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LOW-DISTORTION, HIGH-SPEED, RAIL-TO-RAIL OUTPUT
OPERATIONAL AMPLIFIERS

FEATURES APPLICATIONS
® |Low-Voltage Analog-to-Digital Converter

® Rail-to-Rail Output Swing Preamplifier

- Vo =-4.8/48 (RL=2kQ) ® Active Filtering
® High Speed ® Video Applications

- 230 MHz Bandwidth (-3 dB, G= 1) THSa222

- 975 V/us Slew Rate D, DGN, OR DGK PACKAGE
® Ultra-Low Distortion (TOP VIEW)

- HD2 = -90 dBc (f = 5 MHz, R|_ = 499Q) 1ouTCI] & s vs,

— HD3 =-100 dBc (f = 5 MHz, R = 499Q) IN-CT] ﬁ i

: . 1IN+ ﬁe T1 2IN-
® High Output Drive, I = 100 mA (t

g P o (typ) Ve [T 4 sFO 2ins
® Excellent Video Performance

- 40 MHz Bandwidth (0.1 dB, G = 2)

- 0.007% Differential Gain

- 0.007° Differential Phase RELATED DEVICES
® Wide Range of Power Supplies DEVICE DESCRIPTION __

- Vg=3Vto15V THS4211 1 GHz, 800 V/us, Vn = 7 nVHz

THS4271 1.4 GHz, 900 V/us, Vn = 3 nVAHz

® Power-Down Mode (THS4225/6) OPA354 250 MHz, 150 V/us, Vn = 6.5 nV/NHz
® Evaluation Module Available OPAB90 500 MHz, 1800 V/us, Vn = 5.5 nV/NHz

DESCRIPTION

The THS4222 family is a set of rail-to-rail output single, and dual low-voltage, high-output swing, low-distortion high-speed
amplifiers ideal for driving data converters, video switching or low distortion applications.This family of voltage feedback
amplifiers can operate from a single 15-V power supply down to a single 3-V power supply while consuming only 14 mA of
quiescent current per channel. In addition, the family offers excellent ac performance with 230-MHz bandwidth, 975-V/us
slew rate and harmonic distortion (THD) at -90 dBc at 5 MHz.
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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.

PRODUCTION DATA information is current as of publication date. Products Copyright © 2002 - 2004, Texas Instruments Incorporated
conform to specifications per the terms of Texas Instruments standard warranty.

p! ing does not ily include testing of all parameters.
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ABSOLUTE MAXIMUM RATINGS

over operating free-air temperature range unless otherwise noted(!)

This integrated circuit can be damaged by ESD. Texas
“‘ Instruments recommends that all integrated circuits be
: handled with appropriate precautions. Failure to observe

() The absolute maximum ratings 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.

( 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.

RECOMMENDED OPERATING CONDITIONS

UNIT proper handling and installation procedures can cause damage.
Supply voltage, Vg 165V
Input voltage, V, Vg ESD damage_ can range from_sub_tle performgncg degradation to
complete device failure. Precision integrated circuits may be more
Output current, lo 100 mA susceptible to damage because very small parametric changes could
Differential input voltage, V|p 4V cause the device not to meet its published specifications.
Continuous power dissipation See Dissipation Rating Table
Maximum junction temperature, T 150°C PACKAGE DISSIPATION RATINGS
Maximum junction temperature, continuous o Ie) O4a) POWER RATING(®
operation, long term reliability T, (2) 125°C PACKAGE (°C‘;\CI;V) (°é/W) Tpo<25°C | Tp=85°C
Storage temperature range, Tgg -65°C to 150°C DBV (5) 55 255.4 391 mW 156 mW
Lead temperature 300°C D (8) 383 | 975 | 102w | 4tomw
1,6 mm (1/16 inch) from case for 10 seconds
THS42215 2500V DGN (8) ® 4.7 58.4 1.71W 685 mW
HBM THS4222 3000V DGK (8) 54.2 260 385 mW 154 mW
/6 DGQ (10) ® 4.7 58 1.72W 690 mW
ings: 1 \Y
ESD ratings: COM 500 (1) This data was taken using the JEDEC standard High-K test PCB.
THS4221 150V
MM S il S0 (@) Power rating is determined with a junction temperature of 125°C.
THS4222/6 200V This is the point where distortion starts to substantially increase.

