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Soeeal, . Triple Wideband, Current-Feedback
OPERATIONAL AMPLIFIER With Disable

FEATURES

WIDEBAND +5V OPERATION: 225MHz (G = +2)
UNITY GAIN STABLE: 280MHz (G = 1)

HIGH OUTPUT CURRENT: 150mA
OUTPUT VOLTAGE SWING: 4.0V

HIGH SLEW RATE: 2100V/ s

LOW SUPPLY CURRENT: 6mA/ch

LOW DISABLED CURRENT: 300 pA/ch
IMPROVED HIGH FREQUENCY PINOUT

APPLICATIONS

RGB AMPLIFIERS

WIDEBAND INA

BROADBAND VIDEO BUFFERS
HIGH SPEED IMAGING CHANNELS
PORTABLE INSTRUMENTS

ADC BUFFERS

ACTIVE FILTERS

CABLE DRIVERS
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OPA3681

High Speed INA (>120MHz)
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OPA3681

DESCRIPTION

The OPA3681 sets a new level of performance for broadbgnd

triple current-feedback op amps. Operating on a very Iqw
6mA/ch supply current, the OPA3681 offers a slew rate ahd

output power normally associated with a much higher supq

ly

current. A new output stage architecture delivers a high output

current with minimal voltage headroom and crossover dist(
tion. This gives exceptional single-supply operation. Using

single +5V supply, the OPA3681 can deliver a 1V to 4V outplit
swing with over 100mA drive current and 150MHz bandwidth.
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This combination of features makes the OPA3681 an ideal RGB

line driver or single-supply ADC input driver.

The OPA3681's low 6mA/ch supply current is precisely trimme
at 25C. This trim, along with low drift over temperature
guarantees lower guaranteed maximum supply current tf
competing products. System power may be further reduced
using the optional disable control pin. Leaving this disable pf
open, or holding it high, gives normal operation. If pulled low
the OPA3681 supply current drops to less tharuaddch while
the output goes into a high impedance state. This feature ma
used for power savings or for video MUX applications.

OPA3681 RELATED PRODUCTS

SINGLES DUALS TRIPLES
Voltage Feedback OPAG80 OPA2680 OPA3680
Current Feedback OPA681 OPA2681 OPA3681
Fixed Gain OPAG82 OPA2682 OPA3682
DIFFERENTIAL TO SINGLE-ENDED
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SPECIFICATIONS: Vg = 5V

Re = 499Q, R, = 100Q, and G = +2, (Figure 1 for AC performance only), unless otherwise noted.

OPA3681E, U
TYP GUARANTEED
0°Cto | -40°Cto MIN/ | TEST
PARAMETER CONDITIONS +25°C | +25°C@ | 70°C® | +85°C® | UNITS | MAX |LEVEL®
AC PERFORMANCE (Figure 1)
Small Signal Bandwidth (Vg = 0.5Vp-p) G = +1, Rg = 549Q 280 MHz typ C
G =+2, R = 499Q 220 220 210 190 MHz min B
G = +5, Rg = 365Q 185 MHz typ C
G =+10, Rg = 182Q 125 MHz typ C
Bandwidth for 0.1dB Gain Flatness G =+2,V5=0.5Vp-p 90 50 45 45 MHz min B
Peaking at a Gain of +1 R =453, Vo = 0.5Vp-p 0.4 2 4 dB max B
Large Signal Bandwidth G =+2,Vy=5Vp-p 150 MHz typ C
Slew Rate G = +2, 4V Step 2100 1600 1600 1200 Vius min B
Rise/Fall Time G =+2,V,=0.5V Step 17 ns typ C
G =+2, 5V Step 2.0 ns typ C
Settling Time to 0.02% G =+2,Vy =2V Step 12 ns typ C
0.1% G =+2, Vo =2V Step 8 ns typ C
Harmonic Distortion G =+2, f =5MHz, Vg = 2Vp-p
2nd Harmonic R, =100Q -75 dBc typ C
R, =500Q -81 dBc typ @
3rd Harmonic R, =100Q -80 dBc typ C
R, = 500Q -95 dBc typ C
Input Voltage Noise f>1MHz 2.2 3.0 3.4 3.6 nVAVHz | max B
Non-Inverting Input Current Noise f>1MHz 12 14 15 15 pANHZ | max B
Inverting Input Current Noise f>1MHz 15 18 18 19 pANHZ | max B
Differential Gain G =+2, NTSC, Vg = 1.4Vp, R, = 150Q 0.001 % typ C
R, =37.5Q 0.005 % typ @
Differential Phase G =+2,NTSC, Vo = 1.4Vp, R = 150Q 0.01 deg typ C
R, =37.5Q 0.05 deg typ C
Crosstalk Input Referred, f = 5MHz, All Hostile -55 dBc typ C
DC PERFORMANCE®
Open-Loop Transimpedance Gain (Zq,) Vo =0V, R =100Q 100 56 56 56 kQ min A
Input Offset Voltage Ve = 0V +1.3 5 +6.5 +7.5 mV max A
Average Offset Voltage Drift Vey =0V +35 +40 uv/°c max B
Non-Inverting Input Bias Current Ve = 0V +30 +55 +65 +85 HA max A
Average Non-Inverting Input Bias Current Drift Vey = 0V —400 —450 nA/°C max B
Inverting Input Bias Current Vey =0V +10 +40 +50 +55 HA max A
Average Inverting Input Bias Current Drift Ve = 0V -125 -150 nA°/C max B
INPUT
Common-Mode Input Range® +3.5 +3.4 +3.3 +3.2 \Y, min A
Common-Mode Rejection (CMR) Vey =0V 52 47 46 45 dB min A
Non-Inverting Input Impedance 100 || 2 kQ || pF | typ C
Inverting Input Resistance (R)) Open Loop 42 Q typ C
OUTPUT
Voltage Output Swing No Load +4.0 +3.8 +3.7 +3.6 \% min A
R, =100Q +3.9 3.7 +3.6 +3.3 \ min A
Current Output, Sourcing Vo=0 +190 +160 +140 +80 mA min A
Current Output, Sinking Vo=0 -150 -135 -130 -80 mA min A
Closed-Loop Output Impedance G = +2, f = 100kHz 0.03 Q typ C
DISABLE (Disabled Low)
Power Down Supply Current (+Vg) Vg5 = 0, All Channels -900 HA typ C
Disable Time 100 ns typ C
Enable Time 25 ns typ C
Off Isolation G =+2,5MHz 70 dB typ C
Output Capacitance in Disable 4 pF typ C
Turn On Glitch G =+2, R, =150Q, V;y =0 +50 mv typ c
Turn Off Glitch G=+2, R, =150Q, V|y=0 +20 mV typ C
Enable Voltage 3.3 35 3.6 3.7 \% min A
Disable Voltage o 1.8 1.7 1.6 15 \ max A
Control Pin Input Bias Current (DIS) Vps = 0, Each Channel 100 160 160 160 HA max A
POWER SUPPLY
Specified Operating Voltage +5 \% typ C
Maximum Operating Voltage Range +6 +6 +6 \% max A
Max Quiescent Current (3 Channels) Vg = #5V 18 19.2 19.5 19.8 mA max A
Min Quiescent Current (3 Channels) Vg = 5V 18 16.8 16.5 15.0 mA min A
Power Supply Rejection Ratio (-PSRR) Input Referred 58 52 50 49 dB min A
TEMPERATURE RANGE
Specification: E, U —40 to +85 °C typ C
Thermal Resistance, 6,
E SSOP-16 100 °C/W typ C
U SO-16 100 °CIW typ @

NOTES: (1) Test Levels: (A) 100% tested at 25°C. Over temperature limits by characterization and simulation. (B) Limits set by characterization and simulation.
(C) Typical value only for information. (2) Junction temperature = ambient for 25°C guaranteed specifications. (3) Junction temperature = ambient at low temperature
limit: Junction temperature = ambient +23°C at high temperature limit for over temperature guaranteed specifications. (4) Current is considered positive out of node.
V¢ is the input common-mode voltage. (5) Tested < 3dB below minimum specified CMR at + CMIR limits.
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SPECIFICATIONS: Vg = +5V

Re = 499Q, R = 100Q to Vg/2, G = +2, (Figure 2 for AC performance only), unless otherwise noted.

