FEATURES

Low Noise Voltage: 1.9nV/vHz (100kHz)
Low Supply Current: 3mA/Amp Max

Gain Bandwidth Product: 100MHz

Low Distortion: —80dB at 1MHz

Low Offset Voltage: 500V Max

Wide Supply Range: 2.5V to 12.6V

Input Common Mode Range Includes Both Rails
Output Swings Rail-to-Rail

Common Mode Rejection Ratio 90dB Typ
Unity Gain Stable -

Low Noise Current: 0.75pA/VHz

Output Current: 30mA Min

Dual in MSOP and SO-8 Packages

Quad in SO-14 Package

Operating Temperature Range —40°C to 85°C

APPLICATIONS

Low Noise, Low Power Signal Processing
Active Filters

Rail-to-Rail Buffer Amplifiers

Driving A/D Converters

DSL Receivers

Battery Powered/Battery Backed Equipment

INITIAL RELEASE

Final Electrical Specifications
LT6203/LT16204

TECHNOLOGY

Dual/Quad 100MHz,

Rail-fo-Rail Input and Output,
Ultralow Noise, Low Power Op Amps

April 2002
PDESCRIPTION

The LT®6203/LT6204 are dual/quad low noise, rail-to-rail
input and output unity gain stable op amps that feature
1.9nV/VHz noise voltage and draw only 2.5mA of supply
current per amplifier. These amplifiers combine very low
noise and supply current with a 100MHz gain bandwidth
product, a 25V/us slew rate, and are optimized for low
supply signal conditioning systems.

The LT6203/LT6204 have an input range that includes
both supply rails and an output that swings within 30mV
of either supply rail to maximize the signal dynamic range
inlow supply applications. These amplifiers maintain their
performance for supplies from 2.5V to 12.6V and are
specified at 3V, 5V and +5V supplies. Harmonic distortion
is less than —80dBc at 1MHz making these amplifiers
suitable in low power data acquisition systems.

The LT6203 is available in 8-pin SO and MSOP packages
with standard op amp pinouts. For compact layouts the
quad LT6204 is available in the 14-pin SO package. These
devices can be used as plug-in replacements for many op
amps to improve input/output range and noise perfor-
mance.

ALY, LTC and LT are registered trademarks of Linear Technology Corporation.

TYPICAL APPLICATION

Low Noise 4- to 2-Wire Local Echo Cancellation Differential Receiver
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L16203/L16204
ABSOLUTE MAXIMUM RATINGS (note 1)

Total Supply Voltage (V¥ 0 V7) oo, 12.6V  Specified Temperature Range (Note 5) ....—40°C to 85°C
Input Current (NOtE 2) ...vvveiereceeeeee, #0mA  Junction Temperature .........cooeveevveereeriererennnne, 150°C
Output Short-Circuit Duration (Note 3)............. Indefinite  Storage Temperature Range .................. -65°C to 150°C
Operating Temperature Range (Note 4) ...—40°C to 85°C  Lead Temperature (Soldering, 10 sec).................. 300°C
PACKAGE/ORDER INFORMATION
ORDER PART ORDER PART
NUMBER TOP VIEW NUMBER
n s v LT6203CMS8 oura [} £V LT6203CS8
a2 l—poure LT6203IMS8 Al o LT62031S8
"\ o <lEs e AN A [3] el-me
IS8 PACKAGE MS8 PART v 4] p BELE S8 PART
i ARKING S VARKING
e o LTBZ Tymax = 150°C, 6, = 190°C/W 6203
LTB3 6203l
ORDER PART
TOP VIEW NUMBER
0_[:;2 % >|IZ%_(:'L\IJTDD LT6204CS
o IE:[;A A ons LT6204IS
vt [4] [11] v
+INB [5 P 10 +INC
-INB E:['>”-< [9]-INC
ouTB [7] [8]outC
S PACKAGE
14-LEAD PLASTIC SO
Tymax = 150°C, B3 = 150°C/W

Consult LTC Marketing for parts specified with wider operating temperature ranges.

ELECTRICAL CHARACTERISTICS 1, - 25¢, Vg =5V, 0V; Vg = 3V, 0V: Vigyy = Vgur = half supply,

unless otherwise noted.