Thermal management of the final PCB should strive to keep the
junction temperature at or below 125°C for best performance and
long term reliability.

(3 The THS422x may incorporate a PowerPAD on the underside of
the chip. This acts as a heatsink 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 Tl
technical brief SLMA002 and SLMAO0O04 for more information
about utilizing the PowerPAD thermally enhanced package.

MIN MAX UNIT
Dual supply +1.35 +7.5
Supply voltage, (Vs and Vs_ Single supply 57 5 \%
Input common-mode voltage range Vs_+ 1.1 Vg, - 1.1 \%

THS4221 AND THS4225 SINGLE PACKAGE/ORDERING INFORMATION

PACKAGED DEVICES

PLASTIC SMALL OUTLINE SOT-23(1) PLﬁi‘TngAsDon(z) PLASTIC MSOP®
©) (DBV) SYM (DGN) SYM (DGK) SYM
THS4221D THS4221DBV BFS THS4221DGN BFT THS4221DGK BHX
THS4225D — — THS4225DGN BFU THS4225DGK BFY

(1) All packages are available taped and reeled. The R suffix standard quantity is 3000. The T suffix standard quantity is 250 (e.g., THS4221DBVT).
(2 All packages are available taped and reeled. The R suffix standard quantity is 2500 (e.g., THS4221DGNR).

PowerPAD is a trademark of Texas Instruments.
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THS4222 AND THS4226 DUAL PACKAGE/ORDERING INFORMATION
PACKAGED DEVICES

PLASTIC SMALL OUTLINE PLASTIC MSOP PowerPAD™ (1) PLASTIC MSOP™ (1)
(D)™ (DGN) SYM (DGQ) SYM (DGK) SYM
THS4222D THS4222DGN BFO — — THS4222DGK BHW

— — — THS4226DGQ BFP — —

(1) All packages are available taped and reeled. The R suffix standard quantity is 2500 (e.g., THS4222DGNR).

ELECTRICAL CHARACTERISTICS

Vg=15V, R =499 Q, and G = 1 unless otherwise noted

TYP OVER TEMPERATURE
PARAMETER TEST CONDITIONS 25°C 25°C 0;((; (t:o —480;% to UNITS :\\nn,lo':l)é
AC PERFORMANCE
G=1,PN=-7dBm 230 MHz Typ
i , G=2,Py=-13dBm, R; = 1.3kQ 100 MHz | Typ
Small signal bandwidth
G =5, Py =-21dBm, R =2 kQ 25 MHz Typ
G =10, Py =-27 dBm, Rf = 2 kQ 12 MHz Typ
0.1 dB flat bandwidth G=2,PN=-13dBm, Rf=1.3kQ 40 MHz Typ
Gain bandwidth product G>10,f=1MHz, Rf=2kQ 120 MHz Typ
Full-power bandwidth G=1,Vg=2+25V 65 MHz Typ
G=-1,Vpo=125Vpp 990 V/us Min
Slew rate -
G=1,Vo=%25Vpp 975 V/us Min
Settling time to 0.1% G=-1,Vpo =12 Vpp 25 ns Typ
Settling time to 0.01% G=-1,Vpo =12 Vpp 52 ns Typ
Harmonic distortion G=1,Vo=2Vpp f=5MHz
Second harmonic distortion RL=4990 ~90 dBe Tvp
RL=150Q -92 dBc Typ
Third harmonic distortion RL=4990 ~100 dBe Tvp
RL=150Q -96 dBc Typ
Differential gain (NTSC, PAL) G=2,R=150Q 0.007 % Typ
Differential phase (NTSC, PAL) | G=2,R=150Q 0.007 ° Typ
Input voltage noise f=1MHz 13 nVAHz | Typ
Input current noise f=1MHz 0.8 pANHz | Typ
Crosstalk (dual only) f = 5 MHz Ch-to-Ch -90 dB Typ
DC PERFORMANCE
Open-loop voltage gain (AgL) Vo=12V 100 80 75 75 dB Min
Input offset voltage Vem =0V 3 10 16 16 mV Max
Average offset voltage drift Vem=0V +20 +20 uv/eC | Typ
Input bias current Vem =0V 0.9 3 5 5 HA Max
Average offset voltage drift Vem=0V +10 +10 uv/eCc | Typ
Input offset current Vem =0V 100 500 700 700 nA Max
Average offset current drift Vem=0V +10 +10 nA/°C Typ
INPUT CHARACTERISTICS
Common-mode input range -4/4 -3.9/3.9 \Y, Min
Common-mode rejection ratio Vem =12V 94 74 69 69 dB Min
Input resistance 33 MQ Typ
Input capacitance Common-mode / differential 1/05 pF Max




