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Ultra-Low Offset/Drift, Precision
Instrumentation Amplifiers with REF Buffer

General Description Features

The MAX4208/MAX4209 ultra-low offset and drift instru- Ultra-Low Input OffseE Voltage
mentation amplifiers feature exceptional precision specifi- +20pV (max) at +25°C

<&

cations, low power consumption, rail-to-rail output, ¢ +0.25% (max) Gain Error

excellent gain-bandwidth product, ang buffered ¢ Low 0.2uV/°C Offset Voltage Drift
REFIN/MODE input in a very small ugMAX® package. .

These devices use a patented spread-spectrum, ¢ 1pA CMOS Input B_'as C.urrent. .
autozeroing technique that constantly measures and ¢ True Ground Sensing with Rail-to-Rail Output
corrects the input offset, eliminating drift over time and tem- 4 Buffered REF Input for High Accuracy and
perature and the effect of 1/f noise. This technique Bipolar Operation

achieves less than 20uV offset voltage, allows ground- 4 2.85V to 5.5V Single-Supply Operation
sensing capability, provides ultra-low CMOS input bias cur- (or £1.425V to +2.75V Dual Supplies)

rent and increased common-mode rejection performance.

The MAX4208/MAX4209 provide high-impedance inputs
optimized for small-signal differential voltages (+100mV). 750kHz Gain-Bandwidth Product

All devices provide a gain-bandwidth product of 750kHz. Operatze 0\:er the -m"c to +1 ZL;"C Automotive
The MAX4208 provides an adjustable gain with two Temperature Range

external resistors or unity gain with FB connected to OUT. : _Pi

The MAX4209 is available in fixed gains of 10V/V, 100V/V, Tiny 8-Pin uMAX Package
or 1000V/V (suffixed T, H, and K) with £0.03% (typ) accu- - -
racy. Both devices include a reference input (REF) to orde"ng Information
level-shift the output, allowing for bipolar signals in single- PIN- GAIN
supply applications. In both devices, REFIN/MODE is an PART TEMP RANGE b\ ckaGE  (VIV)
input to a precision unity-gain buffer, which sets the REF . 3
voltage to level-shift the output. The internal REF buffer MAXA208AUA+T ~40°C 10 +125°C 8 pMAX-8 ADJ
allows the reference to be set by a simple resistive divider MAX4209TAUA+T  -40°C to +125°C 8 UMAX-8 10
or an ADC reference without any loading error. MAX4209HAUA+T ~ -40°C to +125°C 8 pMAX-8 100

The MAX4208/MAX4209 operate with a 2.85V to 5.5V MAX4209KAUA+T*  -40°C to +125°C 8 pMAX-8 1000

single-supply voltage and consume only 750pA Note: All 8-pin UMAX packages have package code U8-1.
of quiescent current (when the internal buffer is off) and +Denotes a lead-free package

only 1.4pA in shutdown mode. These amplifiers . L
also operate with +2.5V dual supplies with REF Future product—contact factory for availability.
connected to ground and REFIN/MODE to Vss.
The MAX4208/MAX4209 are available in space-saving Typical Application Circuit
8-pin LIMAX packages and are specified over the auto-
motive operating temperature range (-40°C to +125°C).

TUS Patent #6,847,257.

750pA Supply Current
1.4pyA Shutdown Mode
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MAX4208/MAX4209

Ultra-Low Offset/Drift, Precision
Instrumentation Amplifiers with REF Buffer

ABSOLUTE MAXIMUM RATINGS

VDD T VSS oo -0.3V to +6V
All Other Pins ..o (Vss - 0.3V) to (Vpp + 0.3V)
OUT Short-Circuit Duration ............cccccoeevveveviniieenn. Continuous
Current Into OUT, VDD, and VSS....veooiiiiiiiiiiiiiieeee +25mA
Current Into Any Other Pin.......ccooiiiiiiii +20mA
Continuous Power Dissipation (Ta = +70°C)

8-Pin uMAX (derate 4.5mW/°C above +70°C)............. 362mwW

Operating Temperature Range ...........cccccccoe.n.
Junction Temperature ...........ocooveviiiiiiiiiii
Storage Temperature Range ............c..ccoce..

Lead Temperature (soldering, 10s)

Stresses beyond those listed under "Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only, and functional
operation of the device at these or any other conditions beyond those indicated in the operational sections of the specifications is not implied. Exposure to
absolute maximum rating conditions for extended periods may affect device reliability.

ELECTRICAL CHARACTERISTICS

(Vbb = 5V, Vss = 0V, VoM = VREF = VDD/2, VREFIN'MODE = Vss, RL = 100kQ to Vpp/2, VDIFF = (VIN+ - VIN-) = OV, MAX4208 set for
G = 100V/V (R1 = 1kQ, R2 = 99kQ), Ta = +25°C, unless otherwise noted.) (Note 1)

