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) 4 Y LINEAR 1C2053
TECHNOLOGY

Precision, Rail-to-Rail

Input and Output, Zero-Dirift Instrumentation
Amplifier with Resistor-Programmable Gain

FEATURES

116dB CMRR Independent of Gain
Maximum Offset Voltage: 10pV
Maximum Offset Voltage Drift: 50nV/°C
Rail-to-Rail Input

Rail-to-Rail Output

2-Resistor Programmable Gain

Supply Operation: 2.7V to £5.5V

Typical Noise: 2.5uVp.p (0.01Hz to 10Hz)
Typical Supply Current: 750pA

Available in an MS8 and 3mm x 3mm x 0.8mm
DFN Packages

APPLICATIONS

Thermocouple Amplifiers
Electronic Scales

Medical Instrumentation

Strain Gauge Amplifiers

High Resolution Data Acquisition

DESCRIPTION

The LTC®2053 is a high precision instrumentation ampli-
fier. The CMRR is typically 116dB with a single or dual 5V
supply andisindependent of gain. The input offset voltage
is guaranteed below 10V with a temperature drift of less
than 50nV/°C. The LTC2053 is easy to use; the gain is
adjustable with two external resistors, like a traditional
op amp.

The LTC2053 uses charge balanced sampled data tech-
niques to convert a differential input voltage into a single
ended signal that is in turn amplified by a zero-drift
operational amplifier.

The differential inputs operate from rail-to-rail and the
single ended output swings from rail-to-rail. The LTC2053
can be used in single supply applications, as low as 2.7V.
It canalso be used with dual +5.5V supplies. The LTC2053
is available in an MS8 surface mount package. For space
limited applications, the LTC2053 is available in a
3mm x 3mm x 0.8mm dual fine pitch leadless package
(DFN).

A7, LTC and LT are registered trademarks of Linear Technology Corporation.

TYPICAL APPLICATION

Differential Bridge Amplifier
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LTC2053

ABSOLUTE MAXIMUM RATINGS

(Note 1)
Total Supply Voltage (V¥ 10O V) e 11V Operating Temperature Range
INPUL CUITENT .o +10mA LTC2053C ...oveeeeeeeeeeeeeeeeeeee 0°Cto 70°C
EVINT = VREFD oot 5.5V LTC2053! ... —-40°C to 85°C
CVINT = VREFD e 5.5V LTC2053H .......ocvereiecieececeiens -40°C to 125°C
Output Short Circuit Duration .........c.ccveuee.... Indefinite  Storage Temperature Range
MS8 Package ..........cccovvevvevirreiinnn, -65°C to 150°C
DD Package .......cccoveveeevveiercrcee -65°C to 125°C
Lead Temperature (Soldering, 10 SEC).................. 300°C
PACKAGE/ORDER INFORMATION
ORDER PART NUMBER TOP VIEW ORDER PART NUMBER*
LTC2053CMS8 - 1-9/ ------- el LTC2053CDD
LA LTC2053IMS8 i | 5] our LTC2053IDD
1= R =1 LTC2053HMS8 an [3 ! | o] e LTC2053HDD
+ O 16 RG -f21 ! I 15
v ar 5 e MS8 PARTMARKING | "1 |2 | DD PART MARKING
MS8 PACKAGE
8-LEAD PLASTIC MSOP LTVT DD PACKAGE LAEQ
T = 150°C, By = 200°CW LTJY 8-LEAD (3mm >:3mm) PLASQTIC DFN
LTAFB ONBERIOE METAL TERNALLY
CONNECTED TO V=
(PCB CONNECTION OPTIONAL)

*The temperature grade (C, I, or H) of the LTC2053 in the DFN package is indicated on the shipping container.

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

ELECTBICHL CHHRHCTGBISTICS The « denotes the specifications which apply over the full operating

temperature range, otherwise specifications are at Ty = 25°C. V* = 3V, V- = 0V, REF = 200mV. Output voltage swing is referenced

to V~. All other specifications reference the QUT pin to the REF pin.

