1.6 Thermal Analysis

The OPAG95 does not require an additional heat sink for most applications. The maximum desired junction
temperature sets the maximum allowed internal power dissipation as described in this section. Do not exceed
the maximum junction temperature of 150°C.

Operating junction temperature (T,) is given by Ty + Pp x 0j5. The total internal power dissipation (Pp) is
the sum of quiescent power (Ppq) and additional power dissipated in the output stage (Pp_) to deliver load
power. Quiescent power is simply the specified no-load supply current times the total supply voltage across the
device. Pp_ depends on the required output signal and load. However, for a grounded resistive load, Pp, is at
a maximum when the output is fixed at a voltage equal to one-half of either supply voltage (for equal bipolar
supplies). Under this condition, Pp, = Vg 2/ (4 x R|), where R includes feedback network loading.

Note that the power in the output stage and not into the load determines internal power dissipation.

As an absolute worst-case example, compute the maximum T, using an OPA695IDBV (SOT23-6 package)
in the circuit of Figure 6-1 operating at the maximum specified ambient temperature of +85°C and driving a
grounded 100-Q load.

Pp=10V x 14.1 mA + 52/ (4 x (100 Q || 458 Q)) = 217 mW (3)
Maximum T, = +85°C + (0.22 W x 150°C/W) = 118°C (4)

This maximum operating junction temperature is much less than most system level targets. Most applications
are lower as an absolute worst-case output stage power was assumed in this calculation.

7.1.2 LO Buffer Amplifier

The OPAG95 can also be used to buffer the local oscillator (LO) from the mixer. Operating at a voltage gain of +2
VIV, the OPAG95 provides excellent load isolation for the LO, with a net gain of 0 dB to the mixer. Applications
through a 1.4-GHz LO can be considered, but best operation is for an LO < 1.0 GHz at a gain of +2 V/V. Gain
can also be provided by the OPA695 to drive higher power levels into the mixer. Figure 7-5 shows one option
for the OPA695 as an LO buffer. The OPA695 can drive multiple output loads; therefore, two identical LO signals
can be delivered to the mixers in a diversity receiver by tapping the output off through two series 50-Q output
resistors. This circuit is set up for a voltage gain of +2 V/V to the output pin for a gain of +1 V/V (0 dB) to the
mixers, but can be easily adjusted to deliver higher gains.

Antenna\r
I LNA [\ ® O IF1

Diversity Receiver Bandpass
Filter
Antenna\r
I LNA [\ O IF2
+5V

o) — Bandpass 50Q
O IS Filter

LO % 500 50Q

511Q Power supply decoupling not shown.
Figure 7-5. Dual Output LO Buffer
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7.1.3 Wideband Cable Driving Applications

The high slew rate and bandwidth of the OPA695 can be used to meet the most demanding cable driving
applications.

7.1.3.1 Cable Modem Return Path Driver

The standard cable modem upstream driver is typically required to drive high power over a 5-MHz to 65-
MHz bandwidth while delivering < —50-dBc distortion. Highly-integrated solutions (including programmable gain
stages) often fall short of this target as a result of high losses from the amplifier output to the line. The higher
gain-operating capability of the OPA695 and the very high slew rate provide a low-cost device for delivering this
signal with the required spurious-free dynamic range. Figure 7-6 shows one example of using the OPA695 as
an upstream driver for a cable modem return path. In this case, the input impedance of the driver is set to 75
Q by the gain resistor (Rg). The required input level from the adjustable gain stage is significantly reduced by
the 15.5-dB gain provided by the OPAG95. In this example, the physical 75-Q output matching resistor, along
with the 3-dB loss in the diplexer, attenuate the output swing by 9 dB on the line. In this example, a single
+12-V supply id used to achieve the lowest harmonic distortion for the 6-Vpp output pin voltage through 65
MHz. Measured performance for this example gives a 600-MHz small-signal bandwidth and < —54-dBc distortion
through 65 MHz for a 6-Vpp output pin voltage swing.

An alternative to this circuit that gives even lower distortion is a differential driver using two OPA695 devices
driving into an output transformer. The differential driver can be used to either double the available line power or
improve distortion by cutting the required output swing in half for each stage. The channel disable required by
the MCNS specification must be implemented by using the PGA disable feature. The MCNS disable specification
requires that an output impedance match be maintained with the signal channel shut off. The disable feature
of the OPAB95 is intended principally for power savings and puts the output and inverting input pins into a
high-impedance mode, but does not maintain the required output-impedance matching. Turning off the signal at
the input of Figure 7-6, while keeping the OPA695 active, maintains the impedance matching while putting very
little noise on the line. The line noise in disable for the circuit of Figure 7-6 (with the PGA source turned off, but
still presenting a 75-Q source impedance) is a very low 4 nV/YHz (-157 dBm/Hz) as a result of the low input
noise of the OPAG95.

Receive Channel

Supply decoupling 58dBmV

+12Vv
not shown l
Diplexer o . o
67dBmV -3dB
6kQ I
75Q
° \/\/\/\ 0.01uF 75Q
L. L —
I1000pF I 0.1pF 6kQ
1000pF
R
PGA Output 0.1pF 75%

Figure 7-6. Cable Modem Upstream Driver

7.1.3.2 Arbitrary Waveform Driver

The OPA695 can be used as the output stage for moderate output power arbitrary waveform driver applications.
Driving out through a series 50-Q matching resistor into a 50-Q matched load allows up to a 4.0-Vpp swing at
the matched load (15 dBm) when operating the OPA695 on a +5-V power supply. This level of power is available
for gains of either £8 V/V with a flat response through 100 MHz. When interfacing directly from a complementary
current output DAC, consider the circuit of Figure 7-7, modified for the peak output currents of the particular DAC
being considered. Where purely ac-coupled output signals are required from a complementary current output
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DAC, consider a push-pull output stage using the circuit of Figure 7-7. The resistor values here have been
calculated for a 20-mA peak output current DAC, which produces up to a 5-Vpp swing at the matched load (18
dBm). This approach gives higher power at the load, with lower 2nd-harmonic distortion.

For a 20-mA peak output current DAC, the midscale current of 10 mA gives a 2-V dc output common-mode
operating voltage, due to the 200-Q resistor to ground at the outputs. The total ac impedance at each output
is 50 Q, giving a +0.5-V swing around this 2-V common-mode voltage for the DAC. These resistors also
act as a current divider, sending 75% of the DAC output current through the feedback resistor (464 Q). The
blocking capacitor references the OPA695 output voltage to ground, and turns the unipolar DAC output current
into a bipolar swing of 0.75 x 20 mA x 464 Q = 7 Vpp at each amplifier output. Each output is exactly 180°
out-of-phase from the other, producing double 7 Vpp into the matching resistors. To limit the peak output current
and improve distortion, the circuit of Figure 7-7 is set up with a 1.4:1 step-down transformer. This reflects the
50-Q load to be 100 Q at the primary side of the transformer. For the maximum 14-Vpp swing across the outputs
of the two amplifiers, the matching resistors drop this to 7 Vpp at the input of the transformer, then down to 5-Vpp
maximum at the 50-Q load at the output of the transformer. This step-down approach reduces the peak output
current to 14 Vp/(200 Q) = 70 mA.

Power supply decoupling not shown.