OPA3681E, U
TYP GUARANTEED
0°Cto | -40°Cto MIN/ | TEST
PARAMETER CONDITIONS +25°C | +25°C@ | 70°C® | +85°C® | UNITS | MAX |LEVEL®
AC PERFORMANCE (Figure 2)
Small Signal Bandwidth (Vg = 0.5Vp-p) G = +1, Rg = 549Q 250 MHz typ C
G =+2, R = 499Q 225 180 140 110 MHz min B
G = +5, Rg = 365Q 180 MHz typ C
=+10, Rg = 182Q 165 MHz typ C
Bandwidth for 0.1dB Gain Flatness G =+2,V5<0.5Vp-p 100 50 35 23 MHz min B
Peaking at a Gain of +1 Rg = 649Q, V5 < 0.5Vp-p 0.4 2 4 dB max B
Large Signal Bandwidth G =+2, Vo =2Vp-p 200 MHz typ C
Slew Rate G =+2, 2V Step 830 700 680 570 Vlips min B
Rise/Fall Time G =+2,V5=0.5V Step 15 ns typ C
G =+2,Vy =2V Step 2.0 ns typ C
Settling Time to 0.02% G =+2,Vy =2V Step 14 ns typ C
0.1% G =+2, Vo =2V Step 9 ns typ C
Harmonic Distortion G =+2, f =5MHz, Vg = 2Vp-p
2nd Harmonic R, =100Q to Vg/2 -75 dBc typ C
R, =500Q to Vg/2 -79 dBc typ C
3rd Harmonic R, =100Q to Vg/2 —68 dBc typ C
R, 2500Q to Vg/2 -70 dBc typ C
Input Voltage Noise f>1MHz 2.2 3 3.4 3.6 nVAHz | max B
Non-Inverting Input Current Noise f>1MHz 12 14 14 15 pANVHz | max B
Inverting Input Current Noise f>1MHz 15 18 18 19 pANHz | max B
DC PERFORMANCE®)
Open-Loop Transimpedance Gain (Zq,) Vo =Vs/2, R =100Q to Vg/2 100 60 53 51 kQ min A
Input Offset Voltage Ven = 2.5V +1 +5 +6.0 +7 mV max A
Average Offset Voltage Drift Vey = 2.5V +15 +20 uv/°c max B
Non-Inverting Input Bias Current Vew = 2.5V +40 +65 +75 +95 HA max A
Average Non-Inverting Input Bias Current Drift Vew = 2.5V -300 -350 nA/°C max B
Inverting Input Bias Current Vey = 2.5V +5 +20 +25 +35 HA max A
Average Inverting Input Bias Current Drift Ven = 2.5V -125 -175 nA/°C max B
INPUT
Least Positive Input Voltage®) 1.5 1.6 1.7 1.8 \Y, max A
Most Positive Input Voltage®) 3.5 3.4 3.3 3.2 \Y, min A
Common-Mode Rejection (CMR) Vem = Ve/2 51 45 44 44 dB min A
Non-Inverting Input Impedance 100 || 2 kQ || pF typ C
Inverting Input Resistance (R;) Open Loop 44 Q typ C
OUTPUT
Most Positive Output Voltage No Load 4 3.8 3.7 35 \% min A
R =100Q, 2.5V 3.9 3.7 3.6 3.4 \% min A
Least Positive Output Voltage No Load 1 12 13 15 \% max A
R =100Q, 2.5V 1.1 1.3 1.4 1.6 \% max A
Current Output, Sourcing Vo = Vs/2 150 110 110 60 mA min A
Current Output, Sinking Vo =Vg/2 -110 -75 -70 -50 mA min A
Closed-Loop Output Impedance G = +2, f = 100kHz 0.03 Q typ C
DISABLE (Disable Low)
Power Down Supply Current (+Vg) Vs = 0, All Channels —750 HA typ C
Disable Time 100 ns typ C
Enable Time 25 ns typ C
Off Isolation G =+2,5MHz 65 dB typ C
Output Capacitance in Disable 4 pF typ C
Turn On Glitch G =+2, R =150Q, V|y =Vg/2 +50 mvV typ C
Turn Off Glitch G =+2, R, =150Q, Vj\ = Vg /2 +20 mv typ c
Enable Voltage 3.3 35 3.6 3.7 \% min A
Disable Voltage 1.8 17 1.6 15 \% max A
Control Pin Input Bias Current (DIS) Vpis = 0, Each Channel 100 HA typ C
POWER SUPPLY
Specified Single Supply Operating Voltage 5 \% typ C
Maximum Single Supply Operating Voltage 12 12 12 \% max A
Max Quiescent Current (3 Channels) Vg = +5V 14.4 15.9 16.2 16.2 mA max A
Min Quiescent Current (3 Channels) Vg = +5V 14.4 12.3 111 10.8 mA min A
Power Supply Rejection Ratio (+PSRR) Input Referred 48 dB typ C
TEMPERATURE RANGE
Specification: E, U —40 to +85 °C typ C
Thermal Resistance, 6;,
E SSOP-16 100 °CIW typ C
U SO-16 100 °C/IW typ C

NOTES: (1) Test Levels: (A) 100% tested at 25°C. Over temperature limits by characterization and simulation. (B) Limits set by characterization and simulation.
(C) Typical value only for information. (2) Junction temperature = ambient for 25°C guaranteed specifications. (3) Junction temperature = ambient at low temperature
limit: Junction temperature = ambient +23°C at high temperature limit for over temperature guaranteed specifications. (4) Current is considered positive out of node.
V¢ is the input common-mode voltage. (5) Tested < 3dB below minimum specified CMR at +CMIR limits.
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ABSOLUTE MAXIMUM RATINGS

