FEATURES

Low Noise Voltage: 1.1nV/VHz

Low Supply Current: 3.5mA/Amp Max

Low Offset Voltage: 350V Max

Gain Bandwidth Product:

LT6230: 215MHz; Ay = 1

LT6230-10: 1450MHz; Ay = 10

Wide Supply Range: 3V to 12.6V

Output Swings Rail-to-Rail

Common Mode Rejection Ratio 115dB Typ
Output Current: 30mA

Operating Temperature Range —40°C to 85°C
LT6230 Shutdown to 10pA Maximum
LT6230/LT6230-10 in SOT-23 Package

Dual LT6231 in 8-Pin SO and Tiny DFN Packages
LT6232 in 16-Pin SSOP Package

APPLICATIONS

Ultrasound Amplifiers

Low Noise, Low Power Signal Processing
Active Filters

Driving A/D Converters

Rail-to-Rail Buffer Amplifiers

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

LT6230/LT6230-10/

”[ ] \D LT6231/LT6232
TECHNOLOGY
1.1nV/vHz, 3.5mA Op Amp Family

215MHz, Rail-fo-Rail Output,

DESCRIPTION

The LT®6230/LT6231/LT6232 are single/dual/quad low
noise, rail-to-rail output unity gain stable op amps that
feature 1.1nV/vHz noise voltage and draw only 3.5mA of
supply current per amplifier. These amplifiers combine
very low noise and supply current with a 215MHz gain
bandwidth product, a 70V/us slew rate and are optimized
for low supply voltage signal conditioning systems. The
LT6230-10 is a single amplifier optimized for higher gain
applications resulting in higher gain bandwidth and slew
rate. The LT6230 and LT6230-10 include an enable pin
that can be used to reduce the supply current to less than

10pA.

The amplifier family has an output that swings within
50mV of either supply rail to maximize the signal dynamic
range in low supply applications and is specified on 3.3V,
5V and +5V supplies. The e, * VIgyppLy product of 1.9 per
amplifier is among the most\noise efficient of any op amp.

The LT6230/LT6230-10 is available in the 6-lead SOT-23
package and the LT6231 dual is available in the 8-pin SO
package with standard pinouts. For compact layouts, the
dual is also available in a tiny dual fine pitch leadless
package (DFN). The LT6232 is available in the 16-pin
SSOP package.

TYPICAL APPLICATION

Low Noise Low Power Instrumentation Amplifier

Is = 10mA

MEASUREMENT BW = 8MHz
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LT6230/LT16230-10/

LT6231/LT16232
ABSOLUTE MAXIMUM RATINGS (note 1)
Total Supply Voltage (V¥ 0 V7) oo, 12.6V  Junction Temperature.........ccceeveeeveveeevereeeennn 150°C
Input Current (NOtE 2) ..., +40mA  Junction Temperature (DD Package) ................... 125°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  Storage Temperature Range
Specified Temperature Range (Note 5) ....—40°C to 85°C (DD Package) .....cccccoeeeererernerccinennnes -65°C to 125°C
Lead Temperature (Soldering, 10 SeC).................. 300°C
PACKAGE/ORDER INFORMATION
ORDER PART ORDER PART
NUMBER OPVIEW NUMBER
TOP VIEW LT6230CS6 e - LT6231CDD
LT62301S6 OUTA 11, v LT6231IDD
ouT 1] [ J6v* -Ina |21 7] outs
e T LT6230CS6-10 . ;J;' o
+HIN3[] [ 14-IN LT62301S6-10 V- _4—:,; :—5: JNB
6-LEADSE’LP:SCTKIéGTESOT-23 86 PART* DD PACKAGE DD PART
Tyuax = 150°C, 64 = 250°C/W MARKlNG 8-LEAD (3mm x 3mm) PLASTIC DFN MARKlNG*
LTAF UNDERSISE METAL CONNECTED To - LAEU
LTAFK (PCB'CONNECTION QPTIONAL)
ORDER PART TOP VIEW ORDER PART
NUMBER 6] ouTD NUMBER
TOP VIEW
e L LT6231CS8 ; % o LT6232CGN
-INA 2R 7] outs LT62311S8 T v LT6232IGN
+INA [3HF I_Z[E -INB 2] +Inc
v [4] (5] e S8 PART S e GN PART
58 PACKAGE MARKING io] our MARKING
8-LEAD PLASTIC SO [9] ne
Tuax = 150°C, 84 = 200°C/W 6231 o 6232
62311 16-LEAD NARROW PLASTIC SSOP 6232|
Tymax = 150°C, B4 = 135°C/W

*The temperature grade is identified by a label on the shipping container.Consult LTC Marketing for parts specified with wider operating temperature ranges.
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LT6230/LT6230-10/

LT6231/L16232

ELECTRICAL CHARACTERISTICS 1, - 25:¢, vg = 5v, 0v; Vg = 3.3, 0V: gy = Vgyr = half supply,

ENABLE = 0V, unless otherwise noted.