———0O 3.5V

50Q Source

50Q B —

1.4:1

Differential
Filter

lo il
2000
DAC

0.01uF 66.5Q ? 464Q

MW—
50Q
I VWA VW =
———O +3.5V

T VW
% 2000

20mA Peak Output ~ ~

-5V

Figure 7-7. High Power, Wideband AC-Coupled Arbitrary Waveform Driver

7.1.4 Differential I/0 Applications

The OPAG95 offers very low 3rd-order distortion terms with a dominant 2nd-order distortion for the single
amplifier operation. For the lowest distortion, particularly where differential outputs are needed, operating
two OPAG695 devices in a differential 1/0 design suppresses these even-order terms, delivering extremely
low harmonic distortion through high frequencies and powers. Differential outputs are often preferred for high-
performance ADCs, twisted-pair driving, and mixer interfaces. Two basic approaches to differential I/Os are
the noninverting or inverting configurations. Because the output is differential, the signal polarity is somewhat
meaningless; the noninverting and inverting terminology applies here to where the input is brought into the
two OPA695s. Each approach has advantages and disadvantages. Figure 7-8 shows a basic starting point for
noninverting differential I/O applications.
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Figure 7-8. Noninverting Input Differential I/O Amplifier

This approach allows for a source termination impedance independent of the signal gain. For instance, simple
differential filters can be included in the signal path directly to the noninverting inputs without interacting with the
gain setting. The differential signal gain for the circuit of Figure 7-8 is:

AD=1+2xRF/RG (5)

Because the OPA695 is a current-feedback amplifier, bandwidth is principally controlled with the feedback
resistor value: Figure 7-8 shows a typical value of 500 Q. However, the differential gain can be adjusted with
considerable freedom using just the Rg resistor. Rg can be a reactive network providing an isolated shaping
to the differential frequency response. AC-coupled applications often include a blocking capacitor in series with
Rg. This blocking capacitor reduces the gain to +1 V/V at low frequency, rising to the Ap expression shown
previously at higher frequencies.

Figure 7-9 shows a differential 1/0 stage configured as an inverting amplifier. In this case, the gain resistors (Rg)
become part of the input resistance for the source. This configuration provides a better noise performance than
the noninverting configuration, but limits the flexibility in setting the input impedance separately from the gain.
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Figure 7-9. Inverting Input Differential /O Amplifier

The two noninverting inputs provide an easy common-mode control input, particularly if the source is ac-coupled
through either blocking caps or a transformer. In either case, the common-mode input voltages on the two
noninverting inputs again have a gain of +1 V/V to the output pins, giving easy common-mode control for
single-supply operation. In this configuration, the OPA695 constrains the feedback to the 500-Q region for best
frequency response. With Rg fixed, the input resistors can be adjusted to the desired gain, but also change
the input impedance. The high-frequency common-mode gain for this circuit from input to output is the same
as for the signal gain. Again, if the source includes an undesired common-mode signal, the signal can be
rejected at the input using blocking caps (for low-frequency and dc common-mode) or a transformer coupling.
The differential signal gain in the circuit of Figure 7-9 is:

Ap=Re/Rg (6)

Using this configuration suppresses the 2nd-harmonics, leaving only 3rd-harmonic terms as the limit to output
SFDR. The higher slew rate of the inverting configuration also extends the full-power bandwidth and the range of
low intermodulation distortion over the performance bandwidth available from the circuit of Figure 7-8.

7.2 Typical Application

1000pF

Matching Po
Network [
50Q

SAW
50Q Filter =
Source

1000pF  50Q
0 |
PI

PO
5 = 12dB - (SAW Loss)
|

Figure 7-10. IF Amplifier Driving SAW Filter
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7.2.1 Design Requirements
7.2.1.1 Saw Filter Buffer

One common requirement in an IF strip is to buffer the output of a mixer with enough gain to recover the
insertion loss of a narrow-band SAW filter. Figure 7-10 shows one possible configuration driving a SAW filter.
Figure 7-11 shows the intercept at the 50-Q load. Operating in the inverting mode at a voltage gain of -8 V/V,
this circuit provides a 50-Q input match using the gain set resistor, has the feedback optimized for maximum
bandwidth (700 MHz in this case), and drives through a 50-Q output resistor into the matching network at the
input of the SAW filter. If the SAW filter gives a 12-dB insertion loss, a net gain of 0 dB to the 50-Q load at
the output of the SAW (which can be the input impedance of the next IF amplifier or mixer) is delivered in the
pass band of the SAW filter. Using the OPAG95 in this application isolates the first mixer from the impedance of
the SAW filter and provides very low two-tone, 3rd-order spurious levels in the SAW filter bandwidth. Inverting
operation gives the broadest bandwidth up to a gain of —12 V/V (15.6 dB). Noninverting operation gives higher
bandwidth at gain settings higher than this, but also gives a slight reduction in intercept and noise figure
performance.

7.2.2 Detailed Design Procedure

The design procedure begins with calculating the required signal gain and signal swing. After the gain and swing
requirements are determined the appropriate amplifier is selected along with the required supply voltage. As a
result of the input impedance of 50 Q, the gain and the input impedance require a feedback resistor value of 400
Q.

In this application, the supply voltage is 12 V and single ended. To provide the proper dc operating point,
apply a midsupply voltage to the noninverting input by using a resistive voltage divider composed of two 1%
precision 5-kQ resistors along with two ceramic bypass capacitors. These components provide an accurate and
low ac impedance reference voltage for the noninverting input. The inverting input requires only an ac-coupling
capacitor to isolate the 6-V operating voltage from the signal source. In this example, a ceramic 1000-pF
capacitor is used.

The circuit in Figure 7-10 shows an output resistor value of 50 Q. Adjust this resistor to accommodate the SAW
input impedance. Additional L/C components can be required as well; consult the SAW manufacturer's design
guidelines for more details.

7.2.3 Application Curve
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Figure 7-11. 2-Tone, 3rd-Order Intermodulation Intercept
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7.3 Power Supply Recommendations

High-speed amplifiers require low inductance power supply traces and low ESR bypass capacitors. When
possible, use both power and ground planes in the printed circuit board design, and the power plane must be
adjacent to the ground plane in the board stack-up. Center the power-supply voltage on the desired amplifier
output voltage, so for ground-referenced output signals, split supplies are required. Use a power-supply voltage
from5Vto12 V.

7.4 Layout
7.4.1 Layout Guidelines

Achieving optimized performance with a high-frequency amplifier like the OPA695 requires careful attention to
board layout parasitics and external component types. Recommendations to optimize performance include:

Minimize parasitic capacitance to any ac ground for all of the signal I/O pins. Parasitic capacitance

on the output and inverting input pins can cause instability; on the noninverting input, parasitic capacitance
can react with the source impedance to cause unintentional band-limiting. To reduce unwanted capacitance,
a open a window around the signal I/O pins in all of the ground and power planes around those pins.
Otherwise, ground and power planes must be unbroken elsewhere on the board.

Minimize the distance (< 0.25") from the power supply pins to high frequency 0.1-yF decoupling
capacitors. At the device pins, the ground and power plane layout must not be in close proximity to the
signal 1/0 pins. Avoid narrow power and ground traces to minimize inductance between the pins and the
decoupling capacitors. Always decouple the power-supply connections with these capacitors. An optional
supply-decoupling capacitor across the two power supplies (for bipolar operation) improves 2nd-harmonic
distortion performance. Larger (2.2 uF to 6.8 yF) decoupling capacitors, effective at a lower frequency, must
also be used on the main supply pins. These decoupling capacitors can be placed somewhat farther from the
device, and can be shared among several devices in the same area of the PCB.

Careful selection and placement of external components preserves the high-frequency performance
of the OPA695. Use low-reactance-type resistors. Surface-mount resistors work best and allow a tighter
overall layout. Metal-film and carbon composition, axially-leaded resistors can also provide good high-
frequency performance. Keep the leads and PCB trace length as short as possible. Never use wirewound-
type resistors in a high frequency application. The output pin and inverting input pin are the most sensitive to
parasitic capacitance; therefore, always position the feedback and series output resistor, if any, as close as
possible to the output pin. Place other network components, such as noninverting input termination resistors,
close to the package. Where double-side component mounting is allowed, place the feedback resistor directly
under the package on the other side of the board between the output and inverting input pins. The frequency
response is primarily determined by the feedback resistor value. Increasing the value reduces the bandwidth,
while decreasing the value gives a more peaked frequency response. The 402-Q feedback resistor (used

in the typical performance specifications at a gain of +8 on +5-V supplies) is a good starting point for

design. Note that a 523-Q feedback resistor, rather than a direct short, is required for the unity gain follower
application. A current-feedback operational amplifier requires a feedback resistor, even in the unity gain
follower configuration, to control stability.

