FEATURES

Supply Current 150uA (Max per Amplifier)
Guaranteed Quver Temperature
Offset Voltage 3uV (Max)
Offset Voltage Drift 30nV/°C (Max)
Common NMode Input Range from V~to V* 0.5V
Qutput Swings Rail-to-Rail
Voltage Gain: 140dB (Typ)
PSRR and CMRR: 130dB (Typ)
Input Bias Current: 1pA (Typ, 25°C)
Noise: 1.6uVp.p (0.01Hz to 10Hz Typ)
Supply Operation:

2.7V to 6Y (LTC2054/LTC2055)

2.7V to +5.5V (LTG2054HV/LTC2055HY)
Low Profile (1mm) SOT-23, MS8 and
3mm x 3mm x 0.8mm DFN Packages

APPLICATIONS

Thermocouple Amplifiers
Electronic Scales

Medical Instrumentation

Strain Gauge Amplifiers

High Resolution Data Acquisition
DC Accurate RC Active Filters
Low Side Current Sense
Battery-Powered Systems

nt ; \p LTC20564/LTC2055

TECHNOLOGY

Single/Dual
Micropower Zero-Drift
Operational Amplifiers

DESCRIPTION

The LTC®2054/LTC2055 are low power, low noise single/
dual zero-drift operationalamplifiers available inthe SGT-23
(ThinSOT™) and MS8 packages. For space limited appli-
cations, the LTC2055 is also available in a 3mm x 3mm x
0.8mm dual fine pitch leadless package (DFN). They
operate from a single 2.7V minimum supply and support
+5V applications. The current consumption is typically
150uA for the LTC2054 and 130uA/amp for the LTC2055.

The LTG2054/LTC2055, despite their miniature size, fea-
ture uncompromising DC performance. The typical input
offset voltage and offset drift are 0.5V and 25nV/°C. The
almostzero DC offset and drift are supported with a power
supply rejection ratio (PSRR) and common mode rejec-
tion ratio (CMRR) of more than 130dB.

Theinputcommon mode voltage ranges from the negative
supply up to typically 0.5V from the positive supply. The
open-loop gain is typically 140dB. The LTG2054/LTC2055
also feature a 1.6uVp.p DC to 10Hz noise and a 500kHz
gain-bandwidth product.

LT LTC.and LT are registered tfrademarks of Linaar Tachnology Corporation
ThinS@T is a trademark of Linear Technalogy Corparation
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LTC2064/LTC2055

ABSOLUTE MAXIMUM RATINGS (ot 1)

Total Supply Voltage (V*to V™)

Operating Temperature Range .............

—-40°Ct0 125°C

LTC2054/LTC2055 ..o 7V Specified Temperature Range (Note 3) —40°C to 125°C
LTG2054HV/LTG2055HY e 12V Storage Temperature Range ................ —-65°C to 150°C
[nput Voltage .....oovvereeennnen (V*+0.3V) to (V™ -0.3V) DD Package .....ooovevvererereinininiisiinnns -65°Ct0125°C
INPUL CUFTBAT 1ot ebebni +10mA  Lead Temperature (Soldering, 10 58¢)...c.cvvvevnes 300°C
Output Short-Circuit Duration ..........cocveveeee.. Indefinite
PACKAGE/ORDER INFORMATION
TOP VIEW
|_©--omeeey _
TOP VIEW aura |11 R TOP VIEW
o1 50 ~INA _z;i: I::r: SEUTB_ D_L” 1= jiw '
= Sl

55 PACKAGE
5-LEAD PLASTIC S0T-23

Tomax = 150°C, 6,5 = 250°C/AW

DO PACKAGE
8-LEAD {3mm = 3mm) PLASTIC DAY
UNDERSIDE METAL INTERNALLY
CONNEGTED TQV™
(PGB COMNEGTION OFTIGNAL)