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS

Vos Input Offset Voltage LT6230S6, LT6230S6-10 100 500 W

LT6231S8, LT6232GN 50 350 oy

LT6231DD 75 450 [\

Input Offset Voltage Match 100 600 v
(Channel-to-Channel) (Note 6)

I Input Bias Current 5 10 VA

Ig Match (Channel-to-Channel) (Note 6) 0.1 0.9 PA

los Input Offset Current 0.1 0.6 PA

Input Noise Voltage 0.1Hz to 10Hz 180 nVp_p

en Input Noise Voltage Density f=10kHz, Vg =5V 1.1 1.7 nVAVHz

in Input Noise Current Density, Balanced Source f=10kHz, Vg =5V, Rg = 10k 1 pA/\/E

Unbalanced Source | f=10kHz, Vg5 =5V, Rg = 10k 2.4 pA/VHz

Input Resistance Common Mode 6.5 MQ

Differential Mode 7.5 kQ

Cin Input Capacitance Common Mode 2.9 pF

Differential Mode 7.7 pF

AvoL Large-Signal Gain Vg=5V,Vp= 0.5V1t04.5V,R, =10k to Vg/2 105 200 V/mV

R =1k to Vg/2 21 40 V/imV

Vo=1Vto 4V, RL =100Q to Vg/2 5.4 9 V/mV

V, Vg =0.65V to 2.65V,R =10kt 175 V/mV

Ry =[1k O* m 32 V/mV

Veou Input Voltage Range - uaranteed by , Vg =5V, N 4 v

Vg =3.3V, 0V 1.15 2.65 V

CMRR Common Mode Rejection Ratio Vg=5V, Vom=1.5V 104V 90 115 aB

Vg=3.3V, Vgy=1.15V to 2.65V 90 115 dB

CMRR Match (Channel-to-Channel) (Note 6) Vg =5V, Vg = 1.5V to 4V 84 120 aB

PSRR Power Supply Rejection Ratio Vg=3Vto 10V 90 115 dB

PSRR Match (Channel-to-Channel) (Note 6) Vg=3Vto 10V 84 115 aB

Minimum Supply Voltage (Note 7) 3 v

VoL Output Voltage Swing LOW (Note 8) No Load 4 40 mV

Isink = 5mA 85 190 mV

Vg =5V, Ignk = 20mA 240 460 mV

Vg = 3.3V, Igink = 15mA 185 350 mV

Vou Output Voltage Swing HIGH (Note 8) No Load 5 50 mV

Isource = SmA 90 200 mV

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

Vg =3.3V, Isource = 15mA 250 400 mV

Isc Short-Gircuit Current Vg =5V 130 +45 mA

Vg=3.3V 125 +40 mA

Is Supply Current per Amplifier 3.15 35 mA

Disabled Supply Current per Amplifier ENABLE = V* - 0.35V 0.2 10 PA
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LT6230/LT16230-10/
LT6231/LT16232

ECTRICHL CHHRHCTGBISTICS Ta=25°C, Vg =5V, 0V; Vg = 3.3V, OV; Vg = Voyr = half supply,

ENABLE = 0V, unless otherwise noted.

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
|ENABLE ENABLE Pin Current ENABLE = 0.3V -25 75 pA
A ENABLE Pin Input Voltage LOW 0.3 v
Vy ENABLE Pin Input Voltage HIGH V+-0.35V v
Output Leakage Current ENABLE =V*-0.35V, Vg =15V to 3.5V 0.2 10 pA
ton Turn-On Time ENABLE =5V to 0V, R = 1k, Vg =5V 300 ns
torr Turn-0ff Time ENABLE =0V to 5V, R, = 1k, Vg =5V 4 ps
GBW Gain Bandwidth Product Frequency = 1MHz, Vg = 5V 200 MHz
LT6230-10 1300 MHz
SR Slew Rate Vg=5V, Ay=—1,R =1k Vg =15V t0 3.5V 42 60 Vips
LT6230-10, Vg = 5V, Ay = =10, Ry = 1k, 250 Vips

Vg =15V 1035V
FPBW Full Power Bandwidth Vs = 5V, Vour = 3Vp.p (Note 9) 48 6.3 MHz
LT6230-10, HDy = HD3 =< 1% 11 MHz
tg Settling Time (LT6230, LT6231, LT6232) | 0.1%, Vg =5V, Vstep = 2V, Ay =—1, R = 1k 55 ns

The « denotes the specifications which apply over 0°C < Ty < 70°C temperature range. Vg = 5V, 0V; Vg = 3.3V, OV; Vg = Voyr = half
supply, ENABLE = 0V, unless otherwise noted.

SYMBOL | PARAMETER __ __ |_CONDITIONS L. MIN TYP MAX UNITS

Vos Input Offset Volta lEﬁjOS& LTGZﬁ@ ? | I e 600 w

LT6231DD o 550 "\

Input Offset Voltage Match ° 800 v
(Channel-to-Channel) (Note 6)

Vos TC Input Offset Voltage Drift (Note 10) Ve = Half Supply ° 0.5 3 W/°C

Ig Input Bias Current ° 11 pA

Iz Match (Channel-to-Channel) (Note 6) ° 1 PA

los Input Offset Current ° 0.7 pA

AvoL Large-Signal Gain Vg=5V, Vp=0.5Vto4.5V,R =10k to Vs/2 o | 78 V/mV

RL=1kto Vg/2 o | 17 V/mV

Vo=1V1to4V, R =100Q to Vg/2 4.1 V/mV

Vg=3.3V, Vg =0.65V to 2.65V, R| = 10k to Vg/2 66 V/mV

RL =1k to Vg/2 13 V/mV

Veou Input Voltage Range Guaranteed by CMRR, Vg =5V, OV 1.5 4 \

Vg =3.3V, 0V 1.15 2.65 v

CMRR Common Mode Rejection Ratio Vg=5V, Vgu=1.5V104V e | 90 aB

Vg=3.3V, Vgm=1.15V to 2.65V o | 85 dB

CMRR Match (Channel-to-Channel) (Note 6) | Vg =5V, Vgy = 1.5V to 4V o | 84 aB

PSRR Power Supply Rejection Ratio Vg=3Vto 10V o | 8 dB

PSRR Match (Channel-to-Channel) (Note 6) | Vg =3V to 10V o | 79 aB

Minimum Supply Voltage (Note 7) ° 3 Y

VoL Output Voltage Swing LOW (Note 8) No Load ° 50 mV

Isink = SmA ° 200 mV

Vg =5V, Igjnk = 20mA o 500 mV

Vg =3.3V, Ignk = 15mA ° 380 mV
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LT6230/LT6230-10/
LT6231/L16232

