Input Filter (Resistance)
Error

Tl Precision Labs — Current Sense Amplifiers

Presented and prepared by Peter lliya
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Input Filter Error for Current Sense Amplifiers (CSA)

Device Errors:
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The CSA Input Bias Stage
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Four basic CSA topologies and example devices

Standard Single-Stage, Voltage-Feedback CSA Capacitively-Coupled, High Input-Impedance CSA
INA186
o Rpee> 2 MQ Rre
e INA181 M s INA190
IN- INT IN-
— - INA185 nianab INA191
Input Capacitively
Bias I Vour INA199 Coupled I Vour
Stage Input Stage
, INA210 s
RINT RINT
A% | Vrer AW | Vrer
Rr = Res Rr = Res
Current-Feedback CSA with Input Bias Stage Current-Feedback, Current-Output CSA with Trimmed Transconductance Resistors

INA280, |INA290 Rictaimmed INA139

INA281, [INA293 Nl INA138
INA169

| v wl A5 INA168
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Modeling the CSA

RINT

Rr = Res

—— Dependent upon Vg,

+los/2
R Rr = Res
IN+ . INT . | IN+
VW A% | VRer
Reias/2 L
+
| Vour
2*IBcwm
Rgias/2 R
- M IN-
Rint Res
-los/2

Rens |2 <(’

v

IBcm

|
1 VREF

| — los=lio =(IB+) = (IB-)

| Vour

Res, Rt @and Rgag all can vary +20%

Reg/R 7 = Device gain

Both models are equivalent

Res/R\7 Variation = Device Gain Error
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Example - Overview

2.00

4.00—
B+ 98.90531uA )2 INA1BSA4 VOUT (V)
I NP 8
+1_ >
:: Shunt 10m ';V ) INALBE'A" eut { VOUT  138.49791mV 198.50m — No input filter.
5 7V 1.00099mV = i 20.00m =)
I | o (<] [ =
. l—l Vshunt (V)
i IB-- 98.90531uA
*:—::'i NOISY LOAD 10¢f B
T 1.00m . I . I . I |
Re 100.00m 575.00m 1.05 153
- i NN Load current (A)
—— C¢
/\?\;\/ \ Note there is no maximum limitation to the value of C for the CSA.

Problem: Noisy load.
Solution: Insert differential input filter with 1.6 kHz cuttoff frequency.

Analysis: Use discrete simulation model of INA185 to determine new circuit
gain and errors with 100-Q/1% input resistors.
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Example 1 — Analysis, create discrete mode

[ INA185A4 Discrete Model|

—

+
Vshunt

Load 100m

RFB 500k
1Bcm 100u ] —
RF 100 IBP Rint 2.5k
AN * s 4474
S i
§ Shunt1om 5 )7' RBIAS 2.5 l los/2 25
S T Vsense Rint 2.5k
AN : b AA%%
RF 100 BN
IBcm 100u R2 500k
Table 1. Input Resistance
PRODUCT GAIN Ring (k)
INA185A1 20 b5
INA185A2 50 10
INA185A3 100 b
INA185A4 200

25D
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-
{ REE 100 } / 7
%\_L 80 / /
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o
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{ OuUT 2 20
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i
I
-20
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Figure 20. Input Bias Current vs Common-Mode Voltage
lo Input offset current 60.05) WA

T —
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Example — Determine new gain (2 ways)

INA185A4 Discrete Model
(Determines new typ gain)

RFB 500k

I RF 100 IBP 357 06925nA Rint 2 5k
L V9 b— ¢ ’ AN
+ +
2 s l - L .
Vshunt g?g'ggfzgﬁuvﬂmm 5 Vsense 89285076uv S RBIAS 2.5k
P 5 T T } Rint 2.5k
e o . YV —
RF 100 IBN -71435167nA

Load 100m l

REF 0V
LAL_ los, 1By @nd Vg 5 sources are not
needed to determine new gain.

10P2

RFB 500k

AN

— QUT 178.57015mV

C':'ainTypicaI,simuIated = VOUT/VSHUNT =178.57 VIV

Gain Error Factor =

where:

(1250 % Re) + (1250 x Ry ) + (Re % Riy)

* Ryt is the internal input resistor.
* R is the external series resistance.

500 25k Q
B 3 100+25 Q
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Example — Determine positive gain error

What is maximum possible gain?

1. Increase internal resistors by +20%
2. Add +0.25% device gain error

INA185A4 Discrete Madel REB 600k
3. Decrease RF by 1% {Determines max gain error) A A
f RF 99 Rint 2.99252k
= A~y y y AN
' ! I0P3
) Shunt10m S P >
\'J r; Vv RBIAS 3k | {
Vsense - 909.84428uV -
\Wshunt 999_9?39%\! 6 T I 7\ Rint 2 99252k
Wy + + + —AAN—— Z/
RF 99
RFB 600k
Load 100m l A

Reias = Reias, ypica (1 + 20%)

3.00 kQ = 2.5 kQ*(1.20)

RF = RF, typical*(l_l%)
99 Q = 100 Q*(0.99)

Rint = Rep/[Gainpeyice*(1 + 0.25%)]
2.99252 kQ = 600 kQ / [200*1.0025]