Tyuax = 195°C, fyx = 160°CAY, NOTE 5

WSE PACKAGE
2-LEAD PLASTIC MSOP

Timax=150"C, 85 = 200°CAV

ORDER PART S5 PART ORDER PART DD PART ORDER PART MS8 PART
NUMBER* MARKING NUMBER* MARKING NUMBER* MARKING

L TC20540S5 L TAGB LTG2055CDD LBCW LTC2055CMS8 LTBCR

LTC2054HV(S5 L TAGD L TG2055HVECDD LBCX LTC2055HYCMS8 LTBCT

LTC20541S5 L TAGB LTG2055IDD LBCW LTGC2055IMS8 LTBCR

L TC2054HVIS5 LTAGD LTG2055HVIDD LBCX LTC2055HVIMS8 LTBCT

L TC2054HS5 L TAGR LTG2055HDD LBCW LTC2055HMS8 LTBCR

L TC2054HVHS5 LTAGD LTC2055HVHDD LBCX LTC2055HVHMSS LTBCT

*The temperature grade (C, | or H) is indicated on the shipping container. Consult LTC Marketing for parts specified with wider operating temperature

ranges.

ELECTRICAL CHARACTERISTICS  (Lrc205417c2055, LTG2054HV/LTC2055HY) The @ denates the

specifications which apply over the full operating temperature range, otherwise specifications are at T, = 25°C. V5 =3V, &Y

unless otherwise naied. {Note 3)

LTC2054C/LTC2055G

LTC20541/LTC2055! LTC2054H/LTC2065H
SYMBOL PARAMETER CONDITIONS MIN  TYP MAX | MIN  TYP MAX | UNITS
Is Supply Gurrent {LTG2054) No Load, Vg =3V ® 140 175 140 180 pA
No Load, Vg = 5V ® 150 175 150 180 pA
Is Supply Current Per Amplifier No Load, Vg = 3V [ 130 150 130 155 pA
(LTC2055) No Load, Vg = 5V @ 135 150 135 155 ph
Vos Input Offset Voltage {Note 2) 0.5 +3 0.5 +3 p¥
MVog/AT Average [nput Offset Drift (Note 2) ® 0.02 003 002 =005 [ wM~C
Long-Term Offsat Drift 50 50 nvVAmo
Ig Input Bias Current (Note 4) Vg =3V +1 =1 pA
V=3V @ +150 +3000 pA
Vg =5V =1 =1 pA
Vg =5V 0] +150 +3000 pA
sn 2054 5 2054 5fas




LTC2054/LTC2055
ELECTRICAL CHARACTERISTICS  (Lrc2o54/7c2055, LTG2054HV/LTC2055HY) The @ denoes the

specifications which apply aver the full operating iemperature range, otherwise specifications are at Ty = 25°C. Vg = 3V, 5V
unless otherwise noted. {Nole 3)

LTC2054C/LTC20550
LTG20541/LTC2055I LTG2054H/ALTC2055H

SYMBOL PARAMETER COMNDITIONS MIN  TYP MAX | MIN  TYP MAX | UNITS
lns Input Offset Current (Nate 4) Vg =3V %2 2 pA
Vg =3V ] +300 =700 pA

Vg =5V +2 +2 pA

Vg =5V o) +300 =700 pA

& Input Noise Voltage Rg =1002, DG to 1Hz 0.6 06 Wp.p
Rg = 100¢2, DG o 10Hz 1.6 1.6 Wp.p

GCMRR Gommon Mode Rejection Ratio | Vey=GNDto V*-0.7Y 115 130 115 130 dB
Vg =3V e | 110 110 aB

Ve = GND o V= 0.7V 120 130 120 130 dB

Vg =5V ® | 115 115 dB

PSRR Power Supply Rejection Ratio Vg=2.7V1o BV 120 130 120 130 aB
@ | 115 115 dB

Ayol Large-Signal Voltags Gain Ry = 100k, Vs = 3V, Vgt = Vg2 1200 135 120 135 dB
® | 115 115 dB

Ry = 100k, Vg = 5Y, Maur = Va/2 125 140 125 140 dB

@ | 120 120 dB

Vaur Output Valtage Swing High R =5kto GND, Vg =3V 287 289 287 289 v
Ry = 3kto GND, Vg = 3V ® | 285 2.84 v

Ry = 5kto GND, Vg = 5V 480 483 480  4.83 V

Ry = 8k to GND, V5 = 5V @ | 475 470 Vv

Ry =100k to GND, Vg = 3V 298 299 298 299 v

R = 100k to GND, Vg = 3V @ |2.975 2.97 Y

Ry = 100k to GND, Vg = 5V 4985 489 4985 499 V

Ri = 100k to GND, Vg = 5 @ |4.980 4.970 y

Vour Output Voltage Swing Low R = 5kto GND, Vg =3V 2 8 3 8 my
Ry = 5k to GND, V5 = 3V a 10 10 my

