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Current sense and overcurrent accuracy with
EiceDRIVER™ APD 2ED4820-EM

About this document

Scope and purpose

This document details how to evaluate the accuracy of the current sense amplifier and the overcurrent feature
provided by EiceDRIVER™ APD 2ED4820-EM.

All tables and calculations refer to values in datasheet Rev. 1.00.

Intended audience

HW and SW Engineers who have to integrate 2ED4820-EM in their application.
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Introduction to EiceDRIVERTM 2ED4820-EM

1 Introduction to EiceDRIVER™ 2ED4820-EM

2ED4820-EM is a gate driver designed for high current 48 V automotive applications, with powerful gate outputs
to drive many MOSFETs in parallel in order to minimize the conduction losses. It supports the back-to-back
configuration, both common source and common drain structures, thanks to its two gate outputs.

In common source configuration, one gate output can be used to pre-charge highly capacitive loads.
2ED4820-EM generates the supply for the gate outputs based on an integrated one-stage charge pump

with external pump and tank capacitors.

2ED4820-EM comes with an SPI interface, for easy configuration, diagnosis and control.

Several protection mechanisms are provided:

e Supply under and overvoltage detection with configurable restart timer

e Charge pump undervoltage detection

o Gate to source undervoltage detection with immediate lock-out to prevent linear mode conduction of the
MOSFETSs

e Configurable drain to source overvoltage detection, which can also be deactivated

e Configurable overcurrent protection based on an analog current sense amplifier compatible for high-side or
low-side shunt topologies

¢ Internal overtemperature warning and protection

An interrupt pin informs the MCU whenever one of these protections is triggered. Status registers can then be
read by the MCU to understand what was the trigger for the notification.

The output of the current sense amplifier can be monitored by the MCU to implement additional protections,
such as wire overtemperature.

In addition, 2ED4820-EM enables to implement an open load detection mechanism, checking the source
voltage of the MOSFETSs with respect to ground in the OFF state.

Application note 1.0
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2 Current Sense Amplifier

2.1 Output voltage (Vcso) as a function of the amplifier characteristics

The current sense amplifier is based on a well-known differential amplifier structure, with configurable feed-
back resistors to set the differential gain (Goire). This gain value can be changed through an SPI write command.

To implement a bidirectional current sensing, the amplifier is referenced to an internal reference voltage
(Vrer_sioir) Which is generated from the voltage applied on the VDD pin: Vree_sioir = Voo / 2.

ILoad

T

Figure 1  Current sense amplifier internal structure.

Assuming that the amplifier is perfect, the output voltage is defined as:
(1) Veso = Verer_pipir + [Gpirr X (Visp — Visn)]
(2) Veso = Vrer_ipir + [Gpirr X Rsnunt X ILoaal
The amplifier is not perfect: there is an input offset voltage (Vos), which is also amplified by Gper:
(3) Veso = Vrer_sivir + {Gpirr X [(Visp — Visn) + Vos]}
(4) Veso = Vrer_sipir + {Gpirr X [Rsnune X ILoaa + Vosl}

The amplifier also exhibits a residual common mode gain (Gcom) which amplifies the common mode voltage
(Vcom) defined as:

_ |WVisp+Visn)
(5) Veom = | > - VREF_BIDIRl

The output (CSO) definition is complete when defined as:
(6) Veso = Vrer_gipir + {Gpirr X [Rsnunt X Ioaa + Vosl} + Geom X Veom

Gceom is not defined in the datasheet; an industry-standard value is used instead, called CMRR = Common Mode
Rejection Ratio. The relationship between CMRR and Common mode gain is defined as:

Application note 1.0
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(7) CMRR = 20log (M)

|Gcoml

Gcowm is therefore calculed from CMRR values provided in the datasheet by the resulting equation:

CMRR)

(8) Gecom = £Gpirr X 10_( 20
Contributors to the error on Vcso

Several parameters contributing to the value of V¢so have an uncertainty, which will influence the current sense
accuracy:

Table 1 List of values for the contributors to the error on V¢so, based on datasheet Rev. 1.00.

Parameter symbol Min Typ Max Unscyer;t:::ty Uncertainty Unit d:::SI\i:e t

Vos -1.4 0 1.4 SVos +/-1.4 mvV PRQ-52

Vrer_sipiR 0.49*Vpp  |0.5*Vop | 0.51*Vpp | SVrer_sibir +/-0.01* Vpp v PRQ-228

Goirr10 9.8 10 10.2 OGpirr10 +/-0.2 V/V PRQ-53

Goirr =10 | Currio 69 - - dB PRQ-64
Gcomio -0.003548 0 0.003548 |8Gcomio +/-0.003548 | V/V |calculated

Goirris 14.7 15 15.3 OGoirr1s +/-0.3 V/V PRQ-77

Goirr =15 | Curris 72.5 - - dB PRQ-148
Gcomis -0.003557 0 0.003557 |8Gcomis +/-0.003557 | V/V |calculated

Goirr20 19.6 20 20.4 OGoirr20 +/-0.4 V/V PRQ-78

Goirr =20 | Curra2o 75 - - dB PRQ-149
Gcomzo -0.003557 0 0.003557 | 8Gcomz0 +/-0.003557 | V/V |calculated

Goirr2s 24.5 25 255 OGoirr2s +/-0.5 V/V PRQ-79

Goirr =25 | Curras 7 - - dB PRQ-150
Gcomazs -0.003531 0 0.003531 |8Gcomzs +/-0.003531 | V/V |calculated

