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Wideband, Voltage-Feedback
OPERATIONAL AMPLIFIER with Disable
Check for Samples: OPA690

FEATURES DESCRIPTION
* FLEXIBLE SUPPLY RANGE:! The OPA690 represents a major step forward in

+5V to +12V Single Supply unity-gain stable, voltage-feedback op amps. A new

+2.5V to 5V Dual Supply internal architecture provides slew rate and full-power
« UNITY-GAIN STABLE: 500MHz (G = 1) bandwidth previously found only in wideband,

. . current-feedback op amps. A new output stage
HIGH OUTPUT CURRENT: 190mA architecture delivers high currents with a minimal
¢ OUTPUT VOLTAGE SWING: +4.0V headroom requirement. These combine to give

« HIGH SLEW RATE: 1800V/us exceptional single-supply operation. Using a single

« LOW SUPPLY CURRENT: 5.5mA +5V suppl_y, the_ OPAB90 can deli\_/er a 1V to 4V
output swing with over 150mA drive current and

* LOW DISABLE CURRENT: 100pA 150MHz bandwidth. This combination of features

+ WIDEBAND +5V OPERATION: 220MHz (G = 2) makes the OPA690 an ideal RGB line driver or
single-supply Analog-to-Digital Converter (ADC) input

APPLICATIONS driver.

* VIDEO LINE DRIVING The low 5.5mA supply current of the OPAG690 is

« xDSL LINE DRIVER/RECEIVER precisely trimmed at +25°C. This trim, along with low

« HIGH-SPEED IMAGING CHANNELS temperature drift, gives lower maximum supply

current than competing products. System power may

* ADC BUFFERS be reduced further using the optional disable control

* PORTABLE INSTRUMENTS pin. Leaving this disable pin open, or holding it HIGH,
« TRANSIMPEDANCE AMPLIFIERS will operate the OPA690 normally. If pulled LOW, the
« ACTIVE FILTERS OPAG90 supply current drops to less than 100pA

while the output goes to a high-impedance state. This
feature may be used for power savings.

OPA690 RELATED PRODUCTS

SINGLES DUALS TRIPLES
Voltage-Feedback — OPA2690 OPA3690
Current-Feedback OPA691 OPA2691 OPA3691
Fixed Gain OPA692 — OPA3692
Single-Supply ADC Driver
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2 Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of Texas
Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

All trademarks are the property of their respective owners.
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This integrated circuit can be damaged by ESD. Texas Instruments recommends that all integrated circuits be handled with
appropriate precautions. Failure to observe proper handling and installation procedures can cause damage.

‘m ESD damage can range from subtle performance degradation to complete device failure. Precision integrated circuits may be more
susceptible to damage because very small parametric changes could cause the device not to meet its published specifications.

ORDERING INFORMATION®

SPECIFIED
PACKAGE TEMPERATURE PACKAGE ORDERING TRANSPORT
PRODUCT PACKAGE-LEAD DESIGNATOR RANGE MARKING NUMBER MEDIA, QUANTITY
OPA690ID Rails, 100
OPA690 SO-8 D -40°C to +85°C OPA690
OPAG690IDR Tape and Reel, 2500
OPA690IDBVT Tape and Reel, 250
OPAG90 SOT23-6 DBV -40°C to +85°C OAEI
OPA690IDBVR | Tape and Reel, 3000

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

ABSOLUTE MAXIMUM RATINGS®

Over operating free-air temperature range, unless otherwise noted.

OPAG690 UNIT
Power Supply +6.5 Vpc
Internal Power Dissipation See Thermal Analysis section
Differential Input Voltage +1.2 \%
Input Voltage Range +Vg \Y
Storage Temperature Range: D, DBV —65 to +125 °C
Junction Temperature (T;) +175 °C
Human Body Model (HBM) 2000 \%
ESD Ratings Charge Device Model (CDM) 1500 \%
Machine Model (MM) 200 \Y

(1) Stresses above these ratings may cause permanent damage. Exposure to absolute maximum conditions for extended periods may
degrade device reliability. These are stress ratings only, and functional operation of the device at these or any other conditions beyond
those specified is not supported.

