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4 Pin Configuration and Functions

o

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

No Connection

A71L

EIRNEIRNEN
Pin Orientation/Package Marking
& 4-2. DBV Package, 6-Pin SOT-23 (Top View)

Z 4-1. Pin Functions

PIN
NAME SNE0iE) L eh TYPE(") DESCRIPTION
DGK (VSSC,)P) 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 (0] Output
- Vs 4 2 P Negative supply
+Vg 7 6 P Positive supply

(1)

| =input, O = output, P = power
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5 Specifications

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

MIN MAX| UNIT
Vs Total supply voltage, Vs = (Vs+) - (Vs-) 13 \Y
Vip Differential input voltage +1.2 \Y
\ Input common-mode voltage Vs \Y
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(")
Veso) | Electrostatic discharge TEB"SS ljgdgoToﬁﬁ,'e(r':Egﬂ mﬂiﬁNS”ESDA/ 500 v
Char.g.ed Qevice 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
Vs+ - Vg. |Total supply voltage 5 12 \%
Ta Ambient operating air temperature -40 85 °C
5.4 Thermal Information
OPA695
THERMAL METRIC(") D (SOIC) DBV (SOT 23) DGK (VSSOP) UNIT
8 PINS 6 PINS 6 PINS
R ya Junction-to-ambient thermal resistance 136 164 135 °C/W
R ycop) |Junction-to-case (top) thermal resistance 78 80 81 °C/W
Rous Junction-to-board thermal resistance 85 49 56 °C/W
Wr Junction-to-top characterization parameter 24 28 85 °C/W
Y Junction-to-board characterization parameter 84 49 48 °C/W
Roycpot) |Junction-to-case (bottom) thermal resistance N/A N/A N/A N/A

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

at Ty =+25°C, G =+8 V/V, R =402 @, 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=+2VI/V,RF =511 Q 120 MHz
Peaking at a gain of +1V/V Vo =0.5Vpp, Rp =523 Q 3.7 dB
LSBW |Large-signal bandwidth Vo =4 Vpp, G=+8 VIV 510 MHz
G=-8V/NV 5000 Vius
SR Slew rate Vo = 4-V step
G=+8 VIV 5000 Vius
Vo =0.5-V step 0.65
Rise and fall time G=+8 VNV ns
Vo =4-V step 0.7
Settling time To 0.5%, Vo = 2-V step, G = +8 VIV 10 ns
Vo=2Vpp, RL=100 Q -75
HD2 2nd-order harmonic distortion f=10 MHz dBc
Vo =2 Vpp, R =500 Q -78
VO=2Vpp, RL=100 Q -92
HD3 3rd-order harmonic distortion f=10 MHz dBc
Vo=2VpP, R|_=500 Q - 86
e Input voltage noise f>1 MHz 2 n\lfllzJ
in+ Noninverting input current noise f>1MHz 14 pﬁ/;
in- Inverting input current noise f>1MHz 22 pﬁ’;
DC PERFORMANCE
Z O | t d 4o 300
pen-loop transimpedance gain kQ
o Tp= - 40°C to +85°C 41
Y [ ff [ Vem =0V 03 =0 Y%
nput offset voltage = m
08 oM Tp= - 40°C to +85°C +4
Average input offset voltage drift Vem =0V, Tp = -40°C to +85°C +15| uVv/°C
13 +30
Noninverting input bias current Vem =0V LA
Ta= -40°C to +85°C 41
Qxfs:rage noninverting input bias current Ven =0V, Ta= - 40°C to +85°C 60 180! nArC
15 160
Inverting input bias current Vem =0V bA
Ta= -40°C to +85°C +70
Average inverting input bias current drift |V =0V, Tao = -40°C to +85°C 116 +160| nA/°C
INPUT CHARACTERISTICS
13 +3.4
CMIR |Common-mode input range(") \Y
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 4501 2 k;:”
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5.5 Electrical Characteristics Vg = 5 V, OPA695ID, OPA695IDBV ( 4 )
at Tp = +25°C, G=+8 VIV, RF =402 Q,and R =100 Q to Vs/2 (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
‘ Inverting input resistance Open-loop 20 Q
6 R 15 Copyright © 2024 Texas Instruments Incorporated
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5.5 Electrical Characteristics Vg = 5 V, OPA695ID, OPA695IDBV ( 4 )
at Tp = +25°C, G=+8 VIV, RF =402 Q,and R =100 Q to Vs/2 (unless otherwise noted)

OPAG695
ZHCSR21l - DECEMBER 2003 - REVISED OCTOBER 2024

PARAMETER ‘ TEST CONDITIONS ‘ MIN TYP MAX| UNIT
OUTPUT CHARACTERISTICS
+3.95 +4.05
No load
) Ta= -40°C to +85°C +3.85
Output voltage swing \%
1+3.65 +3.75
R_ =100 @
Ta= -40°C to +85°C +3.55
90 140
Output current, sourcing Vo=0V mA
| Ta= -40°Cto +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
1.7 14 15.6
la Quiescent current mA
Ta= -40°C to +85°C 10 18
- N | 51 72 4B
egative power-supply rejection ratio
PSRR Ta= -40°C to +85°C 48
DISABLE (Disabled LOW)
160 200
Power-down quiescent current Vps =0V LA
Ta= -40°C to +85°C 210
Disable time VN = £0.25 Vpe 4 us
Enable time VN = £0.25 Vpe 80 ns
Off Isolation G=+8V/V,f=10 MHz 70 dB
Output capacitance in disable 2.5 pF
3 3.5
Enable voltage threshold \
Ta= -40°C to +85°C 3.7
1.7 23
Disable voltage threshold \%
Ta= -40°C to +85°C 1.5
_ 95 130
DIS control pin input bias current Vps =0V uA
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 V/V, RF =348 Q,and R =100 Q to Vs/2 (unless otherwise noted)