PARAMETER | symBoL | CONDITIONS | MIN  TYP  MAX | UNITS
INPUT DC CHARACTERISTICS
MAX4208, G = 100V/V +3 +20
MAX4209T, G = 10V/V +3 +20
Input Offset Voltage Vos uv
MAX4209H, G = 100V/V +3 +20
MAX4209K, G = 1000V/V +3 +20
Input Bias Current B -100mV < VpIFr < +100mV (Note 3) 1 pA
Input Offset Current 10S -100mV < Vp|rr £ +100mV (Note 3) 1 pA
) Differential mode 2
Input Resistance RIN Vcm = Vpp/2 GQ
Common mode 2
-20mV < VpIFF £ +20mV
MAX4208, G = 100V/V 005 +0.25
-100mV < VpIFr £ +100mV 0.05
MAX4209T, G = 10V/V '
Gain Error oV <V oy %
-20mV < VpIFr £ +20m
MAX4209H, G = 100V/V 005 +025
-2mV < VpIFF £ +2mV 010
MAX4209K, G = 1000V/V '
MAX4208, G = 100V/V 25 150
Gain Nonlinearity MAX4209T, G = 10V/V 25
ppm
(Note 2) MAX4209H, G = 100V/V 25 150
MAX4209K, G = 1000V/V 50
Input Common-Mode Range VoM Guaranteed by CMRR test V§S1 ) V1D[3)(; %
'F:‘;:J; Common-Mode Rejection CMRR | Vowm = (Vss - 0.1V) to (VoD - 1.30V) 106 135 dB
2 MAXIW




Ultra-Low Offset/Drift, Precision
Instrumentation Amplifiers with REF Buffer

ELECTRICAL CHARACTERISTICS (continued)

(Vpp = 5V, Vss = OV, Vom = VREF = VDD/2, VREFINMODE = Vss, RL = 100kQ to Vpp/2, VDIFF = (VIN+ - VIN-) = OV, MAX4208 set for

G = 100V/V (R1 = 1kQ, R2 = 99kQ), Ta = +25°C, unless otherwise noted.) (Note 1)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
L ) VpD = 2.85V to 5.5V, VREF = VCM =
Power-Supply Rejection Ratio PSRR (Vss + 0.5V) 100 125 dB
REFIN/MODE AND REF DC CHARACTERISTICS
REFIN/MODE Buffer Input Offset (Note 2) +10 +40 LV
Voltage
REFIN/MODE Input-Voltage Low ViL Reference buffer is OFF Vss Vg;; v
REFIN/MODE Input-Voltage High VIH Shutdown mode ng " Vpp v
REFIN/MODE Buffered Reference v Reference buffer is ON, guaranteed by Vss + VDD - v
Input Range REFINMODE | REFIN/MODE CMRR test 02 13
REFIN/MODE Buffer (Vss + 0.2V) < VReF/MODE < (VDD - 1.3V) 106 135 aB
Common-Mode Rejection Ratio (Note 2)
REFIN/MODE Buffer Vpp = 2.85V to 5.5V, VREF/MODE = VoM = 100 195 aB
Power-Supply Rejection Ratio (Vss + 0.5V)
REFIN/MODE Bias Current IREFIN Vss < VREFIN/MODE < VpD (Note 3) 1 pA
Guaranteed by reference CMRR test VDD -
REF Common-Mode Range (Note 4) Vss 130 \
REE Common-Mode Rejection Vss < VRer < (Vpp - 1.30V) 106 135 dB
Ratio (Note 4)
REF, FB Bias Current MAX4208 (Note 3) 1 pA
VDIFF = OV (Note 5) +10 nA
REF Input Current (MAX4209) IREF
VDIFF = £100mV (Note 5) +100 pA
OUTPUT DC CHARACTERISTICS
RL = 100kQ 30 45
VoH VD - VouTt RL = 10kQ 50 70
Output-Voltage Swing RL = 1kQ 250 325
mV
(Notes 6 and 7) RL = 100kQ 30 40
VoL VouT - Vss RL = 10kQ 50 65
RL = 1kQ 250 285
o Source +20
Short-Circuit Current Isc - mA
Sink -25
Short-Circuit Recovery Time 0.50 ms
AC CHARACTERISTICS
Gain-Bandwidth Product GBW MAX4208, G = 1V/V 750 kHz
MAX4209T, G =10V/V 75
Small-Signal Bandwidth BW MAX4209H, G =100V/V 7.5 kHz
MAX4209K, G =1000V/V 0.75
MAX4208, G = 1V/V, VouT = 100mV step 80
Slew Rate (Note 8) SR V/ms
MAX4209T, G =10V/V, Vourt = 1V step 55

MAXI
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MAX4208/MAX4209

Ultra-Low Offset/Drift, Precision
Instrumentation Amplifiers with REF Buffer

ELECTRICAL CHARACTERISTICS (continued)

(Vbp = 5V, Vss = 0V, Vcm = VREF = VDD/2, VREFIN/MODE = Vss, RL = 100kQ to Vpp/2, VDIFF = (VIN+ - VIN-) = 0V, MAX4208 set for
G = 100V/V (R1 = 1kQ, R2 = 99kQ), Ta = +25°C, unless otherwise noted.) (Note 1)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
MAX4208, 10
. . G=1VN
Settling Time ts I;rgth'” 0.1% offinal - 1 A Xa200T 15 us
MAX4209H 120
MAX4209K 1100
Maximum Capacitive Load CL No sustained oscillations 200 pF
Input-Voltage Noise en f=0.1Hz to 10Hz 2 HVP-p
f = 1kHz 140 nVAHz
Power-Up Time To within 0.1% of final value 20 ms
Shutdown Enable/Disable Time tEN, tDIS 20 ms
POWER SUPPLY
Supply Voltage VDD Guaranteed by PSRR test 2.85 5.50 \
ZE&;NQ"F‘;DE = Vss. Vpp = 5V 075  1.30
Supply Current lols) (Vss + 0.2V) < VREFIN/MODE m
<(Vpp - 13V), buffer ON | /PP =5V 140 230
VREFIN/MODE = VDD, shutdown mode 1.4 5.0 pA