D PASCCI)KéAGE DRB PACKAGE
- SOT23-6
(TOP VIEW) (TOP VIEW)

O —
NC | 1 8 |DIS Output | 1 6 | +Vg
Inverting Input | 2 7 | +Vg
Vg | 2 5 | DIS

Noninverting Input | 3 6 | Output

-Vs | 4 5 |NC Noninverting Input | 3 4 | Inverting Input
NOTE: NC = not connected. ,_l ,_l ,_l
© Te] <

OAEI

HIRCEG

Pin Orientation/Package Marking

2 Copyright © 2001-2010, Texas Instruments Incorporated
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ELECTRICAL CHARACTERISTICS: Vg = 5V

Boldface limits are tested at +25°C.
At Re = 402Q, R, = 100Q, and G = +2 (see Figure 36 for ac performance only), unless otherwise noted.

OPA690ID, IDBV
MIN/MAX OVER
TYP TEMPERATURE
0°C to -40°C to MIN/ TEST
PARAMETER TEST CONDITIONS +25°C +25°C® | +70°C® | +85°C® UNIT MAX LEVELS®
AC PERFORMANCE (see Figure 36)
Small-Signal Bandwidth G = +1, Vg = 0.5Vpp, R = 25Q 500 MHz typ C
G =+2, Vo =0.5Vpp 220 165 160 150 MHz min B
G =+10, Vo = 0.5Vpp 30 20 19 18 MHz min B
Gain Bandwidth Product G=10 300 200 190 180 MHz min B
Bandwidth for 0.1dB Gain Flatness G =+2, V5 <0.5Vpp 30 MHz typ C
Peaking at a Gain of +1 Vo < 0.5Vpp 4 dB typ C
Large-Signal Bandwidth G =+2,V5<0.5Vpp 200 MHz typ C
Slew Rate G = +2, 4V Step 1800 1400 1200 900 Vius min B
Rise-and-Fall Time G =+2, Vo = 0.5V Step 14 ns typ C
G =+2, Vo =5V Step 2.8 ns typ C
Settling Time to 0.02% G =+2, Vo =2V Step 12 ns typ C
Settling Time to 0.1% G =+2, Vo = 2V Step 8 ns typ C
Harmonic Distortion G =+2, f = 5MHz, Vg = 2Vpp
2nd-Harmonic R, =100Q -68 -64 -62 -60 dBc max B
R, 2500Q =77 -70 —68 —66 dBc max B
3rd-Harmonic R, =100Q -70 -68 —66 —64 dBc max B
R, 2500Q -81 -78 -76 —75 dBc max B
Input Voltage Noise f> 1MHz 55 nVAHz typ C
Input Current Noise f>1MHz 3.1 pANHZ typ C
Differential Gain G =+2, NTSC, Vg = 1.4Vp, R, = 150Q 0.06 % typ C
Differential Phase G =+2, NTSC, Vi = 1.4Vp, R, = 150Q 0.03 deg typ C
DC PERFORMANCE®
Open-Loop Voltage Gain (Ag.) Vo =0V, R_ =100Q 69 58 56 54 dB min A
Input Offset Voltage Vew = OV +1.0 +4 +4.5 +4.7 mvV max A
Average Offset Voltage Drift Ve = 0V +10 +10 pv/eC max B
Input Bias Current Ve = OV +3 +10 +11 +12 pA max A
Average Bias Current Drift (magnitude) Vew = OV +20 +40 nA/°C max B
Input Offset Current Vew = OV +0.1 +1.0 +1.4 +1.6 A max A
Average Offset Current Drift Ve = OV +7 +9 nA/°C max B
INPUT
Common-mode Input Voltage (CMIR)® +3.5 +3.4 +3.3 +3.2 v min A
Common-Mode Rejection Ratio (CMRR) Ven = 1V 65 60 57 56 dB min A
Input Impedance
Differential Mode Ve = 0V 190 || 0.6 kQ || pF typ C
Common-Mode Vew = 0V 3.2]|0.9 MQ || pF typ C

(1) Testlevels: (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 specifications.