PIN CONFIGURATION

POWET SUPPIY wvovvoeveveriesveeeeeseseieseesssseseeseseesssessesses s sesnessses e +6.5VDC Top View SSOP-16, SO-16
Internal Power Dissipation® ..........cccccccoeveienene See Thermal Information
Differential INput VOIRAGE ........ccceeviiiiieiiiiiieiec e +1.2V OPA3681
INPUt VOIAGE RANGE ...t +Vg
Storage Temperature Range: E, U .......cccoceviiiiiiiinnnne —40°C to +125°C o _
Lead Temperature (soldering, 10s). -INA |1 16 | DISA
Junction Temperature (Ty) ..o
NOTE: (1) Packages must be derated based on specified ;5. Maximum T, HINAL2 1__5| Vs
must be observed.
DISB | 3 14 |OUT A
TN ELECTROSTATIC e[ 13-,
[¢A DISCHARGE SENSITIVITY e ls 12]outs
Electrostatic discharge can cause damage ranging from perfor 55c e :|11 iy
mance degradation to complete device failure. Burr-Brown Corpo- s
ration recommends that allintegrated circuits be handled and stored nel7 10]outc
using appropriate ESD protection methods.
ESD damage can range from subtle performance degradation t +INC | 8 9 |-Vs
complete device failure. Precision integrated circuits may be more
susceptible to damage because very small parametric changgs
could cause the device not to meet published specifications.
PACKAGE/ORDERING INFORMATION
PACKAGE SPECIFIED
DRAWING TEMPERATURE PACKAGE ORDERING TRANSPORT
PRODUCT PACKAGE NUMBER @ RANGE MARKING NUMBER MEDIA
OPA3681E SSOP-16 Surface Mount 322 —40°C to +85°C OPA3681E OPA3681E/250 Tape and Reel
" " " " " OPA3681E/2K5 Tape and Reel
OPA3681U SO-16 Surface Mount 265 —40°C to +85°C OPA3681U OPA3681U Rails
" " " " " OPA3681U/2K5 Tape and Reel

NOTES: (1) For detailed drawing and dimension table, please see end of data sheet. (2) Models with a slash (/) are available only in Tape and Reel in the quantities
indicated (e.g., /2K5 indicates 2500 devices per reel). Ordering 2500 pieces of “OPA3681E/2K5" will get a single 2500-piece Tape and Reel.

The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN assumes
no responsibility for the use of this information, and all use of such information shall be entirely at the user’s own risk. Prices and specifications are subject to change
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not authorize or warrant
any BURR-BROWN product for use in life support devices and/or systems.
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TYPICAL PERFORMANCE CURVES: V ¢ = 5V

G = +2, Rp = 499Q, and R, = 100Q, unless otherwise noted (see Figure 1).
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TYPICAL PERFORMANCE CURVES: V ¢ =

G = +2, Rp = 499Q, and R, = 100Q, unless otherwise noted (see Figure 1).
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TYPICAL PERFORMANCE CURVES: V ¢ = £5V (Cont.)

G = +2, Rg = 499Q, and R, = 100Q, unless otherwise noted (see Figure 1).
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TYPICAL PERFORMANCE CURVES: V ¢ = £5V (Cont.)

G = +2, R = 499Q, and R, = 100Q, unless otherwise noted (see Figure 1).
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TYPICAL PERFORMANCE CURVES: V ¢ = +5V

G = +2, Rg = 499Q, and R, = 100Q, unless otherwise noted (see Figure 1).

Output Voltage (100mV/div)

Rs (Q)

Normalized Gain (1dB/div)
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TYPICAL PERFORMANCE CURVES: V ¢ = +5V (Cont)

G = +2, R = 499Q, and R, = 100Q, unless otherwise noted (see Figure 1).
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APPLICATIONS INFORMATION is included between the two power supply pins. In practical

PC board layouts, this optionally added capacitor will typi-
WIDEBAND CURRENT-FEEDBACK OPERATION cally improve the 2nd harmonic distortion performance by

The OPA3681 gives the exceptional AC performance of a3dB to 6dB.

wideband current-feedback op amp with a highly linear, Figure 2 shows the AC-coupled, gain of +2, single-supply
high power output stage. Requiring only 6mA/ch quiescent circuit configuration used as the basis of the +5V Specifica-
current, the OPA3681 will swing to within 1V of either tions and Typical Performance Curves. Though not a “rail-
supply rail and deliver in excess of 135mA guaranteed atto-rail” design, the OPA3681 requires minimal input and
room temperature. This low output headroom requirement,output voltage headroom compared to other very wideband
along with supply voltage independent biasing, gives re- current-feedback op amps. It will deliver a 3Vp-p output
markable single (+5V) supply operation. The OPA3681 will swing on a single +5V supply with greater than 150MHz
deliver greater than 200MHz bandwidth driving a 2Vp-p bandwidth. The key requirement of broadband single-supply
output into 10@ on a single +5V supply. Previous boosted operation is to maintain input and output signal swings
output stage amplifiers have typically suffered from very within the usable voltage ranges at both the input and the
poor crossover distortion as the output current goes throughoutput. The circuit of Figure 2 establishes an input midpoint
zero. The OPA3681 achieves a comparable power gain withpias using a simple resistive divider from the +5V supply
much better linearity. The primary advantage of a current- (two 80& resistors). The input signal is then AC-coupled
feedback op amp over a voltage-feedback op amp is that AGnto this midpoint voltage bias. The input voltage can swing
performance (bandwidth and distortion) is relatively inde- to within 1.5V of either supply pin, giving a 2Vp-p input

pendent of signal gain. signal range centered between the supply pins. The input
Figure 1 shows the DC-coupled, gain of +2, dual power impedance matching resistor (S2)6used for testing is
supply circuit configuration used as the basis of #B¥ adjusted to give a %D input match when the parallel

Specifications and Typical Performance Curves. For testcombination of the biasing divider network is included. The
purposes, the input impedance is set t@ 5@th a resistor ~ 9ain resistor (B) is AC-coupled, giving the circuit a DC
to ground and the output impedance is set 1@ ith a  9ain of +1, which puts the input DC bias voltage (2.5V) on
series output resistor. Voltage swings reported in the specithe output as well. Again, on a single +5V supply, the output
fications are taken directly at the input and output pins while voltage can swing to within 1V of either supply pin while
load powers (dBm) are defined at a matche@ fad. For delivering more than 75mA output current. A demanding
the circuit of Figure 1, the total effective load will be €00 100Q load to a midpoint bias is used in this characterization
|| 99&). The disable control IineTDIS) is typically left open circuit. The new output stage used in the OPA3681 can
to guarantee normal amplifier operation. One optional com- deliver large bipolar output currents into this midpoint load
ponent is included in Figure 1. In addition to the usual power With minimal crossover distortion, as shown by the +5V
supply de-coupling capacitors to ground, au6.tapacitor ~ Supply, 3rd harmonic distortion plots.

+5V
O+Vg
0.1uF 6.8uF
| halfll
I I
50Q Source
v + v 500 50Q Load
: 50Q 13 0 -
OPA3681 VVV O
d
—— 0.1pF R
I__. 499Q
Rs
499Q
= I6.8pF IO.lpF
VsO — -
-5V

FIGURE 1. DC-Coupled, G = +2, Bipolar Supply, Specifi- FIGURE 2. AC-Coupled, G = +2, Single Supply, Specifica-
cation and Test Circuit. tion and Test Circuit.
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TRIPLE ADC BUFFER CHANNEL WIDEBAND RGB MULTIPLEXER

The OPAx681 family is ideally suited to single supply, The OPA3681 is ideally suited to implementing a simple,
wideband ADC driving. A current feedback op amp is ideal very wideband, 2x1 RGB multiplexer. This simple “wired-
where high gains with high bandwidths are required. The OR video multiplexer” can be easily implemented using the
wide 3Vp-p output swing with over 150MHz full power circuit shown in Figure 4.

bandwidth on a single +5V supply is well suited 10 the pis gircyit uses two OPA3681s where each package ac-
2Vp-p input range commonly required from modemn CMOS ¢ nts the three RGB component video signals from one of
pipelined ADCs. Three channels of very high speed digitizer o nossible sources. Each non-inverting input is terminated

channels are shown in Figure 3 using the OPA3681 driving
three ADS831s (8-bit, 80Msps CMOS converters). Each

input is AC-coupled into a %D gain resistor that also will
act as a 5Q impedance match at high frequencies. The
amplifier’s inputs and outputs are centered on the ADC
common-mode input voltage by tying each convertegg V

to the non-inverting inputs of the amplifier. Thig,yacts as
the swing midpoint for the input to the converter. Since the
ADS831 can operate with differential inputs, driving into
the IN input will give a net non-inverting signal channel
even with the amplifiers operating at an inverting gain of
—6. The other input to the ADS831 is tied to thig,\as well

to give an input signal midpoint equal tg,)y. The 30@
feedback resistor will be the output load in this configura-
tion. Harmonic distortion for the OPA3681 will not degrade
the converter's SFDR performance in this application.