Ri = Sk to GND, Vg = BV 2 2 3 8 my

Ry = Bk to GND, V5 = 5V ) 10 10 my

Ry = 100k to GND, Vg = 3V 2 3 3 3 my

R =100kto GND. Vg = 3V @ 10 10 my

Rp = 100k to GND, Vg = 5V 2 3 3 B my

Rp = 100kto GND. Vg = 5V @ 10 10 mV

SR Slew Rate 0.5 0.5 Vius
GBW Gain Bandwidth Praduct 500 500 kHz
fs Internal Sampling Frequancy 1 1 kHz

sn2054 5 2054 51as
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LTC2064/LTC2055

ELECTRICAL CHARACTERISTICS (Lrcansany/rc2055HY) The e denates the specifications which apply

over the full operating temperalure range, otherwise specifications are at Ty = 25°C. Vg = =5V
unless otherwise naled. (Note 3)

LTC2054HVC/LTC2055HVC
LTC2054HVI/LTC2055HY]1 | LTC2054HVH/LTC2055HVH
SYMBOL PARAMETER CONDITIONS MIN TYP MAX MIN  TYP MAX UNITS
Is Supply Current No Load {LTC2054) a 176 210 175 215 uh
s Supply Current {Per Amplifier) No Load {LTC2055) o 150 180 150 185 uA
Vg Input Offset Voltage {Note 2) +05 45 +05 =5 Ty
AVgs/AT Average Input Offset Drift {Note 2) e 0.025 =0.03 0,025 =0.05 &Y
Long-Term Oftset Drift 50 50 VA mo
lg Input Bias Current (Nota 4) +3 %3 pA
a +150 +3000 pA
Ing Input Offset Cufrent (Note 4) +6 +6 pA
® +300 =700 pA
& Input Noise Voltage Rg =1002, DG to 1Hz 0.6 0.6 1Vp_p
Rg = 100¢2, DG o 10Hz 1.6 1.6 .
GCMRR GCommon Mode Rejection Ratio | Ve =GNDto V*-0.9 120 130 120 130 dB
& 115 115 dB
PSRR Power Supply Rejection Ratio Vg=27W1011V 120 130 120 130 dB
® 115 115 dB
AVOL Large-Signal Voltage Gain i = 100k, Yoyt = GND 125 140 125 140 dB
® 120 120 dB
Vaur Maximum Qutput Voltage Swing | Ry = Skto GND +4.78 =452 478 =482 V
Ry = Skto GND @ +4.75 =4.70 Vv
Ry = 100k te GND +498 +4.99 +498 =439 V
Ry = 100kto GND & +4,975 =4.97 V
SR Slew Rate 0.5 05 Vips
GBW Gain Bandwidth Product 500 500 kHz
fg Internal Sampling Fraquency 1 1 kHz

limits af —40°C and B5°C. The LTC2054H/LTC2055H and LTG2054HVH/
LTC2055HVH are guarantesd to meet the temperaturs limits of —40°C and
125°C.

Note 4: Limit is determined by high speed aulomated lest capability, See
Typical Chacteristic curves for actual typical performance. Far tighter
specifications, please consult Linear Technology Marketing.

Note 5: The 8, specified for the DD package is with minimal PCE heat
spreading meatal. Using expandad metal area on all layers of a board
reduces this value.

Note 1: Absolute Maximunt Ratings are those values beyand which the life
of the device may be impaired.