ELECTRICAL CHARACTERISTICS

(Vbb = 5V, Vss = 0V, VoM = VREF = VDD/2, VREFIN'MODE = Vss, RL = 100kQ to Vpp/2, VDIFF = (VIN+ - VIN-) = OV, MAX4208 set for
G = 100V/V (R1 = 1kQ, R2 = 99kQ), Ta =-40°C to +125°C, unless otherwise noted.) (Note 1)

PARAMETER | symBoL | CONDITIONS | MIN  TYP  MAX | UNITS
INPUT DC CHARACTERISTICS
Ta = +25°C to +85°C +45
MAX4208, G = 100V/V
Ta =-40°C to +125°C +60
Input Offset Voltage Vos uv
Ta = +25°C to +85°C +30
MAX4209H, G = 100V/V
Ta =-40°C to +125°C +40
MAX v Ta = +25°C to +85°C 0.1 +0.45
Input Offset Voltage 4208, G = 100VN - o C 1o +125°C 01  +045
Temperature Drift TCVos uv/eC
(Note 2) Ta = +25°C to +85°C 0.01 +0.17
ote MAX4209H, G = 100V/V
Ta =-40°C to +125°C 0.01 +0.17
) (Note 3) Ta = +85°C 10
Input Bias Current -100mV < VoirF < +100mV [Ta= +125°C 0 pPA
MAX4208, G = 100V/V, Ta = +25°C to +85°C 0.30
. -20mV < VDIFF £ +20mV | Tp = -40°C to +125°C 0.35
Gain Error %
MAX4209H, G = 100V/V, | TA = +25°C to +85°C 0.30
-20mV < VpIFF < +20mV | Tp = -40°C to +125°C 0.35
4 MNAXIMN




Ultra-Low Offset/Drift, Precision
Instrumentation Amplifiers with REF Buffer

ELECTRICAL CHARACTERISTICS (continued)

(Vpp = 5V, Vss = 0V, Vcm = VREF = VpD/2, VREFIN/MODE = Vss, RL = 100kQ to Vpp/2, VDIFF = (VIN+ - VIN-) = 0V, MAX4208 set for
G = 100V/V (R1 = 1kQ, R2 = 99kQ), Ta =-40°C to +125°C, unless otherwise noted.) (Note 1)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
-20mV < VDIFr £ _ o
+20mV (MAX4208), I’: 2‘50‘(130 Cto 50 180
G = 100V/V
-100mV < VpIFr < _ o
+100mV (MAX4209T), Ta=-40°Cto 50
+125°C
Gain Error Temperature Drift G = 10VNV o
ppm/°C
(Note 2) -20mV < VDIFf < Ta = -40°C to
+20mV (MAX4209H), :1\ o5oC 50 180
G = 100V/V
-2mV < VDIFF £ +2mV _ 5
(MAX4209K), Tﬁ 2‘5;‘(‘;0 Cto 100
G = 1000V/V *
MAX4208, Ta = +25°C to +85°C 210
Gain Nonlinearity G =100VV | Ta=-40°Cto +125°C 700
GNL ppm
(Note 2) MAX4209H. Ta = +25°C to +85°C 210
G = 100VNV Ta = -40°C to +125°C 700
Guaranteed by CMRR test, Vss - VDD -
Input Common-Mode Range VcMm Tp = -40°C 10 4125°C 01 16 V
e Vode Relet (Ve -0V <V Ta=+25°Ct0+85°C | 96
nput Common-Mode Rejection ss - 0. <Vem £
. CMRR Ta = -40°C to dB
Ratio Vpp - 1.6V
(Vop ) 195°C 90
VDD = 2.85V to 5.5V, Ta = +25°C to +85°C 96
Power-Supply Rejection Ratio PSRR VREF = VCM = VsS + | Tp = -40°C to 90 dB
0.5V +125°C
REFIN/MODE AND REF DC CHARACTERISTICS
REFIN/MODE Buffer Input Ta=+25°Cto +85°C 100 v
Offset Voltage Ta =-40°C to +125°C 100 v
REFIN/MODE Buffered Reference buffer is ON, guaranteed by Vss + VDD -
Reference Input Range VREFINIMODE | perIN/MODE CMRR test 02 16 v
REFIN/MODE Input-Voltage ViL Reference buffer is OFF Vss + Y
Low 0.05
MAXI/V 5
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MAX4208/MAX4209

Ultra-Low Offset/Drift, Precision
Instrumentation Amplifiers with REF Buffer

ELECTRICAL CHARACTERISTICS (continued)

(Vbp = 5V, Vss = 0V, Vem = VREF = VDD/2, VREFIN/MODE = Vss, RL = 100kQ to Vpp/2, VDIFF = (VIN+ - VIN-) = 0V, MAX4208 set for
G = 100V/V (R1 = 1kQ, R2 = 99kQ), Ta =-40°C to +125°C, unless otherwise noted.) (Note 1)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
REFIN/MODE Input-Voltage ViH MAX4208/MAX4209 in shutdown VoD - v
High 0.2
REFIN/MODE Buffer (Vs +0.2V) Ta=+25°C10+85°C | 96
C Mode Rejection Rati < VREF < dB