GLGCTRICHL CHHRHCTGRISTICS The « denotes the specifications which apply over 0°C < Ty < 70°C

temperature range. Vg = 5V, 0V; Vg = 3.3V, 0V; V¢ = Voyr = half supply, ENABLE = 0V, unless otherwise noted.

SYMBOL | PARAMETER CONDITIONS MIN TYP MAX UNITS
Vou Output Voltage Swing HIGH (Note 8) No Load ° 60 mV
Isource = SmA ° 215 mV
Vg =5V, Isource = 20mA ° 650 mV
Vg = 3.3V, Isgurce = 15mA ° 430 mV
Isc Short-Circuit Current Vg =5V o | 25 mA
Vg =3.3V o | 20 mA
Is Supply Current per Amplifier 4.2 mA
Disabled Supply Current per Amplifier ENABLE = V*-0.25V 1 WA
|ENABLE ENABLE Pin Current ENABLE = 0.3V o -85 PA
Vi ENABLE Pin Input Voltage LOW ° 0.3 \
VH ENABLE Pin Input Voltage HIGH o |VF-0.25V v
Output Leakage Current ENABLE = V*-0.25V, Vg = 1.5V t0 3.5V ° 1 VA
ton Turn-On Time ENABLE =5V to OV, R = 1k, Vg = 5V o 300 ns
torr Turn-Off Time ENABLE = 0V to 5V, R = 1k, Vg = 5V ° 65 s
SR Slew Rate Vg =5V, Ay=-1,R. =1k, Vg =1.5V t0o 3.5V o | 35 V/ps
LT6230-10, Ay=-10, R_ = 1k, o 225 V/us
Vg=1.5V103.5V
FPBW Full Power Bandwidth (Note 9) Vg =5V, Vour=3Vp-p o | 37 MHz
LT6230, LT6231, LT6232

The « denotes the speciﬁcaWWW an.plBID-I’Cl C %QWL&I\INEVA\SR 3.3V, OV; Ve = Vgyr = half

supply, ENABLE = 0V, unless otherwise noted. (Note 5)

SYMBOL | PARAMETER CONDITIONS MIN TYP MAX UNITS

Vos Input Offset Voltage LT6230S6, LT6230S6-10 700 oy

LT6231S8, LT6232GN 550 oy

LT6231DD 650 "\

Input Offset Voltage Match ° 1000 v
(Channel-to-Channel) (Note 6)

Vos TC Input Offset Voltage Drift (Note 10) Ve = Half Supply ° 0.5 3 W/°C

Ig Input Bias Current ° 12 pA

Iz Match (Channel-to-Channel) (Note 6) ° 1.1 PA

los Input Offset Current ° 0.8 pA

AvoL Large-Signal Gain Vg =15V, Vp=0.5Vto 4.5V, R =10k to Vg/2 o | 72 V/mV

RL=1kto Vg/2 o | 16 V/mV

Vo=1Vto4V, R =100QtoVs/2 |e | 3.6 V/mV

Vg=3.3V, Vg =0.65V t0 2.65V,R_ = 10k to Vs/2| e | 60 V/mV

Ry =1k to Vg/2 12 V/mV

Vem Input Voltage Range Guaranteed by CMRR, Vg =5V, 0V 1.5 4 Y

Vg =3.3V, 0V 1.15 2.65 v

CMRR Common Mode Rejection Ratio V=5V, Vo= 1.5V 104V 90 aB

Vg=3.3V, Vgp = 1.15V t0 2.65V 85 dB

CMRR Match (Channel-to-Channel) (Note 6) | Vg =5V, Vg = 1.5V to 4V o | 84 aB

PSRR Power Supply Rejection Ratio Vg=3Vto 10V o | 85 aB
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LT6230/LT16230-10/
LT6231/LT16232

GLGCTRICGL CHHRHCTGBISTICS The « denotes the specifications which apply over —40°C < T < 85°C

temperature range. Vg = 5V, 0V; Vg = 3.3V, OV; V¢ = Voyr = half supply, ENABLE = 0V, unless otherwise noted. (Note 5)