Connections to other wideband devices on the board can be made with short direct traces or through
onboard transmission lines. For short connections, consider the trace and the input to the next device

as a lumped capacitive load. Relatively wide traces (50 mils to 100 mils) must be used, preferably with
ground and power planes opened up around them. Estimate the total capacitive load and set the series
isolation resistance from the isolation resistance versus capacitive load characteristics. If a long trace is
required, and the 6-dB signal loss intrinsic to a doubly-terminated transmission line is acceptable, implement
a matched impedance transmission line using microstrip or stripline techniques (consult an ECL design
handbook for microstrip and stripline layout techniques). A 50-Q environment is usually not necessary on
board. In fact, a higher impedance environment improves distortion, as shown in the distortion versus load
plots. With a characteristic board trace impedance defined (based on board material and trace dimensions),
use a matching series resistor into the trace from the output of the OPA695. Also use terminating shunt
resistor at the input of the destination device. Remember that the terminating impedance is the parallel
combination of the shunt resistor and the input impedance of the destination device; set this total effective
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impedance to match the trace impedance. The high output voltage and current capability of the OPA695
allows multiple destination devices to be handled as separate transmission lines, each with series and shunt
terminations. If the 6-dB attenuation of a doubly-terminated transmission line is unacceptable, a long trace
can be series-terminated at the source end only. Treat the trace as a capacitive load in this case, and

set the series isolation resistance from the isolation resistance versus capacitive load characteristics. This
setting does not preserve signal integrity as well as a doubly-terminated line. If the input impedance of the
destination device is low, some signal attenuation occurs due to the voltage divider formed by the series
output into the terminating impedance.

» Socketing a high-speed part like the OPA695 is not recommended. The additional lead length and
pin-to-pin capacitance introduced by the socket can create a troublesome parasitic network, which makes
achieving a smooth, stable frequency response almost impossible. Best results are obtained by soldering the
OPAG695 directly onto the board.

7.4.2 Layout Example

As detailed in Section 7.4.1 and illustrated in Figure 7-12, place the input termination resistor, output resistor,
and bypass capacitors close to the amplifier. Power and ground planes can be placed under the amplifier, but
must be removed under the input and output pins as shown in Figure 7-12.

Bypass Capacitor u .

Input Termination
Resistor

A/ QO O
O

Qutput Resistor

Figure 7-12. SBOS293 Layout
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8 Device and Documentation Support
8.1 Device Support

8.1.1 Design-In Tools

8.1.1.1 Demonstration Fixtures

Two printed circuit boards (PCBs) are available to assist in the initial evaluation of circuit performance using the
OPAGB95 in the two package options. Both of these are offered free of charge as unpopulated PCBs, delivered
with a user's guide. Table 8-1 shows the summary information for these fixtures.

Table 8-1. Demonstration Boards

USER'S GUIDE
PRODUCT PACKAGE ORDERING NUMBER LITERATURE NUMBER
OPA695ID VSSOP-8 DEM-OPA-SO-1B SBOU026
OPA691IDBV SOT23-6 DEM-OPA-SOT-1B SBOU027

The demonstration fixtures can be requested at the Texas Instruments web site (www.ti.com) through the
OPAB695 product folder.

8.2 Documentation Support
8.2.1 Related Documentation

For related documentation, see the following:

* Texas Instruments, Absolute Maximum Ratings for Soldering

» Texas Instruments, Current Feedback Op Amp Applications Circuit Guide, Application Note OA--07

» Texas Instruments, Frequent Faux Pas in Applying Wideband Current Feedback Amplifiers, Application Note
OA-15

» Texas Instruments, Noise Analysis for Comlinear Amplifiers, Application Note OA-12

» Texas Instruments, Semiconductor and IC Package Thermal Metrics

8.3 Receiving Notification of Documentation Updates

To receive notification of documentation updates, navigate to the device product folder on ti.com. Click on
Notifications to register and receive a weekly digest of any product information that has changed. For change
details, review the revision history included in any revised document.

8.4 Support Resources

TI E2E™ support forums are an engineer's go-to source for fast, verified answers and design help — straight
from the experts. Search existing answers or ask your own question to get the quick design help you need.

Linked content is provided "AS IS" by the respective contributors. They do not constitute Tl specifications and do
not necessarily reflect Tl's views; see TlI's Terms of Use.

8.5 Trademarks

TI E2E™ is a trademark of Texas Instruments.

All trademarks are the property of their respective owners.
8.6 Electrostatic Discharge Caution

This integrated circuit can be damaged by ESD. Texas Instruments recommends that all integrated circuits be handled
A with appropriate precautions. Failure to observe proper handling and installation procedures can cause damage.

‘Ef. \ 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.

8.7 Glossary

Tl Glossary This glossary lists and explains terms, acronyms, and definitions.
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9 Revision History
NOTE: Page numbers for previous revisions may differ from page numbers in the current version.