ommon-Mode Rejection Ratio (VoD - 1.6V) TA = -40°C 1o +125°C 90
REF Common-Mode Range VpD -
(Note 4) Guaranteed by REF CMRR test Vss 16 V
REF Common-Mode Rejection Vss < VREF < (Vpp - | TA= +25°C to +85°C 96 4B
Ratio 1.6V) TA = -40°C to +125°C 90
REFIN/MODE Buffer xEEFTN/ZMSSgEtO— 5\-/?3\(/,] Ta=+25°Cto +85°C | 96 .
Power-Supply Rejection Ratio = (Vss + 0.5V) Ta = -40°C to +125°C 90
OUTPUT DC CHARACTERISTICS
RL = 100kQ 60
VOH VoD - VouT RL = 10kQ 90
. RL = 1kQ 375
Output-Voltage Swing (Note 6) mV
RL = 100kQ 50
VoL VouT - Vss RL = 10kQ 75
RL = 1kQ 325
POWER SUPPLY
Supply Voltage VDD Guaranteed by PSRR test 2.85 5.50 \
VREFIN/MODE = Vss, _
buffer OFF Vop =5V 1.70
Supply C t (V! 0.2V)<V mA
upply Lurren ss + 0.2V) < VREFIN/MODE < _
(VoD - 1.6V), buffer ON Vop =5V 3.0
REFIN/MODE = Vpp, shutdown mode 10 pA
Note 1: Specifications are 100% production tested at +25°C, unless otherwise noted. Limits over temperature are guaranteed by design.

Note 2:

Note 3:

Note 4:

Note 5:

Note 6:

Note 7:
Note 8:

Guaranteed by design. Thermocouple and leakage effects preclude measurement of this parameter during production testing.
Devices are screened during production testing to eliminate defective units.

IN+ and IN- are gates to CMOS transistors with typical input bias current of 1pA. CMOS leakage is so small that it is impractical to
test and guarantee in production. Max Vpirr is +100mV. Devices are screened during production testing to eliminate defective
units. For the MAX4208, when there are no external resistors, the input bias current at FB and REF is 1pA (typ).

Setting REF to ground (Vss) is allowed if the REF buffer is off. The unity-gain buffer is on when VREFIN/MODE is between 0.15V
and (Vpp - 1.3V). In this range, VREF = VREFIN/MODE +40uV (maximum buffer input offset voltage over temperature). Setting
REFIN/MODE to Vpp puts the part in shutdown (Ipp = 1.4pA).

This is the REF current needed to directly drive the end terminal of the gain-setting resistors when REFIN/MODE is connected to
Vss to put the buffer in high-impedance mode. The REF input current is tested at the gain of 100. At gain 10 and 1000, IRer =
+100pA and 3.4pA, respectively at +25°C. See the Detailed Description.

Output swing high (VoH) and output swing low (Vo) are measured only on G = 100 and G = 1000 devices. Devices with G = 1
and G = 10 have output swing high limited by the range of VRer, Vcm, and VpIFr (see the Output Swing section).

Maximum range for Vpjfr is from -100mV to +100mV.

At G = 100V/V and G = 1000V/V, these instrumentation amplifiers are bandwidth limited and not capable of slew-rate-limited dV/dt.

MAXIMN




Ultra-Low Offset/Drift, Precision
Instrumentation Amplifiers with REF Buffer

Typical Operating Characteristics

(Vbp = 8V, Vss = OV, Vom = VREF = VDD/2, VREFINMODE = Vss, RL = 100kQ to Vpp/2, VDIFF = (VIN+ - VIN-) = OV, MAX4208 set for
G = 100V/V (R1 = 1kQ, R2 = 99kQ), Ta = +25°C, unless otherwise noted.)

OFFSET VOLTAGE DRIFT HISTOGRAM

INPUT OFFSET VOLTAGE HISTOGRAM (Ta =-20°C TO +85°C) GAIN ACCURACY HISTOGRAM
30 - 2% o 50 -
Ay = +100V/V g g i [0 g
% 2 2 2 4 2
< 20 = - 35
= S <
(&) O (&)
Z 15 = = 2
= =) =
£ 1 g g 2
15
5 5 10
5
0 0 0
20 5 10 5 0 5 10 15 20 -250-200-150-100-50 0 50 100 150 200 250 300 -0.15-0.10-0.05 0 005 0.10 0.15 0.20 0.25
INPUT OFFSET VOLTAGE (uV) Vs DRIFT (nV/°C) GAIN ACCURACY (%)
INPUT OFFSET VOLTAGE INPUT OFFSET VOLTAGE INPUT OFFSET VOLTAGE
vs. SUPPLY VOLTAGE vs. INPUT COMMON-MODE VOLTAGE vs. REFIN COMMON-MODE (BUFFER ENABLED)
30 3 30 . 30 g
.l o - _
= = > = = =
= = g o Th=-40°C Tp=-20°C
= Ta=tB5C-Tp=-20°C -1 osc | @ 10 [ Ta=485"C~Tu=20°C ~Ta=+25°C | g 10 Ta=425C__ a=d0%_IA ]
S S | S
) il
% N = 5 0
= 4 ~ 5 ) g i
— -10 — -10 — -10
= = =
= = =
20 Ta=-40°C Ta=+125°C 7| -20 Th=-40°C Th=+125°C ] -20 Th=+125°C " Ty =485°C |
30 30 -30
20 25 30 35 40 45 50 55 60 4 0 1 2 3 4 0 1 2 3 4
SUPPLY VOLTAGE (V) INPUT COMMON-MODE VOLTAGE (V) REFIN COMMON-MODE (V)
LINEARITY ERROR COMMON-MODE REJECTION RATIO
vs. DIFFERENTIAL INPUT VOLTAGE GAIN vs. FREQUENCY vs. FREQUENCY
100 = 80 - 0 .
Ay = +100V 2 g §
o L 0oV : : :
g g -20 g
60 E: 60 E: S
E 4 \\ 40
= /\ N .
g 2 7\ g 10 i g 60
0 g - = \ =
= - £ i ) '\
z -20 S0 L S T \
= 40 \ 100
-60 1] . L] /f'
120
-80 \ L]
100 20 40
30 -0 -0 0 10 2 30 10 100 1k 10k 100k 1M 10M 10 100 1k 10k 100k 1M
DIFFERENTIAL INPUT VOLTAGE (mV) FREQUENCY (H2) FREQUENCY (H2)