PARAMETER ‘ TEST CONDITIONS ‘ MIN TYP MAX| UNIT
AC PERFORMANCE
G=+1V/V,Rg =511Q 1200
) ) G =+2 VIV, Rg = 487Q 700
SSBW | Small-signal bandwidth Vo =0.5Vpp MHz
G =+8 V/V, Rg = 348Q 500
G =+16 VIV, R = 162Q 410
Bandwidth for 0.2-dB gain flatness Vo=0.5Vpp, G=+2V/V, R =487 Q 110 MHz
Peaking at a gain of +1 V/V Vo =0.5Vpp, Re =511 Q 2.2 dB
LSBW |Large-signal bandwidth Vo =2Vpp, G=+8 VIV 430 MHz
SR Slew rate Vo = 2-V step, G = +8 VIV 2500 V/ius
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 =2Vpp, RL =100 Q -69
HD2 2nd-order harmonic distortion f=10 MHz dBc
Vo =2 Vpp, RL =500 Q - 68
o ) Vo=2Vpp, RL =100 Q - 62
HD3 3rd- order harmonic distortion f=10 MHz dBc
VO =2 Vpp, RL =500 Q -63
€n Input voltage noise f>1MHz 1.9 nm/zd
in+ Noninverting input current noise f>1MHz 14 pﬁ’;
in- Inverting input current noise f>1MHz 22 p%d
DC PERFORMANCE
. o | g 40 250
oL pen-loop transimpedance gain kQ
Ta= -40°Cto +85°C 36
Vv Input offset volt Vew = Vgl2 03 = Vv
nput offset voltage = m
o8 mmTs To= - 40°C to +85°C +4
Average input offset voltage drift Vem = Vg/2, Ta = -40°C to +85°C 4 +15| nV/°C
15 +40
Noninverting input bias current Vem = Vs/2 LA
Ta= -40°C to +85°C +50
ﬁxfetrage noninverting input bias current Vew = Ve/2, Ta = - 40°C to +85°C 60 +170| nArC
Inverting input bi t V Vg/2 =0 *00
nverting input bias curren = LA
mmTs Tp= - 40°C to +85°C £70
Average inverting input bias current drift | Vg = Vg/2, Tao = - 40°C to +85°C +16 +160| nA/°C
INPUT CHARACTERISTICS
3.2 3.4
Common-mode input range (positive)
Tp= -40°Cto +85°C 3.1
CMIR Y
1.6 1.8
Common-mode input range (negative)
Ta= -40°C to +85°C 1.9
51 65
CMRR |Common-mode rejection ratio Vem = Vs/2 dB
Ta= -40°C to +85°C 50
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5.6 Electrical Characteristics Vg = 5 V, OPA695ID, OPA695IDBV ( 4t )
at Tp = +25°C, G=+8 V/V, R =348 Q,and R =100 Q to Vs/2 (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Noninverting input resistance 2501 2 ksF”
Inverting input resistance Open-loop 21 Q
Copyright © 2024 Texas Instruments Incorporated TR 15 9
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5.6 Electrical Characteristics Vg = 5 V, OPA695ID, OPA695IDBV ( 4t )
at Tp = +25°C, G=+8 V/V, R =348 Q,and R =100 Q to Vs/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°Cto +85°C 66
|o mA
o -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) Vpos =0V BA
Ta= -40°C to +85°C 180
Disable time VN = 10.25 Vpe 5 us
Enable time VN = £0.25 Vpe 80 ns
Off isolation G=+8 VIV, 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 24
Disable voltage threshold \Y
Ta = -40°C to +85°C 1.5
_ 95 130
IS control pin input bias current LA
Ta= -40°C to +85°C 149
10 R 15 Copyright © 2024 Texas Instruments Incorporated
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5.7 Electrical Characteristics Vg = +5 V, OPAG695IDGK
atTp=+25°C,G=+8V/V,Vg=25V, 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/N,V5=0.5Vpp, RE =511 Q 320 MHz
Peaking at a gain of +1V/V Rg =523 Q,Vo=0.5Vpp 4.6 dB
LSBW |Large-signal bandwidth G=+8V/V,Vp =4 Vpp 450 MHz
G=-8V/NV 4300
SR Slew rate Vo = 4-V step V/ius
G=+8 VNV 2900
Vo = 0.5-V step 0.8
Rise and fall time G=+8 VIV ns
Vo =4-V step 1
Vo = 2-V step, 0.02% 16
Settling time ns
Vo = 2-V step, 0.1% 10
Vo=2Vpp, RL=100 Q -65
HD2 2nd-order harmonic distortion f=10 MHz dBc
Vo=2Vpp, R|_=500 Q -78
Vo=2Vpp, RL=100 Q - 86
HD3 3rd-order harmonic distortion f=10 MHz dBc
Vo=2Vpp, R|_=500 Q - 86
en Input voltage noise f>1MHz 1.8 n\lfl/zJ
in+ Noninverting input current noise f>1MHz 18 pﬁ/ZJ
in- Inverting input current noise f>1MHz 22 Pﬁ/z«/
DC PERFORMANCE
Z O | t d Vo=0V 45 i
pen-loop transimpedance gain = kQ
ot ° Tp= - 40°C to +85°C 41
Y | ff; | Vem =0V 03 il ey
nput offset voltage = m
08 oM Ta= - 40°C to +85°C +4
Average input offset voltage drift Vem =0V, Tp = -40°C to +85°C #15| wV/°C
13 130
Noninverting input bias current Vem=0V Tr=Ta= -40°C to uA
A +41
+85°C
Average noninverting input bias current _ - o o o
drift VCM—OV, TA_TA_ -40°C to +85°C +150| nA/°C
+20 160
Inverting input bi t Vem =0V =T = —40°
nverting input bias curren CcM Ta _OTA = -40°Cto +70 BA
+85°C
Average inverting input bias current drift |V =0V, To=Ta = -40°C to +85°C +160| nA/°C
INPUT CHARACTERISTICS
+3.1 +3.3
CMIR |Common-mode input range(") v
Ta= -40°C to +85°C +3
51 56
CMRR |Common-mode rejection ratio Veu=0V dB
Ta= -40°C to +85°C 50
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5.7 Electrical Characteristics Vg = £5 V, OPA695IDGK ( 4 )
atTp=+25°C,G=+8V/V,Vg=25V, R =402 Q, and R_. =100 Q to Vg/2 (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Noninverting input impedance 28011 1.2 ksF”
R, Inverting input resistance Open-loop 29 Q
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5.7 Electrical Characteristics Vg = £5 V, OPA695IDGK ( 4 )
atTp=+25°C,G=+8V/V,Vg=25V, 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 Output volt ) Ta= -40°C to +85°C +3.9
utput voltage swin
© P ge swing 37 39
R_ =100 @ Vv
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 1 141
N Negati ly rejecti ti o1 o dB
egative power-supply rejection ratio
PSRR Ta= -40°C to +85°C 48
DISABLE (Disabled LOW)
100 170
Power-down quiescent current (+Vsg) Vps =0V LA
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=+8V/V,f=10 MHz 70 dB
Output capacitance in disable 4 pF
Turn-on glitch G=+2VIV,R. =150 Q,Vy=0V +100 mV
Turn-off glitch G=+2V/NV,R =150 Q,Vy=0V +20 mV
3.3 35
Enable voltage threshold \Y
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 LA
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 = 5V, OPAG695IDGK
at Ty =+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
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, Rg = 162Q 235
Bandwidth for 0.2-dB gain flatness G=+2,Vo5=0.5Vpp, RF =487 Q 230 MHz
Peaking at a gain of +1 V/V R =511 Q,V5=0.5Vpp 1 2| dB
LSBW |Large-signal bandwidth G=+8V/V,Vp=2Vpp 310 MHz
SR Slew rate G =+8 VIV, Vg = 2-V step 1700 V/ius
) ) Vo = 0.5-V step 1
Rise and fall time (10% to 90%) G=+8 VIV ns
Vo = 2-V step 1
To 0.02%, Vo = 2-V step 16 ns
Settling time
To 0.1%, Vo = 2-V step 10 ns
Vo =2 Vpp, RL =100 Q - 62 - 58
HD2 2nd-order harmonic distortion f=10 MHz dBc
Vo =2 Vpp, R =500 Q -70 - 66
Vo =2 Vpp, RL=100 @ - 66 - 64
HD3 3rd-order harmonic distortion f=10 MHz dBc
Vo =2 Vpp, RL =500 Q -65 -63
en Input voltage noise f>1 MHz 18 2 ”\%4
in+ Noninverting input current noise f>1MHz 18 19 p%J
in- Inverting input current noise f>1MHz 22 24 pﬁf/zd
DC PERFORMANCE
Z O | d Vo = Vg/2 40 &
pen-loop transimpedance gain = kQ
ot - 'S Tp= - 40°C to +85°C 36
Input offset volt Vew = Vgl2 03 il ey
nput offset voltage = m
s Ta= - 40°C to +85°C +4
Average input offset voltage drift Vewm = Ve/2,To = -40°C to +85°C #15| nV/°C
15 +40
Noninverting input bias current Vem = Vg/2 bA
Ta= -40°C to +85°C 150
ﬁ:ﬁrage noninverting input bias current Vou = Ve/2, Ta = - 40°C to +85°C +170| nACC
Inverting input bi t V Vg/2 =5 *00
nverting input bias curren = BA
M TS Ta= - 40°C to +85°C +70
Average inverting input bias current drift  |Vcoy = Vg/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 Vv
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
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5.8 Electrical Characteristics Vg = 5V, OPA695IDGK ( 4t )
at Ty =+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
Noninverting input resistance 28011 1.2 ksF”
Inverting input resistance Open-loop 32 Q
Copyright © 2024 Texas Instruments Incorporated TR 15 15
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5.8 Electrical Characteristics Vg = 5V, OPA695IDGK ( 4t )
at Ty =+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 \%
) " Ta= -40°C to +85°C 3.8
Output voltage swing (most positive) 39 a1
R, = 1000 : v
Ta= -40°Cto +85°C 3.7
Vo
0.8 1
No load \%
Ta= -40°Cto +85°C 1.2
Output voltage swing (least positive) ] w
R.=1000Q : v
Ta= -40°Cto +85°C 1.3
70 90
Output current, sourcing Vo = Vg/2 mA
| Ta= -40°Cto +85°C 66
© - 90 -70
Output current, sinking Vo = Vg/2 mA
Ta= -40°Cto +85°C - 66
Zout Closed-loop output impedance G =+2V/V, f=100 kHz 0.05 Q
POWER SUPPLY
10.9 11.4 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 pA
Ta= -40°C to +85°C 180
Disable time VN = 10.25 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 =150 Q,Vy=0V +100 mV
Turn-off glitch G=+2V/V,R =150 Q,Vy=0V +20 mV
3.3 3.5
Enable voltage \%
Ta= -40°C to +85°C 3.7
1.7 1.8
Disable voltage threshold \Y
Ta= -40°C to +85°C 1.5
_ 75 130
IS control pin input bias current LA
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, RE =402 Q, and R_. = 100 Q (unless otherwise noted)