SYMBOL | PARAMETER CONDITIONS MIN TYP MAX UNITS
PSRR Match (Channel-to-Channel) (Note 6) | Vg =3V to 10V o | 79 aB
Minimum Supply Voltage (Note 7) ° 3 Y
VoL Output Voltage Swing LOW (Note 8) No Load ° 60 mV
Isink = 5mA ° 210 mV
Vg =5V, Ignk = 15mA . 510 mV
Vg =3.3V, Igjnk = 15mA o 390 mV
VoH Output Voltage Swing HIGH (Note 6) No Load ° 70 mV
Isource = SMA ° 220 mV
Vg =5V, Isource = 20mA ° 675 mV
Vg = 3.3V, Isgurce = 15mA ° 440 mV
Isc Short-Circuit Current Vg =5V o | #15 mA
Vg =3.3V o | £15 mA
Is Supply Current per Amplifier 4.4 mA
Disabled Supply Current per Amplifier ENABLE = V*-0.2V 1 WA
IENABLE ENABLE Pin Current ENABLE = 0.3V ° -100 PA
Vi ENABLE Pin Input Voltage LOW ° 0.3 \
Vy ENABLE Pin Input Voltage HIGH o |VF-02V v
Output Leakage Current ENABLE = V* - 0.2V, Vg = 1.5V t0 3.5V o 1 LA
ton Turn-On Time ENABLE =5V to OV, R = 1k, Vg = 5V ° 300 ns
torr Turn-Off Time R BLE=0Vto 5V, R =1k, Vg,=5V ° . 72 s
SR Slew Rate WWW . bU i BV 1085 E&:a{ Vips
LT6230-10, Ay=—-10, R, = 1k, e | 185 V/ps
Vg=1.5V103.5V
FPBW Full Power Bandwidth (Note 9) Vg =5V, Vour=3Vp.p o | 33 MHz
LT6230, LT6231, LT6232
Ta=25°C, Vg =15V, Vg = Vgyr = 0V, ENABLE = 0V, unless otherwise noted.
SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
Vos Input Offset Voltage LT6230, LT6230-10 100 500 o\
LT6231S8, LT6232GN 50 350 o\
LT6231DD 75 450 oy
Input Offset Voltage Match 100 600 v
(Channel-to-Channel) (Note 6)
I Input Bias Current 5 10 PA
Ig Match (Channel-to-Channel) (Note 6) 0.1 0.9 pA
los Input Offset Current 0.1 0.6 pA
Input Noise Voltage 0.1Hz to 10Hz 180 nVp.p
en Input Noise Voltage Density f=10kHz 1.1 1.7 nV/VHz
in Input Noise Current Density, Balanced Source f=10kHz, Rg = 10k 1 pA/\/E
Unbalanced Source f=10kHz, Rg = 10k 2.4 pA/VHz
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LT6230/LT6230-10/

Ta =25°C, Vg =15V, gy = Vout = 0V, ENABLE = 0V, unless otherwise noted.
SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
Input Resistance Common Mode 6.5 MQ
Differential Mode 7.5 kQ
Cin Input Gapacitance Common Mode 2.4 pF
Differential Mode 6.5 pF
AvoL Large-Signal Gain Vo= +4.5V, R =10k 140 260 V/imV
R =1k 35 65 V/mV
Vo= £2V, R =100Q 8.5 16 V/mV
Vem Input Voltage Range Guaranteed by CMRR -3 4 v
CMRR Common Mode Rejection Ratio Vem=-3Vto 4V 95 120 aB
CMRR Match (Channel-to-Channel) (Note 6) | Vgm=-3V 1o 4V 89 125 aB
PSRR Power Supply Rejection Ratio Vg=+1.5V to £5V 90 115 dB
PSRR Match (Channel-to-Channel) (Note 6) | Vg =+1.5V to +5V 84 115 aB
VoL Output Voltage Swing LOW (Note 8) No Load 4 40 mV
Isink = 5mA 85 190 mV
Isink = 20mA 240 460 mV
Vou Output Voltage Swing HIGH (Note 8) No Load 5 50 mV
Isource = SmA 90 200 mV
Isource = 20mA 325 600 mV
Isc Short-Circuit Current +30 mA
Is Supply Curre lifigr 3.3 3.9 mA
Disaied Sl GURRRGY A e 4e/0|]] / 02 A
|ENABLE ENABLE Pin Current ENABLE = 0.3V -35 -85 PA
Vi ENABLE Pin Input Voltage LOW 0.3 Vv
Vi ENABLE Pin Input Voltage HIGH 4.65 V
Output Leakage Current ENABLE = V* - 4.65V, Vg = +1V 0.2 10 PA
ton Turn-On Time ENABLE =5V to OV, R = 1k 300 ns
torr Turn-Off Time ENABLE = 0V to 5V, R = 1k 62 us
GBW Gain Bandwidth Product Frequency = TMHz 150 215 MHz
LT6230-10 1000 1450 MHz
SR Slew Rate Ay=-1,R =1k Vg=-2Vto 2V 50 70 V/us
LT6230-10, Ay =-10, R_ = 1k, Vg = -2V to 2V 320 V/us
FPBW Full Power Bandwidth Vout = 3Vp-p (Note 9) 5.3 74 MHz
LT6230-10, HD2 = HD3 < 1% 11 MHz
ts Settling Time (LT6230, LT6231, LT6232) 0.1%, Vstep =2V, Ay =—1, R = 1k 50 ns
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LT6230/LT16230-10/
LT6231/LT16232

ELGCTRICHL CHHRHCTGBISTICS The « denotes the specifications which apply over 0°C < Ty < 70°C

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

SYMBOL | PARAMETER CONDITIONS MIN TYP MAX UNITS

Vos Input Offset Voltage LT6230S6, LT6230S6-10 ° 600 "\

LT6231S8, LT6232GN o 450 "\

LT6231DD o 550 oy

Input Offset Voltage Match ° 800 v

(Channel-to-Channel) (Note 6)