Power Supply +5V
De-Coupling 3000 N
Not Shown v
CM
L
= 22Q ADS831
0.1pF T _
" — OPA3681 IN 8-Bit
- 80Msps
47pF I
0.1uF 50Q
Vi o~ /WA W\
300Q E IN
VCM
< +
0.1uF = 1/3 22Q __ ADs831
:l: OPA3681 IN  8-Bit
- 80Msps
- 47pF I
0.1yF 50Q 3000Q
Vi o~ W VWA
300Q IN
VCM
e +
0.1uF = 1/3 22Q _ ADS§31
; OPA3681 IN 8-Bit
- 80Msps
- 47pF I
0.1pF 50Q 300Q
Vi o~ /W WV

R1

G1

75Q

Power Supply
De-Coupling Not Shown

82.5Q
O Vpur Red

'
'
402Q |
'

—_—

75Q Line

82.5Q
O Vour Green

' |OPA3681 '

— + '
13

E—

75Q Line

82.5Q

O Voyur Blue

—_—

75Q Line

82.5Q

82.5Q

FIGURE 3. ADC Driver.
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in 75Q to match the typical video source impedance. The The first op amp buffers the video DAC output and the first
disable control is used to switch between channels by feed{ilter section from each other. This first filter section pro-
ing a logic control line directly to all threep¥ inputs on vides group delay equalization. The second and third filter
one package, and its complement to the thrge Mputs on sections provide a 6th-order lowpass filter response that also
the other. Since the disable feature is intentionally make-compensates for the DAC'’s sin(x)/x response.
beforfe_—break (to ensure that the_ output does not float inThe filter response can be seen in Figure 6.

transition), each of the two possible outputs for the three
RGB lines are combined through a limiting resistor. This
82.52 resistor limits the current between the two outputs

during switching. Each output will have a disabled channel. 20 ‘ ‘ H
The feedback and output network connected on the outpu 10 s
slightly attenuates the signal going out onto th@ ¢able. ‘
The gain and output matching resistors (83.have been 0

slightly increased to get a signal gain of +1 to the matched
load and provide a T®output impedance to the cable. The

section on Disable Operation shows the turn-on and turn-off % —20

switching glitches, using a grounded input for the single 30 L
channel, is typically less thatbOmV. Where two outputs \ AT
are switched (shown in Figure 4), the output line is always —40 g

under the control of one amplifier or the other due to the 50

“make-before-break” disable timing. In this case, the switch- 0 1 10 100
ing glitches for OV inputs drops to < 20mV. Frequency (MHz)

VIDEO DAC RECONSTRUCTION EILTER FIGURE 6. DAC Reconstruction Filter Response.

Wideband current-feedback op amps make ideal elements
for implementing high-speed active filters where the ampli- HIGH POWER xDSL LINE DRIVER

fier is used as fixed gain block inside a passive RC CirCUitEmerging broadband access technologies are making sig-
network. Their relatively constant bandwidth versus gain, pificant demands on the output stage drivers. Some of the
provides .Iow inte_raction between. t.he agtual filter poles and higher frequency versions, particularly in VDSL, require
the required gain for the amplifier. Figure 5 shows an passive bandpass filters to spectrally isolate the upstream
example of a video DAC reconstruction filter. from downstream frequency bands. Figure 7 shows one
The delay-equalized filter in Figure 5 compensates for the possible implementation of this using single-ended filters
DAC's sin(x)/x response, and minimizes aliasing artifacts. It and giving differential push/pull drive into a transformer.
is designed for single +5V operation, with a 13.5Msps DAC The DAC output from the analog front end (AFE) typically
sampling rate, and a 5.5MHz cutoff frequency. requires isolation from the complex filter impedance. The
first stage provides a tunable gain (using Rith a fixed

Video
In 10|0uF 4990 4990 97.6Q
o o o

|

237Q +5V

82.5Q

243Q

+
3 75.5Q

iSGDF opazssr >4+ \W\V—0 v,

499Q

499Q

+5V

100pF

FIGURE 5. Filter Schematic.
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termination for the DAC, R It is very useful from a  stage, built using the 3rd wideband current-feedback op
distortion standpoint to scale the characteristic impedanceamp, in the OPA3681 will give lower CMRR at DC than
up for the filter. This reduces the loading at the first stage using a voltage feedback part, but higher CMRR at higher
amplifier output, typically improving 3rd-order terms di- frequencies. Measured performance, with no resistor value
rectly, as well as some improvement in 2nd-order terms.tuning, gave approximately 75dB at DC and > 55dB CMRR
Figure 7 assumes a 1QQcharacteristic impedance for the (input referred) through 10MHz. To maintain good distor-
filter. The filter is driven from a 100 source resistor into a  tion performance for the input stage amplifiers, the loading
100Q load that is formed by the input gain resistor of the at each output has been matched while achieving the gain of
inverting amplifier channel. The other non-inverting inputis 1 and differential characteristic of the output stage. To
isolated by a series R0resistor—principally to isolate that improve DC CMRR, tune the resistor to ground at the non-
input from the out-of-band source impedance of the filter. In inverting input of the output stage amplifier.

this example, the output stage is set up for a differential gain

of 8. The total gain from the output of the bandpass filter to

the line will be 4 « n, where n is the turns ratio used in the WIDEBAND PROGRAMMABLE GAIN
transformer. Very broad bandwidths at high power levels areByY tying all three inputs together from a single source, and
possible using the OPA3681 in the circuit of Figure 7. all three outputs together to drive a common load, a very
Recognize also, that the output is in fact bandlimited by theWideband, programmable gain function may be implemented.
filter. Very high dynamic range is possible inside the filter Figure 8 shows an example of this application where the

bandwidth due to the significant performance margin pro- three channels have been set up for gains of 2, 4, and 8 to
vided by the OPA3681. their output pins. When driving a doubly-terminated250

load, this gives a user-selectable gain of 1, 2 and 4 to the
matched load. The feedback resistor value has been opti-
WIDEBAND DIFFERENTIAL AMPLIFIER mized for maximum flat bandwidth in each channel. This
The differential amplifier (three amplifier instrumentation || give an almost constant > 200MHz bandwidth at any of
topology) on the front page of this data sheet shows athe three gain settings. The desired gain is selected by using
common application applied to this triple current feedback the disable control lines to choose one of the three possible
op amp. The two input stage amplifiers are configured for agmpiifiers as the active channel. An additionaRi@sistor
relatively high differential gain of 10. Lowering the feed- \y55 included inside the loop on each output stage to limit
back resistor values in this input stage provides > 120MHz tpyt stage currents if more than one output is on during
bandwidth, even at this high gain setting. The signal is gain select transition. This will reduce the maximum avail-
applied to the high impedance, non-inverting inputs at the apje output voltage swing into the M@otal load shown in
input stage. The differential gain is setby (1 +/28) =10  Figure 8 to approximately3.2V, but will provide surge
using the values shown on the front page. The third amplifier crrent protection during channel switching. Th@2@ries

performs the differential-to-single-ended conversion in a resjstors on each non-inverting input serves to isolate the
standard single op amp differential stage. This differential jnpyt parasitic capacitance from the source.