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
Vos Input Offset Voltage Vg =5V, 0, Vo =Half Supply 0.1 0.5 mV
Vg =3V, 0, Vg = Half Supply 0.6 1.5 mV
Vg=5V,0,Vgu=Vtto V™~ 0.8 2.5 mV
Vg=3V,0,Vgu=Vtto V™~ 1.0 35 mV

62034i
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LT16203/L16204

ELECTRICAL CHARACTERISTICS 1, - 25°c, vg =5V, 0v; Vg =3V, OV; Vgy = Vigyr = half supply,

unless otherwise noted.

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
Input Offset Voltage Match Ve = Half Supply 0.15 0.8 mV
(Channel-to-Channel)(Note 6) Vem=VtoV* 0.3 1.8 mV

I Input Bias Current Ve = Half Supply -1.3 -7.0 LA

Vem=V* 1.3 2.5 PA
Vem=V~ -3.3 -8.8 pA

Alg Ig Shift Vem=V"to V* 4.7 11.3 PA
I[g Match (Channel-to-Channel) (Note 6) 0.1 0.6 pA

los Input Offset Current Vem = Half Supply 0.12 1 pA

Vem=V* 0.07 1 PA

Vem=V~ 0.12 1.1 PA

Input Noise Voltage 0.1Hz to 10Hz 600 nVp_p

en Input Noise Voltage Density f=100kHz, Vg = 5V 2 nV/x/E
f=10kHz, Vg =5V 2.9 45 nV/VHz

in Input Noise Current Density f=10kHz, Vg =5V 0.75 pANHz
Input Resistance Common Mode 4 MQ

Differential Mode 12 kQ

Cin Input Capacitance 2.8 pF
AvoL Large Signal Gain Vg=5V,Vp= 0.5V1t04.5V, R =1kto Vg/2 40 70 V/mV
Vg=5V, Vg=1V 104V, R =100 to Vg/2 8.0 14 V/mV

Vg=3V, Vp=05V1t0 2.5V, R =1k to Vs/2 17 40 V/mV

CMRR Common Mode Rejection Ratio Vg=5V, Vgy=V-to V* 60 83 dB
Vg=5V, Vgu=1.5V10 3.5V 80 100 dB

Vg=3V, Vgm=V"to V* 56 80 dB

CMRR Match (Channel-to-Channel)(Note 6) Vg=5V, Vgy=1.5V 10 3.5V 85 120 dB

PSRR Power Supply Rejection Ratio Vg=2.5V 10 10V, Vg = 0V 60 74 dB
PSRR Match (Channel-to-Channel) (Note 6) Vg=2.5V 10 10V, Vgm = 0V 70 100 dB
Minimum Supply Voltage (Note 7) 2.5 Y

VoL Output Voltage Swing LOW Saturation No Load 5 30 mV
(Note 8) Isink = 5SmA 85 190 mV

Vg =5V, Igjnk = 20mA 240 460 mV
Vg =3V, Ignk = 15mA 185 350 mV

Vou Output Voltage Swing HIGH Saturation No Load 25 75 mV

(Note 8) Isource = 5mMA 90 210 mV

Vg =5V, Isource = 20mA 325 600 mV

Vg =3V, Isource = 15mA 225 410 mV

Isc Short-Gircuit Current Vg=5V +30 +45 mA
Vg =3V 125 +40 mA

Is Supply Current per Amp Vg =5V 2.5 3.0 mA
Vg =3V 2.3 2.85 mA

GBW Gain Bandwidth Product Frequency = 1MHz 90 MHz

SR Slew Rate Vg=5V,Ay=—1,R =1k, Vg =4V 17 24 V/us

FPBW Full Power Bandwidth (Note 10) Vg =5V, Vour=3Vp-p 1.8 2.5 MHz

ts Settling Time 0.1%, Vg =5V, Vgrgp = 2V, Ay =—1, R_ = 1k 175 ns
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LT6203/LT16204
GLGCTBICHL CHHBHCTGBBTKS The « denotes the specifications which apply over 0°C < Ty < 70°C

temperature range. Vg = 5V, 0V; Vg = 3V, OV; Vg = Voyr = half supply, unless otherwise noted.