Frequency (Hz)

VOUT =500 mVpp

A 5-1. Noninverting Small-Signal Frequency Response
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5-2. Inverting Small-Signal Frequency Response

& 5-3. Noninverting Large-Signal Frequency Response
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K 5-4. Inverting Large-Signal Frequency Response

& 5-5. Noninverting Large and Small-Signal Frequency
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A 5-6. Inverting Large and Small-Signal Frequency Response
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5.9 Typical Characteristics: Vg = 5 V, OPA695IDBV, OPA695ID (continued)

at Ty =+25°C, G =+8 V/V,RF =402 @, and R =100 Q (unless otherwise noted)

— HD2
-60 — HD3

Harmonic Distortion (dBc)
4
)

100 1k
Load Resistance (Q2)

Vout =2 Vpp

A 5-7. 10-MHz Harmonic Distortion vs Load Resistance
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A 5-8. 10-MHz Harmonic Distortion vs Supply Voltage
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A 5-11. 10-MHz Harmonic Distortion vs Noninverting Gain

& 5-12. 10-MHz Harmonic Distortion vs Inverting Gain
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5.9 Typical Characteristics: Vg = 5 V, OPA695IDBV, OPA695ID (continued)
at Ty =+25°C, G =+8 V/V,RF =402 @, and R =100 Q (unless otherwise noted)
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A 5-17. Rg vs Capacitive Load &l 5-18. Small-Signal Frequency Response vs Capacitive Load
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5.9 Typical Characteristics: Vg = ¥5 V, OPA695IDBV, OPA695ID (continued)
at Ty =+25°C, G =+8 V/V,RF =402 @, and R =100 Q (unless otherwise noted)
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A& 5-21. Output Voltage and Current Limitations A& 5-22. Supply and Output Current vs Temperature
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5.9 Typical Characteristics: Vg = 5 V, OPA695IDBV, OPA695ID (continued)
at Ty =+25°C, G =+8 V/V,RF =402 @, and R =100 Q (unless otherwise noted)
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5.10 Typical Characteristics: Vg = 5 V, OPA695IDBV, OPA695ID
atG=+8 V/V,RF =348 Q, and R_. = 100 Q (unless otherwise noted)
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5.10 Typical Characteristics: Vg = 5 V, OPA695IDBV, OPA695ID (continued)
atG=+8 V/V,RF =348 Q,and R_. = 100 Q (unless otherwise noted)
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5.11 Typical Characteristics: Vg = 5 V, OPA695IDGK
atG=+8 VIV, RF =402 Q,and R_. =100 Q (unless otherwise noted)
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5.11 Typical Characteristics: Vg = +5 V, OPA695IDGK (continued)
atG=+8 V/V,RF =402 Q,and R_. = 100 Q (unless otherwise noted)
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5.11 Typical Characteristics: Vg = +5 V, OPA695IDGK (continued)
atG=+8 V/V,RF =402 Q,and R_. = 100 Q (unless otherwise noted)
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5.11 Typical Characteristics: Vg = +5 V, OPA695IDGK (continued)
atG=+8 V/V,RF =402 Q,and R_. = 100 Q (unless otherwise noted)
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5.11 Typical Characteristics: Vg = +5 V, OPA695IDGK (continued)

atG=+8 V/V,RF =402 Q,and R_. = 100 Q (unless otherwise noted)
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5.12 Typical Characteristics: Vg = 5 V, OPA695IDGK
atG=+8 V/V,RF =348 Q,and R_. = 100 Q (unless otherwise noted)

T 6 T T
G =+2, R. = 487Q ‘ G =-2V/IV, R =453Q
G = +4, R; = 450Q
> 0 f > 0
S N — 1/ 5 *&V\ G =-4, R; = 4420
m -3 7 m -3 f
3 0 4 3 ~—_/
c c
S K ﬁ ] S o / y
3 G = +8, R, = 3480 3 / /
N~ N~ S
s , s G =16, R, = 8060 ——
E / E T Re =500 G=-8 R.=4220
2 -18 / 2 -18 o
G = +16, R; = 162Q
-21 ‘ -21
24 24
0 200 400 600 800 1GHz 0 200 400 600 800 1GHz
Frequency (200MHz/div) Frequency (200MHz/div)
A 5-69. Noninverting Small-Signal Frequency Response A 5-70. Inverting Small-Signal Frequency Response
4.0 T T 4.0 T ‘
] LT G = +8UV \ T ] G=-8UNV
100MHz, Square Wave Input 100MHz, Square Wave Input
35 —~ 35 ~—] __,a\
g 3.0 @ 3.0 \
ol s
o o
Z 25 > 25
> >
Qo Qo
O 20 \ / \ O 20
1.5 -~ 15
1.0 1.0
Time (1ns/div) Time (1ns/div)
B 5-71. Noninverting Pulse Response A 5-72. Inverting Pulse Response
* 0.5dB Peaking g | |
| . eaking -
T T~ Allowed Cy = 10pF
20 = 18 = Val
\ % % C,_ =20pF
N Z %
™~ c
~ 15 ©
[e] \\ O
o o 15
4 e C, = 50pF
10 T
£
S B
z 12
5
0 9
5 10 100 10 100 1k
Capacitive Load (pF) Frequency (MHz)
Al 5-73. Rg vs Capacitive Load K] 5-74. Small-Signal Frequency Response vs Capacitive Load
Copyright © 2024 Texas Instruments Incorporated TR 15 29

Product Folder Links: OPA695
English Data Sheet: SBOS293


https://www.ti.com.cn
https://www.ti.com.cn/product/cn/opa695?qgpn=opa695
https://www.ti.com.cn/cn/lit/pdf/ZHCSR21
https://www.ti.com/feedbackform/techdocfeedback?litnum=ZHCSR21I&partnum=OPA695
https://www.ti.com.cn/product/cn/opa695?qgpn=opa695
https://www.ti.com/lit/pdf/SBOS293

13 TEXAS

OPA695 INSTRUMENTS
ZHCSR21l - DECEMBER 2003 - REVISED OCTOBER 2024 www.ti.com.cn

5.12 Typical Characteristics: Vg = 5 V, OPA695IDGK (continued)
atG=+8 V/V,RF =348 Q, and R_. = 100 Q (unless otherwise noted)