+5V

Q Supply De-Coupling
Not Shown

1n

DSL
AFE

Bandpass 100Q 400Q
Filter

1/3
OPA3681

+

FIGURE 7. Single-to-Differential xDSL Line Driver.
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+5V

I

74HC238 +5V Power Supply
Y De-Coupling Not Shown
D, o— o ? pling
D, o—| 1
Y2

——
50Q Load

Vin O

50Q

Mo

FIGURE 8. Wideband Programmable Gain.

OPERATING SUGGESTIONS

SETTING RESISTOR VALUES TO
OPTIMIZE BANDWIDTH

A current-feedback op amp like the OPA3681 can hold an
almost constant bandwidth over signal gain settings with the
proper adjustment of the external resistor values. This is shown
in the Typical Performance Curves; the small signal bandwidth
decreases only slightly with increasing gain. These curves alsd
show that the feedback resistor has been changed for each galn
setting. The resistor “values” on the inverting side of the circuit
for a current feedback op amp can be treated as frequenc
response compensation elements while their “ratios” set the)
signal gain. Figure 9 shows the small-signal frequency response
analysis circuit for the OPA3681.

The key elements of this current-feedback op amp model are

a - Buffer gain from the non-inverting input to the inverting input FIGURE 9. Current Feedback Transfer Function Analysis
R, - Buffer output impedance Circuit.

igrr » Feedback error current signal
Z(s) - Frequency dependent open loop transimpedance gain fggtoi Vg amplifier configuration. For a buffer gaia < 1.0, the

The buffer gain is typically very close to 1.00 and is CMRR = -20- log (1-0) dB.
normally neglected from signal gain considerations. It will, R;, the buffer output impedance, is a critical portion of the
however, set the CMRR for a single op amp differential bandwidth control equation. The OPA3681 is typically242
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A current-feedback op amp senses an error current in theminimum value of 2Q. Lower values will load both the
inverting node (as opposed to a differential input error buffer stage at the input and the output stage-if&s too
voltage for a voltage feedback op amp) and passes this on ttow—actually decreasing the bandwidth. Figure 10 shows
the output through an internal frequency dependentthe recommendedR/s NG for botht5V and a single +5V
transimpedance gain. The Typical Performance Curves showoperation. The values shown in Figure 10 give a good
this open-loop transimpedance response. This is analogoustarting point for design where bandwidth optimization is
to the open-loop voltage gain curve for a voltage-feedbackdesired.

op amp. Developing the transfer function for the circuit of
Figure 9 gives Equation 1:

0 RgO
OB R

RF+R,E1+

Eqg. 1
FEEDBACK RESISTOR vs NOISE GAIN
600

aNG
N Rr +R, NG

Zs)

Vo

v,

Re
RG

1 500

=
H

1+ +5V

400

Zs)

AN

300

O 0 Reg

ING = g_+ —%

B8 Re
This is written in a loop gain analysis format where the
errors arising from a non-infinite open-loop gain are shown
in the denominator. If Z(s) were infinite over all frequencies,
the denominator of Equation 1 would reduce to 1 and the
ideal desired signal gain shown in the numerator would be
achieved. The fraction in the denominator of Equation 1
determines the frequency response. Equation 2 shows this g
the loop gain equation:

200

Feedback Resistor (Q)

100

10
Noise Gain

15 20

S

FIGURE 10. Recommended Feedback Resistor vs Noise
Gain.

Eqg. 2
Z(s)

——=> =] oopGan
Re +R, NG

If 20 « log (R- + NG * R,) were drawn on top of the open- The total impedance going into _the inverting input may be
loop transimpedance plot, the difference between the twouse_d to aquust the closed-lopp S|g_nal_bandW|dth. Inserting a
would be the loop gain at a given frequency. Eventually, S€res resistor between the inverting input and the summing
Z(s) rolls off to equal the denominator of Equation 2 at Junction wlll increase the f_eedback |mped§ince (deno_mmator
which point the loop gain has reduced to 1 (and the curvesOf Equation 2), decreasing the bandwidth. The internal
have intersected). This point of equality is where the buffer outputimpedance for the OPA3681 is slightly influ-

amplifier's closed-loop frequency response, given by Equa-&nced by the source impedance looking out of the non-
tion 1, will start to roll off and is exactly analogous to the NVerting input te_rmmal. High source resistors will have the

frequency at which the noise gain equals the c)pen_|00pe_ffect of increasing II,?(_Jlecreas_lng the bandW|d_th. F_or those

voltage gain for a voltage-feedback op amp. The differenceSingle-supply applications which develop a midpoint bias at
here is that the total impedance in the denominator ofth€ non-inverting input through high valued resistors, the

Equation 2 may be controlled somewhat separately from thed€coupling capacitor is essential for power supply ripple
desired signal gain (or NG). rejection, non-inverting input noise current shunting, and to

L . . minimize the high frequency value foy R Figure 9.
The OPA3681 is internally compensated to give a maxi-

mally flat frequency response forR 499 at NG = 2 on

+5V supplies. Evaluating the denominator of Equation 2 INVERTING AMPLIFIER OPERATION

(which is the feedback transimpedance) gives an optimalSince the OPA3681 is a general purpose, wideband current-
target of 58@. As the signal gain changes, the contribution feedback op amp, most of the familiar op amp application
of the NG+ R, term in the feedback transimpedance will circuits are available to the designer. Those triple op amp
change, but the total can be held constant by adjusting R applications that require considerable flexibility in the feed-
Equation 3 gives an approximate equation for optimgm R back element (e.g., integrators, transimpedance, some fil-

over signal gain:
Eqg. 3
Rr =589Q —NGR,

As the desired signal gain increases, this equation will
eventually predict a negativeeRA somewhat subjective
limit to this adjustment can also be set by holdingt® a
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ters) should consider the unity gain stable voltage-feedback
OPA2680, since the feedback resistor is the compensation
element for a current feedback op amp. Wideband inverting
operation (especially summing) is particularly suited to the
OPA3681. Figure 11 shows a typical inverting configuration
where the 1/0 impedances and signal gain from Figure 1 are
retained in an inverting circuit configuration.



OUTPUT CURRENT AND VOLTAGE

+5V The OPA3681 provides output voltage and current capabili-
Q b ties that are unsurpassed in a low cost dual monolithic op
ower supply .
de-coupling amp. Under no-load conditions at°25 the output voltage
not shown typically swings closer than 1V to either supply rail; the
IS 50Q Load guaranteed swing limit is within 1.2V of either rail. Into a
v, 0@ —= 15Q load (the minimum tested load), it is guaranteed to
/@/ — /W 0 deliver more tha:135mA.