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
Vos Input Offset Voltage Vg =5V, 0, Vo = Half Supply . 0.2 0.7 mV
Vg =3V, 0, Vo = Half Supply . 0.6 1.7 mV

Vg=5V,0,Vgu=V+to V™ . 0.7 3.0 mV

Vg=3V,0,Vgu=V+to V™~ . 1.2 4.0 mV

Vos TC Input Offset Voltage Drift (Note 9) Vo = Half Supply o 3.0 9.0 WV/°C
Input Offset Voltage Match Ve = Half Supply o 0.15 0.9 mV
(Channel-to-Channel) (Note 6) Vem=V~to V* o 0.5 2.3 mV

I Input Bias Current Ve = Half Supply o -1.3 -7.0 VA
Vem=V* o 1.3 2.5 PA

Vem=V" ° -3.3 -8.8 pA

Alg [g Shift Vem=V~to V* o 47 11.3 PA
I[g Match (Channel-to-Channel) (Note 6) o 0.1 0.6 pA

los Input Offset Current Vem = Half Supply o 0.15 1 pA
Vem=V* o 0.10 1 PA

Vem=V~ o 0.15 1.1 PA

AvoL Large Signal Gain Vg=5V, Vg=0.5V 0 4.5V,R, = 1k to Vg/2 o 35 60 V/mV
Vg=5V,Vp=1.5V103.5V,R =100to Vs/2 | ¢ | 6.0 12 V/mV

Vg=3V,Vp=05V1t025V,R =1ktoVs/2 | e 15 36 V/mV

CMRR Common Mode Rejection Ratio Vg=5V,Vgu=V~ to V* o 60 83 aB
Vg=5V, Vgu=1.5V10 3.5V . 78 97 dB

Vg=3V,Vgy=V" toV* o 56 75 dB

CMRR Match(Channel-to-Channel) (Note 6) | Vg=5V, Vg = 1.5V to 3.5V o 83 100 aB

PSRR Power Supply Rejection Ratio Vg=3Vto 10V, Vg =0V o 60 70 aB
PSRR Match (Channel-to-Channel)(Note 6) | Vg=3Vto 10V, Vg =0V o 70 100 aB

Minimum Supply Voltage (Note 7) o 3.0 Y

VoL Output Voltage Swing LOW Saturation No Load o 5.0 35 mV
(Note 8) Isivk = 5mA ° 95 200 mV

Isink = 15mA ° 260 365 mV

VoH Output Voltage Swing HIGH Saturation No Load o 50 100 mV
(Note 8) Isource = SmA ° 115 230 mV

Vg =5V, Isource = 20mA o 360 635 mV

Vg =3V, Isource = 15mA ° 260 430 mV

Isc Short-Gircuit Current Vg=5V o | £20 +33 mA
Vg =3V o | +20 +30 mA

Is Supply Current per Amp Vg=5V o 31 3.85 mA
Vg =3V o 2.75 3.50 mA

GBW Gain Bandwidth Product Frequency = 1MHz ° 87 MHz
SR Slew Rate Vg=5V, Ay=-1,R =1k Vg=4V . 15 21 V/us
FPBW Full Power Bandwidth (Note 10) Vg =5V, Voyr=3Vpp . 1.6 2.2 MHz
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LT16203/L16204

GLGCTBICHL CHHBHCTGBISTICS The « denotes the specifications which apply over —40°C < Ty < 85°C

temperature range. Vg = 5V, 0V; Vg = 3V, OV; Vg = Vour = half supply, unless otherwise noted. (Note 5)

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
Vos Input Offset Voltage Vg =5V, 0, Vg = Half Supply . 0.2 0.8 mV
Vg =3V, 0, Vg = Half Supply o 0.6 2.2 mV

Vg=5V,0,Vgu=V*toV~ o 1.0 35 mV

Vg=3V,0,Vgu=V*toV~ o 1.4 45 mV

Vos TC Input Offset Voltage Drift (Note 9) Vo = Half Supply o 3.0 9.0 WV/°C
Input Offset Voltage Match Vewm = Half Supply o 0.3 1.0 mV
(Channel-to-Channel) (Note 6) Vem=V~to V* o 0.7 2.5 mV