MAXIW 7
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MAX4208/MAX4209

Ultra-Low Offset/Drift, Precision
Instrumentation Amplifiers with REF Buffer

Typical Operating Characteristics (continued)

(Vbpb = 5V, Vss = OV, Vom = VREF = VDD/2, VREFINMODE = Vss, RL = 100kQ to Vpp/2, VDIFF = (VIN+ - VIN-) = 0V, MAX4208 set for
G = 100V/V (R1 = 1kQ, R2 = 99kQ), Ta = +25°C, unless otherwise noted.)

POWER-SUPPLY REJECTION RATIO

vs. FREQUENCY MAX4208 INPUT-REFERRED NOISE
MAX4208/9 toc11
0 ° T amanana o
20 g S ]
YINIEE bR i
— /
3 -60 7
= pd 1.2uV/div
& 80 y
/|
/
-100 /
// :
-120 A SETNNE: SRS TS
7140 L L 1 L L 1 L L
10 100 1k 10k 100k 1M 1s/div
FREQUENCY (Hz)
SUPPLY CURRENT (BUFFER OFF)
INPUT NOISE vs. FREQUENCY Ipp vs. VREFIN/MODE vs. SUPPLY VOLTAGE
10,000 . 15 o 1000 =
‘ ‘ HHH‘ E E VREFIN/MODE = VSS E
| A . : Ta=+125°C :
= WHITE NOISE 3 19 g 900 A=+ g
5 140nVAFz z ' = =
£ 1000 [ 10N INTERNAL BUFFERON | 2P - ¢
E Crg=1nF VREFINMODE = (Vs +0.2V) 800
= CAPACITOR = 09 1 = |
w
2 0 [ € GREY = OUT OF = 00 4 —
o N g | COMMON-MODE RANGE s
Y 3
2 08 T 600 _
= ~\ S‘HUT[‘)OWI‘\J MO‘DE Ta=-d0o¢ — Ta=+25°C
g 10 T
z N 03 INTERNAL BUFFER OFF — 500
Cr=100F 117 | TN VREFINMODE < (Vss + 0.05V)
CAPACITOR N | v T
1 TR 0 400
10 100 1K 10k 100K 0 05 10 15 20 25 30 35 40 45 50 25 30 35 40 45 50 55
FREQUENCY (Hz) VRerIN/MODE (V) Vop (V)
SUPPLY CURRENT (BUFFER ON) SHUTDOWN CURRENT
vs. SUPPLY VOLTAGE vs. SUPPLY VOLTAGE
20 ‘ ‘ o 6.0 ‘ ‘ e
VREFIN/MODE = VDD/2 g VREFIN/MODE = VDD 1
g 50 L g
Iy z ' — z
15 ’/’r
40 .
_ 1 - Ta=+125°C
<< <
=0 4 = 30
E 8" Tp=+25°C
Ta=-40°C Tp=+25°C | Ta=+125°C
2.0 ==_____&_
05 A
10 Ta=-40°C
0 0
25 30 35 40 45 50 55 25 30 35 40 45 50 55
Vop (V) Vop (V)
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Ultra-Low Offset/Drift, Precision
Instrumentation Amplifiers with REF Buffer

Typical Operating Characteristics (continued)

(Vbpb = 5V, Vss = OV, Vom = VREF = VDD/2, VREFINMODE = Vss, RL = 100kQ to Vpp/2, VDIFF = (VIN+ - VIN-) = 0V, MAX4208 set for
G = 100V/V (R1 = 1kQ, R2 = 99kQ), Ta = +25°C, unless otherwise noted.)

LARGE-SIGNAL PULSE RESPONSE TIME LARGE-SIGNAL PULSE RESPONSE TIME
MAX4208/9 toc17 MAX4208/9 toc1.
i ! i
1 I 1
| ! |
Vins | " | ViNg
smvidiv b T A YV Smvdv b Lo bl oy
| 1 1 \ |
iI I II // T 1 +
OUTPUT f : \ OUTPUT / : \
50mv/div ’ SN 25V s00mv/div | J - N ey
100us/div 400us/div
Ay =10V Ay =100V/V
Vi = 10mV STEP Vi, = 10mV STEP
ViN- = VRer = (Vo - Vss)/2 ViN- = VRer = (VoD - Vss)/2
VREFIN/MODE = Vs VREFIN/MODE = Vs$

LARGE-SIGNAL PULSE RESPONSE TIME

MAX4208/9 toc19

i i
Vins | I \
1mV/div bt ] 2.5V
OUTPUT ! \
v |/ 1 T 25V
400ps/div
Ay =1000V/V

Vine = 2mV STEP
ViN- = VReF = (Vop - Vss)/2
VREFIN/MODE = Vs

MAXIW 9
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MAX4208/MAX4209

Ultra-Low Offset/Drift, Precision
Instrumentation Amplifiers with REF Buffer

Typical Operating Characteristics (continued)

(VbD = 5V, Vss = 0V,
G = 100V/V (R1 = 1kQ,

Vem = VREF = VDD/2, VREFINIMODE = Vss, RL = 100kQ to Vpp/2, VDIFF = (VIN+ - VIN-) = 0V, MAX4208 set for
R2 = 99kQ), Ta = +25°C, unless otherwise noted.)