Vos TC Input Offset Voltage Drift (Note 10) . 0.5 3 Wv/°G

I Input Bias Current ° 11 PA

Iz Match (Channel-to-Channel) (Note 6) ° 1 PA

los Input Offset Current ° 0.7 PA

AvoL Large-Signal Gain V=245V, R =10k o | 100 V/mV

R =1k o | 27 V/mV

Vo =2V, R =100Q o 6 V/mV

Veu Input Voltage Range Guaranteed by CMRR o | -3 4 \

CMRR Common Mode Rejection Ratio Vom =-3V to 4V o | 95 aB

CMRR Match (Channel-to-Channel) (Note 6) | Vgnm = -3V to 4V e | 89 aB

PSRR Power Supply Rejection Ratio Vg=+1.5V to £5V o | 85 aB

PSRR Match (Channel-to-Channel) (Note 6) | Vg =+1.5V to £5V o | 79 dB

VoL Output Voltage Swing LOW (Note 8) No Load ° 50 mV

Isink = SmA . 200 mV

o LISk =20mA . o . 500 mV

V Output Voltage Swij te 8 No Load 60 mV

o [wsypoBD e, COM/LINEAR a2l

Isource = 20mA ° 650 mV

Isc Short-Gircuit Current o | 25 mA

Is Supply Current per Amplifier - ° 4.6 mA

Disabled Supply Current per Amplifier ENABLE = 4.75V ° 1 PA

IENABLE ENABLE Pin Current ENABLE = 0.3V o -95 PA

Vi ENABLE Pin Input Voltage LOW ° 0.3 \

Vi ENABLE Pin Input Voltage HIGH o | 475 Y

Output Leakage Current ENABLE = 4.75V, Vg = +1V ° 1 PA

ton Turn-On Time ENABLE =5V to OV, R_ = 1k ° 300 ns

torr Turn-Off Time ENABLE = 0V to 5V, R = 1k ° 85 s

SR Slew Rate Ay=-1,R =1k Vg=-2Vto 2V o | 44 V/us

LT6230-10, Ay=—-10,R =1k, Vg=—2V1t0 2V | e 315 V/ps

FPBW Full Power Bandwidth Vourt = 3Vp-p (Note 9) o | 466 MHz
LT6230, LT6231, LT6232

sn623012 623012fas
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LT6230/LT6230-10/
LT6231/L16232

GLGCTI“CHL CHHBHCTGBISLCS The « denotes the specifications which apply over —40°C < Ty < 85°C

temperature range. Vg = +5V, Vg = Vgyr = 0V, ENABLE = 0V, unless otherwise noted. (Note 5)

SYMBOL | PARAMETER CONDITIONS MIN TYP MAX UNITS

Vos Input Offset Voltage LT6230, LT6230-10 700 v

LT6231S8, LT6232GN 550 )

LT6231DD 650 )

Input Offset Voltage Match . 1000 o\
(Channel-to-Channel) (Note 6)

Vos TC Input Offset Voltage Drift (Note 10) . 0.5 3 Wv/°G

Ig Input Bias Current ° 12 pA

I[g Match (Channel-to-Channel) (Note 6) ° 1.1 pA

los Input Offset Current ° 0.8 PA

AvoL Large-Signal Gain Vo =24.5V, R =10k 93 Vimv

R =1k 25 V/mV

Vo=+1.5V, R =100Q 4.8 V/imV

Veu Input Voltage Range Guaranteed by CMRR o | -3 4 \

CMRR Common Mode Rejection Ratio Vom =-3V to 4V o | 95 aB

CMRR Match (Channel-to-Channel) (Note 6) | Vgu =3V to 4V o | 89 dB

PSRR Power Supply Rejection Ratio Vg=+1.5V to £5V o | 85 aB

PSRR Match (Channel-to-Channel) (Note 6) | Vg =+1.5V to £5V o | 79 dB

VoL Output Voltage Swing LOW (Note 8) No Load ° 60 mV

|S|NK: 5mA (] 210 mV

[sing = 15mA . o 510 mV

V Output Voltage S te 8 No Load 70 mV

v [easpreBD [, COM/LINEAR 21 =@

Isource = 20mA ° 675 mV

Isc Short-Gircuit Current o | £15 mA

Is Supply Current per Amplifier - 4.85 mA

Disabled Supply Current per Amplifier ENABLE = 4.8V 1 WA

IENABLE ENABLE Pin Current ENABLE = 0.3V o -110 PA

Vi ENABLE Pin Input Voltage LOW ° 0.3 \

Vi ENABLE Pin Input Voltage HIGH o | 48 Y

Output Leakage Current ENABLE = 4.8V, Vg =+1V ° 1 PA

ton Turn-On Time ENABLE =5V to OV, R_ = 1k ° 300 ns

torr Turn-Off Time ENABLE = 0V to 5V, R = 1k ° 72 s

SR Slew Rate Ay=-1,R_ =1k Vg=-2V1to 2V o | 37 V/ps

LT6230-10, Ay=—10,R =1k, Vg=—2V1t0 2V | 260 V/ps

FPBW Full Power Bandwidth (Note 9) Vout = 3Vp-p e | 39 MHz

LT6230, LT6231, LT6232

sn623012 623012fas
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LT6230/LT16230-10/
LT6231/LT16232

ELECTRICAL CHARACTERISTICS

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. If 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 LT6230C/LT62301 the LT6231C/LT62311, and LT6232C/
LT62321 are guaranteed functional over the temperature range of —40°C
and 85°C.

Note 5: The LT6230C/LT6231C/LT6232C are guaranteed to meet specified
performance from 0°C to 70°C. The LT6230C/LT6231C/LT6232C 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 LT62301/LT62311/LT62321 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 LT6232; between the two amplifiers
of the LT6231. CMRR and PSRR match are defined as follows: CMRR and
PSRR are measured in pV/V on the matched 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: Full-power bandwidth is calculated from the slew rate:
FPBW = SR/21Vp

Note 10: This parameter is not 100% tested.

