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LOW NOISE, HIGH SLEW RATE, UNITY GAIN STABLE
VOLTAGE FEEDBACK AMPLIFIER

Check for Samples: THS4271 THS4275

FEATURES
« Unity Gain Stability DESCRIPTION
* Low Voltage Noise The THS4271 and THS4275 are low-noise, high slew
— 3nVAHZ rate, unity gain stable voltage-feedback amplifiers
. ) designed to run from supply voltages as low as 5 V
* High S.Iew Rate. 1000 Vips and as high as 5 V. The THS4275 offers the same
* Low Distortion performance as the THS4271 with the addition of a
— —92 dBc THD at 30 MHz power-down capability. The combination of low-noise,

high slew rate, wide bandwidth, low distortion, and

* Wide Bandwidth: 1.4 GHz unity gain stability make the THS4271 and THS4275

+ Supply Voltages high performance devices across multiple ac
— 45V, 5V specifications.

+ Power Down Functionality (THS4275) Designers using the THS4271 are rewarded with

o Evaluation Module Available higher dynamic range over a wider frequency band

without the stability concerns of decompensated

APPLICATIONS amplifiers. The devices are available in SOIC, MSOP

with PowerPAD™, and leadless MSOP with
PowerPAD™ packages.

The THS4271 and THS4275 may have low-level
oscillation when the die temperature (also known as
* DAC Output Buffer the junction temperature) exceeds +60°C. For more
» Active Filtering information, see Maximum Die Temperature to
Prevent Oscillation.

» High Linearity ADC Preamplifier
»  Wireless Communication Receivers
» Differential to Single-Ended Conversion

Low-Noise, Low-Distortion, Wideband Application Circuit

+5V RELATED DEVICES
50 Q Source
DEVICE DESCRIPTION
THS4211 1-GHz voltage-feedback amplifier
THS4503 Wideband, fully-differential amplifier
THS3202 Dual, wideband current feedback amplifier
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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.
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A

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.

PACKAGING/ORDERING INFORMATION®

ORDERABLE PACKAGE AND NUMBER
LEADLESS PLASTIC MSOP @ ®
PLASTIC MSoP 8 @ PowerPAD PLASTIC MSOP
SMALL OUTLINE (D) @
©) (DRB) (DGN) PACKAGE MARKING (DGK) ',:\’/IAACR*?(AISGE
THS4271D THS4271DRBT THS4271DGN BFO THS4271DGK BEY
THS4271DR THS4271DRBR THS4271DGNR THS4271DGKR
THS4275D THS4275DRBT THS4275DGN BER THS4275DGK B0
THS4275DR THS4275DRBR THS4275DGNR THS4275DGKR

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

(2) All packages are available taped and reeled. The R suffix standard quantity is 2500 (for example, THS4271DGNR).

(3) All packages are available taped and reeled. The R suffix standard quantity is 3000. The T suffix standard quantity is 250 (for example,
THS4271DRBT).

ABSOLUTE MAXIMUM RATINGS

Over operating free-air temperature range unless otherwise noted®

UNIT
Vs Supply voltage 16.5V
V| Input voltage +Vg
lo @ Output current 100 mA
Continuous power dissipation See Dissipation Ratings Table
T, Maximum junction temperature +150°C
T, @ Maximum junction temperature, continuous operation long term reliability +125°C
T, ® Maximum junction temperature to prevent oscillation +60°C
Tstg Storage temperature range —65°C to +150°C
HBM 3000 V
ESD ratings | CDM 1500 V
MM 1000 V

(1) The absolute maximum temperature under any condition is limited by the constraints of the silicon process. 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
implied.

(2) The maximum junction temperature for continuous operation is limited by package constraints. Operation above this temperature may
result in reduced reliability and/or lifetime of the device.

(3) See Maximum Die Temperature to Prevent Oscillation section in the Application Information of this data sheet.

PACKAGE DISSIPATION RATINGS

PACKAGE 8:c 8
(°CIW) (°CIW)
D (8 pin) 38.3 97.5
DGN (8 pin)®@ 47 58.4
DGK (8 pin) 54.2 260
DRB (8 pin)®@ 5 458

(1) These data were taken using the JEDEC standard High-K test PCB.