I Input Bias Current Vo = Half Supply o -1.3 -7.0 PA
Vom=V* o 1.3 2.5 pA

Vem=V~ ° -3.3 -8.8 pA

Alg Ig Shift Vem=V"to V* o 4.7 11.3 pA
Ig Match (Channel-to-Channel) (Note 6) o 0.1 0.6 pA

los Input Offset Current Ve = Half Supply o 0.2 1 PA
Vom=V* o 0.2 1.1 pA

Vem=V~ o 0.2 1.2 PA

AvoL Large Signal Gain Vg=5V,Vg=0.5Vt04.5V,R =1ktoVg/2 | e 32 60 V/mV
Vg=5V,Vg=15V1t03.5V,R =100to Vg/2| e | 4.0 10 V/mV

Vg=3V,Vg=05Vto2.5VR =1ktoVg/2 | e 13 32 V/mV

CMRR Common Mode Rejection Ratio Vg=5V,Vem=V"toV* o 60 80 dB
Vg =5V, Vg =1.5V10 3.5V o 75 95 dB

Vg=3V,Vem=V"toV* o 56 75 dB

CMRR Match (Channel-to-Channel) (Note 6) | Vg =5V, Vg = 1.5V t0 3.5V o 80 100 dB

PSRR Power Supply Rejection Ratio Vg=3Vto 10V, Vg =0V o 60 70 dB
PSRR Match (Channel-to-Channel) (Note 6) | Vg =3V to 10V, Vg = 0V o 70 100 dB

Minimum Supply Voltage (Note 7) o 3.0 Y

VoL Output Voltage Swing LOW Saturation No Load o 6 35 mV
(Note 8) Isink = SmA o 95 210 mV

Isink = 15mA ° 210 400 mV

Vou Output Voltage Swing HIGH Saturation No Load o 55 110 mV
(Note 8) Isource = SmA ° 125 240 mV

Vg =5V, Isource = 20mA ° 370 650 mV

Vg =3V, Isource = 15mA ° 270 450 mV

Isc Short-Circuit Current Vg=5V o | £15 +25 mA
Vg =3V o | %15 +23 mA

Is Supply Current per Amp Vg =5V o 3.3 41 mA
Vg=3V o 3.0 3.65 mA

GBW Gain Bandwidth Product Frequency = 1MHz ° 83 MHz
SR Slew Rate Vg=5V,Ay=-1,R =1k, Vg =4V o 12 17 V/ps
FPBW Full Power Bandwidth (Note 10) Vg =5V, Vgyr=3Vp-p o 1.3 1.8 MHz
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LT16203/L16204

ELECTRICAL CHARACTERISTICS

unless otherwise noted.

Tp = 25°C, +Vg =5V, OV; Vigy = Vo = OV,

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
Vos Input Offset Voltage Ve = Half Supply 1.0 2.2 mV
Vem=V* 2.6 5.0 mV

Vem=V~ 2.3 5.0 mV

Input Offset Voltage Match Vem =0V 0.2 1.0 mV
(Channel-to-Channel) (Note 6) Vem=V~to V* 04 2.0 mV

Ig Input Bias Current Vem = Half Supply -13 -7.0 pA
Vom=V* 1.3 3.0 PA

Vem=V~ -3.8 -95 PA

Alg Ig Shift Vem=V"to V* 5.3 12.5 PA
Ig Match(Channel-to-Channel) (Note 6) 0.1 0.6 PA

los Input Offset Current Vowm = Half Supply 0.15 1 VA
Vom=V* 0.2 1.2 PA

Vem=V~ 0.35 1.3 PA

Input Noise Voltage 0.1Hz to 10Hz 600 nVp_p

en Input Noise Voltage Density f=100kHz 1.9 nV/\/Ez
f=10kHz 2.8 45 nVAVHz

in Input Noise Gurrent Density f=10kHz 0.75 pA/VHz
Input Resistance Common Mode 4 MQ

Differential Mode 12 kQ

Cin Input Capacitance 2.8 pF
AvoL Large Signal Gain Vo=%4.5V, R =1k 75 130 V/mV
Vo =%2.5V,R =100 11 19 V/mV

CMRR Common Mode Rejection Ratio Vem=V-toV* 65 85 aB
Vem =—2V to 2V 85 98 aB

CMRR Match (Channel-to-Channel)(Note 6) | Vgy =—2V to 2V 85 120 aB

PSRR Power Supply Rejection Ratio Vg=+1.25V to +5V 60 74 aB
PSRR Match (Channel-to-Channel)(Note 6) | Vs=£1.25V to 5V 70 100 dB