TYPICAL PERFORMANCE CHARACTERISTICS

(LT6230/LT6231/LT6232)
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LT6230/LT16230-10/
LT6231/LT6232

TYPICAL PERFORMANCE CHARACTERISTICS

(LT6230/LT6231/LT6232)
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LT6230/LT16230-10/

LT6231/L16232

TYPICAL PERFORMANCE CHARACTERISTICS

(LT6230/LT6231/LT6232)

Noise Voltage and Unbalanced
Noise Current vs Frequency
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LT6230/LT16230-10/
LT6231/LT6232

TYPICAL PERFORMANCE CHARACTERISTICS
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LT6230/LT16230-10/
LT6231/LT16232

TYPICAL PERFORMANCE CHARACTERISTICS

(LT6230/LT6231/LT6232)
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LT6230/LT16230-10/
LT6231/LT6232

TYPICAL PERFORMANCE CHARACTERISTICS

(LT6230-10)
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LT6230/LT16230-10/
LT6231/LT16232

TYPICAL PERFORMANCE CHARACTERISTICS

(LT6230-10)
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LT6230/LT16230-10/
LT6231/L16232

APPLICATIONS INFORMATION

Amplifier Characteristics

Figure 1 is a simplified schematic of the LT6230/LT6231/
LT6232, which has a pair of low noise input transistors Q1
and Q2. A simple current mirror Q3/Q4 converts the
differential signal to a single-ended output, and these
transistors are degenerated to reduce their contribution to
the overall noise.

Capacitor G1 reduces the unity cross frequency and
improves the frequency stability without degrading the
gain bandwidth of the amplifier. Capacitor Cy sets the
overall amplifier gain bandwidth. The differential drive
generator supplies current to transistors Q5 and Q6 that
swing the output from rail-to-rail.

+V

t Q5 +V

Cm J_
_| I DESD5
1 Vour

DIFFERENTIAL * DESD6
DRIVE GENERATOR
Y

|_E06 +\

[ons |

I_l_l

Figure 1. Simplified Schematic

Input Protection

Thereare back-to-back diodes, D1and D2 across the +and
— inputs of these amplifiers to limit the differential input
voltage to +0.7V. The inputs of the LT6230/LT6231/
LT6232 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
current to flow. The addition of these resistors would
significantly degrade the low noise voltage of these ampli-
fiers. For instance, a 100 resistor in series with each
input would generate 1.8nV/vVHz of noise, and the total
amplifier_noise voltage would rise from 1.1nV/vHz to
2.1nV/VHz. Once the input differential voltage exceeds
+0.7V, steady state current conducted through the protec-
tion diodes should be limited to #40mA. This implies 25Q
of protection resistance is necessary per volt of overdrive
beyond +0.7V. These input diodes are rugged enough to

1V/DIV

500ps/DIV

623012 F02

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

handle transient currents due to amplifier slew rate over-
drive and clipping without protection resistors.

The photo of Figure 2 shows the output response to an
input overdrive with the amplifier connected as a voltage
follower. With the input signal low, current source I
saturates and the differential drive generator drives Q6
into saturation so the output voltage swings all the way to
V~. The input can swing positive until transistor Q2 satu-
rates ido gurrent mirrarQ3(Q4)When saturation occurs,
the-outpdt tries to Iphase/invert, but diode D2 conducts
current from the signal source to the output through the
feedback connection. The output is clamped a diode drop
below the input. In this photo, the input signal generator
is limiting at about 20mA.

With the amplifier connected in a gain of Ay > 2, the output
can invert with very heavy overdrive. To avoid this inver-
sion, limit the input overdrive to 0.5V beyond the power
supply rails.

ESD

The LT6230/LT6231/LT6232 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

Thenoise voltage ofthe LT6230/LT6231/LT6232is equiva-
lent to that of a 75Q resistor, and for the lowest possible
noise it is desirable to keep the source and feedback
resistance at or below this value, i.e. Rs + Rg||Rrg < 75Q.
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LT6230/LT16230-10/
LT6231/LT16232

APPLICATIONS INFORMATION

With Rg + Rg||Rrg = 75Q the total noise of the amplifier is:
en=v(1.1nV)2+(1.1nV)2 = 1.55nV/VHz

Below this resistance value, the amplifier dominates the
noise, but in the region between 75Q and about 3k, the
noise is dominated by the resistor thermal noise. As the
total resistance is further increased beyond 3k, the ampli-
fier noise current multiplied by the total resistance even-
tually dominates the noise.

The product of ey * VIgyppLy is an interesting way to gauge
low noise amplifiers. Most low noise amplifiers with low
ey have high Igypppy current. In applications that require
low noise voltage with the lowest possible supply current,
this product can prove to be enlightening. The LT6230/
LT6231/LT6232 have an ey ® VIsyppLy product of only 1.9
per amplifier, yet it is common to see amplifiers with
similar noise specifications to have ey ® Vlgyppry as high
as 13.5.

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

Enable Pin

The LT6230 includes an ENABLE pin that shuts down the
amplifier to 10pA maximum supply current. The ENABLE
pin must be driven high to within 0.35V of V* to shut down
the supply current. This can be accomplished with simple
gate logic; however care must be taken if the logic and the
LT6230 operate from different supplies. If this is the case,
then open drain logic can be used with a pull-up resistor
to ensure that the amplifier remains off. See Typical
Characteristic Curves.