(2) The THS4271/5 may incorporate a PowerPAD™ on the underside of the chip. This feature acts as a
heat sink and must be connected to a thermally dissipative plane for proper power dissipation. Failure
to do so may result in exceeding the maximum junction temperature which could permanently damage
the device. See TI technical briefs SLMA002 and SLMAO004 for more information about utilizing the
PowerPAD thermally enhanced package.
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RECOMMENDED OPERATING CONDITIONS

NC - No internal connection

MIN MAX UNIT
Dual supply +2.5 +5
Supply voltage (Vs+ and Vg_) - \%
Single supply 5 10
Input common-mode voltage range Vs +1.4 Vs:— 1.4 \%
PIN ASSIGNMENTS
(TOP VIEW) D, DRB, DGN, DGK (TOP VIEW) D, DRB, DGN, DGK
THS4271 THS4275
NC[T|.° sfTNC rReF 2 s FOw5
IN- T 2?(>_L7 HEAV N IN- 1= 2%733V5+
IN+ | 3- 6 | L1 Vour IN+ [T 3- 6 |- Vour
Vs-[T|4  sfIONC Vs Ils  sFmnc
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ELECTRICAL CHARACTERISTICS: Vg =15V
At R =249 Q, R, =499 Q, G = +2, unless otherwise noted.

TYP OVER TEMPERATURE ® MIN/
PARAMETER TEST CONDITIONS w5°C | +25C 3;%%’ _ig;(géo UNITS ;\r/l\,(AF;é
AC PERFORMANCE
G =1, Vo =100 mVpp, R. =150 Q 14 GHz Typ
G =-1, Vo = 100 mVpp 400 MHz Typ
Small-signal bandwidth G =2,Vp =100 mVpp 390 MHz Typ
G =5, Vo =100 mVpp 85 MHz Typ
G =10, Vo = 100 mVpp 40 MHz Typ
0.1-dB flat bandwidth G =1, Vo =100 mVpp, R. =150 Q 200 MHz Typ
Gain bandwidth product G>10,f=1MHz 400 MHz Typ
Full-power bandwidth G=-1,Vp=2V, 80 MHz Typ
G=1,Vg=2V Step 950 V/us Typ
Slew rate
G=-1,Vp=2V Step 1000 V/us Typ
Settling time to 0.1% G=-1,Vp=4V Step 25 ns Typ
Settling time to 0.01% G=-1,Vp=4V Step 38 ns Typ
Harmonic distortion G=1,Vo=1Vpp, f=30 MHz
Second harmonic distortion RL=1500 92 dBe TP
R =499 Q -80 dBc Typ
Third harmonic distortion RL=150Q 95 dBe P
R =499 Q -95 dBc Typ
Harmonic distortion G=2,Vo=2Vpp, f=30 MHz
Second harmonic distortion RL=150Q 65 dBe P
R =499 Q -70 dBc Typ
Third harmonic distortion Ru=1500 80 dBe Tvp
R =499 Q -90 dBc Typ
Third-order intermodulation (IMD3) ?::73’ I\\/I/az: 2 Vep, RL=150 0, -60 dBc Typ
Third-order output intercept (OIP3) ?::73’ l\\/faz: 2 Vep, R = 1500, 35 dBm Typ
Differential gain (NTSC, PAL) G=2,R =150 0Q 0.007% Typ
Differential phase (NTSC, PAL) G=2,R =150 0Q 0.004 ° Typ
Input voltage noise f=1MHz 3 nV/AHz Typ
Input current noise f=1MHz 3 pAVHzZ Typ
DC PERFORMANCE
Open-loop voltage gain (Agp) Vo=+50mV, R =499 Q 75 65 60 60 dB Min
Input offset voltage Vem =0V 5 10 12 12 mV Max
Average offset voltage drift Vem =0V +10 +10 pv/eC Typ
Input bias current Vem =0V 6 15 18 18 HA Max
Average bias current drift Vem =0V +10 +10 nA/°C Typ
Input offset current Vem =0V 1 6 8 8 HA Max
Average offset current drift Vem =0V +10 +10 nA/°C Typ
INPUT CHARACTERISTICS
Common-mode input range +4 +3.6 +3.5 +3.5 \% Min
Common-mode rejection ratio Vem=x2V 72 67 65 65 dB Min
Input resistance Common-mode 5 MQ Typ
Input capacitance Common-mode / differential 0.4/0.8 pF Typ

(1) See Maximum Die Temperature to Prevent Oscillation section in the Application Information of this data sheet.
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ELECTRICAL CHARACTERISTICS: Vg = 5 V (continued)
At R =249 Q, R, =499 Q, G = +2, unless otherwise noted.