GoiFrsLs 30.87 315 32.13 OGpiFr31s +/-0.63 V/V PRQ-206

Goirr = 31.5 | Currsrs 78.5 - - dB PRQ-210
Geomsrs | -0.003744 0 0.003744 |8Gcomsis +/-0.003744 | V/V |calculated

Goirrs 34.3 35 35.7 OGpierss +/-0.7 V/V PRQ-207

Goirr =35 | Cwmress 79.5 - - dB PRQ-211
Gcomss -0.003707 0 0.003707 |8Gcomss +/-0.003707 | V/V |calculated

Goirrao 39.2 40 40.8 OGpirrao +/-0.8 V/V PRQ-208

Goirr =40 | Currao 81 - - dB PRQ-212
Gcomao -0.003565 0 0.003565 |8Gcomao +/-0.003565 | V/V |calculated

Goirr = 47.7 | Goirrart 46.75 47.7 48.65 OGpirrar. +/-0.95 V/V PRQ-209

Application note 1.0
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Chrrar.z 82.5 - - dB | PRQ-213
Geomarz | -0.003577 | 0 | 0.003577 |8Gcomar.s +/-0.003577 | V/V |calculated
2.2 Computation of the error on the load current

In the system, the 2ED4820-EM current sense output (CSO) is usually connected to an ADC input of a
microcontroller.
The MCU computes the load current based on the following equation:

9) I ) — (Veso—VREF BIDIR)
LOAD_Cal_in_MCU ( GDIFF—X Rshu )

There are two main ways to calculate the error on the load current:

o Worst case tolerance: each contributing parameter is considered in its worst-case condition, which leads to
a pessimistic view of the error (the likelihood to have all parameter together in worst-case condition is
extremely low)

e Propagation of uncertainty, which leads to a more realistic view of the resulting error.
2.2.1 Worst case tolerance calculation
The maximum output voltage on CSO is calculated based on the equation:
(10) Veso max = Vrer ipir max + (RShunt X Ipoaa + VOS_MAX) X Gprrr_max + Geom_max X Veom
The minimum output voltage on CSO is calculated based on the equation:

(11) Veso min = Vrer ipir minv + (RShunt X I1oqa + VOS_MIN) X Gpirr min + Geom_min X Veom

The MicroControlleur has no access to the internally-defined parameters, Veersior & Goirr, SO it always computes
the Load current based on the typical values for these two parameters.

The maximum load current is calculated based on the equation:

(12) I _ (VCSO_MAX_VREF_BIDIR_'I'YP)
Load_MAX calcin MCU —

(Gpirr TvpXRshu )

_ ((RshuntXI Load+Vos_mMax)XGpIrF_max+Gcom maxXVcom+ (VREF_BIDIR_MAX_VREF_BIDIR_'I'YP))

(13) =

(GpiFF_rvP*Rshunt)
The minimum load current is calculated based on the equation:

(l 4) I _ (VCSO_MIN_VREF_BIDIR_'I'YP)
Load_MIN calc in MCU —

(GpirF Ty PXRshunt)

(RshuntXILoad+Vos.min)XGpirr min+Geom min¥Vcom+(VREF_BIDIR MIN —VREF_BIDIR_TYP))

(15) = (

(Gpirr_rvPXRshunt)

0 show the computed values for one concrete example:

Voo =5V, Rshunt = 200 pQ, Gpire = 47.7 and Veom = 2.5 V (low-side sense)

Application note 1.0
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Table 2 Error on the Load current as calculated in the MCU, based on worst case methodology:
lLoad 12.5A 25A 50A 75A 100A 150A 200A
Veso_min 2493V | 2.609V |2.843V |3.077V |3.311V | 3.778V | 4.246V
Veso_tve 2,619V | 2,739V |2.977V |3.216V | 3.454V |3.931V | 4.408V
Veso_max 2,749V | 2.870V |3.114V |3.357V | 3.600V | 4.087V |4.573V
lLoaa_vin calculated in MCU -0.78 A | 11.46 A |35.96A |60.46A | 84.96 A [133.96A |182.96 A
lLoad_vax calculated in MCU 26.07A | 38.82A |64.32A |89.82A [115.32A |166.32 A |217.32A
Error on ILoad_MIN Vs ILoad '106 0/0 '542 0/0 '281 % '194 OA) '150 0/0 '107 0/0 '85 0/0
Error on lioad_vax VS lLoad 108.5% | 55.3% |28.6% [19.8% | 153% | 10.9% 8.7%

110%
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80%
70%
60%
50%
40%
30%
3 20%
= 10%
c
(o] 0%
O -10% 0 20 40 60 80 100 120 140 166 180 Z00
o -20%
-30%
-40%
-50%
-60%
-70%
-80%
-90%
-100%
-110%
ILoad (A)

Figure 2  Graphical view of the error on the Load current as calculated in the MCU.

2.2.2 Uncertainty propagation calculation

Rationale for this calculation method: assuming that all independent parameters can be simultaneously in the
worst-case condition (all in maximum or allin minimum value) is very pessimistic statistically speaking.

To illustrate it, the well-known gaussian distribution in Figure 3 shows that when parameters are defined with
+/-60, it means that 99.999998% of the samples are inside the limits, 3.4ppm (part per million) are outside.
Considering 2 parameters which are independent, the likelihood to have them both in worst case (+/-6c) at the
same time is ultra low: only 0.01ppb (part per billion) !

Application note 1.0
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Figure 3  Gauss distribution.

The parameters influencing the uncertainty on the voltage on CSO and the resulting Load current computation
in the microcontroller are all independent, it is then very pessimistic to consider all of them in worst case
simultaneously.