-50 — — 7 -50 ‘
Vo = 2Vpp 2nd-Harmoniﬁ// G =+8VIV /
55 R, =100Q \ -55 |R, =100Q
= G = +8V/V / < s 2nd-Harmonic /
@ -60 v @ -60
g /] 3rd-Harmonic = _’3/
S -65 A & 65
5 il £
2 70 B -70 v >
o P g 2 /] /3rd-Harmonic
g -75 z —75 %
e : / d
5 -80 s —80
T & /
-85 -85
-90 -90
0.5 1 10 100 0 0.5 1.0 1.5 2.0 25
Frequency (MHz) Output Voltage (Vpp)
A 5-75. Harmonic Distortion vs Frequency A 5-76. 10-MHz Harmonic Distortion vs Output Voltage
-50 T 40
Vo =2Vpp
_55 G =+8V/V 7
S N 2nd-Harmonic 35
o -60 S
o ~ o
c \k S
S 65 - < 3
5 LT T — £ See Figure 53
B -70 £ ™~
% 3rd-Harmonic B o5 1\
c 75 8 %4 \\
Qe o See Figure 52 \\
E g k= NG
T 20
-85
-90 15
50 100 500 20 40 60 80 100 120 140 160 180 200 220 240
Load Resistance (Q) Frequency (MHz)
& 5-77. 10-MHz Harmonic Distortion vs Load Resistance &l 5-78. Two-Tone, 3rd-Order Intermodulation Intercept
30 TR 15 Copyright © 2024 Texas Instruments Incorporated

Product Folder Links: OPA695
English Data Sheet: SBOS293


https://www.ti.com.cn/product/cn/opa695?qgpn=opa695
https://www.ti.com.cn/cn/lit/pdf/ZHCSR21
https://www.ti.com.cn
https://www.ti.com/feedbackform/techdocfeedback?litnum=ZHCSR21I&partnum=OPA695
https://www.ti.com.cn/product/cn/opa695?qgpn=opa695
https://www.ti.com/lit/pdf/SBOS293

13 TEXAS
INSTRUMENTS OPA695
www.ti.com.cn ZHCSR21l - DECEMBER 2003 - REVISED OCTOBER 2024

6 Detailed Description
6.1 Overview

The OPAB695 is a high-speed current-feedback amplifier (CFA) designed to operate over a wide supply range of
2.5V (5V)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 Av =VolVine = 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/ 1 s 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.

Kl 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. 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- 1 F 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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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 %] 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
K] 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 OPA695 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.
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7 Application and Implementation

#HiE
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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. i 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 RF and Rg set the signal gain. & 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 iggg to Vo

OVo

IERR¢

%RG

& 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. 77 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 & 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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K] 7-2. Recommended Feedback Resistor vs Noise Gain

7.1.1.2 Output Current and Voltage

The OPAG95 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 ¥ 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-I product) is more relevant to circuit operation; see also 4| 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 OPAG95 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- 1 F 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. 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

T

i 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
OPA695. 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
OPAG95 output pin (see 77 7.4.1).

7.1.1.4 Distortion Performance

The OPAG95 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 K 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 u F) between the supply pins (for bipolar
operation) improves the 2nd-order distortion.
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7.1.1.5 Noise Performance

The OPAG95 offers an excellent balance between voltage and current noise terms to achieve low output noise.
The inverting current noise (22 pA/ v Hz) is lower than most other current-feedback operational amplifiers, while
the input voltage noise (1.8 nV/ v Hz) 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/ v Hz). 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. | 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 voltage or current density terms in either nV/ v Hz or
pA/ v Hz.

OPAG695

= VAKTR;
Rg I
v‘kﬂ 4KT = 1.6E —20J
e at 290°K

& 7-4. Operational Amplifier Noise Figure Analysis Model

Eo

The total output spot-noise voltage can be computed as the square root of the sum of all squared output noise

voltage contributors. 7723 1 shows the general form for the output noise voltage using the terms shown in &
7-8.

Eg = J(EN,2 +(IE,NRS)2 +4kTRs) Gn? + (IsRe )2 +4KkTReGy 1)

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 J5 23 2:

2
lgRe)? . 4kTR
E=,\/EZ+I Rg)’ +4KTRg +(BE) + ZCRF
N N>+ (IenRs) s (NG) NG )

Evaluating these two equations for the OPA695 circuit and component values shown in & 6-1 gives a total
output spot-noise voltage of 18.7 nV/ v Hz and a total equivalent input spot-noise voltage of 2.3 nV/ v Hz. This
total input referred spot-noise voltage is higher than the 1.8-nV/ v Hz 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 7220 2 just approaches the 1.8 nV/ v Hz 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/ v Hz.

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.
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7.1.1.6 Thermal Analysis

The OPAGB95 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 0 ja. 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.
PpL 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 %] 6-1 operating at the maximum specified ambient temperature of +85°C and driving a grounded
100- Q load.

Po=10V x 141 mA +52/ (4 x (100 @ || 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
V/V, the OPAB95 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. ¥ 7-5 shows one option for the
OPAB695 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.
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& 7-5. Dual Output LO Buffer

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. 7-6 shows one example of using the OPAG95 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 OPAB95. 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 OPAG95 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 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 & 7-6 (with the PGA source turned off, but still
presenting a 75- Q source impedance) is a very low 4 nV/ v Hz ( - 157 dBm/Hz) as a result of the low input noise
of the OPAB95.
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K 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 | 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
DAC, consider a push-pull output stage using the circuit of ¥ 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 ¥ 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.
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Power supply decoupling not shown.
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20mA Peak Output

& 7-7. High Power, Wideband AC-Coupled Arbitrary Waveform Driver
7.1.4 Differential I/0 Applications

The OPAG695 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 I/O 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. 7-8 shows a basic starting point for
noninverting differential I/O applications.

+Vee

+

OPA695

Re

Ve, 5000
o M o
Vv %R Re V,
1 ! ¢ +\</PCC 500Q °
8 M) $

OPA695

+

_VCC

K 7-8. Noninverting Input Differential /0 Amplifier
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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 ¥ 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: & 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.

Kl 7-9 shows a differential I/O 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.

+Vee

Vem© +

OPA695
Re

O O
R

V, F V,
: Re 500Q °
O YW YW O
OPA695

Vem© +

_VCC
7-9. Inverting Input Differential I/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 & 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 ¥ 7-8.

42 R 15 Copyright © 2024 Texas Instruments Incorporated

Product Folder Links: OPA695
English Data Sheet: SBOS293


https://www.ti.com.cn/product/cn/opa695?qgpn=opa695
https://www.ti.com.cn/cn/lit/pdf/ZHCSR21
https://www.ti.com.cn
https://www.ti.com/feedbackform/techdocfeedback?litnum=ZHCSR21I&partnum=OPA695
https://www.ti.com.cn/product/cn/opa695?qgpn=opa695
https://www.ti.com/lit/pdf/SBOS293

13 TEXAS
INSTRUMENTS

OPA695

www.ti.com.cn ZHCSR21| - DECEMBER 2003 - REVISED OCTOBER 2024

7.2 Typical Application
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K 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. 5| 7-10 shows one possible configuration driving a SAW filter. & 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 OPAB95 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 & 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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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
from5Vito 12 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- 1 F 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 n F to 6.8 1 F) 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
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the shunt resistor and the input impedance of the destination device; set this total effective 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 OPA695
directly onto the board.

7.4.2 Layout Example

As detailed in 77 7.4.1 and illustrated in &] 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 ¥ 7-12.

Input Termination
Resistor

O
O

Output Resistor

B 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
OPAB95 in the two package options. Both of these are offered free of charge as unpopulated PCBs, delivered
with a user's guide. % 8-1 shows the summary information for these fixtures.