(3) Junction temperature = ambient at low temperature limits; junction temperature = ambient +10°C at high temperature limit for over
temperature specifications.

(4) Current is considered positive out of node.

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

Copyright © 2001-2010, Texas Instruments Incorporated 3
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ELECTRICAL CHARACTERISTICS: Vg = 5V (continued)
Boldface limits are tested at +25°C.
At Rg = 402Q, R, = 100Q, and G = +2 (see Figure 36 for ac performance only), unless otherwise noted.
OPA690ID, IDBV
MIN/MAX OVER
TYP TEMPERATURE
0°Cto -40°C to MIN/ TEST
PARAMETER TEST CONDITIONS +25°C +25°C® | +70°C® | +85°C® UNIT MAX LEVELS®
OUTPUT
Voltage Output Swing No Load +4.0 +3.8 8,7 +3.6 \% min A
R, =100Q +3.9 +3.7 +3.6 +3.3 \% min A
Current Output, Sourcing Vo =0V +190 +160 +140 +100 mA min A
Current Output, Sinking Vo =0V -190 -160 -140 -100 mA min A
Short-Circuit Current Limit Vo =0V +250 mA typ C
Closed-Loop Output Impedance G = +2, f =100kHz 0.04 Q typ C
DISABLE (Disabled LOW)
Power-Down Supply Current (+Vsg) Vpis = 0V -100 -200 —240 —260 HA max A
Disable Time Vin = 1Vpe 200 ns typ C
Enable Time Vin = 1Vpe 25 ns typ C
Off Isolation G =+2, R = 150Q, V\y = 0V 70 dB typ C
Output Capacitance in Disable G =+2, R, = 150Q, V| = 0V 4 pF typ C
Turn-On Glitch +50 mV typ C
Turn-Off Glitch +20 mV typ C
Enable Voltage 33 35 3.6 3.7 \% min A
Disable Voltage 1.8 17 1.6 1.5 \% max A
Control Pin Input Blas Current (Vp;s) Vpis = 0V 75 130 150 160 HA max A
POWER SUPPLY
Specified Operating Voltage +5 \% typ C
Maximum Operating Voltage Range +6.0 +6 +6 \Y max A
Maximum Quiescent Current Vg = #5V 55 5.8 6.2 6.6 mA max A
Minimum Quiescent Current Vg = #5V 55 53 4.6 4.3 mA min A
Power-Supply Rejection Ratio (+PSRR) Input-Referred 75 68 66 64 dB min A
THERMAL CHARACTERISTICS
Specified Operating Range: D, DBV -40 to +85 °C typ C
Thermal Resistance, 0;, Junction-to-Ambient
D SO-8 125 °CIW typ [¢
DBV SOT23-6 150 °CIW typ C
4 Copyright © 2001-2010, Texas Instruments Incorporated
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ELECTRICAL CHARACTERISTICS: Vg = +5V

Boldface limits are tested at +25°C.
At Re = 402Q, R, = 100Q, and G = +2 (see Figure 37 for ac performance only), unless otherwise noted.