The popular approach to estimate the error on a measurement in a more realistic way is known as the
“Propagation of uncertainty”.

Assuming that a measurement ‘M’ relies on 3 different parameters: x, y and z, each of them having an
uncertainty of 8x, 8y and 3z, the resulting uncertainty on ‘f’ is defined as:

oM 2 oM 2 oM .. \2
The voltage measured on the CSO pin relies on 4 parameters internal to 2ED4820-EM: Ve _sioir, Goirr, Vos and

Gceom. Each of these parameters has an uncertainty: 8Ver_sioir, 0Goirr, 0Vos and 8Gcow. The uncertainty on Veso can
then be defined as:

2 2 2 2
_ Vcso dVcso dVcso dVcso
(17) Veso = \] <—aVREF_BIIR aVREF_BIDIR) + (aGDIFF 0 GDIFF) + ( Wos aVos) + (aGcom 0 GCOM)
Deriving Vcso for each of the 4 parameters:
(18) Veso = Vrer_sipir + {Gpirr X [Rshun X ILoaa + VosI} + Geom X Veom
We get:
(19) —2ves0__ — 1

OVREF _BIDIR

Application note 1.0
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(20) IVcso

3G = Rshunt X Ip0aa + Vos
DIFF

av,
(21) aVCOSSO = Gpirr

9Vcso
22) ===V,
(22) 2252 = Vo,
The uncertainty on Vcso becomes then:

(23) Vs =

2
J(aVREF_BIDIR) + ((Rshunt X Ioaa + Vos) X 0Gpirr)? + (Gpirr X 0Vps)? + (Veom X 0Geom)?

The microcontroller will compute the load current from the voltage on CSO pin according to the following
equation:

_ (VCSO_VREF_BIDIR_'I'YP)
(24) ILoad calcin MCU —

GpIFF_TYPXRshun

Deriving lioad calc inmcu @gainst Veso:

oI i 1
(25) Load calcin MCU —

dVcso GpIFF.TY PXRshunt

The uncertainty on lioad caicinmcu is therfore:

Vcso

(26) 0l0ad caicinmcu = G - OXR
DIFF_TYP Shunt

1

Gpirr_TvP X Rshun

2
X \/(GVREF,BIDIR) + ((Rsnunt X Ioaa + Vos) X 0Gpirp)? + (Gprrr X 0Vos)? + (Veom X 0Geom)?

Considering the same concrete example: Vpp =5V, Rshunt =200 pQ, Goirr = 47.7 and Veon = 2.5V (low-side sense),
Table 3 shows the resulting error on the sense current:

Table 3 Error on the Load current as calculated in the MCU, based on uncertainty propagation:
load 12.5A | 25A | 50A | 75A | 100A | 150A | 200A
SlLoaa_viv calculated in MCU -8.80A | -8.82A |-8.87TA [-895A | -9.05A | -9.34A | -9.72A
SlLad_wax calculated in MCU 880A | 8.82A |887A |895A | 9.05A | 9.34A | 9.72A

Error of Slieas i VS load -704% |-353% |-17.7% |-11.9% | -9.1% | -6.2% | -4.9%

704% | 353% |17.7% [11.9% | 9.1% 6.2 % 4.9%

Error of 8lioad vax VS ILoa\d

1.0
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Figure4  Graphical view of the error on the Load current as calculated in the MCU (uncertainty
propagation).
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Figure 5 Graphical comparison of the 2 methods to calculate the error.
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3 Overcurrent protection

3.1 Implementation of the overcurrent detection

To detect overcurrent, whatever the current direction (charge or discharge), the current sense amplifier output
is connected to a window comparator:

SO
AVocThn i
Overcurrent i
=1 !
AVocthn 1 |
Figure 6 Overcurrent window comparator structure.
Veso Zero current line
Vi | 3.3V | 50V |
DD_ - | | |
| | |
L
AV | | |
OCTH4H Charge overcurrent —1264V1 4.0V
=+0.3"Vpp ! ' '
I I I
| | |
o
VRer_BIDIR l ' |
n —11.65V) 2.5V
= O.S*VDD i i i
Discharge | !
current I I
AVoctHat : : |
— * - — I [
=-0.3"Vp Discharge overcurrent :0'66 V: L.ov !
| | |
ov : : :
t
Figure 7  Overcurrent window behavior with configuration AVocruanL.
Application note 1.0
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Assuming that the amplifier and the comparator are perfect, an overcurrent fault is triggered if the load current
lLoad_oc_wL iS such that:

(27) |AV0canH/L| = |Vcso - VREF_BIDIR|
(28) AVocrunn = Gpirr X Rsnune X Inoad_oc u

(29) AVocrunt = Gpirr X Rshunt X ILoad_oc_1

The structure is symmetrical, |AVoctinn| = |AVocthni| @and | lioad_oc_n| = | lLoad_oc_t|- In the coming analysis, only
[Load_oc_n is considered for simplicity.