Changes from Revision H (April 2015) to Revision | (October 2024) Page
* Updated the numbering format for tables, figures, and cross-references throughout the document................. 1
» Changed the supply voltage specification from 6.5 V to 13 V in Absolute Maximum Ratings ....................... 4
» Updated the footnote in Absolute Maximum Ratings to add clarification ............ccccccociiiiiiie e 4
» Added continuous input current specification to Absolute Maximum Ratings ..........c.ccccccvcveeeiiciineeeeciieee e 4
» Deleted machine model (MM) specification from ESD RaiNGS .........cccueiiiiiiiiiieiiiiiieeeeeiiee e sieee e 4
» Updated thermal specifications for D and DBV package in Thermal Information ..............cccccccceevicineenncnnenn. 4
» Deleted Tp = 0°C to +70°C specifications from across all Electrical Characteristics Table.............ccccccccceeoo... 5
» Deleted the minimum, maximum, and over temperature specifications in the Electrical Characteristics: AC
=T (0T T ey =TT or o] o TSR 5
* Changed SSBW at G = +1 V/V from 1700 MHz to 1900 MHz in Electrical Characteristics: Vs = 5V,
OPABIED, OPABISEDBY TaDbIE........eeiiiiiiiiiee ettt ettt he e bt e sa bt e e ebte e e sabe e e sabe e e sabeeesneeas 5
» Changed SSBW at G = +2 V/V from 1400 MHz to 900 MHz in Electrical Characteristics: Vs =15V,
OPABIED, OPABGIEDBY TaDIE ...ttt ettt st et e e s be e e st e e e s ebb e e e bee e s anbe e e snnes 5
» Changed typical SSBW at G = +8 V/V from 450 MHz to 600 MHz in Electrical Characteristics: Vg =5V,
OPABIED, OPABGIEDBY TaDbIE........eeiiiiiiiiiiie ettt ettt bt e e ea e e bt e e e sab e e e sabe e e sabeeesnneeas 5
* Changed SSBW at G = +16 V/V from 350 MHz to 500 MHz in Electrical Characteristics: Vs =15V,
OPABIED, OPABGIEDBY TaDbIE........eeiiiiiiiiiiie ettt ettt bt e e ea e e bt e e e sab e e e sabe e e sabeeesnneeas 5
» Changed Bandwidth for 0.2-dB gain flatness from 320 MHz to 120 MHz in Electrical Characteristics: Vs = 5
V, OPABISD, OPABISDBY TaADIE......ccouiiiiiie ettt ettt h et e e abe e sab e e e sabe e e sbeeeeneeas 5
» Changed typical Peaking at a gain of +1V/V from 4.6 dB to 3.7 dB in Electrical Characteristics: Vg = 15V,
OPABIED, OPABGIEDBY TaDIE.........eiiiiiiiiiiee ettt ettt a e bt e e et e e bt e e e sab e e e sabeeeaabeeesneeas 5
* Changed LSBW at G = 8 V/V from 450 MHz to 510 MHz in Electrical Characteristics: Vs = +5 V, OPA695D,
OPABIEDBY TaDIC........eeeiiiie ettt ettt h e bt e e e h bt e e e a bt e e ea bt e e eabe e e e b et e e be e e e be e e e anbeeenee e e anbeeennneas 5
» Changed typical Slew rate at G = -8 V/V from 4300 V/us to 5000 V/us in Electrical Characteristics: Vs =15V,
OPABIED, OPABIEDBY TaDbIE........eeiiiiiiiiiee ettt sttt b e e a e e bt e e e sab e e e sabe e e sabeeesnneeas 5
» Changed typical Slew rate at G = +8 V/V from 4300 V/us to 5000 V/us in Electrical Characteristics: Vs =15V,
OPABIED, OPABIEDBY TaDbIE........eeiiiiiiiiiiee ettt ettt et bt e st e sab e e e sa b e e e sabe e e enbeeesaneeas 5
» Changed Rise and fall time at Vg = 0.5-V Step from 0.8 ns to 0.65 ns in Electrical Characteristics: Vs =15V,
OPABIED, OPABIEDBY TaDbIE........eeiiiiiiiiiiee ettt ettt et bt e st e sab e e e sa b e e e sabe e e enbeeesaneeas 5
» Changed Rise and fall time at Vg = 4-V Step from 1 ns to 0.7 ns in Electrical Characteristics: Vs =15V,
OPABIED, OPABIEDBY TaDbIE........eeiiiiiiiiiiee ettt ettt et bt e st e sab e e e sa b e e e sabe e e enbeeesaneeas 5
* Changed Settling time to 0.5% of 10 ns from Settling time to 0.1% of 10 ns in Electrical Characteristics: Vg =
125 V, OPABISD, OPABISDBY TaADIE.....ccceiieiiiie ettt sttt e s b e e e ae e e sbee e e snneeans 5
+ Deleted settling time to 0.02% and 0.1% from Electrical Characteristics Table ..............ccccccoceviviiiniiiiniinannnn. 5
» Changed typical 2nd-order Harmonic Distortion at R_ = 100 Q from —65 dBc to —75 dBc in Electrical
Characteristics: Vg = £5 V, OPAG95D, OPABISDBY TabI........ccuiiiiiiiiee ittt 5
» Changed typical 3rd-order Harmonic Distortion at R_ = 100 Q from —86 dBc to —92 dBc in Electrical
Characteristics: Vg = £5 V, OPAG95D, OPABISDBY TabI........ccoiiiiiiiie ettt 5
+ Changed typical Input voltage noise from 1.8 nV/\Hz to 2 nV/\NHz in Electrical Characteristics: Vs = £5 V,
OPABIED, OPABIEDBY TaDIE........eeiiiiiieiie ettt sttt ettt e et e e bt e e e sab e e e sabe e e eabeeesneeas 5
+ Changed typical noninverting input current noise from 18 pA/\NHz to 14 pA/\NHz in Electrical Characteristics:
Vs =25V, OPAGISD, OPABIESDBY TabIE.......coiiiiiiiiiiiiiee ettt ettt naee e 5
» Deleted differential gain and differential phase specifications from across all Electrical Characteristics .......... 5
» Changed typical Open-loop transimpedance gain from 85 kQ to 300 kQ in Electrical Characteristics: Vg = £5
V, OPABISED, OPABIESDBY TabI.......ccoiiiiiiiiii ettt ettt e e rabe e st e e s nbe e e s nee e e e 5
» Changed typical Inverting input bias current from £20 pA to +5 yA in Electrical Characteristics: Vs =5V,
OPABIED, OPABIEDBY TaDbIE........eeiiiiiiiiiiee ettt ettt et e b e st e e bt e e e sab e e e sabe e e sabeeesneeas 5
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» Added typical specification for Average inverting input bias current drift in Electrical Characteristics: Vg = 5
V, OPAGBIED, OPABISDBY TaDIE..........eeiieeiieiie ettt e ettt e e et e e e et e e e e et te e e e e sntaeaeeeanssaeeesennnees 5
« Changed typical Common-mode input range from £3.3 V to £3.4 V in Electrical Characteristics: Vg = x5V,
OPABIED, OPABIEDBY TaDIE........ccceeeeiiee ettt ettt e e et e e e et e e e e e st e e e e e ennbaeeeeennsreeeeeennees 5
» Changed typical Common-mode rejection ratio from 56 dB to 65 dB in Electrical Characteristics: Vg =5V,
OPABIED, OPABIEDBY TaDIE........ccceeeeiiee ettt ettt e e et e e e et e e e e e st e e e e e ennbaeeeeennsreeeeeennees 5
« Changed Noninverting input impedance from 280 || 1.2 (kQ || pF) to 450 || 2 (kQ || pF) in Electrical
Characteristics: Vg = £5 V, OPA695D, OPAGISDBYV Table.........ooiiiiiiiiiiiee e 5
« Changed Inverting input resistance from 29 Q to 20 Q in Electrical Characteristics: Vs = £5 'V, OPA695D,
OPABIEDBY TaDIE........cceieeie ettt e ettt e e e e e e e et e e e e e e s et e e e e s sbee e e e e s rbeaeeeanbaeaeeennrreeaeeennes 5
* Changed minimum Output voltage swing at no load from +4 V to £3.95 V in Electrical Characteristics: Vs = £5
V, OPAGBISED, OPABISDBY TaDIE........eeeiieeiieiie ettt ettt e e et e e e et e e e e e st e e e e e entaeeeeennnsaeeeeennnees 5
» Changed typical Output voltage swing at no load from +4.2 V to £4.05 V in Electrical Characteristics: Vg = 5
V, OPAGBISED, OPABISDBY TaDIE........eeeiieeiiiiee ettt e ettt e e e e e e et e e e e e ns e e e e e snseeeeeennntaeeeeennnees 5
* Changed minimum Output voltage swing at no load, Tp = —-40°C to +85°C from £3.9 V to +3.85 V in Electrical
Characteristics: Vg = £5 V, OPA695D, OPAGISDBYV Table.........ooiiiiiieiiiiiee et 5
* Changed minimum Output voltage swing at R = 100 Q from +3.7 V to £3.65 V in Electrical Characteristics:
Vs =125V, OPABGISD, OPABISDBY TabIE.......ooeiiiiiiee ettt ettt et e e e nrae e e e e snnaee e e e nreeas 5
» Changed typical Output voltage swing at R = 100 Q from +3.9 V to £3.75 V in Electrical Characteristics: Vg =
125V, OPABISD, OPABISDBY TaADIE........cceeeeeie ittt ettt e e e s e e e et e e e e s ssae e e e e ansseeeassnnnnneens 5
* Changed minimum Output voltage swing at R = 100 Q, Tp = —-40°C to +85°C from £3.6 V to +3.55 V in
Electrical Characteristics: Vs = 5 V, OPA695D, OPAG95DBY Table.......coooi i 5
« Changed typical Output current sourcing from 120 mA to 140 mA in Electrical Characteristics: Vs =15V,
OPABIED, OPABIEDBY TaDIE........ccceieeiieeeeiee ettt ettt e e et e e e ettt e e e e e st e e e e e enstaeeeeennsaneeeeennees 5
* Changed typical Output current sourcing from —120 mA to —140 mA in Electrical Characteristics: Vs =15V,
OPABIED, OPABIEDBY TaDIE........ccceieeiieeeeiee ettt ettt e e et e e e ettt e e e e e st e e e e e enstaeeeeennsaneeeeennees 5
» Changed Closed-Loop output impedance from 0.04 Q to 0.02 Q in Electrical Characteristics: Vg =15V,
OPABIED, OPABIEDBY TaDIE.........cceiieeieeeiee ettt ettt e e st e e e et e e e e s st e e e e e snnbaeaesennnaneeeeennnees 5
* Changed typical Quiescent current from 12.9 mA to 14 mA in Electrical Characteristics: Vs = £5 V, OPA695D,
OPABIEDBY TaDIE.......cco ettt et e ettt e e et e e e e e bt e e e e e e sstaeee e e sbeeaeeenrbeeeeeanbaeeeeeannraeaeeenres 5
* Changed minimum and maximum Quiescent current from 12.6 mA and 13.3 mA to 11.7 mA and 15.6 mA in
Electrical Characteristics: Vs = £5 V, OPA695D, OPAG95DBY Table........cooo i 5
* Changed minimum and maximum Quiescent current, Tp = —40°C to +85°C from 11 mA and 14.1 mA to 10
mA and 18 mA in Electrical Characteristics: Vs = £5 V, OPA695D, OPA695DBYV Table............ccccovuiieiinninnnnn. 5
» Changed typical negative power-supply rejection ratio from 55 dB to 72 dB in Electrical Characteristics: Vg =
125V, OPABISED, OPABISDBY TaADIE........c.eeeeii ettt ettt e e e e e e e st e e e e sssae e e e s anssseeaesnnnnaees 5
* Changed minimum Power-down quiescent current from —170 pA to 200 pA in Electrical Characteristics: Vs =
125V, OPABISD, OPABISDBY TaADIE.......cc..eeeeeie ittt ettt e e e e e e s e e e e sssaeeeeennnseeeaesnnsnneens 5
» Changed typical Power-down quiescent current from —100 pA to 160 pA in Electrical Characteristics: Vs = £5
V, OPABIED, OPABISDBY TaDIE........eeeiieeiiiie ettt e e et e e ettt e e e et e e e e e st e e e e e enseeeeeennssaeeeeennnees 5
* Changed minimum Power-down quiescent current, Tp = —40°C to +85°C from —192 pA to 210 pA in Electrical
Characteristics: Vg = £5 V, OPA695D, OPAGISDBYV Table.........ooiiiiiiiiiiieee e 5
* Changed Disable time from 1 us to 4 us in Electrical Characteristics: Vg = £5 V, OPA695D, OPA695DBV
. o) - 5
« Changed Enable time from 25 ns to 80 ns in Electrical Characteristics: Vs = £5 V, OPA695D, OPA695DBV
. o) - 5
» Changed Output capacitance in disable from 4 pF to 2.5 pF in Electrical Characteristics: Vg =5V,
OPABIED, OPABIEDBY TaDIE........ccceeeeiiee ettt ettt e et e e e et e e e e e st e e e e e ensbeeaeeennsaneeeeennnees 5
» Changed typical Enable voltage threshold from 3.3 V to 3 V in Electrical Characteristics: Vg =5V,
OPABIED, OPABIEDBY TaDIE.........cceiieiieeeeiee ettt et e et e e e et e e e e e sb e e e e e snnbaeaeeennnaeeeeeennnees 5
» Changed typical Disable voltage threshold from 1.8 V to 2.3 V in Electrical Characteristics: Vg =15V,
OPABIED, OPABIEDBY TaDIE.........cceiieiieeeeiee ettt et e et e e e et e e e e e sb e e e e e snnbaeaeeennnaeeeeeennnees 5
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» Changed typical Disable Control pin input bias current from 75 yA to 95 pA in Electrical Characteristics: Vs =