The output leakage current when disabled is very low;
however, current can flow into the input protection diodes
D1 and D2 if the output voltage exceeds the input voltage
by a diode drop.

www.BDTIC.com/LINEAR
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LT6230/LT16230-10/
LT6231/LT6232

APPLICATIONS INFORMATION

Single Supply, Low Noise, Low Power, Bandpass Filter with Gain =10

Frequency Response Plot of
Bandpass Filter

_Wv 23
R1 C2 N
732Q  47pF / \
|
S /
| " fo= 5-pg = 1MHZ / \
C=vCiCy, R=R1=R2 = / \\
=)
mg;pF R2 fo= (%)MHZ, MAXIMUM fq = 1MHz = 3 / \
7320 : P / \
Vin —| I—O—Wv > f-ag8 = 5% // \
— Vour Ay =20dB atfy / N
EN = 4uVRws INPUT REFERRED / AN
| e L Is =3.7mA FOR V* = 5V / AN
0.1uF imk = N
| 100k M 10M
= = = eazs FREQUENCY (Hz)
623012 FO4
Low Noise; kow Power, Single Supply, Instrumentation
Amplifier with Gain= 100
J: c2 | 1
2200pF 1
c8
68pF
— MA———¢—————— MW\
R10 Vvt
511Q 1
us
LT6230 — Vour

Ving —| T
C1
1uF
R6
511Q
- + /
30.9Q vVt 511Q 88.7Q % A12 & &
. . 511Q —l_ 68pF

> R4 | c4 =
RS _ 2 10pF
511Q u2 p’ Vout =100 (Vin2 = Vin1) R1=R3
v _| l 102010 = GAIN = (&2 + 1) (M) R0tz
e * A R1° /AR5 R15=R16
3 INPUT RESISTANCE = R5 = R6
1uF I? f_34p = 310Hz TO 11MHz

= EN = 20uVRus INPUT REFERRED
Is = 10.5mA FOR Vg = 5V, 0V -
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LT6230/LT16230-10/
LT6231/LT16232

PACKAGE DESCRIPTION

] e =
H JREF

150-1.75
MAX 2.62 REF —+ 1.4 MIN 2808SC"yore 4y

S6 Package
6-Lead Plastic TSOT-23

(Reference LTC DWG # 05-08-1636)

0.62 0.95
MAX REF

apips

2.90 BSC
(NOTE 4)

!

:

@ PIN ONE ID |

RECOMMENDED SOLDER PAD LAYOUT
PER IPC CALCULATOR

0.20 BSC
¢ DATUM ‘A’ \ ’ ¢

»‘ <— 030050 REF

NOTE:

1. DIMENSIONS ARE IN MILLIMETERS

2. DRAWING NOT TO SCALE

3. DIMENSIONS ARE INCLUSIVE OF PLATING
4. DIMENSIONS ARE EXCLUSIVE OF MOLD FLASH AND METAL BURR
5. MOLD FLASH SHALL NOT EXCEED 0.254mm

6. JEDEC PACKAGE REFERENCE IS M0-193

0.09-0.20
(NOTE 3)

0.95BSC ‘l<—>

0.80-0.90

-

|l<

o TR )

!

,‘ “

0.30-0.45
6 PLCS (NOTE 3)

0.01-0.10

'

‘4— 1.90 BSC ——>

$6 TSOT-23 0302

sn623012 623012fas
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LT6230/LT16230-10/
LT6231/L16232

PACKAGE DESCRIPTION

DD Package
8-Lead Plastic DFN (3mm x 3mm)
(Reference LTC DWG # 05-08-1698)

| Y
7:Efﬂﬂjﬂ: 0.675;0_05
% T \

3.5+0.05 T 1.65 £0.05
2.15+0.05 (2 SIDES)

|

l N\ ! J
nri - OUTLNE
=11

0.25+0.05 Lﬁ

> -<—0.50

~<— 2.38+0.05 —

(2 SIDES)

RECOMMENDED SOLDER PAD PITCH AND DIMENSIONS
R=0.115 0.38+0.10

'I;)YPW | . i
JWYUU_| .
| 300::0.10 __ 1,65+040_ _k,-‘ X

1
X
| 1 1B \
PIfI 4 F-B[ {¢ SIDES) (ZS'fES)
TOP MARK ‘
(NOTE 6) O ‘ ﬂ m‘m ﬂ ‘
‘ (DD8) DFN 1203

0.200 REF 0.75 £0.05 0. 25 £005 %»‘ ‘
<~ 0. 50 BSC
l : e 2.38+0.10 —>|
e ¥ Y 0005 (2 SIDES)
} A BOTTOM VIEW—EXPOSED PAD
NOTE:

1. DRAWING TO BE MADE A JEDEC PACKAGE OUTLINE MO0-229 VARIATION OF (WEED-1)
2. DRAWING NOT TO SCALE
3. ALL DIMENSIONS ARE IN MILLIMETERS
4. DIMENSIONS OF EXPOSED PAD ON BOTTOM OF PACKAGE DO NOT INCLUDE

MOLD FLASH. MOLD FLASH, IF PRESENT, SHALL NOT EXCEED 0.15mm ON ANY SIDE
5. EXPOSED PAD SHALL BE SOLDER PLATED
6. SHADED AREA IS ONLY A REFERENCE FOR PIN 1 LOCATION

ON TOP AND BOTTOM OF PACKAGE
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LT6230/LT16230-10/
LT6231/LT16232

PACKAGE DESCRIPTION

S8 Package
8-Lead Plastic Small Outline (Narrow .150 Inch)
(Reference LTC DWG # 05-08-1610)