PARAMETER CONDITIONS MIN TYP MAX UNITS
Gain Error Ay=1 o 0.001 0.01 %
Gain Nonlinearity Ay=1 o 3 12 ppm
Input Offset Voltage (Note 2) Vewm = 200mV -5 +10 o\
Average Input Offset Drift (Note 2) Ta=-40°Cto 85°C o +50 nVv/°C

Ta=85°Ct0 125°C . -1 -25 W/°G
Average Input Bias Current (Note 3) Vem=1.2V o 4 10 nA
Average Input Offset Current (Note 3) Vem=1.2V o 1 3 nA
Input Noise Voltage DC to 10Hz 2.5 Wp.p
Common Mode Rejection Ratio Ay =1, Vgn =0V to 3V, LTC2053C o | 105 113 dB
(Notes 4, 5) Ay =1, Vg =0.1V to 2.9V, LTC2053I o | 105 113 dB

Ay =1, Vgy =0Vto 3V, LTC2053I . 95 113 dB

Ay=1,Vgy=0.1Vto 2.9V, LTC2053H o | 100 dB

Ay =1, Vg =0Vto 3V, LTC2053H . 90 dB
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LTC2053

GLGCT"HCHL CHHRHCTGBBT'CS The « denotes the specifications which apply over the full operating

temperature range, otherwise specifications are at Ty = 25°C. V* =3V, V- = 0V, REF = 200mV. Output voltage swing is referenced
to V~. All other specifications reference the OUT pin to the REF pin.

PARAMETER CONDITIONS MIN TYP MAX UNITS
Power Supply Rejection Ratio (Note 6) | Vg=2.7V to 6Y e | 110 116 dB
Output Voltage Swing High RL=2ktoV~ o | 285 2.94 Y

R =10kto V™~ o | 295 2.98 Y
Output Voltage Swing Low o 20 mV
Supply Current VEn < 0.5V, No Load o 0.75 1 mA
Supply Current, Shutdown Ve = 2.5V 10 pA
EN Pin Input Low Voltage, Vi 0.5 Vv
EN Pin Input High Voltage, Vi 25 v
EN Pin Input Current V=V~ -05 -10 pA
Internal Op Amp Gain Bandwidth 200 kHz
Slew Rate 0.2 V/us
Internal Sampling Frequency 3 kHz

The « denotes the specifications which apply over the full operating temperature range, otherwise specifications are at Ty = 25°C. '+ =5V,

V- =0V, REF =200mV. Output voltage swing is referenced to V. All other specifications reference the OUT pin to the REF pin.

PARAMETER CONDITIONS MIN TYP MAX UNITS
Gain Error Ay=1 o 0.001 0.01 %
Gain Nonlinearity Ay=1 o 3 10 ppm
Input Offset Voltage (Note 2) Vewm = 200mV -5 +10 o\
Average Input Offset Drift (Note 2) Tp=-40°Cto 85°C o +50 nVv/°C

Tp=85°Cto 125°C o -1 2.5 Wv/°G
Average Input Bias Current (Note 3) Vem=1.2V o 4 10 nA
Average Input Offset Current (Note 3) Vem=1.2V o 1 3 nA
Common Mode Rejection Ratio Ay =1, Vgu =0V to 5V, LTC2053C e | 105 116 dB
(Notes 4, 5) Ay =1, Vg =0.1V to 4.9V, LTC2053I o | 105 116 dB

Ay =1, Vg =0Vto 5V, LTC2053I . 9 116 dB

Ay =1, Vg =0.1V to 4.9V, LTC2053H e | 100 dB

Ay =1, Vgy =0Vto 5V, LTC2053H o 90 dB
Power Supply Rejection Ratio (Note 6) | Vg =2.7V to 6V ° 110 116 aB
Output Voltage Swing High RL=2ktoV~ o | 485 4.94 v

R =10k to V-~ o | 495 4.98 \
Output Voltage Swing Low o 20 mV
Supply Current Vin < 0.5V, No Load o 0.85 1.1 mA
Supply Current, Shutdown Ve =4.5V 10 PA
EN Pin Input Low Voltage, Vy 05 v
EN Pin Input High Voltage, Vi 45 v
EN Pin Input Current Veg=V- -1 -10 pA
Internal Op Amp Gain Bandwidth 200 kHz
Slew Rate 0.2 V/ps
Internal Sampling Frequency 3 kHz
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LTC2053
GLGCT"HCHL CHHRHCTGBBT'CS The « denotes the specifications which apply over the full operating

temperature range, otherwise specifications are at Ty = 25°C. V* =5V, V- =-5V, REF = 0V.