OPAG90ID, IDBV

MIN/MAX OVER

TYP TEMPERATURE
0°C to -40°C to MIN/ TEST
PARAMETER TEST CONDITIONS +25°C +25°C@ | +70°C® | +85°C® UNIT MAX LEVELS®
AC PERFORMANCE (see Figure 37)
Small-Signal Bandwidth G = +1, Vg = 0.5Vpp, R = £25Q 400 MHz typ (03
G = +2, Vo < 0.5Vpp 190 150 145 140 MHz min B
G = +10, V5 < 0.5Vpp 25 18 17 16 MHz min B
Gain Bandwidth Product G=10 250 180 170 160 MHz min B
Bandwidth for 0.1dB Gain Flatness G =+2, V5 < 0.5Vpp 20 MHz typ C
Peaking at a Gain of +1 Vo < 0.5Vpp 5 dB typ C
Large-Signal Bandwidth G =+2,Vg=2Vpp 220 MHz typ (03
Slew Rate G = +2, 2V Step 1000 700 670 550 Vius min B
Rise-and-Fall Time G = +2, Vo = 0.5V Step 1.6 ns typ C
G =+2, Vo = 2V Step 2.0 ns typ (03
Settling Time to 0.02% G =+2, Vg = 2V Step 12 ns typ C
Settling Time to 0.1% G =+2, Vo = 2V Step 8 ns typ C
Harmonic Distortion G =+2, f = 5MHz, Vg = 2Vpp
2nd-Harmonic R, =100Q to Vg/2 -65 -60 -59 -56 dBc max B
R, 2500Q to Vg/2 75 70 —68 —66 dBc max B
3rd-Harmonic R, =100Q to Vg/2 -68 —64 -62 -60 dBc max B
R, 2 500Q to Vg/2 -77 -73 -71 -70 dBc max B
Input Voltage Noise f>1MHz 5.6 nVAHz typ C
Input Current Noise f>1MHz 3.2 pANHZ typ (03
Differential Gain G =+2,NTSC, VOVZS}ZAVP' R, =150Q 0 0.06 % typ c
Differential Phase G =+2,NTSC, VO\/:s/lZ'4VP' R =150010 0.02 deg typ c
DC PERFORMANCE®
Open-Loop Voltage Gain (Ag,) Vo = 2.5V, R, =100Q to Vg/2 63 56 54 52 dB min A
Input Offset Voltage Venm = 2.5V +1.0 +4 +4.3 +4.7 mVv max A
Average Offset Voltage Drift Vew = 2.5V +10 +10 nv/ec max B
Input Bias Current Veu = 2.5V +3 +10 +11 *12 HA max A
Average Bias Current Drift (magnitude) Vew = 2.5V +20 +40 nA/°C max B
Input Offset Current Ven = 2.5V +0.3 +1 +1.4 +1.6 HA max A
Average Offset Current Drift Ve = 2.5V +7 +9 nA/°C max B
INPUT
Least Positive Input Voltage® 15 1.6 1.7 1.8 \% min A
Most Positive Input Voltage® 35 3.4 3.3 3.2 Vv min A
Common-Mode Rejection Ratio (CMRR) Ven = 2.5V £ 0.5V 63 58 56 54 dB min A
Input Impedance
Differential Mode Ve = 2.5V 92| 1.4 kQ || pF typ C
Common-Mode Vew = 2.5V 22|15 MQ || pF typ C

(1) Testlevels: (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 specifications.

(3) Junction temperature = ambient at low temperature limits; junction temperature = ambient +10°C at high temperature limit for over

temperature specifications.

(4) Current is considered positive out of node.