0.1% SETTLING TIME SETTLING TIME
vs. GAIN vs. ACCURACY
10,000 = 180 —rrs
g G=100 |2
g 160 g
3 ™~ 2
= 140 P~ 2
Z 1000 7 ’Ig 120 ~—_
= Ve = 100 e
= / ;
S / = 80
= ) =
& 10 A 560
/1
v 40
/ 20
/———--
10 0
10 100 1000 0.01 0.10 1.00
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Pin Description
PIN NAME FUNCTION
Reference/Shutdown Mode Input. Trimode function is as follows:
Connect to Vpp to put the device in shutdown mode.
Connect to an external reference (between Vss + 0.2V and Vpp - 1.3V) to buffer the voltage at
1 REFIN/MODE | REFIN/MODE. Using the REF buffer allows the use of a simple resistor-divider or high-impedance
external reference to set the OUT level at OmV IN with minimum error.
Connect to Vss to force the internal buffer output into a high-impedance state to allow external direct
drive of REF.
2 IN- Negative Differential Input
3 IN+ Positive Differential Input
4 v Negative Supply Input. Bypass Vss to ground with a 0.1uF capacitor or connect to ground for
SS single-supply operation.
5 REFE Output Reference Level. REF sets the OUT voltage for zero differential input. The internal buffer
sets the voltage at REF when the voltage at REFIN/MODE is between Vss + 0.2V and Vpp - 1.3V.
Feedback Input. Connect FB to the center tap of an external resistive divider from OUT to REF to
6 FB set the gain for the MAX4208. MAX4209 FB is internally connected to gain-setting resistors. Connect
an optional capacitor, Crg, from OUT to FB to reduce autozero noise.
7 OouT Amplifier Output
8 VbD Positive Supply Input. Bypass Vpp to ground with a 0.1uF capacitor.
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Figure 1. MAX4208 Functional Diagram

Detailed Description

The MAX4208/MAX4209 family of instrumentation ampli-
fiers implements a patented spread-spectrum, autozero-
ing technique that minimizes the input offset error, drift
over time and temperature, and the effect of 1/f noise.
Unlike the traditional three-op amp instrumentation
amplifier, this technique allows true ground-sensing
capability combined with a low input bias current and
increased common-mode rejection.

The differential input signal is converted to a current by
an input transconductance stage. An output transcon-
ductance stage converts a portion of the output voltage
(equal to the output voltage divided by the gain) into
another precision current. These two currents are sub-
tracted and the result is fed to a loop amplifier with suffi-
cient gain to minimize errors (Figures 1 and 2). The
MAX4209 has factory-trimmed gains of 10V/V, 100V/V,
and 1000V/V. The MAX4208 has an adjustable gain, set
with an external pair of resistors between OUT, FB, and
REF (Figure 1). The MAX4208/MAX4209 have an output
reference input (REF) that is connected to an external ref-
erence for bipolar operation of the device. For single-sup-
ply operation, the range for VReF is OV to (Vpp - 1.3V).
Although full output-swing capability and maximum sym-
metrical dynamic range is obtained at REF = Vpp/2, the
optimal VREF setting depends on the supply voltage and
output-voltage swing needed by the application. The

MAXI

Figure 2. MAX4209 Functional Diagram

maximum recommended differential input voltage is
+100mV. Linearity and accuracy are degraded above
that level. The MAX4208/MAX4209 operate with single
2.85V to 5.5V supply voltages or dual +1.425V to +2.75V
supplies.

The MAX4208/MAX4209 have a shutdown feature to
reduce the supply current to 1.4pA (typ) when REFIN/
MODE is connected to Vpp.

REF, REFIN/MODE, and Internal REFIN
Buffer of the MAX4208/MAX4209
In a single-supply system, bipolar operation of an
instrumentation amplifier requires the application of a
voltage reference (REF) to set the output voltage level
when a zero differential voltage is applied to the input.
The output swing is around this reference level, which
is usually set to half of the supply voltage for the largest
swing and dynamic range.

In many instrumentation amplifiers, the gain-setting
resistors as well as the RL are connected between OUT
and REF. OUT can sink and source current but the
need for REF to sink and source current is often over-
looked and can lead to significant errors. Therefore, the
MAX4208/MAX4209 include a REFIN buffer, an internal,
precision unity-gain buffer on-chip to sink and source the
currents needed at REF without loading the reference
voltage supplied at REFIN/MODE.

11
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Table 1. REFIN/MODE Pin Functions

REFIN/MODE VOLTAGE*

STATE OF MAX4208/MAX4209 and REFIN BUFFER

VDD (typically +5V)

The entire IC is in SHDN mode and draws 1.4pA of supply current.

Between Vgs + 200mV and
(Vbp - 1.3V)

The internal REF buffer is activated. REF MUST NOT be fed by any external source. The voltage
at REFIN/MODE is transferred to REF within £40pV, max (Vos of the internal REF buffer).

Vss (typically ground)

The internal REF buffer is OFF with its output in a high-impedance state to allow direct drive of
REF (or connection to ground). REF must be directly connected to an external voltage reference
capable of sinking and sourcing the load current.

*See the Electrical Characteristics table for detailed specifications.

In a conventional instrumentation amplifier, a simple
method to apply a reference voltage is the use of a volt-
age-divider to set the REF level (often halfway between
ground and Vpp). The voltage-divider should be made
of higher value resistors to minimize current consump-
tion, but the sinking and sourcing current from the load
and gain-setting resistors create a significant common-
mode signal at the divider midpoint. The MAX4208/
MAX4209 precision REFIN buffer essentially eliminates
the error voltage at REF.