50Q
Source

The specifications described above, though familiar in the

2260 4640 industry, consider voltage and current limits separately. In
Vio YW many applications, it is the voltageurrent, or V-1 product,

Ry, which is more relevant to circuit operation. Refer to the

64.9Q “Output Voltage and Current Limitations” plot in the Typi-

cal Performance Curves. 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 quad-
FIGURE 11. Inverting Gain of -2 with Impedance Matching. rants give a more detailed view of the OPA3681’s output
drive capabilities, noting that the graph is bounded by a
“Safe Operating Area” of 1IW maximum internal power
dissipation. Superimposing resistor load lines onto the plot
tshows that the OPA3681 can driv25V into 2% or+3.5V
into 5Q without exceeding the output capabilities or the
1W dissipation limit. A 10Q load line (the standard test

In the inverting configuration, two key design consider-
ations must be noted. The first is that the gain resistgr (R
becomes part of the signal channel input impedance. If inpu
impedance matching is desired (which is beneficial when-
ever the signal is coupled through a cable, twisted pair, long™,"" . . .
PC board trace or other transmission line conductor), it jg cireult Ioad) shows thg_qu:_3.9V output swing capability,
normally necessary to add an additional matching resistor to?S shown in the Specifications Table.

ground. R by itself is normally not set to the required input The minimum specified output voltage and current over
impedance since its value, along with the desired gain, willtemperature are set by worst-case simulations at the cold
determine a Rwhich may be non-optimal from a frequency temperature extreme. Only at cold startup will the output
response standpoint. The total input impedance for thecurrent and voltage decrease to the numbers shown in the
source becomes the parallel combination gfaRd R;. guaranteed tables. As the output transistors deliver power,

The second major consideration, touched on in the previoustheir ju_nction Femperature_s will increase, decreas_ing their
paragraph, is that the signal source impedance becomes pathE S (|_ncreas!ng the ava|l_able_ output_ voltage swlng) and
of the noise gain equation and will have slight effect on the increasing their current gains (increasing the available out-

bandwidth through Equation 1. The values shown in Figure put current). In steady_ state operation, the available output
11 have accounted for this by slightly decreasingffom voltage and current will always be greater than that shown

Figure 1) to re-optimize the bandwidth for the noise gain of @n th? over-temperature specifica‘Fions since the outpqt stage
Figure 11 (NG = 2.82) In the example of Figure 11, the R Junct!qn temperfitures Wlll be higher than the minimum
value combines in parallel with the externak®8ource specified operating ambient.

impedance, yielding an effective driving impedance of To maintain maximum output stage linearity, no output
50Q || 642 = 28.1Q. This impedance is added in series with short-circuit protection is provided. This will not normally
R for calculating the noise gain—which gives NG = 2.82. be a problem since most applications include a series match-
This value, along with the Fof Figure 10 and the inverting  ing resistor at the output that will limit the internal power
input impedance of 45, are inserted into Equation 3 to get dissipation if the output side of this resistor is shorted to
a feedback transimpedance nearly equal to th€ 5§%i- ground.However, shorting the output pin directly to the

mum value. adjacent positive power supply pins will, in most cases,

Note that the non-inverting input in this bipolar supply destroy the amplifier. If additional short-circuit protection

inverting application is connected directly to ground. It is is required, consider a small series reS|sf[or n the power
often suggested that an additional resistor be connected tgup_ply leads. Under heavy output Ioao_ls, th's.w'" r_educe the
ground on the non-inverting input to achieve bias current avallable output VO“?‘Q? Swing. Axseries re5|s'_[or_|n e_ach
error cancellation at the output. The input bias currents forpowersupply lead will limit the mte_rna! power d|55|pat|_on to
a current feedback op amp are not generally matched inless_ than 1W for an output s_hort circuit while decreasing the
either magnitude or polarity. Connecting a resistor to groundava!lalble output voltage swing only 0.5V for up to 100mA
on the non-inverting input of the OPA3681 in the circuit of desired _Ioad currents. Always place the.@-hower sup_ply_
Figure 11 will actually provide additional gain for that dec_ouplmg_ capacitors after thes_e supply current-limiting
input’s bias and noise currents, but will not decrease the'esistors directly on the supply pins.

output DC error since the input bias currents are not matched.
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DRIVING CAPACITIVE LOADS up in the 2-tone, 3rd-order intermodulation spurious (IM3)

One of the most demanding and yet very common load€SPonse curves. The 3rd- order spurious levels are e_xtremely
conditions for an op amp is capacitive loading. Often, the low at low output power levels. The output stage continues to
capacitive load is the input of an A/D converter—including Nnold them low even as the fundamental power reaches very
additional external capacitance which may be recommendedigh levels. As the Typical Performance Curves show, the
to improve A/D linearity. A high speed, high open-loop gain SPurious |_n_terquulat|on powers do not increase as predicted
amplifier like the OPA3681 can be very susceptible to by a Fradltlonal intercept mpdel. As the fundamental power
decreased stability and closed-loop response peaking whefeVvel increases, the dynamic range does.not decrease S|.gn|f|—
a capacitive load is placed directly on the output pin. When cantly. For 2 tones ce_ntered at 20MHz, with 10dBm/tone into
the amplifier's open-loop output resistance is considered,@ Mmatched 30 load (i.e., 2Vp-p for each tone at the load,
this capacitive load introduces an additional pole in the Which requires 8Vp-p for the overall 2-tone envelope at the
signal path that can decrease the phase margin. Sever@utput pin), the Typical Performance Curves show 62dBc
external solutions to this problem have been suggesteddifference between the test tone power and the 3rd-order
When the primary considerations are frequency responséntermo_dulatlon spurious levels. Th_|s exceptional perfqr—
flatness, pulse response fidelity and/or distortion, the sim-mance improves further when operating at lower frequencies.
plest and most effective solution is to isolate the capacitive

load from the feedback loop by inserting a series isolation NOISE PERFORMANCE

resistor _between the z_im_plifier output and the capacitive\yjiqeband current feedback op amps generally have a higher
load. This does not el_lmln_ate the pole from the Ioop_re- output noise than comparable voltage-feedback op amps.
sponse, but rather shifts it and adds a zero at a highefrhe 0pa3681 offers an excellent balance between voltage
frequency. The additional zero acts to cancel the phase laghg current noise terms to achieve low output noise. The
from _the ca_pacmvg load pqle, thus increasing the phaseinverting current noise (15pM) is significantly lower
margin and improving stability. than earlier solutions while the input voltage noise
The Typical Performance Curves show the recommended(2.2nVAHz) is lower than most unity gain stable, wideband,
Rs vs Capacitive Load and the resulting frequency responsevoltage feedback op amps. This low input voltage noise was
at the load. Parasitic capacitive loads greater than 2pF camchieved at the price of higher non-inverting input current
begin to degrade the performance of the OPA3681. Long POnoise (12pAYHz). As long as the AC source impedance
board traces, unmatched cables, and connections to multipléooking out of the non-inverting node is less thanC.0his
devices can easily cause this value to be exceeded. Alwaysurrent noise will not contribute significantly to the total
consider this effect carefully, and add the recommendedoutput noise. The op amp input voltage noise and the two
series resistor as close as possible to the OPA3681 outpuhput current noise terms combine to give low output noise

pin (see Board Layout Guidelines). under a wide variety of operating conditions. Figure 12
shows the op amp noise analysis model with all the noise
DISTORTION PERFORMANCE terms included. In this model, all noise terms are taken to be