(5) Tested < 3dB below minimum specified CMRR at +CMIR limits.
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ELECTRICAL CHARACTERISTICS: Vg = +5V (continued)
Boldface limits are tested at +25°C.
At Rp = 402Q, R, = 100Q, and G = +2 (see Figure 37 for ac performance only), unless otherwise noted.
OPA690ID, IDBV
MIN/MAX OVER
TYP TEMPERATURE
0°C to -40°C to MIN/ TEST
PARAMETER TEST CONDITIONS +25°C +25°C@ | +70°C® | +85°C® UNIT MAX LEVELS®
OUTPUT
Most Positive Output Voltage No Load 4 3.8 3.6 35 \ min A
R, =100Q to 2.5V 3.9 3.7 35 3.4 \ min A
Least Positive Output Voltage No Load 1 1.2 14 15 \% min A
R, =100Q to 2.5V 1.1 1.3 15 1.7 \Y max A
Current Output, Sourcing +160 +120 +100 +80 mA max A
Current Output, Sinking -160 -120 -100 -80 mA min A
Short-Circuit Current +250 mA typ C
Closed-Loop Output Impedance G = +2, f =100kHz 0.04 Q typ C
DISABLE (Disabled LOW)
Power-Down Supply Current (+Vg) Vpis = 0V -100 —200 —240 —260 HA max A
Off Isolation G = +2, 5SMHz 65 dB typ C
Output Capacitance in Disable 4 pF typ C
Turn-On Glitch G =+2, R, =150Q, V,y = Vg/2 +50 mv typ (03
Turn-Off Glitch G =+2, R, =150Q, Vy = Vg/2 +20 mv typ C
Enable Voltage 33 35 3.6 3.7 \% min A
Disable Voltage 1.8 1.7 1.6 1.5 \ max A
Control Pin Input Blas Current (Vp;s) Vpis = 0V 75 130 150 160 HA typ C
POWER SUPPLY
Specified Single-Supply Operating Voltage 5 \ typ C
Maximum Single-Supply Operating Voltage 12 12 12 \ max B
Maximum Quiescent Current Vg = #5V 4.9 5.44 5.72 6.02 mA max A
Minimum Quiescent Current Vg = 5V 4.9 4.48 4.0 3.86 mA min A
Power-Supply Rejection Ratio (+PSRR) Input-Referred 72 dB typ C
THERMAL CHARACTERISTICS
Specification: D, DBV —40 to +85 °C typ (03
Thermal Resistance, 0;, Junction-to-Ambient
D SO-8 125 °C/W typ [
DBV SOT23-6 150 °CIW typ C
6 Copyright © 2001-2010, Texas Instruments Incorporated
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TYPICAL CHARACTERISTICS: Vg = £5V
At T, = +25°C, G = +2, R = 402Q), and R_ = 100Q (see Figure 36 for ac performance only), unless otherwise noted.

SMALL-SIGNAL
FREQUENCY RESPONSE

6 T -
V0=0'5VPP G=+1
Re =25Q__M
3 F
/
@ 9 <
2 i ~ \ G=2
N ! =
§ 3 \\ G=5 \
o \ \’
2 6 PN
T _
£ G=10
2 -9 \
-12
-15
0.7 1 10 100 700
Frequency (MHz)
Figure 1.
SMALL-SIGNAL
PULSE RESPONSE
400 ]
300 é
—~ 200 E
> ]
£ ]
< 100 - E
(=) - ]
8 - ]
g 0 2 E
3 -100 [ E
= - E
© _200 E
-300 |- E
200 bt i i
Time (5ns/div)
Figure 3.
COMPOSITE VIDEO
dG/dP
0.200 ~
R — No Pull- Down
0.175 1 === With 1.3kQ Pull- Down
0.150 Optional
T Bl Doun dG
g 0125 : -
o Ulso T [ ] | —-
g [ I -
£ 0100 |~ s | =
= --1 dP
o .-
S 0.075 S N
o] f"' /
© 0.050 =~
' - dP
e | Y ===
0.025 — =t
0
1 2 3 4

Number of 150Q Loads

Figure 5.

LARGE-SIGNAL
FREQUENCY RESPONSE

9
6 e AN
\ )
. Vo = 2Vpp
g, T\
a I T \ \
3 Vo = 1Vpp
£ 0 [
8 I T \\
Vo =4Vep
[
- s
Vo =7Vep
. [ L1 \
0.5 1 10 100 500
Frequency (MHz)
Figure 2.
LARGE-SIGNAL
PULSE RESPONSE
4 = |
3 :
2 b 3
S - ]
o 1F E
g - .
£ - E
S OF -
2| 1
8 - ]
2 s E
N S S S S AP S 1 S E
_4 " i 1 i 7
Time (5ns/div)
Figure 4.
DISABLE FEEDTHROUGH
vs FREQUENCY
-45
Vpis=0
-50 P
55 //
-60 =
— "4
) /
T 65 v
ey /f
S -70 >
o
; -75
® -80 e
@ /]
—85 /
P
—90 Reverse
_95 \ 71
100 \,,.,\,P*f Forward
100k M 10M 100M

Frequency (Hz)
Figure 6.