_ _AVocrunn
(30) Inogaoch = g opr—
DIFF *RShunt

Playing with the gain (Gorr) and window (AVocrinn) Settings, it is possible to configure many different
overcurrent values as shown in Table 4 and Figure 8 where the shunt value is Rshunt =200 pQ and VDD =5 V:

Table 4 Value of the overcurrent (loaa_oc_u) for all gain (Gpirr) and window (AVocrunn) settings:
GD|FF AVOCTHIH AVOCTHZH AVOCTHBH AVOCTH4H
10 263 A 525A 635A 760 A
15 175A 350A 423 A 507 A
20 131A 263 A 318A 380A
25 105A 210A 254 A 304 A
31.5 83A 167 A 202A 241 A
35 75A 150A 181A 217A
40 66 A 131A 159A 190A
41.7 55A 110A 133a 159A
800
750
700
650
600
’E 550
:l 500
gl 450
<O( B DVOCTH1H
f 400 ® DVOCTH2H
S 350 DVOCTH3H
g 300 DVOCTH4H
s [ ] © GDIFF
2 250 -
8
200 )
150 = iz
100 n u
50 = " .
10 15 20 25 35 40 47.7
0 . . . . . * .
0 10 20 40 50 60
Gpirr
Figure 8  Configurable overcurrent values playing with gain (Gpire) and window (AVocrunm).
Application note 1.0
www.infineon.com page 12 of 25 2022-01-20



o~ _.
Current sense and overcurrent accuracy with EiceDRIVER™ APD |n f| neon
2ED4820-EM

Overcurrent protection

The amplifier is not perfect: there is an input offset voltage (Vos), which is also amplified by Goer:

(31) AVpcranu = Gprrr X [Rshun % Inoad oc_u + Vos]

The amplifier also exhibits a residual common mode gain (Gcom) which amplifies the common mode voltage
(Vcom, See Output voltage (VCSO) as a function of the ):

(32) AVocrunn = Gpirr X [RShunt X lioad oc u + Vos] + Geom X Veom
(33) AVocrunn = Gpirr X Rsnunt X Ioad_oc_n + Vos X Gpirr + Geom X Veom

(34) Gpirr X Rsnunt X Ipoad_oc.u = MVocrunn — Vos X Gpirr — Geom X Veom

1

(35) Inoad oc.n = [AVocrunn — Vos X Gpirr — Geom X Veom]

GpIFFXRshun
1 \%4
(36) lioad oc n = 7——m—— [AVocrunn — Geom X Veom] = 52>
DIFF Shunt Shunt
3.2 Contributors to the error on the overcurrent licad oc_n

Several parameters contributing to the value of l.aq_oc_+ have an uncertainty, which will influence the
overcurrent accuracy:

Table 5 List of values for the contributors to the error on V¢so, based on datasheet Rev. 1.00

Parameter symbol Min Typ Max Unsc;e::(i:l\ty Uncertainty Unit d;:SI'::e ¢

Vos -14 0 1.4 Vos +/-1.4 mV PRQ-52

AVocrhn 0.095*Vpp [0.105*Vpp |0.115*Vop | 8AVoctHin 0.05 v PRQ-531

AVoctran 0.199*Vpp 0.199*Vpp {0.199*Vop | 8BAVoctHan 0.055 v PRQ-533

AVocrhsn 0.243*Vpp  |0.254*Vpp | 0.265"Vop | 8AVocthan 0.055 v PRQ-535

AVocrhan 0.293*Vpp |0.304*Vpp | 0.315*Vop | 8BAVoctHan 0.055 v PRQ-537

GoiFr1o 9.8 10 10.2 8Goirr10 +/-0.2 V/V PRQ-53

Goirr =10 | Currio 69 - - dB PRQ-64
Geomio -0.003548 0 0.003548 | 8Gcomio +/-0.003548 | V/V |calculated

Goiris 14.7 15 153 | 8Goir1s +/-0.3 V/V PRQ-77

Goirr =15 | Curris 72.5 - - dB PRQ-148
Gcomis -0.003557 0 0.003557 | 8Gcomis +/-0.003557 | V/V |calculated

Goirr20 19.6 20 20.4 6Goirr20 +/-0.4 VIV PRQ-78

Goirr =20 | Cyrrao 75 - - dB PRQ-149
Geomzo -0.003557 0 0.003557 | 8Gcomzo +/-0.003557 | V/V |calculated

Goirr2s 24.5 25 255 OGoirr2s +/-0.5 VIV PRQ-79

Goirr =25 | Cureas 7 - - dB PRQ-150
Geomas -0.003531 0 0.003531 | 8Gcomzs +/-0.003531 | V/V |calculated

GoirrsLs 30.87 315 32.13 | OGpiresrs +/-0.63 VIV PRQ-206

Application note 1.0
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Gope = | Creas 78.5 - - dB | PRQ-210
315 | Geomars | -0.003744 0 0.003744 | 8Gcomss +/-0.003744 | V)V |calculated
Gorrras 34.3 35 357 | 8Gomrss +/-0.7 VNV | PRQ-207
Goirr =35 | Curess 79.5 - - dB | PRQ-211
Geowss | -0.003707 0 0.003707 |8Gcomss +/-0.003707 | V/V |calculated
Gorrrao 39.2 40 40.8 | 8Goirao +/-0.8 VNV | PRQ-208
Goirr =40 | Currao 81 - - dB | PRQ-212
Geomso | -0.003565 0 0.003565 | 8Gcomao +/-0.003565 | V/V |calculated
Gorrrar.t 46.75 417 48.65 | 8Goirrart +/-0.95 VNV | PRQ-209
G4°_';_F7= Currar.r 82.5 ; ; dB | PRQ-213
Geomars | -0.003577 0 0.003577 |8Gcomar.r +/-0.003577 | V/V |calculated
3.3 Computation of the error on the overcurrent

There are two main ways to calculate the error on the overcurrent:

o Worst case tolerance: each contributing parameter is considered in its worst-case condition, which leads to
a pessimistic view of the error

e Propagation of uncertainty, which leads to a more realistic view of the resulting error.