VoL Output Voltage Swing LOW Saturation No Load 5 30 mV
(Note 8) Isink = SmA 87 190 mV

Isink = 20mA 245 460 mV

Vou Output Voltage Swing HIGH Saturation No Load 40 95 mV
(Note 8) Isource = SmA 95 210 mV

Isource = 20mA 320 600 mV

Isc Short-Gircuit Current +30 +40 mA
Is Supply Current per Amp 2.8 35 mA
GBW Gain Bandwidth Product Frequency = 1MHz 72 100 MHz
SR Slew Rate Ay=-1,R =1k, Vg =4V 18 25 V/ps
FPBW Full Power Bandwidth (Note 10) Vout = 3Vp-p 1.9 2.6 MHz
ts Settling Time 0.1%, Vgep = 2V, Ay =—1, R_ = 1k 160 ns

62034i

LY N



LT16203/L16204

GLGCTBICHL CHHBHCTGBBTKS The « denotes the specifications which apply over 0°C < Ty < 70°C

temperature range. Vg = +5V, 0V; Vg = Voyr = 0V, unless otherwise noted.

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
Vos Input Offset Voltage Vewm = Half Supply 1.6 2.8 mV
Vem = V* 3.2 6.0 mV

Vem=V~ 2.8 55 mV

Vos TC Input Offset Voltage Drift (Note 9) Vewm = Half Supply 3.0 9.0 Wv/°C
Input Offset Voltage Match Vem =0V 0.2 1.0 mV
(Channel-to-Channel)(Note 6) Vem=V"to V* 0.5 2.2 mV

lg Input Bias Current Ve = Half Supply -1.4 -7.0 A
Vem=V* 1.8 3.6 pA

Vem=V~ -4.3 -10 HA

Alg Ig Shift Vem=V~to V* 5.4 13 pA
Ig match(Channel-to-Channel)(Note 6) 0.15 0.7 pA

los Input Offset Current Vowm = Half Supply 0.1 1 PA
Vem=V* 0.2 1.2 pA

Vem=V~ 0.4 1.4 PA

AvoL Large Signal Gain Vo=24.5V, R =1k 70 120 V/mV
Vo =125V, R =100 10 18 V/mV

CMRR Common Mode Rejection Ratio Vem=V"to V* 65 84 dB
Vem=-2Vto 2V 83 95 dB

CMRR Match (Channel-to-Channel) (Note 6) | Vgy = -2V to 2V 83 110 dB

PSRR Power Supply Rejection Ratio Vg=+1.5V to £5V 60 70 dB
PSRR Match (Channel-to-Channel)(Note 6) | Vg=+1.5V to +5V 70 100 dB

VoL Output Voltage Swing LOW Saturation No Load 6 30 mV
(Note 8) Isink = 5SmA 95 200 mV

Isink = 15mA 210 400 mV

Vou Output Voltage Swing HIGH Saturation No Load 65 120 mV
(Note 8) Isource = 5mMA 125 240 mV

Isource = 20mA 350 625 mV

Isc Short-Gircuit Current +25 +34 mA
Is Supply Current per Amp 35 4.3 mA
GBW Gain Bandwidth Product Frequency = 1MHz 95 MHz
SR Slew Rate Ay=-1,R =1k, Vo =4V 16 22 V/ps
FPBW Full Power Bandwidth (Note 10) Vout =3Vpp 1.7 2.3 MHz
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LT16203/L16204

GLGCTBICHL CHHRHCTEBISTICS The « denotes the specifications which apply over —40°C < Ty < 85°C

temperature range. Vg = 5V, OV; Vg = Vour = 0V, unless otherwise noted. (Note 5)

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
Vos Input Offset Voltage Vowm = Half Supply o 1.7 3.0 mV
Vem = V* o 3.8 6.5 mV

Vem=V~ o 35 6.0 mV

Vos TC Input Offset Voltage Drift (Note 9) Vem = Half Supply o 3.0 9.0 Wv/°G
Input Offset Voltage Match Ven =0V . 0.3 1.0 mv
(Channel-to-Channel) (Note 6) Vem=V~to V* o 0.6 2.5 mV