125V, OPABISED, OPABISDBY TaADIE.......ccc.eeeeee ettt ettt e e et e e e st e e e s essae e e e e nnssaeeaeannnnneens 5
» Updated test level related and current polarity footnote across the Electrical Characteristics .......................... 5
* Changed SSBW at G =1 V/V from 1400 MHz to 1200 MHz in Electrical Characteristics: Vs = 5 V, OPA695D,
OPABIEDBY ...ttt e e ettt e e e ettt e e e e et e e e e et —— e e e e e h——— e e e e e —aree e e e tatae e e e tretaeeaantaeeaeaanreeaeeanres 7
« Changed SSBW at G = 2 V/V from 960 MHz to 700 MHz in Electrical Characteristics: Vs = 5 V, OPA695D,
OPABIEDBY ...ttt e e ettt e e e ettt e e e e et e e e e et —— e e e e e h——— e e e e e —aree e e e tatae e e e tretaeeaantaeeaeaanreeaeeanres 7
* Changed typical SSBW at G = 8 V/V from 395 MHz to 500 MHz in Electrical Characteristics: Vs =5V,
OPABIED, OPABIEDBY ..ottt ettt e e e ettt e e e e ettt e e e e st e e e e e e stee e e e e antaeeeeeastaeeeeennsaeeeeennrees 7
* Changed typical SSBW at G = 16 V/V from 235 MHz to 410 MHz in Electrical Characteristics: Vs =5V,
OPABIED, OPABIEDBY ..ottt ettt e e e ettt e e e e ettt e e e e st e e e e e e stee e e e e antaeeeeeastaeeeeennsaeeeeennrees 7
* Changed Bandwidth for 0.2-dB gain flatness from 230 MHz to 110 MHz in Electrical Characteristics: Vs =5V,
OPABIED, OPABIEDBY ...ttt e e e e ettt e e e e ettt e e e e sttt e e e e e ste e e e e e antaeeaeeanstaeeeeennsaeeeeennrees 7
» Changed typical Peaking at a gain of +1V/V from 1 dB to 2.2 dB in Electrical Characteristics: Vs =5V,
OPABIED, OPABIEDBY ...ttt e e e e ettt e e e e ettt e e e e sttt e e e e e ste e e e e e antaeeaeeanstaeeeeennsaeeeeennrees 7
* Changed LSBW at G = 8 V/V from 310 MHz to 430 MHz in Electrical Characteristics: Vs = 5 V, OPA695D,
OPABIEDBY ...ttt e e et e e e ettt e e e ettt e e e e et e e e e et e e e e e ah——t e e e e et —eteeeaasratae e e e —teeeeeaantaeeeeeanreeeeeanres 7
* Changed typical Slew rate at G = +8 V/V from 1700 V/us to 2500 V/us in Electrical Characteristics: Vg =5V,
OPABIED, OPABIEDBY ...ttt ettt e e e ettt e e e e ettt e e e e s bt e e e e e ste e e e e e asbaeeaeeastaeaeeeansreeaeennrees 7
* Changed Rise and fall time at Vg = 0.5-V step from 1 ns to 0.7 ns in Electrical Characteristics: Vs =5V,
OPABIED, OPABIEDBY ...ttt ettt e ettt e e e ettt e e e e sttt e e e e st et e e e e e stee e e e e antaeeeeeasteeeeeennsaeeeeeanrees 7
* Changed Rise and fall time at Vg = 2-V step from 1 ns to 0.8 ns in Electrical Characteristics: Vs =5V,
OPABIED, OPABIEDBY ..ottt ettt e e e e ettt e e e e sttt e e e e s bt e e e e estae e e e e astaeeeeeastaeeeeeansaneeeennrees 7
* Changed Settling time to 0.5% of 10 ns from Settling time to 0.1% of 10 ns in Electrical Characteristics: Vg =
5V, OPABIED, OPABIEDBY ...ttt ettt e e et e e e e sttt e e e e et e e e e et e e e e e ntae e e e e e nranaeeeannreas 7
» Changed typical 2nd-order harmonic distortion at R_ = 100 Q to —69 dBc from —62 dBc in Electrical
Characteristics: Vg = 5 V, OPAB9ISD, OPABGIEDBY ...t eaaa e 7
» Changed typical 2nd-order harmonic distortion at R_ = 500 Q to —68 dBc from —70 dBc in Electrical
Characteristics: Vg = 85 V, OPAB9ISD, OPABGIEDBY ...t e e e e 7
» Changed typical 3rd-order harmonic distortion at R = 100 Q to —-62 dBc from —66 dBc in Electrical
Characteristics: Vg = 5 V, OPABG9ISD, OPABGIEDBY ...t aaa e 7
* Changed typical 3rd -order harmonic distortion at R, = 500 Q to —-63 dBc from —65 dBc in Electrical
Characteristics: Vg = 5 V, OPABG9ISD, OPABGIEDBY ...t eaaa e 7
+ Changed typical Input voltage noise from 1.8 nV/\Hz to 1.9 nV/NHz in Electrical Characteristics: Vs =5V,
OPABIED, OPABIEDBY ...ttt et e e e e ettt e e e e ettt e e e e s bt e e e e asteeeeeeastaeeeeeastaeaeeennsaeeeeennrees 7
+ Changed typical Noninverting input current noise from 18 pA/NHz to 14 pA/NHz in Electrical Characteristics:
Vg = 5V, OPABIED, OPABIEDBY ...ttt ettt ettt a e e ettt e e e s eat e e e e e sttt e e e ssntaeeeesastaaeaesanssanaaeans 7
» Changed typical Open-loop transimpedance gain from 70 kQ to 250 kQ in Electrical Characteristics: Vs =5V,
OPABIED, OPABIEDBY ...ttt ettt e e e ettt e e e e sttt e e e e st e e e e e e ste e e e e e astaeeeeeasteeaeeannsaeeaeennrees 7
» Changed typical Noninverting input bias current from +£5 pA to +15 pA in Electrical Characteristics: Vs =5V,
OPABIED, OPABIEDBY ...ttt ettt e e e ettt e e e e sttt e e e e st e e e e e e ste e e e e e astaeeeeeasteeaeeannsaeeaeennrees 7
« Changed typical Common-mode input range (positive) from 3.3 V to 3.4 V in Electrical Characteristics: Vs =5
V, OPABIED, OPABIBDBY ...ttt ettt e e e ettt e e e e ettt e e e e e s tae e e e e e steeaeeeantaeeeeeastaeaeeennnees 7
» Changed typical Common-mode input range (negative) from 1.7 V to 1.6 V in Electrical Characteristics: Vs =
5V, OPABIED, OPABIEDBY ...ttt ettt e e e et e e e e st e e e e e st e e e e ettt e e e e e e ntae e e e e enraeeeeennnaeas 7
* Changed typical Common-mode rejection ratio from 54 dB to 65 dB in Electrical Characteristics: Vs =5V,
OPABIED, OPABIEDBY ...ttt e e e e et e e e e ettt e e e e s bt e e e e e stee e e e e ansaeeaeeasteeeeeeansaneeeennrees 7
« Changed Noninverting input impedance from 280 || 1.2 (kQ || pF) to 250 || 2 (kQ || pF) in Electrical
Characteristics: Vg = 5 V, OPABG9ISD, OPABGIEDBY ...ttt eaaa e 7
* Changed Inverting input resistance from 32 Q to 21 Q in Electrical Characteristics: Vs = 5 V, OPA695D,
OPABIEDBY ...ttt e e et e e e e a e e e e e e e e e bt e e e e ah— et e e e e et —eeeeeaaatatae e e e tteeeeeaantaeaeeeanreeaeeanres 7
« Changed typical Output voltage (positive) at no load from 4.2 V to 4.05 V in Electrical Characteristics: Vg = 5
V, OPABIED, OPABIEBDBY ...ttt ettt e e e e ettt e e e e ettt e e e e e stae e e e e e ste e e e e e entaeeeeeentaeaeeennnees 7
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Changed minimum Output voltage swing (positive) at no load from 4 V to 3.95 V in Electrical Characteristics:

Vg = 5V, OPABISED, OPABIEDBY ...ttt e ettt e e s ettt e e e e eat e e e s sbt e e e e s antaeeeeesnstaeeaesanssaeaanans 7
Changed minimum Output voltage swing (positive) at no load, Ty = —40°C to +85°C from 3.8 V10 3.75V in
Electrical Characteristics: Vg = 5 V, OPAG95D, OPABGISDBY .........ooo et 7
Changed maximum Output voltage swing (negative) at no load from 1 V to 1.05 V in Electrical
Characteristics: Vg = 5 V, OPABISED, OPABIEDBY ..........ouueeeeiiieee ettt e a e ettana e e nraeaa e ennes 7
Changed typical Output voltage swing (negative) at no load from 0.8 V to 0.9 V in Electrical Characteristics:
Vg = 5V, OPABIED, OPABIEDBY ......c.eeeeeeeeeeee et ete e e ettt e e e sttt e e e e ent e e e s sntae e e e s antaeeeessntaeeeesanseaaaaeans 7
Changed maximum Output voltage swing (negative) at no load, Ty = —40°C to +85°C from 1.2V to 1.25 V in
Electrical Characteristics: Vg = 5 V, OPAG95D, OPABISDBY ........coo et 7
Changed typical Output current sourcing from 90 mA to 100 mA in Electrical Characteristics: Vs =5V,
OPABIED, OPABIEDBY ...ttt ettt ettt e e e ettt e e e e sttt e e e e s bt e e e e e stee e e e e astaeeeeeastaeaeeeansaeeeeennrees 7
Changed minimum Output current sinking, Tp = —40°C to +85°C from —66 mA to —60 mA in Electrical
Characteristics: Vg = 5 V, OPABISD, OPABIEDBY .........ouueeeeieiiee ettt ete e enee e e nraea e e ennes 7
Changed Closed-loop output impedance from 0.05 Q to 0.02 Q in Electrical Characteristics: Vs =56V,
OPABIED, OPABIEDBY ...ttt ettt e e e ettt e e e e ettt e e e e s bt e e e e e ste e e e e e e nsaeeaeeastaeaeeeansaeeeeeanrees 7
Changed maximum Quiescent current from 12 mA to 14.4 mA in Electrical Characteristics: Vg =56V,
OPABIED, OPABIEDBY ...ttt ettt e e e ettt e e e e ettt e e e e s bt e e e e e ste e e e e e e nsaeeaeeastaeaeeeansaeeeeeanrees 7
Changed maximum Quiescent current, Ty = —40°C to +85°C from 12.9 mA to 17.1 mA in Electrical
Characteristics: Vg = 5 V, OPABISED, OPABIEDBY ..........ouueeeeiiieiee ettt e e estana e enaea e e 7
Changed typical Negative power-supply rejection ratio from 51 dB to 69 dB in Electrical Characteristics: Vs =
5V, OPABISED, OPABGISDBY TabIE.......cocoieeiiie ittt ettt e e e et ee e e s ettt e e e e s nbae e e e e nsbeeaeeennneeas 7
Changed typical Power-down quiescent current from -95 pA to 120 pA in Electrical Characteristics: Vg =5V,
OPABIED, OPABIEDBY TaDIE........ccceiieiieeeiee ettt ettt e e et e e e et e e e e ess e e e e e enntaeaeeennnteeaeeennnees 7

Changed Disable time from 1 ys to 5 us in Electrical Characteristics: Vs = 5 V, OPA695D, OPA695DBYV ....... 7
Changed Enable time from 25 ns to 80 ns in Electrical Characteristics: Vs = 5 V, OPA695D, OPA695DBYV ....7
Changed typical Enable voltage threshold from 3.3 V to 3.1 V in Electrical Characteristics: Vs =5V,

OPABIED, OPABIEDBY ...ttt ettt e e e ettt e e e e ettt e e e e s bt e e e e e ste e e e e e astaeeaeeasteeeeeeansaneaeeanrees 7
* Changed typical Disable voltage threshold from 1.8 V to 2.4 V in Electrical Characteristics: Vg =5V,
OPABIED, OPABIEDBY ...ttt ettt e e e ettt e e e e ettt e e e e st et e e e e e steeeeeeantaeeaeeasteeeeeeansaeeeeennrees 7
» Changed typical Disable Control pin input bias current from 75 yA to 95 pA in Electrical Characteristics: Vs =
5V, OPAGIED, OPABISDBY TabIE.......cocoieieiiie ettt et e e e ee e e s e e e e e s nrae e e e ennsbeeaeeennseeas 7
* Deleted Composite Video dG/d¢ plot from Typical Characteristics: Vs = £5 V, OPA695IDGK ..........cccceee..... 20
» Deleted the differential operation plots from Typical Characteristics: Vs = £5 V, OPA695IDGK and differential
small signal parameter measurement information SECtion..............occiiiii 20
» Deleted RF Specifications and Applications, Input Return Loss (S11), Output Return Loss (S22), Forward
Gain (S21), Reverse Isolation and Limits to Dynamic Range from Feature Description .............cccccccccceeinnee. 27
» Deleted SAW Filter Buffer and RGB Video Line Driver sections from Application Information ....................... 30
Changes from Revision G (April 2009) to Revision H (April 2015) Page