Copyright © 2001-2010, Texas Instruments Incorporated

Product Folder Link(s): OPA690


http://focus.ti.com/docs/prod/folders/print/opa690.html
http://focus.ti.com/docs/prod/folders/print/opa690.html

OPA690

13 TEXAS
INSTRUMENTS

SBOS223F —DECEMBER 2001 -REVISED FEBRUARY 2010 www.ti.com

TYPICAL CHARACTERISTICS: Vg = £5V (continued)
At T, = +25°C, G = +2, R = 402Q), and R, = 100Q (see Figure 36 for ac performance only), unless otherwise noted.

HARMONIC DISTORTION 5MHz HARMONIC DISTORTION
vs LOAD RESISTANCE vs SUPPLY VOLTAGE
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TYPICAL CHARACTERISTICS: Vg = 5V (continued)

At T, = +25°C, G = +2, R = 402Q, and R, = 100Q (see Figure 36 for ac performance only), unless otherwise noted.
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Figure 13. Figure 14.
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TYPICAL CHARACTERISTICS: Vg = £5V (continued)
At T, = +25°C, G = +2, R = 402Q), and R, = 100Q (see Figure 36 for ac performance only), unless otherwise noted.

OUTPUT VOLTAGE TYPICAL DC DRIFT
AND CURRENT LIMITATIONS OVER TEMPERATURE
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Figure 19. Figure 20.
COMMON-MODE REJECTION RATIO AND SUPPLY AND OUTPUT CURRENTS
POWER-SUPPLY REJECTION RATIO vs FREQUENCY vs TEMPERATURE
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Figure 21. Figure 22.
CLOSED-LOOP OUTPUT IMPEDANCE OPEN-LOOP
vs FREQUENCY GAIN AND PHASE
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Figure 23. Figure 24.
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TYPICAL CHARACTERISTICS: Vg = 5V (continued)

At T, = +25°C, G = +2, R = 402Q), and R, = 100Q (see Figure 36 for ac performance only), unless otherwise noted.

NONINVERTING
OVERDRIVE RECOVERY

5 10
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Figure 25.
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Normalized Gain (dB)

Output Voltage (mV)

Rs ()

TYPICAL CHARACTERISTICS: +5V
At T, = +25°C, G = +2, R = 402Q), and R_ = 100Q (see Figure 37 for ac performance only), unless otherwise noted.
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Figure 26.
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Figure 30.
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Figure 27.
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Figure 29.
FREQUENCY RESPONSE
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Figure 31.
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TYPICAL CHARACTERISTICS: +5V (continued)
At T, = +25°C, G = +2, R = 402Q), and R, = 100Q (see Figure 37 for ac performance only), unless otherwise noted.

HARMONIC DISTORTION HARMONIC DISTORTION
vs LOAD RESISTANCE vs FREQUENCY
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Figure 32. Figure 33.
HARMONIC DISTORTION TWO-TONE, 3RD-ORDER
vs OUTPUT VOLTAGE INTERMODULATION SPURIOUS
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Figure 34. Figure 35.
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APPLICATION INFORMATION

WIDEBAND VOLTAGE-FEEDBACK
OPERATION

The OPA690 provides an exceptional combination of
high output power capability with a wideband,
unity-gain stable voltage-feedback op amp using a
new high slew rate input stage. Typical differential
input stages used for voltage feedback op amps are
designed to steer a fixed-bias current to the
compensation capacitor, setting a limit to the
achievable slew rate. The OPA690 uses a new input
stage which places the transconductance element
between two input buffers, using their output currents
as the forward signal. As the error voltage increases
across the two inputs, an increasing current is
delivered to the compensation capacitor. This
provides very high slew rate (1800V/us) while
consuming relatively low quiescent current (5.5mA).
This exceptional full-power performance comes at the
price of a slightly higher input noise voltage than
alternative architectures. The 5.5nV/VHz input voltage
noise for the OPA690 is exceptionally low for this
type of input stage.