3.3.1 Worst case tolerance calculation

The maximum value of the overcurrent is calculated based on the equation:

1 14
(37) Ioad oc H Max = p—— [AVOCTHnH_MAX — Geom_min X VCOM] - w
DIFF_MIN Shunt Shunt
The minimum value of the overcurrent is calculated based on the equation:
— 1 Vos max
(38) I oad oc i min = ————————— [AVocranu_min — Geom max X Veom| — —=22%
GpIFF MAXxXRshunt Rshunt
0 shows the computed values for one concrete example:
Voo =5V, AVocrhan = 0.3XVDD = 1.5V, Rshunt = 200 uQ and Veou = 2.5V (low-side sense)
Application note 1.0
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Table 6 Error on the overcurrent:
Goire | load oc Min (A) load_oc_nH Min (0/0) lLoad_oc_n TYP (A) lLoad_oc_v Max (A) load_oc_v Max (0/0)
10 706.8 -7.0% 760 815.1 7.2%
15 468.9 -7.5% 507 545.7 1.7%
20 349.9 -7.9% 380 411.1 8.2%
25 278.5 -8.4% 304 330.2 8.6%
315 219.5 -9.0% 241 263.6 9.3%
35 196.9 -9.3% 217 237.9 9.6%
40 171.4 -9.8% 190 209.0 10.0%
47.7 142.6 -10.5% 159 176.4 10.7%
15.0%
47.7 o
10.0% aall 3_531.5 =
- & z.o 15 o
5.0%
g W |Load_OC_H
& 47.7 40 35315 25 20 15 10 Max (A)
£ 0.0% | B e B | ] ] ] ] M ILoad_OC_H
£ 0 100 200 300 400 500 600 700 800  Min(A)
< ILoad_OC_H
:é .Tvp (/;) -
]
-5.0%
- 10
25 z.o = .
40 3531-'5 "
-10.0% 47-7 . "
-15.0%
I_OverCurrent[A]

Figure 9  Graphical view of the error on the overcurrent for all gains with AVocruan = 0.3xVDD.

3.3.2 Uncertainty propagation calculation
The rationale for this calculation methodis described here: Uncertainty propagation calculation.

The overcurrent relies on 4 parameters internal to 2ED4820-EM: Gpier, Vos and Geom. Each of these parameters
has an uncertainty: 8Gpirr, dVocthnn, 0Vos and 8Geou. The uncertainty on Veso can then be defined as:

(39) 0lL0ad 0c v =

OlLoad 0CH 5 2 | (3lioad ocH AV, 2 | (9oadoc v 2 | (9oadoch 3G 2
3c pirr ) T \5ay octnH ) T\ %y os) t\—%; coMm
DIFF OCTHnH oS com

Application note 1.0
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Deriving lioad_oc_n for each of the 4 parameters:

1 Vos

Rshunt

(40) Inoad 0cn = [AVocrunu — Geom X Veom] —

GprrFXRshun

We get:

(41) Olioad ocH _ _ (AVocTHnH—Gcom>Vcom)

2
9GpIFF RshuntXGpIFF

(42) OlLoad 0C H _ 1
OAVocTHnH ~ RShuntXGpIFF

(43) Olroad ocH _ __ —Vcom
dVos RshuntXGpIFF

ol -1
(44) Load_OC_H —
0Gcom Rshunt

The uncertainty on liad_oc_n becomes:

(45) 0l 0aq.0cn = \/((AVDCTHHH_GCOMXVCOM) aGDIFF)Z + (;BAVOCTHnH)Z + (MBVOS)Z + (__166C0M)2

2
RshuntXGpIrF RshuntXGpIFF RshuntXGpIFF Rshunt

Considering the same concrete example: Vpp =5V, AVocrhan = 0.3XVDD = 1.5V, Rspynt =200 pQ and Veou = 2.5V
(low-side sense) Table 7 shows the error on the overcurrent:

Table 7 Error on the overcurrent:
Goirr | Slioad_oc_n Min (A) |8lioad_oc_n Min (%) | lioad_oc_u TYP (A) | Slioad_oc_n Max (A) |8lioad_oc_v Max (%)
10 -32.5 -4.3% 760 325 4.3%
15 -22.3 -4.4% 507 22.3 4.4%
20 -17.3 -4.6% 380 17.3 4.6%
25 -14.5 -4.8% 304 14.5 4.8%
315 -12.3 -5.1% 241 12.3 5.1%
35 -11.5 -5.3% 217 11.5 5.3%
40 -10.6 -5.6% 190 10.6 5.6%
47.7 -9.7 -6.1% 159 9.7 6.1%
Application note 1.0
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Figure 10 Graphical view of the error on the overcurrent for all gains with AVocruan = 0.3xVDD.
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4

Excel worksheets

An excel file is available to complement the present application note:

Infineon

Infineon-Current sense and overcurrent accuracy with EiceDRIVER APD 2ED4820-EM-AN-v0l 00-EN.xlsx

It provides 5 worksheets, to compute the accuracy which can be achieved with EiceDRIVER™ APD 2ED4820-EM.