TYP OVER TEMPERATURE ® MIN/
PARAMETER TEST CONDITIONS . s 0°Cto | —40°C to TYP/
+25°C | +25°C +70°C +85°C UNITS MAX
OUTPUT CHARACTERISTICS
Output voltage swing G=+2 +4 +3.8 +3.7 +3.7 \% Min
Output current (sourcing) R, =10Q 160 120 110 110 mA Min
Output current (sinking) R, =10Q 80 60 50 50 mA Min
Output impedance f=1MHz 0.1 Q Typ
POWER SUPPLY
Specified operating voltage +5 +5 +5 +5 \% Max
Maximum quiescent current 22 24 27 28 mA Max
Minimum quiescent current 22 20 18 15 mA Min
Power-supply rejection (+PSRR) |Vsy=55Vt045V,Vg_ =5V 85 75 70 70 dB Min
Power-supply rejection (-PSRR) Vs =5V,Vg_=-55Vto-45V 75 65 60 60 dB Min
POWER-DOWN CHARACTERISTICS (THS4275 Only)
Enable REF+1.8 \% Min
REF =0V or Vg_
o Power down REF+1 \% Max
Power-down voltage level® :
. Enable REF-1 \ Min
REF = Vg, or Floating
Power down REF-1.7 \% Max
. PD = Ref +1.0 V, Ref =0V 875 1000 1100 1200 MA Max
Power-down quiescent current
PD = Ref-1.7 V, Ref = Vg, 650 800 900 1000 MA Max
Turn-on time delay [ton))] 50% of final supply current value 4 us Typ
Turn-off time delay [torr)] 50% of final supply current value 3 us Typ
Input impedance f=1MHz 4 GQ Typ
Output impedance 200 kQ Typ
(2) For detailed information on the power-down circuit, see the Power-Down section in the Application Information of this data sheet.
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ELECTRICAL CHARACTERISTICS: Vg =5V
At R =249 Q, R, =499 Q, G = +2, unless otherwise noted.

TYP OVER TEMPERATURE ® MIN/
PARAMETER TEST CONDITIONS w5°C | +25C 37%}8 _igs(géo UNITS ;\r/ITAF;é
AC PERFORMANCE
G =1, Vo =100 mVpp, R, =150 Q 1.2 GHz Typ
G =-1, Vo = 100 mVpp 380 MHz Typ
Small-signal bandwidth G =2,Vp =100 mVpp 360 MHz Typ
G =5, Vo =100 mVpp 80 MHz Typ
G =10, Vo = 100 mVpp 35 MHz Typ
0.1-dB flat bandwidth G =1, Vo =100 mVpp, R. =150 Q 120 MHz Typ
Gain bandwidth product G>10,f=1MHz 350 MHz Typ
Full-power bandwidth G=-1,Vp=2V, 60 MHz Typ
G=1,Vo=2V Step 700 Vius Typ
Slew rate
G=-1,Vo=2V Step 750 Vius Typ
Settling time to 0.1% G=-1,Vp=2V Step 18 ns Typ
Settling time to 0.01% G=-1,Vp=2V Step 66 ns Typ
Harmonic distortion G=1,Vo=1Vpp, f=30 MHz
Second harmonic distortion RL=1500 5 dBe TP
R.=499 Q 72 dBc Typ
Third harmonic distortion RL=1500 70 dBe TP
R =499 Q 70 dBc Typ
Third-order intermodulation (IMD3) ?::73’ I\\/I/az: 1 Ve, R = 1500, -65 dBc Typ
Third-order output intercept (OIP3) ?::73’ l\\/faz: 1 Vep, R = 1500, 32 dBm Typ
Input voltage noise f=1MHz 3 nV/Hz Typ
Input current noise f=10 MHz 3 pANHz Typ
DC PERFORMANCE
Open-loop voltage gain (Agp) Vo=+50mV, R =499 Q 68 63 60 60 dB Min
Input offset voltage Vewm = Vs/2 5 10 12 12 mV Max
Average offset voltage drift Vewm = Vs/2 +10 +10 pv/eC Typ
Input bias current Vewm = Vs/2 6 15 18 18 HA Max
Average bias current drift Vewm = Vs/2 +10 +10 nA/°C Typ
Input offset current Vewm = Vs/2 1 6 8 8 HA Max
Average offset current drift Vewm = Vs/2 +10 +10 nA/°C Typ
INPUT CHARACTERISTICS
Common-mode input range 1/4 1.3/3.7 | 1.4/3.6 | 1.5/3.5 \% Min
Common-mode rejection ratio Vem=205V,Vg=25V 72 67 65 65 dB Min
Input resistance Common-mode 5 MQ Typ
Input capacitance Common-mode / differential 0.4/0.8 pF Typ
OUTPUT CHARACTERISTICS
Output voltage swing G=+2 1.2/3.8 | 1.4/3.6 | 1.5/3.5 | 1.5/3.5 \% Min
Output current (sourcing) R, =10 Q 120 100 90 20 mA Min
Output current (sinking) R, =10 Q 65 50 40 40 mA Min
Output impedance f=1MHz 0.1 Q Typ
(1) See Maximum Die Temperature to Prevent Oscillation section in the Application Information of this data sheet.
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ELECTRICAL CHARACTERISTICS: V5 =5 V (continued)
At R =249 Q, R, =499 Q, G = +2, unless otherwise noted.

