Offset compensation using an additional input port

Vi Vou =A( _ ) B V,; is the input signal port, Vi,
Vomf Vi Y Vi2 is the offset calibration port
Vig (offset and noise are referred
AZ compensation: to the input signal port)
Vi 2y Phase 1:
—_—0 n
- Iil_@_1 out Vom( ) =— Avn( ) — BVM( 1) = Vom( t) =— 3 "n( t)
V. () =V _ (1)
% CH out Vn_eff( )
CHI 1 Phase 2: |
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Continuous-time AZ amplifiers

Main Amplifier Hp.: Null Amplifier without offset
B (A))
' Phase 1:
Vout
Vour( t) =A 1( VS_ ﬁvout_ Vn) +b IA 2( Vs_ ﬁvout)
VS vnA1 vn( [)Al
V (t) ~ - 1) ~
out ) ﬁ(Al_l_BlAz) = Vn—eff( ) BA
. Ph - v o ( t)
Null Amplifier (A,) ase <: neff

4 [ \
_ 1 ~ D _ (1
V(1) —Al(Vs—ﬁV(mt—vn)+BlA2V(C[j = V(D= — Av (0 -viD)
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Commercial Zero-Drift Operational Amplifiers based on AZ
(AD8551, TLC2654, OPA335...)

Main Amplifier Main Amplifier

_____________________ A
/ Voss 7/ EXTERNAL ! / os8 / EXTERNAL 1

v
Vi O f: i} \ FEEDBACK o : Vi, O 7 il \ FEEDBACK Vo :
/ As : / As I
W_C,{r—l - vNE | V|_d—i — VNE |
be J\O Vos dlﬂé i V?Fh
§_ 1l
b | O ha f
Null Amplifier Null Amplifier
a. Auto-Zero Phase A: null amplifier nulls its own offset. b. Output Phase B: null amplifier nulls the main amplifier
offset.
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Commercial Zero-Drift Operational Amplifiers based on AZ
(AD8551)
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Commercial Zero-Drift Operational Amplifiers based on AZ
(AD8551, TLC2654, OPA335...)

Parameter Symbal Conditions Min Typ Max Uit
~ POWER SUPPLY
Power Supply Rejection Ratio PSRR Ve=27Vto 3535V 120 130 dB
—40°C = Ta = +125°C 115 130 dB
Supply Current/Amplifier Isy Vo=0V 850 a75 pA
—40°C = Ta = +125°C 1000 1075 pA
DYNAMIC PERFORMAMNCE
Slew Rate SR Ru=10k0 0.4 Vips
Overload Recovery Time 0.05 0.3 ms
Gain Bandwidth Product GEP | 1.5 | MHz
MOISE PERFORMANCE
Voltage Noise en p-p OHzto 10 Hz 1.0 LV p-p
en pp OHzto1Hz 0.32 Y p-p
Voltage Noise Density en f=1kHz nV/vHz
Current Noise Density in f=10Hz 2 fA/Hz
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Chopper Amplifier

Vo1 A1 Vo A2 Un—-out = A1A2vn1 + A2vn2
— D )+ + ’
- ' !_>i Yo Un—eff = Vn1t — RTI offset of the second stage is
Ay attenuated by A,

[ We can apply CHS only to the first stage and

Vi A1 use the second stage as 1° order LPF (e.g.
+ . .
V‘”E_@-!‘y - + >J_r [x] V.., Miller Compensation)
A,

Offset ripple is too large to be rejected by a 1°
order LPF

*Y. Jusuda, “Auto Correction Feedback for Ripple Suppression in a Chopper Amplifier” — IEEE JSSC 2010
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Auto-Correction Feedback for Ripple Suppression®

- gy = v, — Av = v -
n—-out — Yn = n—out n—-out —
- 1+ A4
\A] Amplifier A must be without offset and input signal must not be attenuated!
Auto correction feedback loop cancels the initial offset of Gm1's output; less ripple
A
- 1 > ¢ - | A2
- vn—out 100
- a 4 T T : : .
VosT = g Vo m2 s Ex.: f,,=100 kHz
Un_out : Auto correction feedback . °r
= Vps141 — Vn_outAzAy — Vpsady A4 - }3 | % l
Vnull - oor
! <N
v _ Vos141 _ Vosa Gma VoS4 SC NF 3 Vos? 00 . . . . .
n—out 1 + A3A4 A3 \ f (Hz)

*Y. Jusuda, “Auto Correction Feedback for Ripple Suppression in a Chopper Amplifier” — IEEE JSSC 2010
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Feedforward Path

r- .t I I X T® T 3 I T 1 } .}

Commercial Zero-Drift Operational Amplifiers

based on CHS (ADA4051)
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NUMBER OF AMFLIFIERS
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Commercial Zero-Drift Operational Amplifiers
based on CHS (ADA4051)
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Commercial Zero-Drift Operational Amplifiers

based on CHS (ADA4051)

Parameter | Symbol | Test Conditions/Comments | Min Typ Max Unit
POWER SUPPLY
Power Supply Rejection Ratio PSRR 1.8V =Vsr=55V 110 135 dB
—40°C = Ta =+125°C 108 dB
Supply Current per Amplifier lsy
ADA4051-2 Vour =Vsv/2 13 17 HA
ADA4051-1 Vour =Vsv/2 18 LA
—40°C = Ta = +125°C 20 A
DYNAMIC PERFORMANCE
Slew Rate SR+ Ri=10k}, C.=100pF G=1 0.04 Vips
SR- Ri=10k0, (=100 pFG=1 0.03 Vius
Settling Time is To 0.1%, V=1V p-p, 120 Hs
Ru=10k0, C.=100 pF
Gain Bandwidth Product GBP C.=100pFG=1 kHz
Phase Margin (D CL=100pF G=1 40 Degrees
Channel Separation CS Vin=17V,f=100Hz 140 dB
MNOISE PERFORMANCE
Voltage Moise en p-p f=0.1Hzto10Hz 1.96 LV p-p
Voltage Noise Density en f=1kHz nV/vHz
Current Noise Density in f=1kHz 100 fAfHz
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