Added ESD Ratings table, Feature Description section, Device Functional Modes, Application and

Implementation section, Power Supply Recommendations section, Layout section, Device and

Documentation Support section, and Mechanical, Packaging, and Orderable Information section................... 1
Changes from Revision F (July 2006) to Revision G (April 2009) Page
* Added DGK (MSOP-8) package to Package Ordering Information table and to Thermal Resistance

specification in the Electrical CharacteristiCs tables..............uueiiiiiiiii i 1
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Changes from Revision E (March 2006) to Revision F (July 2006) Page
» Changed Storage Temperature Range from —40°C to +125°C t0 =65°C t0 +125°C......cevvvvvveeeiiiiiiiiiiiieeeeeen, 4

10 Mechanical, Packaging, and Orderable Information

The following pages include mechanical, packaging, and orderable information. This information is the most
current data available for the designated devices. This data is subject to change without notice and revision of
this document. For browser-based versions of this data sheet, refer to the left-hand navigation.
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PACKAGING INFORMATION

® 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.

@ RoHS: TI defines "RoHS" to mean semiconductor products that are compliant with the current EU RoHS requirements for all 10 RoHS substances, including the requirement that RoHS substance
do not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, "RoHS" products are suitable for use in specified lead-free processes. Tl may
reference these types of products as "Pb-Free".

RoHS Exempt: Tl defines "RoHS Exempt" to mean products that contain lead but are compliant with EU RoHS pursuant to a specific EU RoHS exemption.

Green: Tl defines "Green" to mean the content of Chlorine (Cl) and Bromine (Br) based flame retardants meet JS709B low halogen requirements of <=1000ppm threshold. Antimony trioxide based
flame retardants must also meet the <=1000ppm threshold requirement.

® MSL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.
@ There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

® Multiple Device Markings will be inside parentheses. Only one Device Marking contained in parentheses and separated by a "~" will appear on a device. If a line is indented then it is a continuation
of the previous line and the two combined represent the entire Device Marking for that device.

© Lead finish/Ball material - Orderable Devices may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead finish/Ball material values may wrap to two
lines if the finish value exceeds the maximum column width.

Addendum-Page 1

Orderable Device Status Package Type Package Pins Package Eco Plan Lead finish/ MSL Peak Temp Op Temp (°C) Device Marking Samples
@ Drawing Qty @ Ball material ® (415)
(6)
OPA695ID OBSOLETE SOIC D 8 TBD Call Tl Call T -40 to 85 OPA
695
OPAG95IDBVR ACTIVE SOT-23 DBV 6 3000 RoHS & Green SN Level-1-260C-UNLIM -40 to 85 AT71L
OPA695IDBVT OBSOLETE  SOT-23 DBV 6 TBD Call Tl Call Tl -40 to 85 A71L
OPA695IDGKR ACTIVE VSSOP DGK 8 2500 RoHS & Green NIPDAUAG Level-2-260C-1 YEAR -40 to 85 695
OPAG695IDGKT ACTIVE VSSOP DGK 8 250 RoOHS & Green NIPDAUAG Level-2-260C-1 YEAR -40 to 85 695
OPA695IDR ACTIVE SoIC D 8 2500 RoHS & Green NIPDAU Level-2-260C-1 YEAR -40 to 85 OPA
695



http://www.ti.com/product/OPA695?CMP=conv-poasamples#order-quality
http://www.ti.com/product/OPA695?CMP=conv-poasamples#order-quality
http://www.ti.com/product/OPA695?CMP=conv-poasamples#order-quality
http://www.ti.com/product/OPA695?CMP=conv-poasamples#order-quality
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INSTRUMENTS

www.ti.com 4-Nov-2024

Important Information and Disclaimer:The information provided on this page represents TlI'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 Tl 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 Tl to Customer on an annual basis.
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PACKAGE MATERIALS INFORMATION

I} TEXAS
INSTRUMENTS
www.ti.com 25-Sep-2024
TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 [¢ KO [« P1L—>
Leg R g R A T
o| |e e Bo W
Rl |
L & Diameter ' '
Cavity —>| AO |<—
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
A W | Overal width of the carrier tape
i P1 | Pitch between successive cavity centers
| [ 1
_f Reel Width (W1)
QUADRANT ASSIGNMENTSFOR PIN 1 ORIENTATION IN TAPE
O 0O O 0O 0O 0O 0O Sprocket Holes
| |
T T
St N Il )
H4-—q--4 t--1--1
Q3 1 Q4 Q3 | User Direction of Feed
[ .4 A |
T T
N
Pocket Quadrants
*All dimensions are nominal
Device Package |Package|Pins | SPQ Reel Reel AO BO KO P1 W Pinl
Type |Drawing Diameter| Width | (mm) | (mm) | (mm) [ (mm) [ (mm) |Quadrant
(mm) |W1(mm)
OPAG695IDBVR SOT-23 DBV 6 3000 180.0 8.4 3.2 3.2 14 4.0 8.0 Q3
OPAG695IDGKR VSSOP | DGK 8 2500 330.0 12.4 5.3 3.4 14 8.0 12.0 Q1
OPA695IDGKT VSSOP | DGK 8 250 180.0 12.4 5.3 3.4 14 8.0 12.0 Q1
OPAG695IDR SOIC D 8 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1
OPAG695IDR SoIC D 8 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1
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PACKAGE MATERIALS INFORMATION

I} TEXAS
INSTRUMENTS
www.ti.com 25-Sep-2024
TAPE AND REEL BOX DIMENSIONS
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
OPA695IDBVR SOT-23 DBV 6 3000 210.0 185.0 35.0
OPA695IDGKR VSSOP DGK 8 2500 356.0 356.0 35.0
OPAG695IDGKT VSSOP DGK 8 250 210.0 185.0 35.0
OPAG695IDR SOIC D 8 2500 356.0 356.0 35.0
OPA695IDR SoIC D 8 2500 353.0 353.0 32.0
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PACKAGE OUTLINE
SOIC - 1.75 mm max height

DOOO8A

SMALL OUTLINE INTEGRATED CIRCUIT

SEATING PLANE\
re———— .228-.244 TYP

58019 ([0 B1[C]
PIN 1 ID AREA

6X[.050
: o [1.27] —] \
T == %
I T |
— 2X |
.189-.197
[4.81-5.00] % 150 |
NOTE 3 [3.81] ?
] u
4X (0°-15%) \
- == ‘
L\ J 5 T p—
3] 8X .012-.020 }
150-.157 —— [0.31-0.51] —={ .069 MAX
[3,\.1801%528] |9 [.010[0.25)0) [c|A[B] [1.75]

‘\‘_

[ 1 .‘\‘ ‘\1 .005-.010 TYP
: J [0.13-0.25]
4X (0°-15°) \/ j‘

SEE DETAIL A

'
. arﬁ ‘L .004-.010
0-8 [0.11-0.25]
.016-.050
[0.41-1.27] DETAIL A
(041) =  TYPICAL
[1.04]

4214825/C 02/2019

NOTES:

. Linear dimensions are in inches [millimeters]. Dimensions in parenthesis are for reference only. Controlling dimensions are in inches.
Dimensioning and tolerancing per ASME Y14.5M.

. This drawing is subject to change without notice.

. This dimension does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall not
exceed .006 [0.15] per side.

. This dimension does not include interlead flash.

. Reference JEDEC registration MS-012, variation AA.