Figure 36 shows the dc-coupled, gain of +2, dual
power supply circuit configuration used as the basis
of the 5V Electrical Characteristics and Typical
Characteristics. For test purposes, the input
impedance is set to 50Q with a resistor to ground and
the output impedance is set to 50Q with a series
output resistor. Voltage swings reported in the
specifications are taken directly at the input and
output pins, while output powers (dBm) are at the
matched 50Q load. For the circuit of Figure 36, the
total effective load will be 100Q || 804Q. The disable
control line is typically left open to ensure normal
amplifier operation. Two optional components are
included in Figure 36. An additional resistor (175Q) is
included in series with the noninverting input.
Combined with the 25Q dc source resistance looking
back towards the signal generator, this gives an input
bias current cancelling resistance that matches the
200Q source resistance seen at the inverting input
(see the DC Accuracy and Offset Control section). In
addition to the usual power-supply decoupling
capacitors to ground, a 0.1uF capacitor is included
between the two power-supply pins. In practical
printed circuit board (PCB) layouts, this
optional-added capacitor will typically improve the
2nd-harmonic distortion performance by 3dB to 6dB.

Figure 37 shows the ac-coupled, gain of +2,
single-supply circuit configuration which is the basis
of the +5V Electrical Characteristics and Typical
Characteristics. Though not a rail-to-rail design, the
OPAB90 requires minimal input and output voltage
headroom compared to other very wideband
voltage-feedback op amps. It will deliver a 3Vpp
output swing on a single +5V supply with > 150MHz

bandwidth. The key requirement of broadband
single-supply operation is to maintain input and
output signal swings within the useable voltage
ranges at both the input and the output. The circuit of
Figure 37 establishes an input midpoint bias using a
simple resistive divider from the +5V supply (two
698Q resistors). The input signal is then ac-coupled
into the midpoint voltage bias. The input voltage can
swing to within 1.5V of either supply pin, giving a
2Vpp input signal range centered between the supply
pins. The input impedance matching resistor (59Q)
used for testing is adjusted to give a 50Q input load
when the parallel combination of the biasing divider
network is included.

50Q Source
g

O + 50Q Load
VI < —_—

50Q

01uF —=

0.1uF

\
‘\H

Figure 36. DC-Coupled, G = +2, Bipolar-Supply
Specification and Test Circuit

50Q Source
e

0.1uF

OPA690 O Vg2

Figure 37. AC-Coupled, G = +2, Single-Supply
Specification and Test Circuit
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Again, an additional resistor (50Q in this case) is
included directly in series with the noninverting input.
This minimum recommended value provides part of
the dc source resistance matching for the
noninverting input bias current. It is also used to form
a simple parasitic pole to roll off the frequency
response at very high frequencies ( > 500MHz) using
the input parasitic capacitance to form a bandlimiting
pole. The gain resistor (Rg) is ac-coupled, giving the
circuit a dc gain of +1, which puts the input dc bias
voltage (2.5V) at the output as well. The output
voltage can swing to within 1V of either supply pin
while delivering > 100mA output current. A
demanding 100Q load to a midpoint bias is used in
this characterization circuit. The new output stage
circuit used in the OPAB90 can deliver large bipolar
output currents into this midpoint load with minimal
crossover distortion, as shown in the +5V supply,
3rd-harmonic distortion plots.

SINGLE-SUPPLY ADC INTERFACE

Most modern, high performance ADCs (such as the
Tl ADS8xx and ADS9xx series) operate on a single
+5V (or lower) power supply. It has been a
considerable challenge for single-supply op amps to
deliver a low distortion input signal at the ADC input
for signal frequencies exceeding 5MHz. The high
slew rate, exceptional output swing, and high linearity
of the OPA690 make it an ideal single-supply ADC
driver. The circuit on the front page shows one
possible (inverting) interface. Figure 39 shows the
test circuit of Figure 37 modified for a capacitive
(ADC) load and with an optional output pull-down
resistor (Rg).