4.1

CSO accuracy with Worst Case calculation methodology

- O DC -
Values defined inthe application fsedion i
Typ | Unit Vosomax = Veer moramax + (Rshune X ligad + Vosuax) X Gorgrriax + Geommax * Voom
Rshunt |_0.0002 pp 0 1
VDD 33| v
Veou . v Vesomin = Vier sioirmin + Rsmune % lioaa + Vosuin) X Gpiremiw + Goompin % Veom
Gonr CMRR in G
Values defined in the datasheet Min | Typ | Max | datashest | Min [Typ| Max 1
Typ | Unit 98 | 10 | 102 69 |-0003548] 0 [0.003548 .
[Gape Tol 2 % 147 | 15 | 153 | 725 |-0003557| 0 [0.003557
Vs aa Tol 2 = 196 | 20 | 204 | 75 |-0003557 0 0003557 it e (Vesouw = Vase nivigrye)
245 | 25 | 255 77 |-0003531] 0 |0.003531 (Gprerrve % Ropune) | f d
Min Tyo |max | unit 3087 | 315 [3213| 785 |-0.003744] 0 |0.003744 Values for Loa
Vref_BIDIR 1617| 165| 1683 v 343 | 35 | 357 | 795 |0003707] 0 |0.003707 ] - _ (Vesona
Vos -0.0014] 0| oooa| v 302 | 40 | 408 81 -0.003565| 0 |0.003565 LeadrAL calc I MU
46.75 | 47.7 | 48.65 82.5 -0.003577| 0 |0.003577
i;:: Vertical lines: Output [1_toad [a] [ 1225 [ 25 | so | 75 | 100 | 1so0 | 200
90% of the amplifier Goue =10
Bk hitting AVoerpan Veso Min [V]
70% Veso Typ [V]
0% Veso Max [V]
50% \easin calculated in MCU [A]
a0% Voaoees Caleulated in MCU [A]
30% Deviation lypsgupe V5 licea [%6]
3 20% Deviation lyssguss VS lisss [%] 30.4%]
w—g 10%
§ o Goie = 15
§ 0% 0 1 Veso Min [V] 1.624] 1661 1735 1.808 1882 2.029] 2.176
& -20% Veso Typ [V] 1,688 1725 1.800 175 1.950| 2.100] 2250
-30% Veso Max [V] 1.752 1.790. 1.866 1.943 2019 2172 2.325
40% lza calculated in MCU [A] 8574 3676] 28176 52676  77.176] 126176  175.76
S5 lpaouex Calculated in MCU [A) 33.854] 46604  72.104|  97.604] 123.104] 174104  225.104
0% Deviation lussurs V5 lioes 1] -168.6%|  -85.3% 436%|  -298%  -228%]  -159%|  -124%
70% Deviation gy S Loa [%)] 170.8% 86.4% 44.2%] 30.1% 23.1% 16.1%) 12.6%
(SRRl CSO accuracy UncertProp | OverCurrent | OverCurrent accuracy W @ :
1st worksheet

110%
100%

Error on | 5.9

O

Iluad lA)

O

Select for which
gains the waveforms
are displayed

Veso Min [V]

Veso Typ [V]

Viso Max [V]

1 ralrulatad in RACTLTAL

Figure 13 How the select the waveforms displayed on the graph (sorted by gain).

Application note
www.infineon.com

page 18 of 25

1.0

2022-01-20



o~ _.
Current sense and overcurrent accuracy with EiceDRIVER™ APD |n f| n eon

2ED4820-EM
Excel worksheets

4.2 CSO accuracy with uncertainty propagation methodology

o e Values to update
) ) 1 2
R based on your Olyoadcateinmey =7 <R X [ (0Vrer sioia)” + (Rshunt X luoaa + Vos) X 3Gpiee)
L 3 d applicati DIFF’ Shunt
DD pplication
Vo v Gorr CMRRin [Geo
Typ |6Goy: | datasheet |Typ[eGeo Values for Load
Values defined in the datasheet 10 | 02 69 0 [0.003548 [ _toad [A] 12.5 25 | s0 | 75 | 100 current can be
Typ | Unit 15 | 03 725 | o [0.003557
[Gowe Tl 2| % 20 | 04 75 0 [0.003557 G =10 updated
- 2 % 25 | 05 77 0 |0.003531 DiIFF —
315 | 063 | 785 | 0 |0.003744 61,4 calculated in MCU [A] | -26.341] -26.345]-26.362[ -26.380] -26.424] -26.524 26.661[ -26.834] -27.044
Typ | &Var | unit 35 | 07 795 | o [0.003707 Blios calculated in MCU [A] 26.341| 26.345| 26.362| 26.389] 26.424| 26,524 26.661| 26.834] 27.044
|VreLE<DlR 250 005 Vv 40 08 81 0 |0.003565 Deviation ~Cloas ¥$ lioas [%] -210.7%| -105.4%| -52.7%| -35.2%| -26.4%| -17.7%| -13.3%| -10.7% -9.0%
[Ves ol ogo14| v 477 | 0854| 825 | 0 |0.003577 Deviation Glyess VS s (%] 210.7%| 105.4%| 52.7%| 35.2%| 26.4%| 17.7%| 133%| 107%| 9.0%
0% Gper =15
60.0% Vertical lines: Output Gluuuq calculated in MCU [A] | -18.323[ -18.330[ -18.354] 18.392] -18.443[ 18.586] -18.780] -19.026| -19.320
ey Blieus Calculated in MCU [A 18.323 18.330| 18.354| 18.392] 18.443] 18586 18.780] 19.026] 19320
- of the amplifier Fosas Calciiated I MCU (4]
s0. o Deviation Bligss VS hess [%] | -146.6%| 73.3%| 36.7%| -24.5%| 18.4%| 12.4%| 0.4%| 7.6%] 6.4%
T hitting AVocrian Deviation 8lys. VS liga %] 146.6%| 73.3%| 36.7%| 24.5%| 18.4%| 12.4%| 9.4%| 7.6% 6.4%
30.0% Gpyee = 20 omputatio
20.0% -El,.4 calculated in MCU [A] -14.503| -14.512|-14.543|-14.59 ared 2| -15.745
- 1100 Calculated in MCU [A] 14503 14.512] 14,543 4) 2| 15745
3 10.0% — ] Deviation -Oligzq ¥s hosa (%] | -116.0%| -58.0%| -20T%| -19.5%| -14.7%| -0.0%| -7.5%| 624 -52%
= s s — Deviation Blyess VS lipse %] 116.0%| 58.0%| 20.1%| 19.5%] 14.7%] oou| 75%| e2u] 5%
o 0.0%
5 50
£ -100% Gpirr = 25
. 61,4 calculated in MCU [A] | -12.340[ -12.350[ -12.386] -12.442] -12.518[-12.727[ -13.010] -13.362| -13.777
o 11045 calculated in MCU [A] 12.340 12.350| 12.386| 12.442] 12518 12.727] 13010] 13362 13777
30.0% Deviation -Zlees VS ligss [%] 08.7%| -49.4%| -24.8%| -16.6%| -125%| -85%| -65%| -53%| -4.6%
Deviation &liae VS lises [%] 098.7%| 49.4%| 248%| 166%| 125%| B8.5%| 65% 53% 4.6%
€50 accuracy UncertProp R
2nd worksheet