. . . . noise voltage or current density terms in eitherviiZ or
The OPA3681 provides good distortion performance into apA/\/m g y

100Q load on+5V supplies. Relative to alternative solu-
tions, it provides exceptional performance into lighter loads
and/or operating on a single +5V supply. Generally, until the
fundamental signal reaches very high frequency or powe
levels, the 2nd harmonic will dominate the distortion with a
negligible 3rd harmonic component. Focusing then on the
2nd harmonic, increasing the load impedance improves)
distortion directly. Remember that the total load includes
the feedback network; in the non-inverting configuration
(Figure 1), this is the sum of:R R, while in the inverting 'a
configuration it is just R Also, providing an additional
supply decoupling capacitor (uE) between the supply Ers =
pins (for bipolar operation) improves the 2nd-order distor- VAKTRg
tion slightly (3dB to 6dB). —

1/3
OPA3681

- VAKTRE
In most op amps, increasing the output voltage swing in- T Re les
creases harmonic distortion directly. The Typical Performance V'R, ‘”‘T; ;;;IZZOJ

Curves show the 2nd harmonic increasing at a little less thal =
the expected 2x rate while the 3rd harmonic increases at a littlg
less than the expected 3x rate. Where the test power doubleg,
the difference between it and the 2nd harmonic decreases legs
than the expected 6dB while the difference between it and the
3rd decreases by less than the expected 12dB. This also showGURE 12. Op Amp Noise Analysis Model.
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The total output spot noise voltage can be computed as th®ISABLE OPERATION

square root of the sum of all squared output noise voltagerne OPA3681 provides an optional disable feature that may
contributors. Equation 4 shows the general form for the pe ysed either to reduce system power or to implement a
output noise voltage using the terms shown in Figure 12. gimple channel multiplexing operation. If the DIS control
pin is left unconnected, the OPA3681 will operate normally.
To disable, the control pin must be asserted low. Figure 13
shows a simplified internal circuit for the disable control
feature.

Eqg. 4

Eo = \f(EN,z +(IgxRs)? +4kTRS)NG2 +(IgiRe)” + 4kTR:NG

+Vg

Dividing this expression by the noise gain (NG = ((#Rs))
will give the equivalent input referred spot noise voltage at the
non-inverting input as shown in Equation 5.

Eqg. 5

OgRef , AKTRe
UNG U NG

Ey = \/EN,Z +(IgnRs)” + 4KTRg +

Evaluating these two equations for the OPA3681 circuit and 110kQ
component values shown in Figure 1 will give a total output
spot noise voltage of 8.4m#Az and a total equivalent input Vis CoInStroI Ry

spot noise voltage of 4.2m#Az. This total input-referred °

spot noise voltage is higher than the 2.2 specifica-  FIGURE 13. Simplified Disable Control Circuit.
tion for the op amp 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 inIn normal operation, base current to Q1 is provided through

high gain configurations (as suggested previously), the totaltlht_)ele1OK.2 treS|st?r while thl(te emgter Ctl;]rrf.m _thrgugh tthet
input-referred voltage noise given by Equation 5 will ap- resistor sets up a voftage drop that 1S inadequate 1o

proach just the 2.2nVHz of the op amp itself. For example, turn on t_h_e two diodes_ in Q1's emitter. Ag;y/is pglled
going to a gain of +10 using:R: 182 will give a total low, additional current is pulled through the Tbkesistor
input referred noise of 2 4n\ﬁz eventually turning on these two diodes1(0QuA). At this

point, any further current pulled out of5)¢ goes through
those diodes holding the emitter-base voltage of Q1 at
DC ACCURACY AND OFFSET CONTROL approximately zero volts. This shuts off the collector current
A current-feedback op amp like the OPA3681 provides out of Q1, turning the amplifier off. The supply current in
exceptional bandwidth in high gains, giving fast pulse set- the disable mode is that only required to operate the circuit
tling but only moderate DC accuracy. The Specifications of Figure 13. Additional circuitry ensures that turn-on time
Table shows an input offset voltage comparable to high-occurs faster than turn-off time (make-before-break).

speed, voltage-feedback amplifiers. However, the two input\when disabled, the output and input nodes go to a high
bias currents are somewhat higher and are unmatchedimpedance state. If the OPA3681 is operating in a gain of
Whereas bias current cancellation techniques are very effecs 1 thjs will show a very high impedance (4pF |\t the

tive with most voltage-feedback op amps, they do not gytput and exceptional signal isolation. If operating at a
generally reduce the output DC offset for wideband current- gain greater than +1, the total feedback network resistance
feedback op amps. Since the two input bias currents arqr_ + R.) will appear as the impedance looking back into
unrelated in both magnitude and polarity, matching the the output, but the circuit will still show very high forward
source impedance looking out of each input to reduce theirand reverse isolation. If configured as an inverting ampli-
error contribution to the output is ineffective. Evaluating the fier, the input and output will be connected through the

configuration of Figure 1, using worst-case %23nput  feedback network resistance (R Ry) giving relatively
offset voltage and the two input bias currents, gives a worst-poor input to output isolation.

case output offset range equal to:

One key parameter in disable operation is the output glitch

(NG * Vosmax) + (len * Rs/2 + NG) £ (Ig * Re) when switching in and out of the disable mode. Figure 14
where NG = non-inverting signal gain shows these glitches for the circuit of Figure 1 with the input
=+ (2 +5.0mV) + (55A » 25Q « 2) + (490 « 40uA) signal set to zero volts. The glitch waveform at the output

pin is plotted along with the DIS pin voltage.
=+10mV + 2.75mV+ 20mV

= -27.25mV- +32.75mV
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BOARD LAYOUT GUIDELINES

40 I“\ Output Voltage Achieving optimum performance with a high frequency

S 20 OV Input) amplifier like the OPA3681 requires careful attention to

% 0 \U’\AA —/\—1 \‘,~ board layout parasitics and external component types. Rec-

& -20 W ommendations that will optimize performance include:

% —40 \ a) Minimize parasitic capacitanceto any AC ground for

g Vi 4.8V all of the signal I/O pins. Parasitic capacitance on the output

2 and inverting input pins can cause instability: on the non-

3 l Y ] inverting input, it can react with the source impedance to
' cause unintentional bandlimiting. To reduce unwanted ca-
‘ pacitance, a window around the signal I/O pins should be

Time (20ns/div) opened in all of the ground and power planes around those
FIGURE 14. Disable/Enable Glitch. pins. Otherwise, ground and power planes should be unbro-
ken elsewhere on the board.