The REFIN buffer is a unity-gain op amp that has a guar-
anteed Vos of less than 40uV with a CMOS input bias
current of only 1pA, to allow setting REFIN with a simple
resistive divider with minimum errors.

REFIN/MODE is a triple function input (see Table 1). To
use the internal REFIN buffer, connect REFIN/MODE to
an external reference or a simple resistive divider at
any voltage between (Vss + 0.2V) and (Vpp - 1.3V).
These voltages represent the minimum and maximum
for the REFIN buffer’'s input common-mode range (see
the Electrical Characteristics table). To use ground at
REF or to use an external low-impedance reference
directly at REF without the internal REFIN buffer, con-
nect REFIN/MODE to Vss. This disables the REFIN
buffer, dropping the Ipp to 750pA and puts the REFIN
buffer output in a high-impedance state to allow exter-
nal direct drive of REF. To put the MAX4208/MAX4209
into shutdown and reduce the supply current to less
than 5pA, drive REFIN/MODE to Vpp.

Note: When driving REF directly, REFIN/MODE must be
at Vss and shutdown mode is NOT available.

Input Differential Signal Range
The MAX4208/MAX4209 feature a proprietary input
structure optimized for small differential signals of up to
+100mV. The output of the MAX4208/MAX4209 allows
for bipolar input signals. The output voltage is equal to
the voltage at REF for zero differential input. The gain
accuracy of these devices is laser trimmed to better
than 0.1% (typ).

12

Output Swing
The MAX4208/MAX4209 are designed specifically for
small input signals (£100mV) from sensors, strain
gauges, etc. These instrumentation amplifiers are
capable of rail-to-rail output-voltage swings; however,
depending on the selected gain and REF level, the rail-
to-rail output swing may not be required or desired.

For example, consider single-supply operation of the
MAX4208 in a unity-gain configuration with REF con-
nected to a voltage at half of the supply voltage (Vpp /
2). In this case, the output-voltage swing would be
+100mV around the REF level and would not need to
reach either rail.

Another example is the MAX4209T (gain internally set
to 10) also operating with a single-supply voltage and
REF set externally to ground (Vss). REFIN/MODE must
also be connected to ground (Vss). In this case, an
input voltage of 0 to 100mV differential would ideally
drive an output-voltage swing of 0 to 1V. However, the
output swing can only get to within 40mV of ground
(Vss) (see the VoL specifications in the Electrical
Characteristics table). It is recommended that for best
accuracy and linearity, the lowest differential input volt-
age for unipolar operation is usually picked to be a
nonzero value (a millivolt or more).

Another remedy is to use REFIN/MODE of 250mV (see
the REFIN/MODE Buffered Reference Input Range in the
Electrical Characteristics table), which causes a 0 to
100mV input to start OUT at 250mV and swing to 1.25V,
to prevent the output from going into its bottom nonlinear
range. An ADC with differential input can be connected
between OUT and REF to record the true 0 to 1V swing.

Devices with higher gain and bipolar output swing can
be configured to approach either rail for maximum
dynamic range. However, as the output approaches with-
in VoL or VoH of the supply voltages, the linearity and
accuracy degrades, especially under heavy loading.

MAXIMN
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Applications Information

Setting the Gain (MAX4208)
Connect a resistive divider from OUT to REF with the cen-
ter tap connected to FB to set the gain for the MAX4208
(see the Typical Application Circuit). Calculate the gain
using the following formula:

GAIN = 1+ (&j
R1

Choose a value for R1 < 1kQ. Resistor accuracy ratio
directly affects gain accuracy. Resistor sum less than
10kQ should not be used because their loading can
slightly affect output accuracy.

Input Common Mode vs.
Input Differential-Voltage Range
Traditional three-op amp instrumentation amplifiers
have a defined relationship between the maximum
input differential voltage and maximum input common-
mode voltage that arises from saturation of intermediate
amplifier stages. This correlation is frequently repre-
sented as a hexagon graph of input common-mode
voltage vs. output voltage for the instrumentation ampli-
fier shown in Figure 3. Application limitations hidden in
this graph are:

e The input common-mode voltage range does not
include the negative supply rail, and so no amplifi-
cation is possible for inputs near ground for single-
supply applications.

e |nput differential voltages can be amplified with
maximum gain only over a limited range of input
common-mode voltages (i.e., range of y-axis for max
range of x-axis is limited).

e |f large amplitude common-mode voltages need to
be rejected, differential voltages cannot be amplified
with a maximum gain possible (i.e., range of x-axis
for a maximum range of y-axis is limited). As a con-
sequence, a secondary high-gain amplifier is
required to follow the front-end instrumentation
amplifier.

The indirect current-feedback architecture of the

MAX4208/MAX4209 instrumentation amplifiers do not

suffer from any of these drawbacks. Figure 4 shows the

input common-mode voltage vs. output voltage graph
of indirect current-feedback architecture.

In contrast to three-op amp instrumentation amplifiers,
the MAX4208/MAX4209 features:

MAXI

e The input common-mode voltage range, which
includes the negative supply rail and is ideal for sin-
gle-supply applications.

e |nput differential voltages that can be amplified with
maximum gain over the entire range of input com-
mon-mode voltages.

e Large common-mode voltages that can be rejected
at the same time differential voltages are amplified
with maximum gain, and therefore, no secondary
amplifier is required to follow the front-end instru-
mentation amplifier.