TYP OVER TEMPERATURE ® MIN/
PARAMETER TEST CONDITIONS . s 0°Cto | —40°C to TYP/
+25°C | +25°C +70°C +85°C UNITS MAX
POWER SUPPLY
Specified operating voltage 5 10 10 10 \% Max
Maximum quiescent current 20 22 25 27 mA Max
Minimum quiescent current 20 18 16 14 mA Min
Power-supply rejection (+PSRR) |Vsy=55Vt045V,Vg_ =0V 85 75 62 62 dB Min
Power-supply rejection (-PSRR) Vg4 =5V,Vg_=-05V1t005V 75 65 60 60 dB Min
POWER-DOWN CHARACTERISTICS (THS4275 Only)
Enable REF+1.8 \% Min
REF =0V, or Vg_
o Power-down REF+1 \% Max
Power-down voltage level® :
. Enable REF-1 \ Min
REF = Vg, or Floating
Power-down REF-1.7 \% Max
. PD =Ref+1.0V,Ref=0V 650 800 900 1000 MA Max
Power-down quiescent current
PD = Ref -1.7 V, Ref = Vg, 650 800 900 1000 MA Max
Turn-on time delay [ton)] 50% of final value us Typ
Turn-off time delay [torr)] 50% of final value us Typ
Input impedance f=1MHz 6 GQ Typ
Output impedance 100 kQ Typ
(2) For detail information on the power-down circuit, see the Power-Down section in the Application Information of this data sheet.
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TYPICAL CHARACTERISTICS

Table of Graphs (x5 V)
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TYPICAL CHARACTERISTICS: +5V

SMALL-SIGNAL UNIT GAIN
FREQUENCY RESPONSE

SMALL-SIGNAL
FREQUENCY RESPONSE

0.1-dB GAIN FLATNESS
FREQUENCY RESPONSE
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TYPICAL CHARACTERISTICS: 5 V (continued)
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TYPICAL CHARACTERISTICS: 5 V (continued)
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Figure 25. Figure 26. Figure 27.
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Rejection Ratios — dB
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TYPICAL CHARACTERISTICS: 5 V (continued)
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CMRR - Common-Mode Rejection Ratio — dB
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TYPICAL CHARACTERISTICS: 5 V (continued)
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Figure 37.