THS4221, THS4225 ¥ Texas
THS4222, THS4226 INSTRUMENTS

SLOS399G - AUGUST 2002 - REVISED JANUARY 2004

ELECTRICAL CHARACTERISTICS

Vg=15V, R =499 Q, and G = 1 unless otherwise noted

TYP OVER TEMPERATURE
PARAMETER TEST CONDITIONS 25°C 25°C 07(’((;,0 (t:o —480;52‘: to UNITS m)é
OUTPUT CHARACTERISTICS
R =499 Q -47/47 | -45/45 44l 44 /4.4 \Y Min
Output voltage swing 4.4
R =2kQ -4.8/4.8 \Y Min
Output current (sourcing) RL=10Q 100 92 88 88 mA Min
Output current (sinking) R .=10Q -100 -92 -88 -88 mA Min
Output impedance f=1MHz 0.02 Q Typ
POWER SUPPLY
Specified operating voltage +5 +7.5 +7.5 +7.5 \% Max
Maximum quiescent current Per channel 14 18 20 22 mA Max
Power supply rejection (tPSRR) 75 62 60 60 dB Min
POWER-DOWN CHARACTERISTICS
Maximum power-down current EeDrirgElE;I1 0V, REF =0V, 700 900 1000 1000 UA Max
REF =0V, or Vs Enable REF+1.8 \% Min
Power-down voltage level(!) Power down REF+1 v M?X
. Enable REF-1 \% Min
REF = Vs, or floating 1 er down REF-15 V| Max
Turnon time delay 50% of final value 200 ns Typ
Turnoff time delay 50% of final value 500 ns Typ
Input impedance 58 Q Typ
Isolation f=5MHz 80 dB Typ

(1) For detail information on the power-down circuit, refer to the powerdown section in the application information of this data sheet.
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ELECTRICAL CHARACTERISTICS
Vg=5V,R_ =499 Q and G =1 unless otherwise noted

TYP OVER TEMPERATURE
PARAMETER TEST CONDITIONS 25°C 25°C 0;((;,0 (t:o —480;% to UNITS :\\nn,lotq)é
AC PERFORMANCE
G=1,PN=-7dBm 200 MHz Typ
i , G=2,Py=-13dBm, R; = 1.3kQ 100 MHz | Typ
Small signal bandwidth
G =5, Py =-21dBm, R =2 kQ 25 MHz Typ
G =10, Py =-27 dBm, Rf = 2 kQ 12 MHz Typ
0.1 dB flat bandwidth G=2,PN=-13dBm, Rf=1.3kQ 50 MHz Typ
Gain bandwidth product G >10,f=1MHz, Rf=2kQ 120 MHz Typ
Full-power bandwidth G=1,Vg=22V 40 MHz Typ
G=-1,Vpo =12 Vpp 500 V/us Min
Slew rate -
G=1,Vo=%2Vpp 550 V/us Min
Settling time to 0.1% G=-1,Vpo=11Vpp 27 ns Typ
Settling time to 0.01% G=-1,Vpo=11Vpp 48 ns Typ
Harmonic distortion G=1,Vo=2Vpp f=5MHz
Second harmonic distortion RL=4990 ~90 dBe Tvp
RL=150Q -93 dBc Typ
Third harmonic distortion RL=4990 ~89 dBe Tvp
RL =150 Q -91 dBc Typ
Differential gain (NTSC, PAL) G=2,R=150Q 0.014 % Typ
Differential phase (NTSC, PAL) [G=2,R=150Q 0.011 ° Typ
Input voltage noise f=1MHz 13 nVAHz | Typ
Input current noise f=1MHz 0.8 pANHz | Typ
Crosstalk (dual only) f = 5 MHz Ch-to-Ch -90 dB Typ
DC PERFORMANCE
Open-loop voltage gain (AgL) Vo=15Vto35V 100 80 75 75 dB Min
Input offset voltage Vem =25V 3 10 16 16 mV Max
Average offset voltage drift Vem=25V +20 +20 uv/eCc | Typ
Input bias current Vem =25V 0.9 3 5 5 HA Max
Average offset voltage drift Vem=25V +10 +10 uv/eCc | Typ
Input offset current Vem =25V 100 500 700 700 nA Max
Average offset current drift Vem=25V +10 +10 nA/°C Typ
INPUT CHARACTERISTICS
Common-mode input range 1/4 1.1/3.9 \% Min
Common-mode rejection ratio Vem=15Vto35V 96 74 69 69 dB Min
Input resistance 33 MQ Typ
Input capacitance Common-mode / differential 1/05 pF Max
OUTPUT CHARACTERISTICS
Output voltage swing RL =499 Q 02/48 | 03/47 | 04/46 | 04/46 \Y M?n
RL=2kQ 0.1/4.9 \Y, Min
Output current (sourcing) RL=10Q 95 85 80 80 mA Min
Output current (sinking) R .=10Q -95 -85 -80 -80 mA Min
Output impedance f=1MHz 0.02 Q Typ
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ELECTRICAL CHARACTERISTICS (continued)
Vg=5V,R_ =499 Q and G =1 unless otherwise noted