Mote 2: These parameters are guaranteed by design. Thermocouple effests
precluds measurements of these voltage levels during automated testing,
Note 3: All versions of the LTC2054/LTC2055 are designed, characterized
and expected to meet the extended temparature limits of —40°C and
125%C. The LTG2054C/LTC20550/LTC2054HVG/LTCZ055HVC are
guaranteed to meet the temperature limits of 0°C and 70°C. The LTC20541/
LTGZ0551/LTC2054HVI/LTG2055HVI are quaranteed lo meel temperature

sn2054 5 2054 Slas




LTC2064/LTC2055

TYPICAL PERFORMANCE CHARACTERISTICS
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LTC2064/LTC2055

TYPICAL PERFORMANCE CHARACTERISTICS
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LTC2064/LTC2055

TEST CIRCUITS

Electrical Characteristics
Test Circuit

100k

OUTPUT

2054 1L

DC-10Hz Noise Test Circuit
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LTC2064/LTC2055

APPLICATIONS INFORMATION

Clock Feedthrough, Input Bias Current

The LTG2054 and LTG2055 use auto-zeroing circuitry to
achieve an almost zero DC offset over temperature,
common mode voltage, and power supply voltage. The
frequency of the clock used for auto-zeroing is typically
1.0kHz. The term clock feedthrough is broadly used to
indicate visibility of this clock frequency in the op amp
output spectrum. There are typically two types of clock
feedthrough in auto zeroed op amps like the LTC2054/
LTC2055.

The first form of clock feedthrough is caused by the
settling of the internal sampling capacitor and is input
referred; that is, it is multiplied by the closed loop gain of
the opamp. This form of clock feedthrough is independent
of the magnitude of the input source resistance or the
magnitude of the gain setting resistors. The LTC2054/
LTG2055 have a residue clock feedthrough of less then
0.2uVRus input referred at 1.0kHz.

LTC2054/LTC2055 DC to 1Hz Noise

The second form of clock feedthrough is caused by the
small amount of charge injection occurring during the
sampling and holding of the op amp’s input offset voltage.
The current spikes are multiplied by the impedance seen
at the input terminals of the op amp, appearing at the
output multiplied by the closedloop gain ofthe opamp. To
reduce this form of clock feedthrough, use smaller valued
gain setting resistors and minimize the source resistance
attheinput. If the resistance seen at the inputs is less than
10k, this form of clock feedthroughis less than the amount
of residue clock feedthrough from the first form described
above.

Placing a capacitor across the feedback resistor reduces
either form of clock feedthrough by limiting the bandwidth
of the closed loop gain.

Input bias current is defined as the DC current into the
input pins of the op amp. The same current spikes that

T_
0.4y w
b

|¢1USEC‘>‘

LTC2054/LTC2055 DC to 10Hz Noise

——

A5 GIT
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LTC2064/LTC2055

APPLICATIONS INFORMATION

cause the second form of clock feedthrough described Voltage Follower with Input Exceeding
the Common Mode Range

above, whenaveraged, dominate the DG input bias current
of the op amp below 70°C.

At temperatures above 70°C, the leakage of the ESD
protection diodes on the inputs increases the input bias
currents of both inputs in the positive direction, while the
current caused by the charge injection stays relatively
constant. At elevated temperatures (above 70°C) the
leakage current begins to dominate and both the negative

and positive pins’ input bias currents are in the positive LTC2054/LTC2055
direction (into the pins). Extended Common Mode Range

Extended Common Mode Range 1\ /N /

/ /
The LTC2054/LTC2055 input stage is designed to allow
nearly rail-to-railinput common mode signals. Inaddition, / \/ \/
signals that extend beyond the allowed input common
mode range do not cause output phase inversion.

INPUT
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TYPICAL APPLICATIONS
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LTC2064/LTC2055

TYPICAL APPLICATIONS

Ground Referred Precision Current Sources
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LTC2064/LTC2055