TYPICAL CHARACTERISTICS: 5V
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TYPICAL CHARACTERISTICS: 5 V (continued)

HARMONIC DISTORTION
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TYPICAL CHARACTERISTICS: 5 V (continued)
THIRD-ORDER INTERMODULATION
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TYPICAL CHARACTERISTICS: 5 V (continued)

REJECTION RATIOS

Vs
FREQUENCY
M1
90 Ll T
Nl| PSRR+
80 ] . |
_ng 70 \\ T PSRR- TT]
| |
2 60 S N{
% 50 I CMRR N
S 40
2 h
g % N _!W“
20 N
N
10} Vs=5V 4
oL L |
10k 100 k 1M oM 100 M
f - Frequency — Hz
Figure 63.
INPUT OFFSET VOLTAGE
Vs
CASE TEMPERATURE
5
z —/
|
P e i
S LA T
@ //// Vg =15V
£ T _
T
Itn 1
o
>
0
—40-30-20-10 0 10 20 30 40 50 60 70 80 90
Tc — Case Temperature — °C
Figure 66.
LARGE-SIGNAL TRANSIENT
RESPONSE
15
1
g \
t;.) 0.5
i
S
2 o0
il
=]
c.) -0.5 Gain=-1
0 R, =499 Q
a Rf =249 Q
t,/t; = 300 ps ~
Vg=5V
_15 | | | L L
0 1 2 34 56 7 89 101

t—Time - ns

Figure 69.

REJECTION RATIOS

Vs
CASE TEMPERATURE
20T T 717
1]
100 | PSRR+
T —
o PSRR-
S 80
2 =
g 60
5 CMMR
3’; 40
Q
o
20
0
-40-30-20-100 10 20 30 40 50 60 70 80 90
Case Temperature — °C
Figure 64.
INPUT BIAS AND OFFSET
CURRENT vs
CASE TEMPERATURE
8 T T T 117
Vg=5V
7
f 1.16 <
< \\\ lig- =
=6 N los 1115}
‘«‘E 5 \\\ \\ /"\ 5
3 ~ 114 5
5 NS ~4L o
S 4 A ™~ / e PP
[ .
é’ \\IB+ 7\\\ §
: 3 N 1.12 izl
‘_a_n 2 111 '_8
1| 1.1
0 1.09
-40-30-20-100 10 20 30 40 50 60 70 80 90
Tc - Case Temperature —= °C
Figure 67.
OVERDRIVE RECOVERY
3
T 11 ]
Vg=5V
2 1
1 0.5
0

I
N

Single-Ended Output V oltage - V
U
N

\

I
w

\V

0 010203040506 070809 1

t-Time - ps

Figure 70.

| o
o
wn
VI - Input Voltage - V

I
i

-15

Q

Closed-Loop Output Impedance —

CMRR - Common-Mode Rejection Ratio — dB

COMMON-MODE REJECTION RATIO

Vs

INPUT COMMON-MODE RANGE

100
90
80

70

60

50

40

30

20

10
0

N~—

0

1 2 3

4 5

Input Common-Mode V oltage Range - V

Figure 65.

SMALL-SIGNAL TRANSIENT

RESPONSE
0.3
0.2 A
>
]
o 01
g
3
>
Z o
g
3
? -0.1 Gain = -1
0 RL=4990Q
R=249 Q
-0.2 t/t = 300 ps ~—
V=5V
03 I R

0

2 4 6 8
t-Time - ns

Figure 68.

10 12 14 16

CLOSED-LOOP OUTPUT

IMPEDANCE vs

FREQUENCY
1000 [T TTTImT T 17
Gain=1
| R_=4990Q
100 Viny =1dBm ’
Vs=5V /
10 4
1 7
V1
0.1 v
/
0.01
0.001
100 k 1M 10M 100 M 16

f - Frequency — Hz

Figure 71.

Copyright © 2002—2009, Texas Instruments Incorporated

Product Folder Link(s): THS4271 THS4275

Submit Documentation Feedback

17


http://focus.ti.com/docs/prod/folders/print/ths4271.html
http://focus.ti.com/docs/prod/folders/print/ths4275.html
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLOS397FF&partnum=THS4271
http://focus.ti.com/docs/prod/folders/print/ths4271.html
http://focus.ti.com/docs/prod/folders/print/ths4275.html

THS4271
THS4275

SLOS397F —JULY 2002—REVISED OCTOBER 2009

13 TEXAS
INSTRUMENTS

www.ti.com

HA

Power-down Quiescent Current —

TYPICAL CHARACTERISTICS: 5 V (continued)
POWER-DOWN OUTPUT

POWER-DOWN QUIESCENT
CURRENT vs
SUPPLY VOLTAGE

1200

1000 Ta =85°C

m—]
800 ]

600 (o

400

200

25 3 35 4 4.5 5

Vs - Supply V oltage - +V

Figure 72.