TYP OVER TEMPERATURE
PARAMETER TEST CONDITIONS 25°C 25°C 07((;}::0 t':)480552‘: UNITS m)é
POWER SUPPLY
Specified operating voltage 5 15 15 15 \% Max
Maximum quiescent current Per channel 12 15 17 19 mA Max
Power supply rejection (tPSRR) 70 62 60 60 dB Min
POWER-DOWN CHARACTERISTICS
Maximum power-down current EeDrirsa Ei‘; 0V, REF =0V, 500 750 900 900 LA Max
Enable REF+1.8 \% Min
REF =0V, orVs_
Power-down voltage level(!) Power down REF+1 v M?X
. Enable REF-1 \% Min
REF = Vs, or floating 1 er down REF-15 V| Max
Turnon time delay 50% of final value 200 ns Typ
Turnoff time delay 50% of final value 500 ns Typ
Input impedance 58 Q Typ
Isolation f=5MHz 80 dB Typ

(1) For detail information on the power-down circuit, refer to the powerdown section in the application information of this data sheet.
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ELECTRICAL CHARACTERISTICS
Vg=3.3V,R_=499 Q and G =1 unless otherwise noted

TYP OVER TEMPERATURE
PARAMETER TEST CONDITIONS 25°C 25°C 0;((; (t:o —480;% to UNITS I\I\Illlx\l)é
AC PERFORMANCE
G=1,PN=-7dBm 200 MHz Typ
. . G=2,PN=-13dBm, Rf=1kQ 100 MHz Typ
Small signal bandwidth
G =5, Py =-21dBm, R =2 kQ 15 MHz Typ
G =10, Py =-27 dBm, Rf = 2 kQ 12 MHz Typ
0.1 dB flat bandwidth G=2,PN=-13dBm, Rf=1kQ 50 MHz Typ
Gain bandwidth product G >10,f=1MHz, R =1.5kQ 120 MHz Typ
Full-power bandwidth G=1,Vo=13Vto2V 50 MHz Typ
G=-1,Vpo=13Vto2V 120 V/us Min
Slew rate -
G=1,Vp=13Vto2Vv 250 V/us Min
Harmonic distortion G=2,Vo=1Vpp f=5MHz
Second harmonic distortion RL=4990 ~80 dBe Tvp
RL=150Q -79 dBc Typ
Third harmonic distortion RL=4990 9 dBe Tvp
RL=150Q -92 dBc Typ
Input voltage noise f=1MHz 13 nVAHz | Typ
Input current noise f=1MHz 0.8 pANHz | Typ
Crosstalk (dual only) f = 5 MHz Ch-to-Ch -90 dB Typ
DC PERFORMANCE
Open-loop voltage gain (AgL) Vo=135Vto1.95V 98 80 75 75 dB Min
Input offset voltage Vem =165V 3 10 16 16 mV Max
Average offset voltage drift Vem=1.65V +20 +20 uv/eC | Typ
Input bias current Vem =165V 0.9 3 5 5 HA Max
Average offset voltage drift Vem=1.65V +10 +10 uv/eC | Typ
Input offset current Vem =165V 100 500 700 700 nA Max
Average offset current drift Vem=1.65V +10 +10 nA/°C Typ
INPUT CHARACTERISTICS
Common-mode input range 1/23 1.1/2.2 \ Min
Common-mode rejection ratio Vem=1.35Vt0o1.95V 92 74 69 69 dB Min
Input resistance 33 MQ Typ
Input capacitance Common-mode / differential 1/05 pF Max
OUTPUT CHARACTERISTICS
Output voltage swing RL =499 Q 0.15/3.15 | 0.3/3.0 [ 0.35/2.95 | 0.35/2.95 \Y Min
Output voltage swing RL =2kQ 0.1/3.2 \% Min
Output current (sourcing) RL=20Q 50 45 40 40 mA Min
Output current (sinking) RL=20Q -50 -45 -40 -40 mA Min
Output impedance f=1 MHz 0.02 Q Typ
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ELECTRICAL CHARACTERISTICS (continued)
Vg=3.3V,R_=499 Q and G =1 unless otherwise noted