Ig Input Bias Current Vem = Half Supply o -14 -7.0 pA
Vem = V* o 1.8 3.6 pA

Vem=V~ ° -45 -10 PA

Alg Ig Shift Vem=V~to V* . 5.4 13 PA
I[g Match (Channel-to-Channel) (Note 6) o 0.15 0.7 pA

los Input Offset Current Vem = Half Supply o 0.15 1 pA
Vem=V* . 0.3 1.2 PA

Vem=V~ ° 0.5 1.6 PA

AvoL Large Signal Gain Vo =245V, R =1k o 60 110 V/mV
Vo=+2.5V R =100 e | 6.0 13 V/mV

CMRR Common Mode Rejection Ratio Vem=V"to V* o 65 84 dB
Vem=-2Vto 2V o 80 95 dB

CMRR Match (Channel-to-Channel) (Note 6)| Vom=-2V to 2V o 80 110 aB

PSRR Power Supply Rejection Ratio Vg=+1.5V10 5V o 60 70 dB
PSRR Match (Channel-to-Channel)(Note 6) | Vg=+1.5V to £5V o 70 100 aB

VoL Output Voltage Swing LOW Saturation No Load o 7 32 mV
(Note 8) Isivk = 5mA ° 98 205 mV

Isink = 15mA ° 260 500 mV

VoH Output Voltage Swing HIGH Saturation No Load o 70 130 mV
(Note 8) Isource = 5mA ° 130 250 mV

Isource = 20mA o 360 640 mV

Isc Short-Circuit Current o | £15 +25 mA
Is Supply Current per Amp o 3.8 45 mA
GBW Gain Bandwidth Product Frequency = TMHz ° 90 MHz
SR Slew Rate Ay=-1,RL =1k, Vo =4V o 13 18 V/ps
FPBW Full Power Bandwidth (Note 10) Vout = 3Vp-p o 1.4 1.9 MHz

Note 1: Absolute maximum ratings are those values beyond which the life
of the device may be impaired.

Note 2: Inputs are protected by back-to-back diodes and diodes to each
supply. If the inputs are taken beyond the supplies or the differential input

voltage exceeds 0.7V, the input current must be limited to less than 40mA.

Note 3: A heat sink may be required to keep the junction temperature
below the absolute maximum rating when the output is shorted
indefinitely.

Note 4: The LT6203C/LT62031 and LT6204C/LT6204I are guaranteed
functional over the temperature range of —40°C and 85°C.

Note 5: The LT6203C/LT6204C are guaranteed to meet specified
performance from 0°C to 70°C. The LT6203C/LT6204C are designed,
characterized and expected to meet specified performance from —40°C to
85°C, but are not tested or QA sampled at these temperatures.

The LT62031/LT6204I are guaranteed to meet specified performance from
-40°C to 85°C.

Note 6: Matching parameters are the difference between the two amplifiers
A and D and between B and C of the LT6204; between the two amplifiers
of the LT6203. CMRR and PSRR match are defined as follows: CMRR and
PSRR are measured in WV/V on the identical amplifiers. The difference is
calculated between the matching sides in pV/V. The result is converted to
dB.

Note 7: Minimum supply voltage is guaranteed by power supply rejection
ratio test.

Note 8: Output voltage swings are measured between the output and
power supply rails.

Note 9: This parameter is not 100% tested.

Note 10: Full-power bandwidth is calculated from the slew rate:
FPBW = SR/21Vp

62034i
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LT16203/L16204

APPLICATIONS INFORMATION

Amplifier Characteristics

Figure 1 shows a simplified schematic of the LT6203/
LT6204, which has two input differential amplifiers in
parallel that are biased on simultaneously when the com-
mon mode voltage is at least 1.5V from either rail. This
topology allows the input stage to swing from the positive
supply voltage to the negative supply voltage. As the
common mode voltage swings beyond V¢e-1.5V, current
source |1 saturatesand currentin Q1/Q4 is zero. Feedback
is maintained through the Q2/Q3 differential amplifier, but
with an input g, reduction of 1/2. A similar effect occurs
with 12 when the common mode voltage swings within
1.5V of the negative rail. The effect of the g, reduction is
a shift in the Vg as 1 or 12 saturate.

Input bias current normally flows out of the + and —inputs.
The magnitude of this current increases when the input
common mode voltage is within 1.5V of the negative rail,
and only Q1/Q4 are active. The polarity of this current
reverses when the input common mode voltage is within
1.5V of the positive rail and only Q2/Q3 are active.