The OPAG690 in the circuit of Figure 39 provides
> 200MHz bandwidth for a 2Vpp output swing.
Minimal  3rd-harmonic  distortion or two-tone,
3rd-order intermodulation distortion will be observed
due to the very low crossover distortion in the
OPA690 output stage. The Ilimit of output
Spurious-Free Dynamic Range (SFDR) will be set by
the 2nd-harmonic distortion. Without Rg, the circuit of
Figure 39 measured at 10MHz shows an SFDR of
57dBc. This may be improved by pulling additional dc
bias current (Ig) out of the output stage through the
optional Rg resistor to ground (the output midpoint is
at 2.5V for Figure 39). Adjusting Iz gives the
improvement in SFDR shown in Figure 38. SFDR
improvement is achieved for Iz values up to 5mA,
with worse performance for higher values.

70
68
66
64
> / N
60

58
56
54
52
50

Vg = 2Vpp, 10MHz

SFDR (dBc)
N

0 1 2 3 4 5 6 7 8 9 10
Output Pull-Down Current (mA)

Figure 38. SFDR vs Ig

+5V

0.1uF

L

402Q

Power- supply decoupling not shown.

DIS
RS
300 2.5V DC
VWV T O .1V AC
—_—

50pF ADC Input

Figure 39. SFDR versus lg Test Circuit
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HIGH-PERFORMANCE DAC
TRANSIMPEDANCE AMPLIFIER

High-frequency, direct digital synthesis (DDS)
Digital-to-Analog Converters (DACs) require a low
distortion output amplifier to retain their SFDR
performance into real-world loads. See Figure 40 for
a single-ended output drive implementation. In this
circuit, only one side of the complementary output
drive signal is used. The diagram shows the signal
output current connected into the virtual ground
summing junction of the OPA690, which is set up as
a transimpedance stage or |-V converter. The unused
current output of the DAC is connected to ground. If
the DAC requires that its outputs terminate to a
compliance voltage other than ground for operation,
the appropriate voltage level may be applied to the
noninverting input of the OPA690. The dc gain for this
circuit is equal to Rg. At high frequencies, the DAC
output capacitance will produce a zero in the noise
gain for the OPA690 that may cause peaking in the
closed-loop frequency response. Cr is added across
R to compensate for this noise gain peaking. To
achieve a flat transimpedance frequency response,
the pole in the feedback network should be set to:

1 GBP

27R.C. Y\ 4nR.C,

@
which will give a closed-loop transimpedance
bandwidth, f_z4g, of approximately:

f..- [_GBP_
~3d8 27R:Cp,

@

Where GBP = gain bandwidth product (Hz) for the
OPA690.

HIGH-POWER LINE DRIVER

The large output swing capability of the OPA690 and
its high current capability allow it to drive a 50Q line
with a peak-to-peak signal up to 4Vpp at the load, or
8Vpp at the output of the amplifier using a single 12V
supply. Figure 41 shows such a circuit set for a gain
of 8 to the output or 4 to the load.

The 5pF capacitor in the feedback loop provides
added bandwidth control for the signal path.

50Q
+
— OPA690
High-Speed

»—0 Vo= lp Re

DAC R-
VW

Cr

l|0 ——Cp I}

50Q
Source

Figure 41. High-Power Coax Line Driver
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SINGLE-SUPPLY ACTIVE FILTERS

The high bandwidth provided by the OPA690, while
operating on a single +5V supply, lends itself well to
high-frequency active filter designs. Again, the key
additional requirement is to establish the dc operating
point of the signal near the supply midpoint for
highest dynamic range. See Figure 42 for an example
design of a 5MHz low-pass Butterworth filter using
the Sallen-Key topology.

Both the input signal and the gain setting resistor are
ac-coupled using 0.1uF blocking capacitors (actually
giving bandpass response with the low-frequency
pole set to 32kHz for the component values shown).
As discussed for Figure 37, this allows the midpoint
bias formed by the two 1.87kQ resistors to appear at

both the input and output pins. The midband signal
gain is set to +4 (12dB) in this case. The capacitor to
ground on the noninverting input is intentionally set
larger to dominate input parasitic terms. At a gain of
+4, the OPA690 on a single supply will show ~80MHz
small- and large-signal bandwidth. The resistor
values have been slightly adjusted to account for this
limited bandwidth in the amplifier stage. Tests of this
circuit show a precise 5MHz, —-3dB point with 