TYP OVER TEMPERATURE
PARAMETER TEST CONDITIONS 25°C 25°C 07((;}::0 t':)480552‘: UNITS m)é
POWER SUPPLY
Specified operating voltage 3.3 15 15 15 \% Max
Maximum quiescent current Per channel 11 13 16 17 mA Max
Power supply rejection (+PSRR) 65 60 55 55 dB Min
POWER-DOWN CHARACTERISTICS
Maximum power-down current EeDrirsa Ei‘; 0V, REF =0V, 500 700 800 800 LA Max
Enable REF+1.8 \% Min
REF =0V, orVs_
Power-down voltage level(!) Power down REF+1 v M?X
. Enable REF-1 \% Min
REF = Vs, or floating 1 er down REF-15 V| Max
Turnon time delay 50% of final value 200 ns Typ
Turnoff time delay 50% of final value 500 ns Typ
Input impedance 58 Q Typ
Isolation f=5MHz 80 dB Typ

(1) For detail information on the power-down circuit, refer to the powerdown section in the application information of this data sheet.
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PIN ASSIGNMENTS

NON-POWER DOWN PACKAGE DEVICES

THS4221 THS4221 THS4222
DBV PACKAGE D, DGN, OR DGK PACKAGE D, DGN, OR DGK PACKAGE
(TOP VIEW) (TOP VIEW) (TOP VIEW)
Vour (|1 5[] Vs, NC[[© s[TONC 10UT 1 s vs+
IN- [T 2_r(>17:DVS+ 1IN- ] 2% 7 [ 20UT
Vs. [ ]2 {/N+ —| 3- 6 |10 Vour 1{/N+§ 6 % g:m_
S- 4 5 NC sS- 4 5 +
we 5 sl e — m|
NC - No internal connection
POWER-DOWN PACKAGE DEVICES
THS4225 THS4226
D, DGN, OR DGK PACKAGE DGQ PACKAGE
(TOP VIEW) (TOP VIEW)
REFCI]© [ PD 10ouUT |1 o Vst
IN— T 2J_‘(>17 11 vg+ 1IN- |2 o[ I3 20UT
IN+ [ 3 611 VouTt 1IN+ g E % 2IN-
Vs_ [T 4 511 NC Vs- 2IN+
S 1PD L5 60 2PD