Gain Error Drift Over Temperature
Adjustable gain instrumentation amplifiers typically use a
single external resistor to set the gain. However, due to
differences in temperature drift characteristics between
the internal and external resistors, this leads to large
gain-accuracy drift over temperature. The MAX4208 is
an adjustable gain instrumentation amplifier that uses
two external resistors to set its gain. Since both resistors
are external to the device, layout and temperature coeffi-
cient matching of these parts deliver a significantly more
stable gain over operating temperatures.

The fixed gain, MAX4209T/H/K has both internal resistors
for excellent matching and tracking.

Use of External Capacitor CFB
for Noise Reduction
Zero-drift chopper amplifiers include circuitry that con-
tinuously compensates the input offset voltage to deliver
precision and ultra-low temperature drift characteristics.
This self-correction circuitry causes a small additional
noise contribution at its operating frequency (a psuedo-
random clock around 45kHz for MAX4208/MAX4209).
For high-bit resolution ADCs, external filtering can signif-
icantly attenuate this additional noise. Simply adding a
feedback capacitor (CFB) between OUT and FB
reduces high-frequency gain, while retaining the excel-
lent precision DC characteristics. Recommended values
for CFB are between 1nF and 10nF. Additional anti-alias-
ing filtering at the output can further reduce this auto-
correction noise.

Capacitive-Load Stability
The MAX4208/MAX4209 are capable of driving capaci-
tive loads up to 200pF. Applications needing higher
capacitive drive capability may use an isolation resistor
between OUT and the load to reduce ringing on the
output signal. However, this reduces the gain accuracy
due to the voltage drop across the isolation resistor.
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Figure 3. Limited Common Mode vs. Output Voltage of a
Three Op-Amp INA

Power-Supply Bypass and Layout
Good layout technigue optimizes performance by
decreasing the amount of stray capacitance at the
instrumentation amplifier’'s gain-setting pins (OUT, FB,
and REF). Excess capacitance produces peaking in
the amplifier's frequency response. To decrease stray
capacitance, minimize trace lengths by placing exter-
nal components as close as possible to the instrumen-
tation amplifier. Unshielded long traces at the inputs of
the instrumentation amplifier degrade the CMRR and
pick-up noise. This produces inaccurate output in high-
gain configurations. Use shielded or coax cables to
connect the inputs of the instrumentation amplifier.
Since the MAX4208/MAX4209 feature ultra-low input
offset voltage, board leakage and thermocouple effects
can easily introduce errors in the input offset voltage
readings when used with high-impedance signal
sources. Minimize board leakage current and thermo-
couple effects by thoroughly cleaning the board and
placing the matching components very close to each
other and with appropriate orientation. For best perfor-
mance, bypass each power supply to ground with a
separate 0.1uF capacitor.
For noisy digital environments, the use of multilayer
PCB with separate ground and power-supply planes is
recommended. Keep digital signals far away from the
sensitive analog inputs.
Refer to the MAX4208 or MAX4209 Evaluation Kit data
sheets for good layout examples.
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Figure 4. Input Common Mode vs. Output Voltage of
MAX4208/MAX4209 Includes 0V (GND)

Low-Side Current-Sense Amplifier
The use of indirect current-feedback architecture
makes the MAX4208/MAX4209 ideal for low-side cur-
rent-sensing applications, i.e., where the current in the
circuit ground needs to be measured by means of a
small sense resistor. In these situations, the input com-
mon-mode voltage is allowed to be at or even slightly
below ground (Vgg - 0.1V).

If the currents to be measured are bidirectional, con-
nect REFIN/MODE to Vpp/2 to get full dynamic range
for each direction. If the currents to be measured are
unidirectional, both REFIN/MODE and REF can be tied
to GND. However, VOL limitations can limit low-current
measurement. If currents need to be measured down to
OA, bias REFIN/MODE to a voltage above 0.2V to acti-
vate the internal buffer and to stay above ampilifier VOL,
and measure both OUT and REF with a differential
input ADC.

Low-Voltage, High-Side

Current-Sense Amplifier
Power management is a critical area in high-perfor-
mance portable devices such as notebook computers.
Modern digital processors and ASICs are using smaller
transistor geometries to increase speed, reduce size,
and also lower their operating core voltages (typically
0.9V to 1.25V). The MAX4208/MAX4209 instrumentation
amplifiers can be used as a nearly zero voltage-drop,
current-sense amplifier (see Figure 5).
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The ultra-low Vs of the MAX4208/MAX4209 allows full-
scale VSeENSE of only 10mV to 20mV for minimally inva-
sive current sensing using milliohm sense resistors to
get high accuracy. Previous methods used the internal
resistance of the inductor in the step-down DC-DC con-
verter to measure the current, but the accuracy was
only 20% to 30%. Using a full-scale VSENSE of 20mV, a
20uV max, Vos error term is less than 0.1% and

MAX4209H gain error is 0.25% max at 100x, so the
total accuracy is greatly improved. The 0 to 2V output
of MAX4209H can be sent to an ADC for calculation.
The adjustable gain of MAX4208, can be set to a gain
of 250x using 1kQ and 249kQ resistors, to scale up a
lower 10mV VSENSE voltage to a larger 2.5V output volt-
age for wider dynamic range as needed.

Vsenge = 10A x 0.002€2 = 20mV
POWER IN Rsenge = 10A x 20mV = 200mW
0UT =G x20mV =100 x 20mV = 2V

MmN
MAX4209H
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Figure 5. MAX4208/MAX4209 Used as Precision Current-Sense Amplifiers for Notebook Computers with Vsensg of 20mV

Typical Application Circuit
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Package Information (continued)

(The package drawing(s) in this data sheet may not reflect the most current specifications. For the latest package outline information,
go to www.maxim-ic.com/packages.)
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