IMPEDANCE vs
FREQUENCY

1M

Gain=1

Q

R =150 Q

Py =-1dBm

10

Vg=5V

10

Power-down Output Impedance —

100 k

1M 0™ 100 M 1G
f - Frequency — Hz

Figure 73.

TURN-ON AND TURN-OFF TIME vs

DELAY TIME
45 6.5
Input >
40 5 0
2
z 3 35 8
L 30 2 %
[ =
3 3
8 25 05 >
IS | 5
g 20 — -1 g
=3
s} / !
© 15 -
g / \ >
5 10
o | \
'c 05 Gain =-1 \
- o RL =150 Q
Vg=5V

0 10 20 30 40 50 60 70
t—Time - ps

Figure 74.

18

Submit Documentation Feedback

Copyright © 2002-2009, Texas Instruments Incorporated

Product Folder Link(s): THS4271 THS4275


http://focus.ti.com/docs/prod/folders/print/ths4271.html
http://focus.ti.com/docs/prod/folders/print/ths4275.html
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLOS397FF&partnum=THS4271
http://focus.ti.com/docs/prod/folders/print/ths4271.html
http://focus.ti.com/docs/prod/folders/print/ths4275.html

13 TEXAS
INSTRUMENTS

www.ti.com

THS4271
THS4275

SLOS397F —JULY 2002—-REVISED OCTOBER 2009

APPLICATION INFORMATION

MAXIMUM DIE TEMPERATURE TO PREVENT
OSCILLATION

The THS4271 and THS4275 may have low-level
oscillation when the die temperature (also called
junction temperature) exceeds +60°C.

The oscillation is a result of the internal design of the
bias circuit, and external configuration is not expected
to mitigate or reduce the problem. This problem
occurs randomly because of normal process
variations and normal testing cannot identify problem
units.

The THS4211 and THS4215 are recommended
replacement devices.

The die temperature depends on the power
dissipation and the thermal resistance of the device.

The die temperature can be approximated with the
following formula:

Die Temperature = Ppigs X 034 + Ta

Where:
Poiss = (Vs+— Vs) % (Ig * ILoap) = (Vout X lLoap)

Table 1 shows the estimated the maximum ambient
temperature (T, max) in degrees Celsius for each
package option of the THS4271 and THS4275 using
the thermal dissipation rating given in the Dissipation
Ratings table for a JEDEC standard High-K test PCB.
For each case shown, R, = 499 Q to ground and the
guiescent current = 27 mA (the maximum over the
0°C to +70°C temperature range). The last entry for
each package option (shaded cells) lists the
worst-case scenario where the power supply is
single-supply 10 V and ground and the output voltage
is5V DC.

Table 1. Estimated Maximum Ambient Temperature Per Package Option

PACKAGE
DEVICE VS+ Vs_ VOUT BJA TA max
SOIC ov 33.7°C
THS4271D 2 Vpp 32.4°C
THS4271DR 5V -5V 4 Vpp 31.3°C
97.5°C/W
THS4275D 6 Vpp 30.4°C
THS4275DR 8 Vpp 29.7°C
Worst Case 10V ov 5DC 28.8°C
VSON ov 47.6°C
THS4271DRBT 2 Vpp 47.0°C
THS4271DRBR 5V -5V 4 Vpp 46.5°C
45.8°C/W
THS4275DRBT 6 Vpp 46.1°C
THS4275DRBR 8 Vpp 45.8°C
Worst Case 10V ov 5DC 45.3°C
PowerPad™ MSOP ov 44.2°C
THS4271DGN 2 Vpp 43.5°C
THS4271DGNR 5V -5V 4 Vpp 42.8°C
58.4°C/W
THS4275DGN 6 Vpp 42.3°C
THS4275DGNR 8 Vpp 41.9°C
Worst Case 10V ov 5DC 41.3°C
MSOP ov -10.2°C
THS4271DGK 2 Vpp -13.6°C
THS4271DGKR 5V -5V 4 Vpp -16.5°C
260°C/W
THS4275DGK 6 Vpp -18.9°C
THS4275DGKR 8 Vpp -20.8°C
Worst Case 10V ov 5DC -23.2°C
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HIGH-SPEED OPERATIONAL AMPLIFIERS