NC - No internal connection
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TYPICAL CHARACTERISTICS
TABLE OF GRAPHS
FIGURE
Smalll signal frequency response 1
Slew rate vs Output voltage step 2,3
Harmonic distortion vs Frequency 4,5,8,9
Harmonic distortion vs Output voltage swing 6,7
Voltage and current noise vs Frequency 10
Differential gain vs Number of loads 11,13
Differential phase vs Number of loads 12,14
Quiescent current vs Supply voltage 15
Output voltage vs Load resistance 16
Open-loop gain and phase vs Frequency 17
Open-loop gain vs Supply voltage 18
Rejection ratio vs Frequency 19
Rejection ratio vs Case temperature 20
Common-mode rejection ratio vs Input common-mode range 21,22
Input offset voltage vs Case temperature 23
Input bias and offset current vs Case temperature 24,25
Power-down quiescent current vs Supply voltage 26
Output impedance in power down vs Frequency 27
Crosstalk vs Frequency 28
SLEW RATE SLEW RATE
vs vs
SMALL SIGNAL FREQUENCY RESPONSE OUTPUT VOLTAGE STEP OUTPUT VOLTAGE STEP
Z Gain=10,Ri=2kQ R _4990 L 600 Gain < 1
. b el I i S
8 '°f Gan-5R-2ka \ g Ves sy ) E? Vs =15V /
114 T 800 Fall 7 > 400
.§ 12 g P / 2 Fall
g 10 z 600 “T Rise E 300 Rise
g Z [ Gain=2,Ri=13kQ | Z’ 400 / Z’ 200 Yy,
5 4 H:H @ / @ /
z\ - aine 1 Rio0 200 7 100
-2 T TTTI 0 0
04 1 10 100 1k 0 1 2 3 4 5 05 1 15 2

f - Frequency - MHz

Figure 1

Vo - Output Voltage Step - V

Figure 2

Vo - Output Voltage Step - V

Figure 3
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HARMONIC DISTORTION HARMONIC DISTORTION HARMONIC DISTORTION
vs vs vs
FREQUENCY FREQUENCY OUTPUT VOLTAGE SWING
T TTTImm T o UL O —T—TTT
—10} Gain=1 -10}- Gain=1 _10 |= Gain=1
RL=150Q RL=499 Q RL =499 Q
8 "2 Vo-2Ver & "2 Vo=2vep 8 2 t=8MHz
'? 30} Vs=15V 1|= 30} Vs=15V 1': _30
5 _40 § 40 S -40
5 /i 5 i 5
E § il g -
° e0 Vi ° e0 % / S -0 HD2, 15V  _|
9 2 £ HD3, 5V and 5V
E 70 e m’ E 70 HD2 /A E 70 /
T 80 I T 80 P £ g Ne - X ot
B hill4 Hp3 I -90 il Ho3 |l . y Sl —
90 AT A / 90 HD3, +5 V
-100 uil [ 1] -100 Vi A | 11 ~100 e [ R
0.1 1 10 100 0.1 1 10 100 0 051 15 2 25 3 35 4 45 5
f - Frequency - MHz f - Frequency - MHz Vo - Output Voltage Swing - V
Figure 4 Figure 5 Figure 6
HARMONIC DISTORTION HARMONIC DISTORTION HARMONIC DISTORTION
Vs A\ Vs
OUTPUT VOLTAGE SWING FREQUENCY FREQUENCY
0 1 T 1 0 T T TTTTTT 0 L
_10 | Gain=1 _10}- Gain=1 _10}- Gain=1
RL =499 Q R =150 Q ) RL =499 Q
& -20 - f= 30 MHz o -20[~ Vg=2Vpp 8 -20[~ Vg =2Vpp
3 3: sl Vs=5V 3 | Vs-sv
b
é -40 é _40 /*‘ é -40 ,%
:‘g -50 - HD3,5V HD3, +5 V — .g _50 / % -50
o -60 }X’ =T S -60 / 2’ 60 /
5 -70 / Aéé s _ / g -7
E T |\ —— g 70 HD3 T E HD3
T 80 /, \’ HD2, 5V £ -8 L ,/ £ -8 ! Pt
/
|l T | Ho2sv %0 %g! I +o2 1]} 90 ¢ | | |
-100 | | ] -100 | | | -100 -~
0 051 15 2 253 35 4 45 5 0.1 1 10 100 0.1 1 10 100
Vo - Output Voltage Swing - V f - Frequency - MHz f - Frequency - MHz
Figure 7 Figure 8 Figure 9
VOLTAGE AND CURRENT NOISE DIFFERENTIAL GAIN DIFFERENTIAL PHASE
vs VS vs
FREQUENCY NUMBER OF LOADS 0a NUMBER OF LOADS
100N T 10 0.20 " I ) 1 T T
T H: Gain = | Gain=2
N L] m |>§ 0.18[ Ri= 15k ] / 035 R=15ka
I; Il o46| 40IRE-NTSC 40 IRE - NTSC [
S Il i ’ Worst Case +100 I I ° 03T Wworst Case +100 IRE Ramp
< RN ’ 2 0.14[ IRE Ramp ® / /
. ™ V, Q ‘I: I 2 025
o N n (2] - 12 <
3 N I~ 2 ] o I o 02 / /
[ i /1]
£ i 5 & 008 Vs=5V/ ] S 15
$ " S ¢ 3 / |/
| - 5 006 / 0.4
>C - 004 Vg =15 V/ /' /
' / 0.05
0.02 ~_—/ . _/_ Y /
1 0.1 0
1k 10k 100 k 1M 10M 0 1 2 3 4 5 0 1 2 3 4 5
f - Frequency - Hz Number of Loads - 150 Q Number of Loads - 150 Q
Figure 10 Figure 11 Figure 12
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DIFFERENTIAL GAIN DIFFERENTIAL PHASE QUIESCENT CURRENT
vs vs vs
NUMBER OF LOADS NUMBER OF LOADS SUPPLY VOLTAGE
0.20 Gain =2 I 04 T T T 22 | |
0.18| R;=15kQ Gain =2 I 20 L
o.16| 401RE-PAL I 035 Ri=15kQ 1 Ta=85C | L
| Worst Case +100 IRE Ramp I . ol 20IRE-PAL l & //'
® 014 1 [ Worst Case +100 IRE Ramp < 16 Ta = 25°C
£ 0.12 / / g 02 / l & T —
g ) / / g / l € 12 e
S 010 / E o2 £ —
S £ 10
S 008 Vg=5V § / / 3
g Y / g 015 £ 8 Ta=-40°C —]
Z 006 a / 8
/ 0.1 g 6
0.04 / Vg =45 V[ / g .
0.02 — 4 0.05 4 / 2
0 ] 5 0 ~._ / 0
0 8 4 5 0 1 2 3 4 15 2 25 3 35 4 45 5
Number of Loads - 150 © Number of Loads - 150 Q Vg - Supply Voltage - +V
Figure 13 Figure 14 Figure 15
OUTPUT VOLTAGE OPEN-LOOP GAIN AND FHASE OPEN-LOOP GAIN
Vs 3 Vs
LOAD RESISTANCE FREQUENCY SUPPLY VOLTAGE
5 - 110 105 T T
4 L] 100 Ta = 25°C
Y
> 4 )
1 80 m
& 2 2 5
8 70 L 100 -
o 1 ‘T M —
2 Ta = ~40 to 85°C 5 60 S L~ T~
2 o 9 s0 &
5 8 3
S 340 p
o - § 30 &
0 20
-8 10
™
-4 N 0
-5 -10 )
10 100 Tk 10k 00001 0.001 001 01 1 10 100 1000 15 2 25 3 35 4 45
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APPLICATION INFORMATION