% 8-1. Demonstration Boards

USER'S GUIDE
PRODUCT PACKAGE ORDERING NUMBER LITERATURE NUMBER
OPAG95ID VSSOP-8 DEM-OPA-SO-1B SBOU026
OPAG91IDBV 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
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9 Revision History
T AR ARCAS B TS AT A 5 24 FihiCAs () SRS AN [R]
Changes from Revision H (April 2015) to Revision | (October 2024) Page
o HH TEA SR FRIRR . BRI XS RIIRTHET e 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 ..............ccccoociiiiiii e, 4
* Added continuous input current specification to Absolute Maximum Ratings ............ccccovveveeeieeeeiiiiesccireeeenn 4
* Deleted machine model (MM) specification from ESD RatINGS .........ccccueieiiiiiiee e 4
* Updated thermal specifications for D and DBV package in Thermal Information .................cccccuiiioiinennnnnn... 4
* Deleted Ty = 0°C to +70°C specifications from across all Electrical Characteristics Table..................cc..o.... 5
* Deleted the minimum, maximum, and over temperature specifications in the Electrical Characteristics: AC
=T [0 g = T o= 3= o (o T o - R 5
* Changed SSBW at G = +1 V/V from 1700 MHz to 1900 MHz in Electrical Characteristics: Vs =5V,
OPABIED, OPABIEDBY TaDIE.......cccieieeiieeeee ettt et e et e e e e et e e e e e bt e e e e e nnteeeeeennees 5
* Changed SSBW at G = +2 V/V from 1400 MHz to 900 MHz in Electrical Characteristics: Vs =5V,
OPABIED, OPABIEDBY TaADIE .....ccceiiiiiiee ettt ettt e e et e e e et e e e e et e e e e e snbee e e e e anbeeaeeenneeas 5
* Changed typical SSBW at G = +8 V/V from 450 MHz to 600 MHz in Electrical Characteristics: Vs =15V,
OPABIED, OPABIEDBY TaDIE........ccoeiieiieeeieiee ettt et e e et e e e et e e e e et ae e e e e ennbeeeeeennseeeeeeenneees 5
* Changed SSBW at G = +16 V/V from 350 MHz to 500 MHz in Electrical Characteristics: Vg =5V,
OPABIED, OPABIEDBY TaDIE........ccceieeiie ettt ettt e e e et e e e et e e e e e st e e e e e snnteeeeeennseneeeeannsees 5
* Changed Bandwidth for 0.2-dB gain flatness from 320 MHz to 120 MHz in Electrical Characteristics: Vs = 5
V, OPAGBIED, OPABIEDBY TaDIE........eeeiieeiciieie ettt ettt e e st e e e et e e e e et te e e e e e nbaeaeeennsbaeaeeennees 5
* Changed typical Peaking at a gain of +1V/V from 4.6 dB to 3.7 dB in Electrical Characteristics: Vg =15V,
OPABIED, OPABIEDBY TaDIE.........cevveeeeeeeeee ettt e et e e e e e e e e et ae e e e e e abe e e e e e atreeaeeenres 5
* Changed LSBW at G = 8 V/V from 450 MHz to 510 MHz in Electrical Characteristics: Vs = +5 V, OPA695D,
OPABIEDBY TaADIE......ccc ottt ettt e e e et e e e ettt e e e e n e et e e s e sttt e e e e e s bae e e e e e nbeeeeeaannreeeeeennee 5
* Changed typical Slew rate at G = - 8 V/V from 4300 V/ 1 s to 5000 V/ v s in Electrical Characteristics: Vg =
125V, OPABISED, OPABIEDBY TaADIE.......ccceeeiie ettt ettt e ettt e e e st e e e s annte e e e e s annseeeaeannneeeens 5
* Changed typical Slew rate at G = +8 V/V from 4300 V/ v s to 5000 V/ v s in Electrical Characteristics: Vg = 5
V, OPABISED, OPABISDBY TaADIE...........eeieee ettt et e e et e e e e ettt e e e e e sttt e e e e s nte e e e e eansteeeeeenteeeeeennsees 5
* Changed Rise and fall time at Vg = 0.5-V Step from 0.8 ns to 0.65 ns in Electrical Characteristics: Vg =15V,
OPABIED, OPABIEDBY TaDIE........ccceieeiieeeiiee ettt ettt e e et e e e et e e e e e s e e e e e ansbeeaeeenseeeeeeennnees 5
* Changed Rise and fall time at Vg = 4-V Step from 1 ns to 0.7 ns in Electrical Characteristics: Vs =15V,
OPABIED, OPABISDBY TaDIE.........c. ettt e e e e e e e e et ae e e e e s ab e e e e e e enareeaeeensees 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........c..eveeiieieieeeee ettt e e e e e e s e e e e et e e e e s naaaaee s 5
* Deleted settling time to 0.02% and 0.1% from Electrical Characteristics Table .............ccccccceccvoeeiiiiiinneennnnn. 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.........oiiiiiiiiiee ettt 5
* Changed typical 3rd-order Harmonic Distortion at R, =100 Q from - 86 dBc to - 92 dBc in Electrical
Characteristics: Vg = £5 V, OPA695D, OPAGISDBYV Table.........ooiiiiiiiiiiiiee et 5
* Changed typical Input voltage noise from 1.8 nV/ v Hz to 2 nV/ v Hz in Electrical Characteristics: Vs =15V,
OPABIED, OPABISDBY TabIE........ccceeieiieeeiee ettt ettt e et e e e et e e e e et ae e e e e s nsbeeaeeennsaeeeeeennrees 5
* Changed typical noninverting input current noise from 18 pA/ v Hz to 14 pA/ v Hz in Electrical Characteristics:
Vs =15V, OPABISD, OPABISDBY TabIE.......cocoiiiieiee ettt e e s et e e e aree s 5
* Deleted differential gain and differential phase specifications from across all Electrical Characteristics .......... 5
* Changed typical Open-loop transimpedance gain from 85 k Q to 300 kQ in Electrical Characteristics: Vs = 5
V, OPABIED, OPABISEDBY TaDIE........eeeiiee ittt ettt e sttt e e e et e e e e e st te e e e e annbeeeeeennnteeeeeennnees 5
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* Changed typical Inverting input bias current from £20 p» A to £5 u A in Electrical Characteristics: Vs =15V,