Figure 14 Overview of the 2" worksheet, computing accuracy on CSO using uncertainty propagation.

4.3 Overcurrent settings

Values to update

Values defined | based on your AVO CTHnH
Typ oc_u Typ (A) ILaad_OCH = W
A Giisi AVocman = | AVocmuam = Shunt DIFF
Rshunt 0.0002| O 0.2xVDD |0.25xVDD| 0.3xVDD
VDD 5 Vv 10 525 635 760 o 800
Veom | 25 v 15 350 423 507 |o 750
20 A8 200
Values defined in the datasheet 25 254
Typ | Unit 315 202 L -
Vo | 0.525 | V %% 181 600
Vi 105 | v 0| o6 Z s
Voenin 1.27 % 477 55 ‘;I - "
Vornas NSO f. 50
Vos 0 ¥ Combination of AVpertion _§ L B DVOCTHIH = 0.1xVDD
Gorer Tol 2 % and Gy values to reach b B EVOCTHA S D0
l.0ad_oc 1 Close to 150A & . L " z:zﬁi: : 2':::‘::]
* GDIFF

- u
150 L] -

" u

100 .
-

50 " u

10 15 20 25 315 35 40 47.7
0 . . . . PR - .
0 10 20 30 40 50 60

Goiee

uent accuracy UncertProp

3rd worksheet

Figure 15 Overview of overcurrent settings offered by EiceDRIVER™ APD 2ED4820-EM.
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4.4 Overcurrent accuracy with Worst Case calculation methodology

Values to update
based on your
application
Values defined In 1 Vosmin Vosmax
— Load.0c HMAX = oo e X (BWocrhnmax — Geommn X Veom) — 7= Toad.ocumin = g% (Wocrrnumin = Geommax X Veom) = 5——
Rshunt shunt X ODIFFMIN 'Shunt shunt X Gpirrmax 'Shunt
VDD
Veow CMRRin hosd oc u
Sore datasheet Geom
AVoerygy = 0.1XVDD AV = 0.2XVDD AVoryay = 0.25xVDD AVocryan = 0.3xVDD
Min | Typ | Max Min _ [Typ| Max Min (o) [ Typ (&) | Max (A} Min(A) | Typ(A) | M in(4) | Typ (A} | Max(a)
98 |10 02| 69 |-0.003548| 0 |0.003548|221.5]-15.6%| 263 |304.9]16.1%|476.4] -9.3%| 525 i 7.0%| 760 |815.1] 7.3%)
Min_ [Typ |Max [Unit| |47 15 [153| 725 |000355/| O |0.003557|145.3|-17.0%| 175 |205.6|17.5%|315.3 -0.0%| 350 7.5%| 507 |545.7| 7.0%
AVeeruw | 0475| 053] 0575| v | [196] 20 [204] 75 [-0.003557] 0 [0.003557[107.2]-183%| 131 [156.0[18.8%|234.7]-106%| 263 79%| 380 [4111] 83%
AVecrs | 0995| 105 1105| v | [245| 25 [255] 77 [0.003531] 0 [0.003531| 84.4]-196%| 105 [126.1[201%[186.4]-113%| 210 9.9% -84%| 304 [3302] 8.6%
AVeersu | 2235| 127] 1.325| v | [308|315(321| 785 [-0.003744| 0 [0.003744 65.5-21.4%| 83 [1016[22.0%[146.4]-12.2%| 16 g 180.6 10.7%|219.5| -9.0%| 241 |263.6] 9.3%
AVoeman 1.465] 1.52] 1.575( v 343| 35 | 357 795 -0.003707| O [0.003707 | 58.2|-22.4% 75 92.2122.9%(131.1|-12.6% 150 169.4/13.0%(161.9|-10.8%| 181 201.5(11.1%[196.9] -9.3% 217 237.9| 9.6%)
00014 v | [392] 40 |408| 81 |-0.003565] 0 |0.003565| 50.1[-23.6%| 66 | 81.5|24.2%(113.8|-13.3%| 131 |149.1]13.6%140.8]-11.3%| 159 |177.1|11.6%|171.4] -9.8%) 190 |209.0|10.0%)
467 | 477|487 | 825 [0.003577] 0 |0.003577| 409]-25.7%| 55 | 69.5/26.2%| 94.3|14.3%| 110 |126.1[14.6%[116.9]-12.2%| 133 |149.7|12.4%[142.6]-105%| 159 |176.4|10.7%|
30.0%
a
a0
s
" 25
20.0% o
E 10
e I il OverCurrent accuracy WorstCase ercurrent accuracy UncertProp
4t worksheet