HIGH-SPEED OPERATIONAL AMPLIFIERS

The THS4222 family of operational amplifiers is a family of
single and dual, rail-to-rail output voltage feedback
amplifiers. The THS4222 family combines both a high
slew rate and a rail-to-rail output stage.

The THS4225 and THS4226 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

Driving an ADC With the THS4222

Active Filtering With the THS4222

An Abbreviated Analysis of Noise in Amplifiers
Driving Capacitive Loads

Printed Circuit Board Layout Techniques for Optimal
Performance

Power Dissipation and Thermal Considerations
Evaluation Fixtures, Spice Models, and Applications
Support

® Additional Reference Material

® Mechanical Package Drawings

WIDEBAND, NONINVERTING OPERATION

The THS4222 is a family of unity gain stable rail-to-rail
output voltage feedback operational amplifiers, with and
without power-down capability, designed to operate from
a single 3-V to 15-V power supply.

Figure 29 is the noninverting gain configuration of 2 V/V
used to demonstrate the typical performance curves.

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 1 kQ and 2 kQ are
recommended for most situations.

Figure 29. Wideband, Noninverting Gain
Configuration

WIDEBAND, INVERTING OPERATION

Since the THS4222 family are general-purpose, wideband
voltage-feedback amplifiers, several familiar operational
amplifier applications circuits are available to the designer.
Figure 30 shows a typical inverting configuration where
the input and output impedances and noise gain from
Figure 29 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.