OPABIED, OPABIEDBY TaDIE........ccceeeiiieieiiee ettt ettt e e et e e e et e e e e e st e e e e e ensteeeeeennnaeeeeaennsees 5
» Added typical specification for Average inverting input bias current drift in Electrical Characteristics: Vs = £5
V, OPABISED, OPABISDBY TaDIE........eeeiieeiiiite ettt ettt a e et e e e et e e e e et te e e e e enbaeaeeennsbaeaeeennees 5
* Changed typical Common-mode input range from +3.3 V to £3.4 V in Electrical Characteristics: Vg =15V,
OPABIED, OPABIEDBY TaDIE.........ceveeieeeeeee ettt e e e e e et e e e e et e e e e e st e e e e e e eabaeeeeeenrees 5
* Changed typical Common-mode rejection ratio from 56 dB to 65 dB in Electrical Characteristics: Vg =5V,
OPABIED, OPABIEDBY TabIE.......ccoieieeiie ettt ettt et e e e ettt e e e e et e e e e et e e e e e nneeeeeeennes 5
* Changed Noninverting input impedance from 280 || 1.2 (kQ || pF) to 450 || 2 (kQ || pF) in Electrical
Characteristics: Vs = £5 V, OPAG95D, OPABISDBY TabIe........ooceiiiiiiiiiiiiieeeeee et 5
* Changed Inverting input resistance from 29 Q to 20 Q in Electrical Characteristics: Vs = 5 V, OPA695D,
OPABIEDBY TaDIE......c.co ettt ettt e et e e e et e e e e et e e e e e sstee e e e e s steeeeee s raeeeeaanbaeeeeeannreeaeeennes 5
* Changed minimum Output voltage swing at no load from 4 V to +3.95 V in Electrical Characteristics: Vg = £5
V, OPABIED, OPABISDBY TaDIE........eeeiieeieiie ettt e ettt e e et e e e et e e e e e ss e e e e e ensaeeeeeanstaeeeeennnees 5
* Changed typical Output voltage swing at no load from +4.2 V to +4.05 V in Electrical Characteristics: Vs = 5
V, OPABISED, OPABISEDBY TaDIE........oveiiieiieiee ettt ettt e e e e e e e e et be e e e e et r e e e e e ennraeeeeensees 5
* Changed minimum Output voltage swing at no load, Ty = - 40°C to +85°C from £3.9 V to +3.85 V in
Electrical Characteristics: Vs = 5 V, OPA695D, OPAGISDBY Table........cccoioiiciiiieeieeeee et a e 5
* Changed minimum Output voltage swing at R, = 100 Q from 3.7 V to £3.65 V in Electrical Characteristics:
Vg =15V, OPAGIED, OPABISDBY TabIE.......coiiiiiiiiie ettt ettt aee e e e e e e e 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: Vs
=15V, OPABISED, OPABIEDBY TaADIE........ ittt ettt a e et e e e et ee e e e et e e e e e nsaeeeeeenres 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........coooiiiieeee e 5
* Changed typical Output current sourcing from 120 mA to 140 mA in Electrical Characteristics: Vg =5V,
OPABISED, OPABIEDBY TabIE.........cceieeiiee ettt ettt et e e e e e e e et e e e e et e e e e e snnbeeaeeennsreeeeeenrees 5
* Changed typical Output current sourcing from - 120 mA to - 140 mA in Electrical Characteristics: Vg =15V,
OPABIED, OPABISDBY TaDIE.........ceveeiieeeeee ettt e et e e et e e e e et ae e e e e s nb e e e e e e eatreeeeeenrees 5
* Changed Closed-Loop output impedance from 0.04 Q to 0.02 Q in Electrical Characteristics: Vs =15V,
OPABIED, OPABIEDBY TabIE........coieieeiieeeeee ettt et e e et e e e e ettt e e e e et e e e e e nneeee e e ennes 5
* Changed typical Quiescent current from 12.9 mA to 14 mA in Electrical Characteristics: Vs = £5 V, OPA695D,
OPABIEDBY TaDIE......ccco ittt ettt ettt e e ettt e e e ettt e e e s s be e e e e e s sbee e e e e s bbeeeeaanbeeeeeeannreeaeeennee 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: Vg = £5 V, OPA695D, OPAGISDBY Table.........ccccvviiiiiiiiie et 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, OPABISD, OPABISDBY TaADIE........c.eeeeee ettt et e e e st e e e et e e e e e e e e e e s enbaeeaesnnnnaees 5
* Changed minimum Power-down quiescent current from - 170 1 A to 200 u A in Electrical Characteristics: Vg
=25V, OPABISED, OPABISDBY TaDIE.........uveeiieieeee ettt e e e e e et e e e e e naae e e e e e nres 5
* Changed typical Power-down quiescent current from - 100 » A to 160 1 A in Electrical Characteristics: Vs =
125 V, OPABISED, OPABIEDBY TaADIE.......ccceeeiiie ettt ettt e e e st e e e e sttt e e e s annseeeeesnnneeeens 5
* Changed minimum Power-down quiescent current, Ty = - 40°C to +85°C from - 192 1 Ato 210 rAin
Electrical Characteristics: Vg = £5 V, OPA695D, OPAGISDBY Table.........ccccveiiiiiiiii e 5
* Changed Disable time from 1 nusto4 usin Electrical Characteristics: Vg = £5 V, OPA695D, OPA695DBV
. o) -SSP 5
* Changed Enable time from 25 ns to 80 ns in Electrical Characteristics: Vs = £5 V, OPA695D, OPA695DBV
2 o) SRR 5
* Changed Output capacitance in disable from 4 pF to 2.5 pF in Electrical Characteristics: Vg =15V,
OPABIED, OPABISDBY TabIE.........ceeeeeee ettt et e e e e e e e e e et ae e e e e e abe e e e e e natteeeeeenres 5
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* Changed typical Enable voltage threshold from 3.3 V to 3 V in Electrical Characteristics: Vg = x5V,

OPABIED, OPABIEDBY TaDIE........ccceeeiiieieiiee ettt ettt e e et e e e et e e e e e st e e e e e ensteeeeeennnaeeeeaennsees 5
* Changed typical Disable voltage threshold from 1.8 V to 2.3 V in Electrical Characteristics: Vs =15V,
OPABIED, OPABIEDBY TaDIE.........cceieeiieeeiiee ettt ettt e e et e e e e et e e e e st ae e e e e s nsbaeaeeennsreeeesenrees 5
* Changed typical Disable Control pin input bias current from 75 u A to 95 1 A in Electrical Characteristics: Vs
=25V, OPABISED, OPABISDBY TabIE.........uveeeie ittt et e e et e e e e tte e e e s e naan e e e e e nres 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 ettt e e e e h e e et ettt e e e e b et e e e e R tet e e e et teee e e e R taeae e e e breeaeeaantaeaeeaanreeaeeanres 8
* Changed SSBW at G = 2 V/V from 960 MHz to 700 MHz in Electrical Characteristics: Vs = 5 V, OPA695D,
OPABIEDBY ...ttt et e e ettt e e e e a e e e e et e e e e et e e e e e a—— et e e e e e ta—eeeeaantaeaeeaahteeaeeaanraeeeeeanreeaeeanres 8
* Changed typical SSBW at G = 8 V/V from 395 MHz to 500 MHz in Electrical Characteristics: Vg=5V,
OPABIED, OPABIEDBY ...ttt ettt ettt e e e ettt e e e e ettt e e e e st e e e e e aste e e e e e e staeeaeeasteeeeeannraeeeeennrees 8
* Changed typical SSBW at G = 16 V/V from 235 MHz to 410 MHz in Electrical Characteristics: Vg =5V,
OPABIED, OPABIEDBY ...ttt ettt e e e e et e e e et e e e e e et e e e e et e e e e e e et tae e e e e arre e e e e earees 8
* Changed Bandwidth for 0.2-dB gain flatness from 230 MHz to 110 MHz in Electrical Characteristics: Vs =5V,
OPABIED, OPABIEDBY ...ttt ettt e e e e e e e e et e e e e e e e e e et e e e e et re e e e e e ares 8
* 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 ettt e e e e ettt e e e e sttt e e e e ettt e e e e e s bae e e e e anbeeaeeeanbreeeeennres 8
* Changed LSBW at G = 8 V/V from 310 MHz to 430 MHz in Electrical Characteristics: Vs = 5 V, OPA695D,
OPABIEDBY ...ttt e ettt e e ettt e e e et e e e e bt e e e e e R ——e e e e e e bteeeeeaanteeae e e e tteeeeeaanraeaeeeanreeaeeanres 8
* Changed typical Slew rate at G = +8 V/V from 1700 V/ v s to 2500 V/ v s in Electrical Characteristics: Vg = 5
V, OPABIED, OPABIBDBY ...ttt e e et e e e e ettt e e e e ettt e e e e e s tae e e e e e steeeeeeastaeeeeeanntaeeeeennnees 8
* 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 e e ettt e e e e ettt e e e e s bt e e e e este e e e e e abae e e e e antaeeeeennrreeeeeanrees 8
* Changed Rise and fall time at Vg = 2-V step from 1 ns to 0.8 ns in Electrical Characteristics: Vs =5V,
OPABIED, OPABIEDBY ...ttt ettt et e e e et e e e et e e e e et e e e e e et e e e e e et e e e e e nrre e e e e e arees 8
* Changed Settling time to 0.5% of 10 ns from Settling time to 0.1% of 10 ns in Electrical Characteristics: Vs =
5V, OPABIED, OPABIEDBY ...ttt e et e e e et e e e e et e e e e e nbae e e e e anbe e e e e e anneeas 8
* Changed typical 2nd-order harmonic distortion at R_ = 100 Q to - 69 dBc from - 62 dBc in Electrical
Characteristics: Vg = 5 V, OPABISED, OPABIBDBY .......ccoooeeeeeieeeeeeeeeee ettt a e 8
* Changed typical 2nd-order harmonic distortion at R_ = 500 Q to - 68 dBc from - 70 dBc in Electrical
Characteristics: Vg = 5 V, OPABISED, OPABIEDBY ........c.uuueeeeieieiee ettt e a e etee e e nnraeea e 8
* Changed typical 3rd-order harmonic distortion at R_. = 100 Q@ to - 62 dBc from - 66 dBc in Electrical
Characteristics: Vg = 5V, OPABISD, OPABIEDBY ..........ouueeeeieieeee ettt et a e enaea et a e e e 8
* Changed typical 3rd -order harmonic distortion at R_. =500 Q to - 63 dBc from - 65 dBc in Electrical
Characteristics: Vg = 5 V, OPABISED, OPABGIEDBY .......ooooeieeeeieeeeeeeeet ettt e e e e s eeeaaae e e s 8
» Changed typical Input voltage noise from 1.8 nV/ v Hz to 1.9 nV/ v Hz in Electrical Characteristics: Vs =5V,
OPABIED, OPABIEDBY ...ttt ettt e e e e e e e e et e e e e e e e e et e e e e e e e e e 8
* Changed typical Noninverting input current noise from 18 pA/ v Hz to 14 pA/ v Hz in Electrical Characteristics:
Vg =5V, OPABIED, OPABIEDBY ...ttt ettt e et e e e e sttt e e e e an bt e e e e snbeeeeeeanbeeeaaeans 8
* Changed typical Open-loop transimpedance gain from 70 k Q to 250 kQ in Electrical Characteristics: Vs =5
V, OPABIED, OPABIEDBY .....cccooeeeeee ettt e e e ettt e e e ettt e e e sttt e e e e an bt e e e e asteeeeesanbseeeeeanstaeeeesasaneaeeanns 8
* Changed typical Noninverting input bias current from £5 1 A to +15 u A in Electrical Characteristics: Vg = 5
V, OPABIED, OPABIEBDBY ...ttt et e e ettt e e e e ettt e e e e et e e e e e s bt e e e e asteeeeeenstaeeeeeensraeaeennnnees 8
* Changed typical Common-mode input range (positive) from 3.3 V to 3.4 V in Electrical Characteristics: Vs =5
V, OPABIED, OPABIEDBY .........oeeeeee ettt ettt e e e ettt e e e e et e e e e e e st e e e e e e ste e e e e e aataee e e e enraeaeeennnees 8
* Changed typical Common-mode input range (negative) from 1.7 V to 1.6 V in Electrical Characteristics: Vs =
5V, OPABIED, OPABIEDBY ...ttt et e et e e et e e e e e et e e e e et e e e e e et e e e e e e arae e e e e anareas 8
* Changed typical Common-mode rejection ratio from 54 dB to 65 dB in Electrical Characteristics: Vs =5V,
OPABIED, OPABIEDBY ...ttt ettt e e e e ettt e e e e sttt e e e e et be e e e e e nbte e e e e e ntee e e e e annteeeeeanrees 8
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Changed Noninverting input impedance from 280 || 1.2 (kQ || pF) to 250 || 2 (kQ || pF) in Electrical