PARAMETER CONDITIONS MIN TYP MAX UNITS
Gain Error Ay=1 o 0.001 0.01 %
Gain Nonlinearity Ay=1 o 3 10 ppm
Input Offset Voltage (Note 2) Vem =0V 10 +20 o\
Average Input Offset Drift (Note 2) Ta=-40°C to 85°C o +50 nv/°C

Ta=85°Ct0 125°C . -1 -2.5 W/°G
Average Input Bias Current (Note 3) Vem=1V o 4 10 nA
Average Input Offset Current (Note 3) Vem=1V o 1 3 nA
Common Mode Rejection Ratio Ay =1, Vgm=-5Vto 5V, LTC2053C e | 105 118 dB
(Notes 4, 5) Ay =1, Vg =-4.9V to 4.9V, LTC2053I o | 105 118 dB

Ay =1, Vgy =-5V to 5V, LTC2053I . 95 118 dB

Ay=1,Vgy=-4.9Vt0 4.9V, LTC2053H o | 100 dB

Ay =1, Vg =-5Vto 5V, LTC2053H o 90 dB
Power Supply Rejection Ratio (Note 6) | Vg=2.7Vto 11V e | 110 116 dB
Maximum QOutput Voltage Swing RL =2k to GND, LTC2053C, LTC2053I o | +45 +4.8 V

Ry = 10k to GND, LTC2053C, LTC2053I, LTC2053H o | 46 +4.9 V

Rp =2k to GND, LTC2053H o | 44 +4.8 v
Supply Current Vi <-4.5V, No Load o 0.95 1.3 mA
Supply Current, Shutdown VEn=4.5V 20 pA
EN Pin Input Low Voltage, V. -45 v
EN Pin Input High Voltage, Vi 45 v
EN Pin Input Current Vey =V~ -3 -20 pA
Internal Op Amp Gain Bandwidth 200 kHz
Slew Rate 0.2 V/us
Internal Sampling Frequency 3 kHz

Note 1: Absolute Maximum Ratings are those values beyond which the life

of a device may be impaired.

Note 2: These parameters are guaranteed by design. Thermocouple effects
preclude measurement of these voltage levels in high speed automatic test
systems. Vg is measured to a limit determined by test equipment

capability.

Note 3: If the total source resistance is less than 10k, no DC errors result
from the input bias currents or the mismatch of the input bias currents or
the mismatch of the resistances connected to —IN and +IN.

Note 4: The CMRR with a voltage gain, Ay, larger than 10 is 120dB (typ).

Note 5: At temperatures above 70°C, the common mode rejection ratio

supply rails.

lowers when the common mode input voltage is within 100mV of the

Note 6: The power supply rejection ratio (PSRR) measurement accuracy

depends on the proximity of the power supply bypass capacitor to the

device under test. Because of this, the PSRR is 100% tested to relaxed
limits at final test. However, their values are guaranteed by design to meet
the data sheet limits.
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LTC2053

TYPICAL PERFORMANCE CHARACTERISTICS
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LTC2053

TYPICAL PERFORMANCE CHARACTERISTICS
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LTC2053

TYPICAL PERFORMANCE CHARACTERISTICS
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LTC2053

TYPICAL PERFORMANCE CHARACTERISTICS
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LTC2053

PIN FUNCTIONS

EN (Pin 1): Active Low Enable Pin.

=IN (Pin 2): Inverting Input.

+IN (Pin 3): Noninverting Input.

V= (Pin 4): Negative Supply.

REF (Pin 5): Voltage Reference (Vrgr) for Amplifier Output.

RG (Pin 6): Inverting Input of Internal Op Amp. With a
resistor, R2, connected between the OUT pin and the RG
pinandaresistor, R1, between the RG pin and the REF pin,
the DC gain is given by 1 + R2 / R1.

OUT (Pin 7): Amplifier Output.
Vour = GAIN (Vyin = Vo) + Veer
V* (Pin 8): Positive Supply.

BLOCK DIRGRAM

V+
ZERO-DRIFT

APPLICATIONS INFORMATION

Theory of Operation

The LTC2053 uses an internal capacitor (Cg) to sample a
differential input signal riding on a DC common mode
voltage (see Block Diagram). This capacitor’s charge is
transferred to a second internal hold capacitor (Cy) trans-
lating the common mode of the input differential signal to
that of the REF pin. The resulting signal is amplified by a
zero-drift op amp in the noninverting configuration. The
RG pin is the negative input of this op amp and allows
external programmability of the DC gain. Simple filtering
can be realized by using an external capacitor across the
feedback resistor.

Input Voltage Range

The input common mode voltage range of the LTC2053 is
rail-to-rail. However, the following equation limits the size
of the differential input voltage:

V=< (Van—=Von) + VRers V=13

Where V,y and V_y are the voltages of the +IN and —IN
pins respectively, VReris the voltage at the REF pinand V*
is the positive supply voltage.