5V
+Vg
+
100 pF | 0.1uF | 6.8uF
Ny — = =
+
THS4222 Vo
499 Q
R¢ =
1.3 kQ
Rm * I I
5230 0.1uF | 6.8uF
1 100 pF +
svUs

Figure 30. Wideband, Inverting Gain
Configuration
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In the inverting configuration, some key design
considerations must be noted. One is that the gain resistor
(Rg) 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 PC board trace, or other transmission
line conductors), Ry may be set equal to the required
termination value and Rs adjusted to give the desired gain.
However, care must be taken when dealing with low
inverting gains, as the resultant 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 29. 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 Rg and Ry, values,
as shown in Figure 30, and then achieve the input
matching impedance with a third resistor (Ry) to ground.
The total input impedance becomes the parallel
combination of Rg and Ry

The last major consideration to discuss 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 30, the dc source impedance looking out of the
inverting terminal is 1.3 kQ || (1.3 kQ + 25.6 Q) = 649 Q.
To reduce the additional high-frequency noise introduced
by the resistor at the noninverting input, and power-supply
feedback, Ry is bypassed with a capacitor to ground.

SINGLE SUPPLY OPERATION

The THS4222 is designed to operate from a single 3-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 31 demonstrate methods to configure an ampilifier
in a manner conducive for single supply operation.

THS4221, THS4225
THS4222, THS4226
SLOS399G - AUGUST 2002 - REVISED JANUARY 2004
+Vg
50 Q Source
‘—
Vi
Rt
+Vg

+Vg +Vg —

Figure 31. DC-Coupled Single Supply Operation

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

TE THS4225 and THS4226 feature a power-down pin

(PD) which lowers the quiescent current from 14 mA/ch
down to 700 uA/ch, ideal for reducing system power.

The power-down pin of the amplifiers 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.
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Power-Down Reference Pin Operation

In addition to the power-down pin, the THS4225 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 the power-down pin. The tables
below show examples and illustrate the relationship
between the reference voltage and the power-down
thresholds.

POWER-DOWN THRESHOLD VOLTAGE LEVELS (REF < Midrail)
V%UL';ng REFERENCE PIN ENABLE | DISABLE
W VOLTAGE (V) LEVEL (V) | LEVEL (V)
GND >1.8 <1
+5 25 >-0.7 <-15
-5 >-32 <-4
GND >1.8 <1
5 1 >28 <2
2.5 >43 <35
3.3 GND >1.8 <1

In the above table, the threshold levels are derived by the
following equations:

REF + 1.8 V for enable

REF + 1V for disable
Note that in order to maintain these threshold levels, the
reference pin can be any voltage between Vs- or GND up
to Vs/2 (mid rail).

For 3.3-V operation, the reference pin must be connected
to the most negative rail (for single supply this is GND).

POWER-DOWN THRESHOLD VOLTAGE LEVELS (REF > Midrail)
VSOULF;Z%;(E REFERENCE PIN ENABLE DISABLE
) VOLTAGE (V) LEVEL (V) | LEVEL (V)
Floating or 5 >4 <35
+5 25 >15 <1
1 >0 <-05
Floating or 5 >4 <35
5 4 >3 <25
3.5 >25 <2
3.3 Floating or 3.3 227 <1.8

In the above table, the threshold levels are derived by the
following equations:

REF - 1V for enable

REF - 1.5V for disable
Note that in order to maintain these threshold levels, the
reference pin can be any voltage between (Vs+/2) + 1 V to
Vs+ or left floating. The reference pin is internally
connected to the positive rail, therefore it can be left
floating to maintain these threshold levels.

For 3.3-V operation, the reference pin must be connected
to the positive rail or left floating.

The recommended mode of operation is to tie the
reference pin to midrail, thus setting the threshold levels to
midrail +1.0 V and midrail +1.8 V.

NO. OF CHANNELS | PACKAGES
THS4225D, THS4225DGN

Single (8-pin)

Power Supply Decoupling Techniques and
Recommendations

Power supply decoupling is a critical aspect of any
high-performance amplifier design process. Careful
decoupling provides higher quality ac performance (most
notably improved distortion performance). The following
guidelines ensure the highest level of