189 -.197
045 £.005 (4.801 - 5.004)
.050 BSC —> NOTE 3
L[] 1A f
245 T T
MIN 160 +.005 - s 167
J (5.791-6.197) (3.810-3.988)

030005 |«
By

TYP ! 3
RECOMMENDED SOLDER PAD LAYOUT

(O'SQZ - '00238) x45° —> |l=— 053 -.069
280 (1346 1.752)

008 010 004 .010
(0.203—0.254) N o-sTve (0.101-0.254)
4 ‘ L * o l :

016 - 050
- - 014019 ‘ ‘ 050
(04097)-30) (O35 Fous3f [ 1 {70
OIS D = NGHES dl P
: (MILLIMETERS)
2. DRAWING NOT TO SCALE
3. THESE DIMENSIONS DO NOT INCLUDE MOLD FLASH OR PROTRUSIONS.
MOLD FLASH OR PROTRUSIONS SHALL NOT EXCEED 006" (0.15mm) sonc0s
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LT6230/LT6230-10/
LT6231/L16232

PACKAGE DESCRIPTION

GN Package
16-Lead Plastic SSOP (Narrow .150 Inch)
(Reference LTC DWG # 05-08-1641)

.045 +.005 189 - .196*
'y I (4.801 - 4.978)
Uooooood o
o (0.229)
16 15 EI 13 12 11 10 9 REF
254 MIN 150 - .165
|:| |:| |:| |:| |:| |:| (5.817-6.198) (3.810 - 3.988)
0165 +.0015 —»] |<— J] I:l 0250 BSC

RECOMMENDED SOLDER PAD LAYOUT

==

> < 00;85500‘?3 - x 45° .0532 —.0688 004 - .0098
(038 +0.10) (135-1.75) (0.102-0.249)
007 - .0098 .
(0.178-0.249) 0" -8 TYP l
_.016-.050 .008-.012 ‘ ‘ ‘ 0250
Vil (0.406 - 1.270) (02030309 ~ 1 ~ G e eson ot

NOTE:

1 CONTROLL JING C

|NGHE -
2. DIMENSIONS ARE IN g NHES 2o

3. DRAWING NOT TO SCALE

*DIMENSION DOES NOT INCLUDE MOLD FLASH. MOLD FLASH
SHALL NOT EXCEED 0.006" (0.152mm) PER SIDE

**DIMENSION DOES NOT INCLUDE INTERLEAD FLASH. INTERLEAD
FLASH SHALL NOT EXCEED 0.010" (0.254mm) PER SIDE
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LT6230/LT16230-10/
LT6231/LT16232

TYPICAL APPLICATIONS

The LT6230 is applied as a transimpedance amplifier with
an |-to-V conversion gain of 1.5kQ set by R1. The LT6230
is ideally suited to this application because of its low input
offset voltage and current, and its low noise. This is be-
cause the 1.5k resistor has an inherent thermal noise of
5nV/VHz or 3.4pA/VHz at room temperature, while the
LT6230 contributes only 1.1nV and 2.4pA /vHz. So, with
respect to both voltage and current noises, the LT6230 is
actually quieter than the gain resistor.

The circuit uses an avalanche photodiode with the cathode
biased to approximately 200V. When light is incident on

Low Power Avalanche Photodiode Transimpedance Amplifier
Ig=3.3mA

=200V BIAS c1
4.7pF
ADVANCED PHOTONIX A
012-70-62-541 L

WWW.ADVANCEDPHOTONIX.COM

- 623012 TA02a

C2
0.1uF

OUTPUT OFFSET = 500V TYPICAL
BANDWIDTH = 20MHz
OUTPUT NOISE = 1.1mVp_p (100MHz MEASUREMENT BW)

the photodiode, it induces a current Ipp which flows into
the amplifier circuit. The amplifier output falls negative to
maintain balance at its inputs. The transfer function is
therefore Voyr=—Ipp*®1.5k. G1 ensures stability and good
settling characteristics. Output offset was measured
at 280uV, so low in part because R2 serves to cancel the
DC effects of bias current. Output noise was measured at
1.1mVp_p ona 100MHz measurement bandwidth, with C2
shunting R2’s thermal noise. As shown in the scope
photo, the rise time is 17ns, indicating a signal bandwidth
of 20MHz.

Photodiode Amplifier Time Domain Response

30mV/DIV

50ns/DIV

623012 TAO2b

RELATED PARTS
PART NUMBER DESCRIPTION COMMENTS
LT1028 Single, Ultra Low Noise 50MHz Op Amp 0.85nV/vHz

LT1677 Single, Low Noise Rail-to-Rail Amplifier 3V Operation, 2.5mA, 4.5nV/vHz, 60pV Max Vos
LT1806/LT1807 Single/Dual, Low Noise 325MHz Rail-to-Rail Amplifier 2.5V Qperation, 550uV Max Vog, 3.5nV/vHz
LT6200/LT6201 Single/Dual, Low Noise 165MHz 0.95nVVHz, Rail-to-Rail Input and Output
LT6202/LT6203/LT6204 | Single/Dual/Quad, Low Noise, Rail-to-Rail Amplifier 1.9nV/vHz, 3mA Max, 100MHz Gain Bandwidth

sn623012 623012fas

2 Linear Technology Corporation

LT/TP 0304 1K REV A « PRINTED IN USA

4 LINEAR
24%:;)()43'\,/2'(;1(:9%5'13;5(' Vaom S\ﬁm I C CO m / Llnear OLINEAR TECHN%ZF%%%#%?\IL%%YS