The second stage is a folded cascode and current mirror
that converts the input stage differential signals to a single
ended output. Capacitor C1 reduces the unity cross
frequency and improves the frequency stability without
degrading the gain bandwidth of the amplifier. The
differential drive generator supplies current to the output
transistors that swing from rail-to-rail.

e — \t

S

1+
— VBias
Qi1

-V 4V 1
DESD1¢ DESD2 |
| +V
02 a3 |
' a1 il 1
m-l— TDZ DIFFERENTIAL TDESDs
- j_ —o—o < DRIVE _‘-L-
DESD3 f #DESM Qs:l GENERATOR fDESDG
[
—V +V 010 —V
> <>

2%

— \/~

6203/04 FO1

Figure 1. Simplified Schematic
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LT16203/L16204

APPLICATIONS INFORMATION

Input Protection

There are back-to-back diodes, D1 and D2, across the
+ and — inputs of these amplifiers to limit the differential
input voltage to £0.7V. The inputs of the LT6203/LT6304
do not have internal resistors in series with the input
transistors. This technique is often used to protect the
input devices from over voltage that causes excessive
currents to flow. The addition of these resistors would
significantly degrade the low noise voltage of these ampli-
fiers. For instance, a 100Q resistor in series with each
input would generate 1.8nV/vHz of noise, and the total
amplifier noise voltage would rise from 1.9nV/VHz to
2.6nV/vHz. Once the input differential voltage exceeds
+0.7V, steady state current conducted though the protec-
tion diodes should be limited to +40mA. This implies 25Q
of protection resistance per volt of continuous overdrive
beyond +0.7V. The input diodes are rugged enough to
handle transient currents due to amplifier slew rate over-
drive or momentary clipping without these resistors.

Figure 2 shows the input and output waveforms of the
LT6203 driven into clipping while connected in a gain of
Ay =1. Inthis photo, the input signal generator is clipping
at +35mA, and the output transistors supply this genera-
tor current through the protection diodes.

ESD

The LT6203/LT6204 have reverse-biased ESD protection
diodes on all inputs and outputs as shown in Figure 1. If

these pins are forced beyond either supply, unlimited
current will flow through these diodes. If the current is
transient and limited to one hundred milliamps or less, no
damage to the device will occur.

Noise

The noise voltage of the LT6203/LT6204 is equivalent to
that of a 225Q resistor, and for the lowest possible noise
it is desirable to keep the source and feedback resistors
at or below this value, i.e. Rg + Rg||Rrg < 225Q. With
Rs + Rgl|Rrg = 225Q the total noise of the amplifier is:
en=Vv(1.9nV)2 + (1.9nV)2 = 2.7nV. Below this resistance
value, the amplifier dominates the noise, but in the resis-
tance region between 225Q and approximately 10kQ, the
noise is dominated by the resistor thermal noise. As the
total resistance is furtherincreased, beyond 10k, the noise
current multiplied by the total resistance eventually domi-
nates the noise.

The product of e, * IsyppLy IS an interesting way to gauge
low noise amplifiers. Many low noise amplifiers with low
e, have high Igypppy current. In applications that require
low noise with the lowest possible supply current, this
productcan prove to beenlightening. The LT6203/LT6204
have an ey, Isyppry product of 4.5 per amplifier, yet it is
common to see amplifiers with similar noise specifica-
tions have an e, * IsyppLy product of 10 to 30.

For a complete discussion of amplifier noise, see the
LT1028 data sheet.

CHZ 188 Y= CHP HATE B2ms

Figure 2. Vg = +2.5V, Ay = 1 with Large Overdrive
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LT16203/L16204

PACKAGE DESCRIPTION

MS8 Package
8-Lead Plastic MSOP

(Reference LTC DWG # 05-08-1660)

(035 = .005)
(52'32 3.2-3.45
PV 126 — 136)
0.42 +0.04 I:P I:P 065
(0165 +.0015) (.0256)
YP BSC

RECOMMENDED SOLDER PAD LAYOUT

0g54  DETALA
(:010) g 0°—6°TYP
GAUGE PLANE — Y — M
o 53 +0.015
021 + .006)
DETAIL “A”
0.18 -
(077) \j ‘
T k
SEATING
f PLANE
NOTE:

1. DIMENSIONS IN MILLIMETER/(INCH)
2. DRAWING NOT TO SCALE

3. DIMENSION DOES NOT INCLUDE MOLD FLASH, PROTRUSIONS OR GATE BURRS.

3.00+0.102

{118+ .004)
(NOTE 3)

4.8820.1
(192 = .004)

1.10

(.043)
MAX

0.22-0.38

" “

(.009-.015)

(.0256)

3.00 £ 0.102
(118 % .004)
NOTE 4

'

0.86
(:034)
REF

'

4 013:005
(.005 = .002)

MSOP (MS8) 0102

MOLD FLASH, PROTRUSIONS OR GATE BURRS SHALL NOT EXCEED 0.152mm (.006") PER SIDE
4. DIMENSION DOES NOT INCLUDE INTERLEAD FLASH OR PROTRUSIONS.

INTERLEAD FLASH OR PROTRUSIONS SHALL NOT EXCEED 0.152mm (.006") PER SIDE
5. LEAD COPLANARITY (BOTTOM OF LEADS AFTER FORMING) SHALL BE 0.102mm (.004") MAX

62034i
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L16203/L16204
PACKAGE DESCRIPTION

S8 Package
8-Lead Plastic Small Outline (Narrow .150 Inch)

(Reference LTC DWG # 05-08-1610)

0.189-0.197*
— I
(4.801 - 5.004)
(3'2;223'333)“5"» ~— 0.053 - 0,069 8 7 6 5
’ ’ (1,346 1.752) H H H H
o000 s
(0.203—0.254) 0°-8°TYP o 254)
ﬁJL— <T —ﬂ:D:D:D: T 0.228 - 0.244 0.150 - 0.157**
0.016 - 0.050 ~ (5.791-6.197) (3.810-3.988)
0.406-1270) 0.014-0.019 9‘ ‘F ‘ 0.050
(0.355 - 0.483) (1.270)
BSC
*DIMENSION DOES NOT INCLUDE MOLD FLASH. MOLD FLASH oo
SHALL NOT EXCEED 0.006" (0.152mm) PER SIDE H H H H
**DIMENSION DOES NOT INCLUDE INTERLEAD FLASH. INTERLEAD 1 2 3 4
FLASH SHALL NOT EXCEED 0.010" (0.254mm) PER SIDE
S Package
14-Lead Plastic Small Outline (Narrow .150 Inch)
(Reference LTC DWG # 05-08-1610)
0.337 - 0.344*
(8.560 - 8.738)
(8-222:3.233)“‘504’ |~— 0.053 - 0.069 14 13 12 11 10 9 8
204 -0. (1346 -1.752) H H H H H H H
0.008-0.010 0.004 -0.010
(0.203 - 0.254) 0°-8°TYP (0.101-0.254)
o LT* I e s s 02280244 0150~ 0.157°
791-6.197 810 - 3.
T ‘ ‘ 0.016 - 0.050 0.014-0.019 9‘ ‘F 0.050 (5.791-6.197) (3.810 - 3.988)
e {0.406—1.270) (0.355- 0.483) (1.270)
TYP BSC
*DIMENSION DOES NOT INCLUDE MOLD FLASH. MOLD FLASH
SHALL NOT EXCEED 0.006" (0.152mm) PER SIDE H H H H H H H sz
1 2 3 4 5 6 7

**DIMENSION DOES NOT INCLUDE INTERLEAD FLASH. INTERLEAD
FLASH SHALL NOT EXCEED 0.010" (0.254mm) PER SIDE

RELATED PARTS

PART NUMBER DESCRIPTION COMMENTS

LT1028 Single, Ultra Low Noise 50MHz Op Amp 1.1nVAVHz

LT1677 Single, Low Noise Rail-to-Rail Amplifier 3V Operation, 2.5mA, 4.5nV/VHz, 60V Max Vog
LT1722/LT1723/LT1724 | Single/Dual/Quad Low Noise Precision Op Amp 70V/us Slew Rate, 400V Max Vgs, 3.8nV/vHz, 3.7mA
LT1806/LT1807 Single/Dual, Low Noise 325MHz Rail-to-Rail Amplifier 2.5V Operation, 550V Max Vg, 3.5nVA/Hz
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