For example, with a 3V single supply and a 0V to 100mV
differential input voltage, Vrge must be between 0V and
1.6V.

+5 Volt Operation

When using the LTC2053 with supplies over 5.5V, care
must be taken to limit the maximum difference between
any of the input pins (+IN or—IN) and the REF pint0 5.5V,
if not, the device will be damaged. For example, if rail-to-
rail input operation is desired when the supplies are at
+5V, the REF pin should be 0V, £0.5V. As a second
example, if V*is 10V and V~and REF are at 0V, the inputs
should not exceed 5.5V.

2053fa




LTC2053

APPLICATIONS INFORMATION

Settling Time

The sampling rate is 3kHz and the input sampling period
during which Cg is charged to the input differential voltage
Vy is approximately 150pus. First assume that on each
input sampling period, Cg is charged fully to V. Since Cg
= Cy (= 1000pF), a change in the input will settle to N bits
of accuracy at the op amp noninverting input after N clock
cycles or 333us(N). The settling time at the OUT pinis also
affected by the settling of the internal op amp. Since the
gain bandwidth of the internal op amp is typically 200kHz,
the settling time is dominated by the switched capacitor
front end for gains below 100 (see Typical Performance
Characteristics).

Input Current

Whenever the differential input Vjy changes, Cy must be
charged up to the new input voltage via Cg. This results in
an input charging current during each input sampling
period. Eventually, Cy and Cg will reach Vy and, ideally,
the input current would go to zero for DC inputs.

In reality, there are additional parasitic capacitors which
disturb the charge on Cg every cycle even if Vy is a DC
voltage. For example, the parasitic bottom plate capacitor
on Gg must be charged from the voltage on the REF pin to
the voltage on the —IN pin every cycle. The resulting input

SINGLE SUPPLY, UNITY GAIN

0V < Vyn<bV
0V < V<5V
0V<Vp<3.7V
Vour=Vp

charging current decays exponentially during each input
sampling period with atime constant equal to RgCs. If the
voltage disturbance due to these currents settles before
the end of the sampling period, there will be no errors
due to source resistance or the source resistance mis-
match between -IN and +IN. With Rg less than 10k, no
DC errors occur due to this input current.

In the Typical Performance Characteristics section of this
data sheet, there are curves showing the additional error
from non-zero source resistance in the inputs. If there are
no large capacitors across the inputs, the amplifier is less
sensitive to source resistance and source resistance mis-
match. When large capacitors are placed across the in-
puts, theinputcharging currents described above resultin
larger DC errors, especially with source resistor mis-
matches.

Power Supply Bypassing

The LTC2053 uses asampled datatechnique and therefore
contains some clocked digital circuitry. It is therefore
sensistive to supply bypassing. For single or dual supply
operation, a 0.1pF ceramic capacitor must be connected
between Pin 8 (V*) and Pin 4 (V™) with leads as short as
possible.

DUAL SUPPLY

VRer

-5V <V_y<5V AND [NV_jy-VRerO< 5.5V
-5V <Vyn<5Y AND [,y - VRerO< 5.5V
-5V < Vp + VRep < 3.7V

R2
Vout = (1 + E) Vp + VRep

2053 FO1

Figure 1

2053fa




LTC2053

PACKAGE DESCRIPTION

MS8 Package
8-Lead Plastic MSOP
(Reference LTC DWG # 05-08-1660)