Characteristics: Vg = 5 V, OPABISED, OPABIEDBY .........ouuieeeiiieiee ettt e a e entana e e ntaea e e e 8
Changed Inverting input resistance from 32 Q to 21 Q in Electrical Characteristics: Vs = 5 V, OPA695D,
OPABIEDBY ...ttt et e ettt e e e et e e e e e e e e e e b —e e e e ah——— e e e e et ——ee e e e tatae e e e ——eeeeeaaataeeeeeaareeaeeanres 8
Changed typical Output voltage (positive) at no load from 4.2 V to 4.05 V in Electrical Characteristics: Vg = 5
V, OPABISED, OPABIEDBY ...ttt ettt ettt e et e e e e e e e e e e et e e e e e et e e e e e etre e e e e e abaeaeeeaarees 8
Changed minimum Output voltage swing (positive) at no load from 4 V to 3.95 V in Electrical Characteristics:
Vg =5V, OPABIED, OPABIEDBY ...ttt ettt e et e ettt e e s sttt e e e e antte e e e e anteeeeesanbeeeaeean 8
Changed minimum Output voltage swing (positive) at no load, Tp = - 40°C to +85°C from 3.8 V t0 3.75 V in
Electrical Characteristics: Vs = 5 V, OPAGISD, OPABISDBY ...ttt 8
Changed maximum Output voltage swing (negative) at no load from 1 V to 1.05 V in Electrical
Characteristics: Vg = 5 V, OPABISED, OPABIEDBY ..........ouueeeeieiiee ettt e sitea e entae e e nnnaee e e 8
Changed typical Output voltage swing (negative) at no load from 0.8 V to 0.9 V in Electrical Characteristics:
Vg = 5V, OPABIED, OPABIEDBY ...ttt ettt e e e ettt a e e ettt e e e et e e e s s bt e e e e s sntaeeeessastaeeaeeanseneeeeans 8
Changed maximum Output voltage swing (negative) at no load, Ty = - 40°C to +85°C from 1.2V t0 1.25V in
Electrical Characteristics: Vs = 5 V, OPAGISED, OPABIEDBY ...ttt 8
Changed typical Output current sourcing from 90 mA to 100 mA in Electrical Characteristics: Vs =5V,
OPABIED, OPABIEDBY ...ttt ettt e et e e e e e e e e et e e e e e e e e e e et e e e e et re e e e e eares 8
Changed minimum Output current sinking, Tp = - 40°C to +85°C from - 66 mA to - 60 mA in Electrical
Characteristics: Vg = 5 V, OPABISED, OPABISBDBY .......coooeeeeeeeeeeeeeeeee ettt a e e e e e e 8
Changed Closed-loop output impedance from 0.05 Q to 0.02 Q in Electrical Characteristics: Vs =5V,
OPABIED, OPABIEDBY ..ottt ettt e e e e e e e e e ettt e e e e sttt e e e e et te e e e e e nbae e e e e e nteeeeeeannaeeeeennrees 8
Changed maximum Quiescent current from 12 mA to 14.4 mA in Electrical Characteristics: Vs =5V,
OPABIED, OPABIEDBY ...ttt e ettt e e e ettt e e e e ettt e e e e s bt e e e e e stee e e e e astaeeeeeastaeaeeeansaneaeennrees 8
Changed maximum Quiescent current, Tp = - 40°C to +85°C from 12.9 mA to 17.1 mA in Electrical
Characteristics: Vg = 85 V, OPABIED, OPABGIEDBY ...ttt eaaa e 8
Changed typical Negative power-supply rejection ratio from 51 dB to 69 dB in Electrical Characteristics: Vs =
5V, OPABISD, OPABISDBY TabIE.......coco ittt et e e e e e et e e e e e nbbee e e e e enreeas 8
Changed typical Power-down quiescent current from -95 n A to 120 v A in Electrical Characteristics: Vs = 5
V, OPABIED, OPABIEDBY TabIE...... .ttt et et e e ettt e e e ettt e e e e e st e e e e e nnnteeeeeennees 8

Changed Disable time from 1 nsto 5 usin Electrical Characteristics: Vs = 5 V, OPA695D, OPA695DBYV ....8

* Changed Enable time from 25 ns to 80 ns in Electrical Characteristics: Vs = 5 V, OPA695D, OPA695DBYV ....8
* Changed typical Enable voltage threshold from 3.3 V to 3.1 V 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 estee e e e e antaeeaeeastaeeeeennsaeeeeennrees 8
* Changed typical Disable voltage threshold from 1.8 V to 2.4 V in Electrical Characteristics: Vs =5V,
OPABIED, OPABIEDBY ...ttt ettt e e et e e e e ettt e e e e ettt e e e e et be e e e e e et ae e e e e e atae e e e e nrreeaeeaarees 8
* Changed typical Disable Control pin input bias current from 75 u A to 95 1 A in Electrical Characteristics: Vs
=5V, OPABIED, OPABISDBY TabIE........cccueveeiee ettt et e e e et e e e et e e e e e eanees 8
* Deleted Composite Video dG/d ¢ plot from Typical Characteristics: Vs = £5 V, OPA695IDGK ...................... 24
* Deleted the differential operation plots from Typical Characteristics: Vs = £5 V, OPA695IDGK and differential
small signal parameter measurement information SECION.............cocciiiiiiiiiii i 24
* 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 ...............cc.ccccccconne. 31
* Deleted SAW Filter Buffer and RGB Video Line Driver sections from Application Information ....................... 34
Changes from Revision G (April 2009) to Revision H (April 2015) Page
* WNINT ESD FRH K. FFHEU 5y dHFLIRER TG MRS 5y IR R TR0y A/ iy #
RT3 FF 057 NS BB FTFERT T ET TG AT FBIT oot 1
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OPA695 INSTRUMENTS
ZHCSR21l - DECEMBER 2003 - REVISED OCTOBER 2024 www.ti.com.cn
Changes from Revision F (July 2006) to Revision G (April 2009) Page
o M BEETIGEE R A TIEE RPN T DGK (MSOP-8) H 2. 1
Changes from Revision E (March 2006) to Revision F (July 2006) Page
* Changed Storage Temperature Range from —40°C to +125°C to —65°C t0 +125°C.......cccovvvveeeeieeieeiiiiiiine, 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