The THS4271 and the THS4275 operational
amplifiers set new performance levels, combining low
distortion, high slew rates, low noise, and a unity-gain
bandwidth in excess of 1 GHz. To achieve the full
performance of the amplifier, careful attention must
be paid to printed-circuit board (PCB) layout and
component selection.

The THS4275 provides a power-down mode,
providing the ability to save power when the amplifier
is inactive. A reference pin is provided to allow the
user the flexibility to control the threshold levels of the
power-down control pin.

Applications Section Contents

» Wideband, Noninverting Operation

» Wideband, Inverting Gain Operation

» Single-Supply Operation

» Saving Power with Power-Down Functionality and
Setting Threshold Levels with the Reference Pin

 Power Supply Decoupling Techniques and
Recommendations

* Using the THS4271 as a DAC Output Buffer

» Driving an ADC With the THS4271

» Active Filtering With the THS4271

« Building a Low-Noise Receiver with the THS4271

e Linearity:  Definitions,  Terminology, Circuit
Techniques and Design Tradeoffs

* An Abbreviated Analysis of Noise in Amplifiers
» Driving Capacitive Loads

* Printed Circuit Board Layout Techniques for
Optimal Performance

» Power Dissipation and Thermal Considerations
» Performance vs Package Options

e Evaluation Fixtures, Spice
Applications Support

« Additional Reference Material
e Mechanical Package Drawings

Models, and

WIDEBAND, NONINVERTING OPERATION

The THS4271 and the THS4275 are unity gain
stable, 1.4-GHz voltage-feedback operational
amplifiers, with and without power-down capability,
designed to operate from a single 5-V to 15-V power

supply.

Figure 75 is the noninverting gain configuration of 2
VIV used to demonstrate the typical performance
curves. Most of the curves were characterized using
signal sources with 50-Q source impedance, and with
measurement equipment presenting a 50-Q load
impedance. In Figure 75, the 49.9-Q shunt resistor at
the V,y terminal matches the source impedance of the
test generator. The total 499-Q load at the output,
combined with the 498-Q total feedback network load,
presents the THS4271 and THS4275 with an
effective output load of 249 Q for the circuit of
Figure 75.

Voltage feedback amplifiers, unlike current feedback
designs, can use a wide range of resistors values to
set their gain with minimal impact on their stability
and frequency response. Larger-valued resistors
decrease the loading effect of the feedback network
on the output of the amplifier, but this enhancement
comes at the expense of additional noise and
potentially lower bandwidth. Feedback resistor values
between 249 Q and 1 kQ are recommended for most
situations.

5V +VS

50 Q Source

IlOO pFiF).l HFES.S uF

0.1yF | 6.8pF
IlOO pFI T

-5V -Vs

Figure 75. Wideband, Noninverting
Gain Configuration
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WIDEBAND, INVERTING GAIN OPERATION

Since the THS4271 and THS4275 are
general-purpose, wideband voltage-feedback
amplifiers, several familiar operational amplifier
applications circuits are available to the designer.
Figure 76 shows a typical inverting configuration
where the input and output impedances and noise
gain from Figure 75 are retained in an inverting circuit
configuration. Inverting operation is one of the more
common  requirements and  offers  several
performance benefits. The inverting configuration
shows improved slew rates and distortion due to the
pseudo-static voltage maintained on the inverting
input.