0.254 DETAIL “A

(-Olo) —6°TYP
GAUGE PLANE — ¥ — y
} 3.000.102
0.53£0.152 110 0.86 (118 +.004) ol | 052
(:021 £.006) (.043) (034) (NOTE 3) 8765 (.0205) 0.889 % 0.127
DETAIL “A” MAX REF Ej Ej Ej ﬁ REF (035 +.005)
0.18 T —1 T S
(w7 oo
\ SEAT'NGiﬁL— 4.90£0.152 (310108: 0010(12) v
Yy — PLANE (193 + .006) 5.23
T/ 022-038 || Y 012720076 (193+.006) (NOTE4)  (306) 3.20-3.45
(009-018) | (.005 £ .003) o |qu 125— 136)
TYP P e T
, (:0256) 1
NOTE: P
1. DIMENSIONS IN MILLIMETER/(INCH) 35533
2. DRAWING NOT TO SCALE 04240038 038 065
3. DIMENSION DOES NOT INCLUDE MOLD FLASH, PROTRUSIONS OR GATE BURRS. (0165 +.0015) ™ ~ (0256)
MOLD FLASH, PROTRUSIONS OR GATE BURRS SHALL NOT EXCEED 0.152mm (.006") PER SIDE EAv BSC
4. DIMENSION DOES NOT INCLUDE INTERLEAD FLASH OR PROTRUSIONS.
INTERLEAD FLASH OR PROTRUSIONS SHALL NOT EXCEED 0.152mm (.006") PER SIDE RECOMMENDED SOLDER PAD LAYOUT
5. LEAD COPLANARITY (BOTTOM OF LEADS AFTER FORMING) SHALL BE 0.102mm (.004") MAX WSO (158) 003
DD Package
8-Lead Plastic DFN (3mm x 3mm)
(Reference LTC DWG # 05-08-1698)
R=0115 1
TYPW 0.38+0.10 |
} 2 1 8 e T e N e B e e
\ JyUU OO0 o
| ‘ f — !
| I R EYFOOL tessot0 |1 L L1 354005 1654005 \
i (4 SIDES) (2 SIDES) ‘ 2.15+0.05 (2 SIDES)fi*fifii**m
PIN 1
TOP MARK ~O | w ‘ N\ ‘ /
PACKAGE
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0.200 REF 0.75 +0.05 028+ o 05
-0 50 BSC 0280051 — Jae
l | | . <~— 2384010 —>| BSC
——YY 00005 (2 SIDES) <~ 2.38.0.05 —|
f } BOTTOM VIEW—EXPOSED PAD (2 SIDES)
NOTE: RECOMMENDED SOLDER PAD PITCH AND DIMENSIONS

1. DRAWING TO BE MADE A JEDEC PACKAGE OUTLINE M0-229 VARIATION OF (WEED-1)
2. ALL DIMENSIONS ARE IN MILLIMETERS
3. 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
4. EXPOSED PAD SHALL BE SOLDER PLATED

(0D8) DFN 0203
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LTC2053
TYPICAL APPLICATIONS

Precision +2 Precision Doubler Precision Inversion
Precision Current Source (Low Noise 2.5V Reference) (General Purpose) (General Purpose)
8V
5V
v 0.1pF
ViN—4
2.5V
(110nVA/HzZ) Vour
Vin
4 xr Vout=2Vin
Vo 1u : Vo= -V
|=FC,|s5mA 0WF = - :_L:(”“F I—_L Ij_ out=-Vin
0<Voyr< (5V-Vg) = = = = _5v = 2053 TAOG. 5V = 2053 TAOT
:-EU.mF
Differential Thermocouple Amplifier
oM
J-—vvv
- M &
0°C - 500°C  YELLOW .t
o K(ORANGEV
THERMOCOUPLE o o
(40.60V/°C) £—10mV/ C
. . . . " 0.0014F e
Linearized Platinum RTD Amplifier T
L :1000
SV 01uF [ coNFORMING TO IEC751 OR DINA3760 couomE Mot
Rr=Rg (1+3.908 10737 - 5.775 « 1077T%), Rg = 100Q
(e.g. 100Q AT 0°C, 175.9Q AT 200°C, 247.1Q AT 400°C)
2
SCALE FACTOR
LT1025
2.7k S\L/ R\fo
_ 3 16.9 |4 |5
l i=1mA = Alg‘iv = = -

5V L L
2 ) 0.1pF —_L_ 249k;: i LT1634-1.25
; = T w090 = 10mv/C
<

LTC2053 0°C - 400°C High Side Power Supply Current Sense
+ 6 M —L041HF::16.2k 11k1£ 010 0.00150 LoD
prioo” dh ] CWTL Vags —A
S-WIRERTD RS S LINEARITY  ZERO S 1000
J_ 39 2k<: TL oW 1L
J__ __l__ogA;m —3 J;:Mgk gssoI;L
- - < 5k __L — 20537A09 _100mV/A
OF LOAD
CURRENT
PART NUMBER | DESCRIPTION COMMENTS
LT1167 Single Resistor Gain Programmable, Precision Instrumentation Amplifier Single Gain Set Resistor: G = 10 10,000,
Low Noise: 7.5nVVHz
LTC2050 Zero-Drift Operation Amplifier SOT-23 Package
LTC2051 Dual Zero-Drift Operational Amplifier MS8 Package
LTC6800 Single Supply, Zero Drift, Rail-to-Rail Input and Output Instrumentation Amplifier | MS8 Package, 100pV Max Vqg, 250nV/°C Max Drift
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