Figure 16

Overview of the 4" worksheet, computing overcurrent accuracy using worst case method.
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S
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Figure 17 How to read the graph.
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4.5 Overcurrent accuracy with uncertainty propagation method

S O DAate
D €ad O O
cHpICatD 2 2 2 2
VIIIBMiMTw (AVOETHYLH == GCUM x VCOM) 1 VCDM il
Tye | Unit Olagoc= \——FH———~ 7 90oirr ) + ﬁaAVDm’HnH + ﬁaﬁmu i+ R—‘Wos
Rshunt 0.0002] Rsnune X Gpirr 'shunt X Opire shune X Upirr shunt
voD 5 v
V 25 v |
= ] [ CMRR in Geom lLoad_oc_H
AVocrun = 0.1xVDD AVocran = 0.2XVDD AVocrysy =0.25XVDD AVocpan = 0.3xVDD
values defined in the datashee: Typ |8Gowe Typ| EGeom Min(A) | Typ(A) | Max(A) Min(A) | Typ(A) [ Max(A) Min (A) A Min(A) | Typ(A) | Max(A)
Typ |&Var Unit 10 | 0.2 69 0 |0.003548|-26.9|-10.2%| 263 |26.9|10.2%|-30.6| -5.8%| 525 |30.6| 5.8% —31‘4‘ p|-32.5| -4.3%| 760 |[32.5] 43%
Vocmzn 0.525| 005| Vv 15| 0.3 725 0 |0.003557|-18.6(-10.7%| 175 |18.6/10.7%|-21.0| -6.0%| 350 |21.0| 6.0% -216[ Computatlon b|-22.3| -4.4%| 507 |[22.3] 4.4%
Vocman 1.05| 0.055| v 20 | 04 75 0 [0.003557|-14.7|-11.2%| 131 |14.7|11.2%|-16.4| -6.3%| 263 |16.4 6.3%|-16.8 area b|-17.3| -a.6%| 380 |17.3 4.6%
Voctsn 1.27| 0.055| VvV 25 | 0.5 el 0 |0.003531|-12.5/-11.9%| 105 |12.5(11.9%|-13.8] -6.6%| 210 |13.8| 6. i o|-14.5| -4.8%| 304 |14.5] 4.8%
Voctan 152| 0055 v 315/ 063| 785 0 |0.003744|-10.8|-13.0%) 83 |10.8(13.0%|-11.8| -7.1%| 167 [118] 7.1%|-12.0] -5.0%| 202 |12.0) 5.9%|-12.3] 5.1%| 241 [123] 5a%
Vos 0] 0.0014] Vv 35 | 07 79.5 0 [0.003707|-10.2|-13.6%| 75 |10.2{13.6%|-11.0| -7.3%| 150 |[11.0] 7.3%|-11.2| -6.2%| 181 [11.2] 6.2%|-11.5( -5.3%| 217 |115[5.3%
40 | 0.8 81 0 [0.003565] -9.5]-14.5% 66 9.5[14.5%[-10.2] -7.8%] 131 [10.2] 7.8%]-10.4] -6.5%] 159 [10.4] 6.5%[-10.6] -5.6%| 190 [10.6] 5.6%
[ tve [ unit | 47.7]095] 825 0 [0.003577] -8.9]-16.1% 55 89[16.1%| 9.4] 85%] 110 [ 9.4] 8.5%] 9.5[ 7.1%] 133 | 95[7.a%[ -9.7] 6.1%] 159 | 9.7]61%
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Figure 18 Overview of the 5'" worksheet, computing overcurrent accuracy using uncertainty
propagation.
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5 Choosing the best setting to improve the accuracy

5.1 Parameters impacting the accuracy
To improve the accuracy, there are three parameters which can be configured at the application level:

e Theshuntvalue, Rshunt
e The shunt connexion, either in low-side or high-side, impacting the common mode
e The logic supply VDD

There are also 2 parameters configured over SPI in the EiceDRIVER™ APD 2ED4820-EM:

e The gain of the amplifier, Gpie
e The window of the overcurrent comparator, AVoctunn

Table 8 and Table 9 analyze the impact of these parameters on the current sense output, CSO, and on the
overcurrent.

Table 8 Parameters impacting the CSO current sense output accuracy

Parameter Trend Comment

Goirr Use high gain values High gains can be used at low current but the overcurrent
can be triggered at higher currents => switch thento a
lower gain

VDD 5V better than 3.3V 5V VDD enables to use high gains for medium currents
without saturating the CSO output.

Veom Low side shunt better Low side shunt configuration significantly reduces the effect

than high side of the Common Mode Rejection Ratio (CMRR)
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Figure 19 Impact of the Shunt connection (low side, Vcom = 2.5 V, vs high side, Vcom =45.5 V) on the
current sense accuracy.
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Table 9 Parameters impacting the overcurrent accuracy
Parameter Trend Comment
Goirr Use low gain values The trend here is opposite to the trend on current sense

output: overcurrent is a single point, at high current only,
while CSO current sense covers a broad range of current.

VDD 5V betterthan3.3V 5V enlarges the windows AVocrran thus reducing the impact of
the offsets.

AVocrhnn AVocruan as best choice | The bigger the window, the lower the impact of the offsets

Vcom Low side shunt better | Low side shunt configuration significantly reduces the effect

than high side of the Common Mode Rejection Ratio (CMRR)
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Figure 20 Impact of the Shunt connection (low side, Vcom = 2.5 V, vs high side, Vcom =45.5 V) on the
overcurrent accuracy.
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