249 Q

0.1uF | 6.8WF
= Jreoes [T

Vs

-5V ~

Figure 76. Wideband, Inverting Gain
Configuration

In the inverting configuration, some key design
considerations must be noted. One is that the gain
resistor (Ry) becomes part of the signal channel input
impedance. If the input impedance matching is
desired (which is beneficial whenever the signal is
coupled through a cable, twisted pair, long PCB
trace, or other transmission line conductors), R, may
be set equal to the required termination value and R
adjusted to give the desired gain. However, care

must be taken when dealing with low inverting gains,
as the resulting feedback resistor value can present a
significant load to the amplifier output. For an
inverting gain of 2, setting Ry to 49.9 Q for input
matching eliminates the need for Ry, but requires a
100-Q feedback resistor. This has an advantage of
the noise gain becoming equal to 2 for a 50-Q source
impedance—the same as the noninverting circuit in
Figure 75. However, the amplifier output now sees
the 100-Q feedback resistor in parallel with the
external load. To eliminate this excessive loading, it is
preferable to increase both Ry and R; values, as
shown in Figure 76, and then achieve the input
matching impedance with a third resistor (Ry) to
ground. The total input impedance becomes the
parallel combination of Ry and R.

The next major consideration is that the signal source
impedance becomes part of the noise gain equation
and hence influences the bandwidth. For example,
the Ry value combines in parallel with the external
50-Q source impedance (at high frequencies),
yielding an effective source impedance of 50 Q ||
61.9Q = 27.7 Q. This impedance is then added in
series with Ry for calculating the noise gain. The
result is 1.9 for Figure 76, as opposed to the 1.8 if Ry
is eliminated. The bandwidth is lower for the gain of
—2 circuit, Figure 76 (NG=+1.9), than for the gain of
+2 circuit in Figure 75.

The last major consideration in inverting amplifier
design is setting the bias current cancellation resistor
on the noninverting input. If the resistance is set
equal to the total dc resistance looking out of the
inverting terminal, the output dc error, due to the input
bias currents, is reduced to (input offset current)
multiplied by R in Figure 76, the dc source
impedance looking out of the inverting terminal is 249
Q || (249Q + 27.7 Q) = 130 Q. To reduce the
additional high-frequency noise introduced by the
resistor at the noninverting input, and power-supply
feedback, Rt is bypassed with a capacitor to ground.
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SINGLE-SUPPLY OPERATION

The THS4271 is designed to operate from a single
5-V to 15-V power supply. When operating from a
single power supply, care must be taken to ensure
the input signal and amplifier are biased appropriately
to allow for the maximum output voltage swing. The
circuits shown in Figure 77 demonstrate methods to
configure an amplifier in a manner conducive for
single-supply operation.

+VS

50 Q Source

Figure 77. DC-Coupled Single-Supply Operation

Saving Power with Power-Down Functionality and
Setting Threshold Levels with the Reference Pin

The THS4275 features a power-down pin (PD) which
lowers the quiescent current from 22 mA down to 700
MA, ideal for reducing system power.

The power-down pin of the amplifier defaults to the
positive supply voltage in the absence of an applied
voltage, putting the amplifier in the power-on mode of
operation. To turn off the amplifier in an effort to
conserve power, the power-down pin can be driven
towards the negative rail. The threshold voltages for
power-on and power-down are relative to the supply
rails and given in the specification tables. Above the
Enable Threshold Voltage, the device is on. Below
the Disable Threshold Voltage, the device is off.
Behavior in between these threshold voltages is not
specified.

Note that this power-down functionality is just that;
the amplifier consumes less power in power-down
mode. The power-down mode is not intended to
provide a high-impedance output. In other words, the
power-down functionality is not intended to allow use
as a 3-state bus driver. When in power-down mode,
the impedance looking back into the output of the
amplifier is dominated by the feedback and gain
setting resistors, but the output impedance of the
device itself varies depending on the voltage applied
to the outputs.

The time delays associated with turning the device on
and off are specified as the time it takes for the
amplifier to reach 50% of the nominal quiescent
current. The time delays are on the order of
microseconds because the amplifier moves in and out
of the linear mode of operation in these transitions.

Power-Down Reference Pin Operation

In addition to the power-down pin, the THS4275 also
features a reference pin (REF) which allows the user
to control the enable or disable power-down voltage
levels applied to the PD pin. Operation of the
reference pin as it relates to the power-down pin is
described below.

In most split-supply applications, the reference pin is
connected to ground. In some cases, the user may
want to connect it to the negative or positive supply
rail. In either case, the user needs to be aware of the
voltage level thresholds that apply to t