Orderable Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
part number @ @ ® Ball material Peak reflow ©)
@ ©)

OPAB95DSGR Active Production WSON (DSG) | 8 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40to 85 0695
OPAG95ID Obsolete Production SOIC (D) | 8 - - Call Tl Call Tl -40 to 85 OPA
695
OPA695IDBVR Active Production SOT-23 (DBV) | 6 3000 | LARGE T&R Yes SN Level-1-260C-UNLIM -40to 85 AT71L
OPAB95IDBVT Obsolete  Production SOT-23 (DBV) | 6 - - Call Tl Call Tl -40 to 85 A71L
OPAB95IDGKR Active Production VSSOP (DGK) | 8 2500 | LARGE T&R Yes NIPDAUAG Level-2-260C-1 YEAR -40 to 85 695
OPAG695IDGKT Active Production VSSOP (DGK) | 8 250 | SMALL T&R Yes NIPDAUAG Level-2-260C-1 YEAR -40to 85 695
OPAB695IDR Active Production SOIC (D) | 8 2500 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40to 85 OPA
695

@ status: For more details on status, see our product life cycle.

@ Material type: When designated, preproduction parts are prototypes/experimental devices, and are not yet approved or released for full production. Testing and final process, including without
limitation quality assurance, reliability performance testing, and/or process qualification, may not yet be complete, and this item is subject to further changes or possible discontinuation. If available
for ordering, purchases will be subject to an additional waiver at checkout, and are intended for early internal evaluation purposes only. These items are sold without warranties of any kind.

® RoHS values: Yes, No, RoHS Exempt. See the TI RoHS Statement for additional information and value definition.

® | ead finish/Ball material: Parts 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.

® msL rating/Peak reflow: The moisture sensitivity level ratings and peak solder (reflow) temperatures. In the event that a part has multiple moisture sensitivity ratings, only the lowest level per
JEDEC standards is shown. Refer to the shipping label for the actual reflow temperature that will be used to mount the part to the printed circuit board.

© part marking: There may be an additional marking, which relates to the logo, the lot trace code information, or the environmental category of the part.

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

Important Information and Disclaimer:The information provided on this page represents Tl's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information
provided by third parties, and makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and
continues to take reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals.
Tl and TI suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.
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www.ti.com 3-May-2025

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

I3 TEXAS
INSTRUMENTS
www.ti.com 22-Apr-2025
TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 [¢ KO [« P1L—>
L Regic oy Rogic e o T
o| |e o Bo W
el |
. 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
[ [ ]
_f Reel Width (W1)
QUADRANT ASSIGNMENTSFOR PIN 1 ORIENTATION IN TAPE
O O O O 0O O 0 O0 Sprocket Holes
| |
T T
St N Il )
H4-—q--4 t--1--1
Q3 1 Q4 Q3 | User Direction of Feed
[ & A |
T T
N
Pocket Quadrants
*All dimensions are nominal
Device Package |Package|Pins| SPQ Reel Reel A0 BO KO P1 w Pinl
Type |Drawing Diameter| Width | (mm) | (mm) | (mm) [ (mm) [ (mm) |Quadrant
(mm) |W1(mm)
OPA695DSGR WSON DSG 8 3000 180.0 8.4 2.3 2.3 115 | 4.0 8.0 Q2
OPAG95IDBVR 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 1.4 8.0 12.0 Q1
OPAG95IDGKT VSSOP DGK 8 250 180.0 12.4 53 34 1.4 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
OPAG95IDR 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 22-Apr-2025
TAPE AND REEL BOX DIMENSIONS
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
OPA695DSGR WSON DSG 8 3000 210.0 185.0 35.0
OPA695IDBVR SOT-23 DBV 6 3000 210.0 185.0 35.0
OPA695IDGKR VSSOP DGK 8 2500 356.0 356.0 35.0
OPAG95IDGKT VSSOP DGK 8 250 210.0 185.0 35.0
OPA695IDR 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
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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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.
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EXAMPLE BOARD LAYOUT
DOOO8SA SOIC - 1.75 mm max height

SMALL OUTLINE INTEGRATED CIRCUIT
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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.
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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.
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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.

INSTRUMENTS
www.ti.com



GENERIC PACKAGE VIEW
DSG 8 WSON - 0.8 mm max height

2x 2,0.5 mm pitch PLASTIC SMALL OUTLINE - NO LEAD

This image is a representation of the package family, actual package may vary.
Refer to the product data sheet for package details.

4224783/A
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PACKAGE OUTLINE
DSGOO008A WSON - 0.8 mm max height

PLASTIC SMALL OUTLINE - NO LEAD

0.32

0.18
@
0.4
0.2

ALTERNATIVE TERMINAL SHAPE

PIN 1 INDEX AREAJ~_:

=N
©o

TYPICAL
0.8
0.7
* 1
0.05 SIDE WALL
0.00 METAL THICKNESS
DIM A
OPTION1 | OPTION 2
0.1 0.2
EXPOSED
THERMAL PAD =~ 0.9+0.1 = — ﬁ (DIM A) TYP
I

g
[ 1 []]

9

|

|

|
=
(o))
I+
©
o

L]

|

4 4] |
[oms | N\ |
2x T \
‘
|

1
. 1<5L/\1 8
PIN 11D { L gx 9-32

(45° X 0.25) 0.4 0.18

8X0.2 & [01@]c]Als
0.0509)

[ []

4218900/E 08/2022

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. The package thermal pad must be soldered to the printed circuit board for thermal and mechanical performance.
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EXAMPLE BOARD LAYOUT

DSGOO008A WSON - 0.8 mm max height

PLASTIC SMALL OUTLINE - NO LEAD

-~ (0.9) —=
8X (0.5) ﬁ (0.9) (Tc/\ﬁ( g 2) VIA
1
jREn Ry re pun)
8X (0.25) ‘{%ﬁiff —
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t—-—f-—F— 2 — S ] s
T
6X (0.5) o
- L J [T s
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‘ |
RO0.05) TYP SYMM
( ) ‘ fy ‘
\ (1.9) ‘
LAND PATTERN EXAMPLE
SCALE:20X
0.07 MAX 0.07 MIN
ALL AROUND o M UND

-

SOLDER MASK/

OPENING

METAL

NON SOLDER MASK

T

METAL UNDERJ j'\*SOLDER MASK

SOLDER MASK
SOLDER MASK

OPENING

DEFINED

(PREFERRED) DEFINED

SOLDER MASK DETAILS

4218900/E 08/2022

NOTES: (continued)

4. This package is designed to be soldered to a thermal pad on the board. For more information, see Texas Instruments literature
number SLUA271 (www.ti.com/lit/slua271).

5. 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.
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EXAMPLE STENCIL DESIGN
DSGOO008A WSON - 0.8 mm max height

PLASTIC SMALL OUTLINE - NO LEAD

8X(0.5) SYMM

8X (0.25) — —

Sy ()

77777777 — 49— |- — - J‘; —
—- O
—E3 [
6X (0.5) \ T) \ 0.7)
%;B, \T | 5
4 N 1
(R0.05) TYP | (0.9)
1

SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL

EXPOSED PAD 9:

87% PRINTED SOLDER COVERAGE BY AREA UNDER PACKAGE
SCALE:25X

4218900/E 08/2022

NOTES: (continued)

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