PACKAGE DESCRIPTION

DD Package

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

l Hﬂ-;jfg 0,385 0.10
e B e T o T e e
L| L |_| 0.675 =0.05 _ U uJ‘U CJ j
5§ L0005 - 1* NOTE:
L ’Dé“% s }f@ﬁﬁ; 1 A0 165 010 T 1. DRAWING TO BE WMADE A.JEDEC PACKAGE
e St il OUTLINE 10-220 VARIATION OF (WEED-1)
l \ J (4S0Es)  (28/DES) 2. DRAWING NOT TO SCALE
| | PACKAGE h;’ "“Il | y 3. ALL DIMENSIONS ARE IN MILLIVETERS
M m [ ™ oumike T‘?P AR O 4. DIMENSIONS OF EXPOSED PAD ON BOTTOM
bl Ef) ﬂ OF PACKAGE DO NOT |NCLUDE MOLD FLASH,
0.5 - 006 — 1OLD FLASH, IF PRESENT, SHALL NGT EXCEED
-25=0.05 1 0.15mrm ON ANY SIDE
g 0.50 0,200 REF 0.75 <0.08 0 25 n 05 L
Bt 0k § 00pss O EXPOSED PAD SHALL BESOLDER PLATED
— ] 6. SHADED: AREA S-ONLY A REFERENGE FOR PIN 1
le— 238 40,05 —>| ‘ 135 =0.10 LOCATION ON TOP AND BOTTOM OF PACKAGE
{2 SIDES) B S S (2 3IDES)
) 1 ; ;
RECOMMERDED SOLDER PAD PITCH AND DIMENS IONS ! BOTTAMVIEW=EXEDSED FAD
MS8 Package
8-Lead Plastic MSOP
{Refarence LTC DWG # 05-08-1660)
3000402
08804 0.127 (118 =.00%) | 1052
035 = 005, {NOTE 5 % {-020%)
i Sefn <
P aoooo_: .
5.23 ; 3.00 +0.102
ol 4.90 £ 0152 i, 02
{.208) % ons  DETALW (im0 LI1B=004)  NGTE:
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GAUGE FLANE L Q Q EI I;I PROTRUSIONS OR GATE BURRS.MOLD FLASH,
042 = 0.038 0.65 — T - T 23 4 FROTRUSIONS OR GATE BURRS SHALL NOT
(0765 06715 ! {0756) L (52 2 0152 EXGEED 0.152mm {.006") PER SICE
TYP BSC {027 = .006) 140 0.86 4. DIMENSION DOES NOT INCLUDE INTERLEAD FLASH
. {043 {084} OF PROTRUSIONS. INTERLEAD FLASH OF PROTRUSIGNS
REGOMMER DEDSRLREREAR LAY DETAIL " MAX REF SHALL NOT EXGEED 0.152mm {.008') PER SIDE
a8 TN 5. LEAD COPLANARITY (BOTTOM OF LEADS AFTER FORMING)
i) ) SHALL BE 0:1 02mm (.0047) MAX
SEATING ¢
f'i/r{’ = TPUNE 90 nae
{008 — 015y
o 0.55
§5 Package
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0.62 0.5 280-2340 -
MAX REF (NOTE 4)
__H 122 REF !
l |
260-300 ekl ————+————-— ?D&Eﬁmsnmsmﬁ IN MILLIMETERS
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Information furnished by Linear Technology Corporation is beliaved to be ancurats and reliable.
However, no responsibility is assumed for its use. Linear Technology Gorporation makes no represen-
tation that theinterconnection of its circuits as desciibed hereinwill notinfringe on existing patent rights.
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LTC2064/LTC2055

TYPICAL APPLICATIONS

Low Power, Bidirectional 60V Precision Hi Side Current Sense
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RELATED PARTS

PART NUMBER DESCRIPTION COMMENTS
LTG1049 Low Power Zera-Drift Op Amp Low Supply Currant 20014
LTG1050 Precision Zero-Drift Op Amp Single Supply Operation 4.75V 1o 16V, Noise Tested and Guaranteed
LTG1051/LTC1053 | Precisian Zero-Drift Op Amp Dual/Quad Varsian af the LTC1050
LTC1150 +1 5V Zero-Drift Op Amp High Vialtage Operation +18Y
LTC1152 Rail-to-Rail Input and Qutput Zera-Drift Op Amp Single Zero-Drift Op Amp with Rail-to-Rail Input and Output and Shutdown
LT1677 Low Noise Rail-to-Rail Input and Ouptput Vog = 80pV, Vg = 2.7V to 44V
Precision Op Amp
LT1884/LT1885 Rail-to-Rail Output Precision Qp Amp Vog = 500V, lp = 400pA, Vs = 2.7V to 40V
LTG2050 Zero-Drift Op Amp Enhanced Output Orive Capability
LTC2051/LTC2052 | Dual/Quad Zero-Drift Op Amp Dual/Quad Version of the LTC2050 in MS8/GN16 Package
LTC2053 Zero-Drift Instrumentation Amp Rail-to-Rail Input
sn 2054 5 2054 5fas
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