The transition edge rate (dv/dt) of the DIS control line will b) Minimize the distance(< 0.25") from the power supply
influence this glitch. For the plot of Figure 14, the edge rate Pins to high frequency QuF decoupling capacitors. At the
was reduced until no further reduction in glitcth amplitude device pins, the ground and power plane layout should not
was observed. This approximately 1V/ns maximum slew Pe in close proximity to the signal I/O pins. Avoid narrow
rate may be achieved by adding a simple RC filter into the POWer and ground traces to minimize inductance between
V35 pin from a higher speed logic line. If extremely fast the pins and the decoupling capacitors. The power supply
transition logic is used, a @kseries resistor between the Cconnections (on pins 4 and 7) should always be decoupled
logic gate and the 3fs input pin will provide adequate With these capacitors. An optional supply de-coupling ca-
bandlimiting using just the parasitic input capacitance on thePacitor across the two power supplies (for bipolar operation)

V3 pin while still ensuring adequate logic level swing. Wil improve 2nd harmonic distortion performance. Larger
(2.2uF to 6.81F) decoupling capacitors, effective at lower

frequency, should also be used on the main supply pins.
THERMAL ANALYSIS These may be placed somewhat farther from the device and

Due to the high output power capability of the OPA3681, may be shared among several devices in the same area of the
heatsinking or forced airflow may be required under extreme pC poard.

operating conditions. Maximum desired junction tempera-
ture will set the maximum allowed internal power dissipa-
tion as described below. In no case should the maximum
junction temperature be allowed to exceed’Ci®perating
junction temperature (Yis given by T + Py * 6;4. The total
internal power dissipation fp is the sum of quiescent
power (Bg) and additional power dissipation in the output
stage (BB,) to deliver load power. Quiescent power is simply
the specified no-load supply current times the total supply
voltage across the partpPwill depend on the required
output signal and load but would, for a grounded resistive
load, be at a maximum when the output is fixed at a voltage
equal to 1/2 of either supply voltage (for equal bipolar
supplies). Under this conditionpP=V¢?/(4 « R ) where R
includes feedback network loading.

c) Careful selection and placement of external compo-
nents will preserve the high frequency performance of

the OPA3681.Resistors should be a very low reactance
type. 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 per-
formance. Again, keep their leads and PC board trace length
as short as possible. Never use wirewound type resistors in
a high frequency application. Since the output pin and
inverting input pin are the most sensitive to parasitic capaci-
tance, always position the feedback and series output resis-
tor, if any, as close as possible to the output pin. Other
network components, such as non-inverting input termina-
tion resistors, should also be placed close to the package.
Where double-side component mounting is allowed, place
Note that it is the power in the output stage and not into thethe feedback resistor directly under the package on the other
load that determines internal power dissipation. side of the board between the output and inverting input
As a worst-case example, compute the maximyuosifig an pins. The frequency response is primarily determined by the
OPA3681 SO-16 (in the circuit of Figure 1), operating at the feedback resistor value as described previously. Increasing
maximum specified ambient temperature of *B%vith all its value will reduce the bandwidth, while decreasing it will
three outputs driving a grounded(@oad to +2.5V: give a more peaked frequency response. Th488dback

P, = 10V + 19.2mA + 3  [B(4 » (2QQ || 9982)] = 1.15W resistor used in the typlc_al p_erformance spe_C|flcat|_ons at a
gain of +2 on+5V supplies is a good starting point for

Maximum T, = +85°C + (1.15 » 100C/W) = 200C design. Note that a 5@9feedback resistor, rather than a
This absolute worst-case condition exceeds specified maxidirect short, is recommended for the unity gain follower
mum junction temperature. Normally this extreme case will application. A current feedback op amp requires a feedback
not be encountered. Careful attention to internal powerresistor even in the unity gain follower configuration to
dissipation is required and perhaps airflow considered undercontrol stability.

extreme conditions.
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d) Connections to other wideband devicesn the board  currents are possible (e.g., in systems withV supply

may be made with short direct traces or through on-boardparts driving into the OPA3681), current limiting series
transmission lines. For short connections, consider the traceesistors should be added into the two inputs. Keep these
and the input to the next device as a lumped capacitive loadresistor values as low as possible since high values degrade
Relatively wide traces (50mils to 100mils) should be used, both noise performance and frequency response.

preferably with ground and power planes opened up around

them. Estimate the total capacitive load and gdtdn the
plot of recommended /s Capacitive Load. Low parasitic +Vee

capacitive loads (< 5pF) may not need af dice the

OPA3681 is nominally compensated to operate with a 2pF

parasitic load. If a long trace is required, and the 6dB signal EXterF',‘ii' ———————————— '(’:‘fr'im'y
loss intrinsic to a doubly-terminated transmission line is

acceptable, implement a matched impedance transmissio

line using microstrip or stripline techniques (consult an ECL ~Vee

d§S|gn handbook fpr mmros}np and stripline layout tech- FIGURE 15. Internal ESD Protection.

nigues). A 5@ environment is normally not necessary on

board, and in fact, a higher impedance environment will

improve distortion as shown in the Distortion vs Load plots. DES|IGN-IN TOOLS

With a characteristic board trace impedance defined based

on board material and trace dimensions, a matching serie§PPLICATIONS SUPPORT

resistor into the trace from the output of the OPA3681 is The Burr-Brown Applications Department is available for
used as well as a terminating shunt resistor at the input of thelesign assistance at phone number 1-800-548-6132
destination device. Remember also that the terminating(US/Canada only). The Burr-Brown Internet web page
impedance will be the parallel combination of the shunt (http://www.burr-brown.com) has the latest data sheets and
resistor and the input impedance of the destination device:other design aids.

this total effective impedance should be set to match the

trace impedance. The high output voltage and current capapepMoONSTRATION BOARDS

bility of the OPA3681 allows multiple destination devices to

be handled as separate transmission lines, each with thei@‘ PC board will be available to assist in the initial evaluation
own series and shunt terminations. If the 6dB attenuation of0f Circuit performance of the OPA3681. This is available as

a doubly-terminated transmission line is unacceptable, a@" Unpopulated PCB with descriptive documentation. See
long trace can be series-terminated at the source end onl)}.he demonstration board literature for more information. The
Treat the trace as a capacitive load in this case and set th&Ummary information for this board is shown below:

series resistor value as shown in the plot 9f®RCapacitive

Load. This will not preserve signal integrity as well as a LTERATURE
doubly-terminated line. If the input impedance of the desti- DEMONSTRATION REQUEST
nation device is low, there will be some signal attenuation [ PRODUCT PACKAGE BOARD NUMBER
due to the voltage divider formed by the series output into| OPA3681E SSOP-16 DEM-OPA368XE MKT-354
the terminating impedance. OPA3681U SO-16 DEM-OPA368xU MKT-364

e) Socketing a high speed part like the OPA3681 is not Check the Burr-Brown web site for availability of these
recommended. The additional lead length and pin-to-pin boards.

capacitance introduced by the socket can create an ex-

tremely troublesome parasitic network which can make it

almost impossible to achieve a smooth, stable frequencysplCE MODELS

response. Best results are obtained by soldering the OPA368Computer simulation of circuit performance using SPICE is

onto the board. often useful when analyzing the performance of analog
circuits and systems. This is particularly true for high speed

INPUT AND ESD PROTECTION active devices, like the OPA3681, where parasitic capaci-
tance and inductance can have a major effect on frequency

The OPA3681 is built using a very high speed complemen-
tary bipolar process. The internal junction breakdown volt-
ages are re|ative|y low for these very small geometry de-SPlCE models will be available through the Burr-Brown
vices. These breakdowns are reflected in the Absolute Maxi-web page or on a disk (call our Applications Department).
mum Ratings table. All device pins have limited ESD These models do a good job of predicting small-signal AC

protection using internal diodes to the power supplies asand transient performance under a wide variety of operating
shown in Figure 15. conditions. They do not do as well in predicting the har-

These diodes provide moderate protection to input overdrivemoniC distortion or differential gain and phase characteris-
P P P tics. These models do not distinguish between the AC

voltages above the supplies as well. The protection diodes erformance of different package types
can typically support 30mA continuous current. Where higher P P ge ypes.

response.
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