/

Vout

Reg: Rints @and Rgas all can vary +20%
Reg/Rint = Gain

Reg/R\t Variation = Max Device Gain
Error = £0.25% for INA185A4

Res = Reg, ypica™(1 + 20%)
600 kQ = 500 kQ*(1.20)

ax  182.42376mV

= 100

_ 182241787
= 1787 100

=+ . %
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Example — Determine negative gain error

What is smallest possible gain? Ror R 80 Roues 8ll 020 vy £20%

1. Decrease internal resistors by 20%

2. Add -0.25% device gain error AT e de FEQrFféEQ,Nl\éazr;Bofr;rzlIZ/I:;(BDSi\Zce Gain
=xU. 0

Reg/Rint = Gain

{Determines minimum gain error) RFB 400k

3. Increase RF by 1% .

f

] RF 101 Rint 2.00501k Reg = Reg, typicar*(1 - 20%)
= VW * * * VW 400 kQ = 500 kQ*(0.80)
* Shunt 10m c l +
S V RBIAS 2k —  Voytfin 173.26974mV
@Sg T Vsense 868 520[18uV
Vshunt | 999.99132uV @] T 1 71 Rint 2.00501k
» l & N P o
RE 101 RFB% = —= . -
Load 100m L AN
= _ 100
- Rgias = Reias, typical*(l — 20%) 173#178B7
2.00 kQ = 2.50 kQ*(0.80) = =22 "100
Re = R ypica(1+1%) Rint = Reg/[Gaingeyice*(1 - 0.25%)] = - . %
101 Q = 100 Q*(1.01) 2.00501 kQ = 400 kQ / [200*0.9975] .
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Example — Determine new input offset

+

L R

+

shunt 10m

Vshunt 10006 u

Load 0

L]

+

R4 10m r

Vshunt 999 31364nV

1520

RF1101

[INA185A4 Input Impedance |

IBcm 100u

IBF 99. 93227!.1}\

N

CF 470N
_u |_$

V
: RDIFF_max 2
Vos_max_low 185 45393uV

RFE 99

RF199

14
IBN 100. OGT?BUA
IBcm 100u

[INA185A4 Input Impedance |

T IBem 100U
IBP 100.06854

=
L
Q

1 ’gj

RDIFF_max 2 J, los/2 -25n
Vos max h\gh 18? 2721uV

RF2 101

IBN 99 93136uA
IBcm 100u

_ + 1~ - 2 =
+ - - =0
L
+ o+ - + 2=0
( + - )-(—=/C + + )
+( )( + + )
{+18 ,-18 }for+1% R-
£100 12
=12 - | 1§20 )
—gv16i0 )= 241
= + +
T
— -~ u 11
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Example — Filter error summary

R INA185A4 with no
Specification ) )
Input resistors

Vos ToTaL max at 20-V

+ 141 pv
VCM .
Gain (typical) 200 VIV
Gain error (maximum) *+ 0.25%
Standard Voltage Feedback CSA
Veus (Vem) Res

|
1 VREF

RSHUNT

% ANV
Load @ Re
GND

]
1 Vour

INA185A4 with 100-
Q/1% input resistors

+328 WV, - 326 pV
(~+ 186 pV due to filter)

178.57 VIV

+2.16%, -2.97%

T

Gain error is dominated
by the £ 20% variation*
over process in
absolute values of Rgg,
Rinm and Rpjee

INA185A4 with 100-
Q/0.1% input resistors

+ 165 pV, - 164 pv
(~% 23 pV due to filter)

+2.07%,(-2.86%

Offset error
dominated by R
tolerance and IB,.

*Note that the £20% process variation of Rgg, R\\7, and Ry e is a conservative judgment
based upon capabilities of the process technology and may differ for other devices.
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Example — Calibration

INA185A4 Discrete Model RFB 400k

* L
ol

Vref 1

L

T IBcm 100u
o RF1 101 IBP 97.4535504 Rint 2.005k
[ wnay B AN

—_— ’ 174 ¢
+ i + c
% Rshunt 10m : Vv ] losf2 25n
Vsense -178.30838
Vshunt 976113520V App, T b l I AAA 0 10P7

P
Rint 2.005k

C7470n
S IAS 3k

RF299 IBN = 97.611350A

l Load 0 l IBem 100u

RFB 400k

1.75+

[ Point 2: Load 1A = known value |

Vout_differential A:(0; -35.57274m) B:(1; 1.75199) |

Vout_differential

[ Point 1: Load = 0A (off) |
-35.57m : | - |
500.00m 1.00

Load current (A)

Vout_differential- -32.57274mV

Vout 964.42726mV

Temperature Coefficient

Vos: IBeys  Temperature-stable device
Gain Error  specifications. See datasheet.
SiCr thin-film resistor process
technology. Conservative USL/LSL
=+ 30 ppm/°C. All resistors drift
Reg, Rinm with same polarity. + 30 ppm/°C
Ranes equates to an additional -0.07%,
+0.05% gain error over -40°C to
+125°C operating temperature
range.
R 5 ppm/°C to 25 ppm/°C for majority
F of thin-film, SMT resistors.
A
= + _
A
17519900355 7)27 38727
B 1 100Q

=178B56 Load0OmQ@3%727mV
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To find more current sense amplifier
technical resources and search products,
Visit ti.com/currentsense
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