[N

(G200 w N

INSTRUMENTS
www.ti.com




EXAMPLE BOARD LAYOUT
DOOO8SA SOIC - 1.75 mm max height

SMALL OUTLINE INTEGRATED CIRCUIT

8X (.061 )
[1.55] SYMM
SEE
L ¢ DETAILS

— :

8X (.024) j C?
[0.6] SYMM
- ) P ¢

! ! ~— (R.002 ) TYP
_ [0.05]
=3 s

6X (.050 ) | |

[1.27]
~ (-[5143]) — ™

LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE:8X

SOLDER MASK SOLDER MASK
METAL /OPENING OPENING‘\ /“S”S[Sggmii

|
|
EXPOSED /
METAL EXPOSED N 2
4 METAL
L .0028 MAX .0028 MIN
[0.07] [0.07]
ALL AROUND ALL AROUND
NON SOLDER MASK SOLDER MASK
DEFINED DEFINED

SOLDER MASK DETAILS

4214825/C 02/2019

NOTES: (continued)

6. Publication IPC-7351 may have alternate designs.
7. Solder mask tolerances between and around signal pads can vary based on board fabrication site.
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EXAMPLE STENCIL DESIGN
SOIC - 1.75 mm max height

SMALL OUTLINE INTEGRATED CIRCUIT

DOOO8A

8X (.061 )
[1.55] SYMM

¥ 1
8X (.024) T

[0.6]

SYMM

—- iy
| | (R.002 ) TYP

0.05
o [T Js oo

6X (.050 ) — ! !

[1.27]
Li (.213) 4J
[5.4]

SOLDER PASTE EXAMPLE
BASED ON .005 INCH [0.125 MM] THICK STENCIL
SCALE:8X

4214825/C 02/2019

NOTES: (continued)

8. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.

9. Board assembly site may have different recommendations for stencil design.

INSTRUMENTS
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PACKAGE OUTLINE

DBVOOO6A SOT-23 - 1.45 mm max height
SMALL OUTLINE TRANSISTOR
3.0
2.6

(D Joa[ch~ =

PIN 1— ‘
INDEX AREA
(1L
_ 6 }
2X !
3.05 1
2.75 I
5 !
X
|
|
T |
4 |
I
6X 822 \S /) f\gj/J
& Jo20]c|a[B] X 15 Vol 000 TP
1.45
0.90
GAGE PLANE
f

e L L \ T
. TYP 0.6
0 — o3 TYP SEATING PLANE

4214840/G 08/2024

NOTES:

1. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing

per ASME Y14.5M.
2. This drawing is subject to change without notice.

3. Body dimensions do not include mold flash or protrusion. Mold flash and protrusion shall not exceed 0.25 per side.
4. Leads 1,2,3 may be wider than leads 4,5,6 for package orientation.

5. Refernce JEDEC MO-178.

INSTRUMENTS
www.ti.com




EXAMPLE BOARD LAYOUT
DBVOOO6A SOT-23 - 1.45 mm max height

SMALL OUTLINE TRANSISTOR

1 1

6X (0.6)

f
T

2X (0.95)

J

SYMM

(R0.05) TYP

LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE:15X

SOLDER MASK METAL METAL UNDER SOLDER MASK
OPENING \‘ SOLDER MASK‘\
|
/
EXPOSED METAL— |
J L 0.07 MAX JL 0.07 MIN

EXPOSED METAL

ARROUND ARROUND
NON SOLDER MASK SOLDER MASK
DEFINED DEFINED
(PREFERRED)

SOLDER MASK DETAILS

4214840/G 08/2024

NOTES: (continued)

6. Publication IPC-7351 may have alternate designs.
7. Solder mask tolerances between and around signal pads can vary based on board fabrication site.
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EXAMPLE STENCIL DESIGN
DBVOOO6A SOT-23 - 1.45 mm max height

SMALL OUTLINE TRANSISTOR

PKG
— BX(L1) = ¢
1 | ‘ -
6X (0.6) ! ‘ |
f 4 [ + ®
| |
‘ SYMM
[ ‘ et
2X(0.95) |
L T ‘ T
R -

(R0.05) TYP / 2.6)

SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL
SCALE:15X

4214840/G 08/2024

NOTES: (continued)

8. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.
9. Board assembly site may have different recommendations for stencil design.
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PACKAGE OUTLINE
DGKOOO8A VSSOP - 1.1 mm max height

SMALL OUTLINE PACKAGE

02
| Soacl— -

FPIN 1 INDEX AREA SEATING
‘ PLANE
) 8 6X ,/j\
—] == j T T
—-—] 2% 1l
|
[ ] + ‘ ]
— == |
L ) 5 L 5 0.38 \J/
I N S %0130 [c[ale]
NOTE 4
\f{ ‘\ 0.23
/
- <¥SEE DETAIL A o
1.1 MAX

L 0.15

0.05

DETAIL A
TYPICAL

4214862/A 04/2023

NOTES: PowerPAD is a trademark of Texas Instruments.

1. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing
per ASME Y14.5M.

2. This drawing is subject to change without notice.

3. This dimension does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall not
exceed 0.15 mm per side.

4. This dimension does not include interlead flash. Interlead flash shall not exceed 0.25 mm per side.

5. Reference JEDEC registration MO-187.
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EXAMPLE BOARD LAYOUT
DGKOO08A "VSSOP - 1.1 mm max height

SMALL OUTLINE PACKAGE

Tsx (1.4) j
1

8X (0.45) 1 [ Y J

SEE DETAILS
‘ (4.4)
LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE: 15X
SOLDER MASK METAL METAL UNDER SOLDER MASK
OPENING  \ SOLDER MASK‘\ /  OPENING
O |
|
EXPOSED METAL \ * T T——EXPOSED METAL
0.05 MAX # 0.05 MIN
ALL AROUND ALL AROUND
NON-SOLDER MASK SOLDER MASK
DEFINED DEFINED

(PREFERRED) SOLDER MASK DETAILS

4214862/A 04/2023

NOTES: (continued)

6. Publication IPC-7351 may have alternate designs.
7. Solder mask tolerances between and around signal pads can vary based on board fabrication site.
8. Vias are optional depending on application, refer to device data sheet. If any vias are implemented, refer to their locations shown

on this view. It is recommended that vias under paste be filled, plugged or tented.
9. Size of metal pad may vary due to creepage requirement.
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EXAMPLE STENCIL DESIGN
DGKOO08A "VSSOP - 1.1 mm max height

SMALL OUTLINE PACKAGE

(R0.05) TYP

+ r 8X (;.4) j

8X (0.45) 1 [ ]

SOLDER PASTE EXAMPLE
SCALE: 15X

4214862/A 04/2023

NOTES: (continued)

11. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.
12. Board assembly site may have different recommendations for stencil design.
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IMPORTANT NOTICE AND DISCLAIMER

TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATA SHEETS), DESIGN RESOURCES (INCLUDING REFERENCE
DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS IS”
AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY
IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD
PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for skilled developers designing with Tl products. You are solely responsible for (1) selecting the appropriate
TI products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable
standards, and any other safety, security, regulatory or other requirements.

These resources are subject to change without notice. Tl grants you permission to use these resources only for development of an
application that uses the Tl products described in the resource. Other reproduction and display of these resources is prohibited. No license
is granted to any other Tl intellectual property right or to any third party intellectual property right. Tl disclaims responsibility for, and you
will fully indemnify Tl and its representatives against, any claims, damages, costs, losses, and liabilities arising out of your use of these
resources.

TI's products are provided subject to TI's Terms of Sale or other applicable terms available either on ti.com or provided in conjunction with
such Tl products. TI's provision of these resources does not expand or otherwise alter TI's applicable warranties or warranty disclaimers for
TI products.

Tl objects to and rejects any additional or different terms you may have proposed.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2024, Texas Instruments Incorporated


https://www.ti.com/legal/terms-conditions/terms-of-sale.html
https://www.ti.com
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