


With Thanks to Our Sponsors!

LEENO

Total Interface Solutions

¥4 TSE

~ TestConX - 2023



With Thanks to Our Sponsors!

Distinguished

.Ahnstech’“ SmLtths

toniRo. CTFE ADVANTEST

COMPANY SsINCE 1972 Align & Smart Contact

Industry Partners

X WTEST
— JestConX - 2023




COPYRIGHT NOTICE

The presentation(s) / poster(s) in this publication comprise the Proceedings of the
TestConX 2023 workshop. The content reflects the opinion of the authors and their
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%%%// E-bikes / E- Garden

BBU scooters tools

/ Battery Management
Systems (BMS) control
charging and balancing
of the charge on
individual cells within a
battery pack, as well as
monitoring the State of
Charge (SoC),
temperature and health
K of the battery pack.

Driving Battery Management to the Next Level
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BMS Accuracy is Critical for Electric Vehicle Adoption
* Driving Range
— Range can be increased with the
same battery and a more accurate ”& 4 s 3 - rakingProtacton: 3.9 W
BMS - ::loelearro:cflon: .
. S - I i.RAvaﬁab(i:fo? RaangS;:‘I:)t?ving
® Safety & Rellablllty 85kWh 81.1kWh  759kWh  67.4kWh 5. Available for Normal Driving
- - ‘ No Error — Usable Energy 80%
 More precise SoC B ‘ S% Etor —» Usable Eneray 70%
‘ 1% Error — Usable Energy 78%
— Enables greater battery Utilization | quee Y Y
— Maintains battery safety ! pattery runtoneor doceenses weght and cos.
— Improves driver confidence Source: Teradyne, Inc.
e Vehicle Cost  Cells are kept between 10 & 90% of limits
Tt - » Must be kept between 15 & 85% if 5% accuracy
— Greater battery utlllzatlor_1/eff|0|ency o e e e <19 £ R F € 5 ety
allows smaller, lower weight battery E e < y
packs
Te St Co nX Battery Management System (BMS) Device Testing and Trends for Automotive 3 2023
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Accuracy Challenge for BMS Devices

Full Li-ion SoC 100-0% range is from ~4.3V

(fully charged) down to 2.2V (discharged).

Looking at Li-ion full range, it would appear to
be an easy task (~2.1V voltage range or 21mV
/ 1% SoC change).

A typical Li-ion discharge usage ranges from
80-20% or 90-10% of the full battery range.

In 80-20% region the SoC voltage is quite flat

at 3.75-3.65V (~100mV total or 1.7mV / 1%

SoC change).

Since measurement system should be 10X better
than reading, BMS suppliers are requesting 100uV

Voltage

4.50

4.25

4.00 —

e 90 - 10% SOC
3.50 80 -20% SOC

3.25
3.00
2.75
2.50
2.25
2.00
1.75
1.50

100%

Typical Li-ion Discharge Voltage Curve

80% 60% 40% 20% 0%
State of Charge ("SOC")

SILICON LIGHTWORKS

or 50uV of measurement accuracy in the 5V range. s siicon Lightworks, LLC
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BMS Trends are Impacting Device Testing

» Better Accuracy! .
— ~100uV accuracy requirements for ATE DC Fast Charglng

g 0 - 800 800 800 800
— Competitive advantage for semiconductor suppliers e =" — = —

» Higher Voltages (requires more cells)
— Mainstream: 400-800V(100-250kW)
— Leading edge: 800-900V (250-350kW)
— 2025+: 1000V (enables “charging=re-fueling”)
« Cell to Pack architecture
— High cell count stack = higher channel count BMS

400

device Lucid Air  Porsche = KiaEV6  Hyundai Tesla Model Mustang
i . Taycan Tonig5 3 Mach-E
— Allows more capacity in same space T I

f = | e St ‘ 0 nX Battery Management System (BMS) Device Testing and Trends for Automotive 5 z oz 3
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Achieving 100 pV Accuracy for BMS

« Auto Calibrate the 3458A: Every 24 hours or when it’s internal temperature drifts by >+1°C
— Eliminates temperature drift error

* Focused Calibration of ATE differential meter : Use the 3458A to spot cal the QMS every
24 hours or if ambient temperature has drifted more the 4°C from last Spot Cal.

— Quad Measurement System (QMS): precision differential meter on ETS-800

— Focus Calibration is application specific calibration routine to improve relative
measurement accuracy

— Calibrates out both offset and gain in one measurement using precision references on
Device Interface Board (DIB)

« Thermal EMF starts to come into play at these low level voltages
— EMF = Electromagnetic Field, can picture this as Thermocouples
— This can be due to material differences on resistors and mechanical relays

| e St ‘ o nX Battery Management System (BMS) Device Testing and Trends for Automotive 6 2 oz 3
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Example Focus Calibration Circuit

Use High Accuracy Voltage References:
Use a high precision, low temperature compensation voltage reference to compare the 3458A to the

—> CELL-16 80V
—> CELL-15
—> CELL-15
—> CELL-14

—> CELL-14
—> CELL-13
—> CELL-13
—> CELL-12

—> CELL-12 60V
—> CELL-11
—> CELL-11
—> CELL-10
—> CELL-10
—> CELL-9

—> CELL-9

——> CELL-9N

—> CELL-8 40V
—> CELL-7
—> CELL-7
—> CELL-6
—> CELL-6
—> CELL-5
——> CELL-5
—— CELL-4

QMS.
The 3458A is used as a voltage transfer standard from the voltage reference to the QMS :
HP3458 HI T't S 41 :
F [ SPMB35
Reduce Thermal EMF: Rl oPA4192 i
Elimination of thermal EMF ADR4550D) | G571 5-OVREF i
effects caused by relay s| s
heating. ﬁ 4.2V REF ADG5206 s o
5 | 3.3V REF IN— —¢ 2
» Relays are powered on and 16:4 MUX i
left on until the test program HI S
is unloaded. RS & aws e
LO F
« Use solid state or low T e . ;
thermal EMF relays in DIB e TG CE I ! f:
. . S S
design when possible. HP3458 LOW < N o

| e St Co nX Battery Management System (BMS) Device Testing and Trends for Automotive

S
B

——> CELL-4 20V
—> CELL-3
—> CELL-3
—> CELL-2
—> CELL-2
—> CELL-1
—> CELL-1

—— CELL-0 oV

2023
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Temperature Stability Key to Deploying Focused
Calibration

High Precision 5V Reference vs Temperature Raw Data (QMS Limits, Offset + Gain)

5.000600
VREF Volt

5.000550

3458A Internal Temperature

- QMS 5V High Precision Measurement is well within +/-150uV (100uV Offset + 50uV Gain)

5.000350

5.000300

5.000250 QMS Air Temperature

5.000150
DUT Board Temperature
5.000100 22

™ Source: Teradyne, Inc.
| e St ‘ 0 nX Battery Management System (BMS) Device Testing and Trends for Automotive 8 z oz 3
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Study on QMS Temperature Stability
QMS (5V Range) using Spot Cal (QMS Air +/-2V )

Site 0 4.2V, 5V Range, 30 sec/cycle [Temp Chamber Cycle 25C +/-3C]

Voltage V
4.199680 SpOt Cal
First DUT

4.199660 | | i i
'\ | :
4.199640 i | ] 3458A VOItage _
1! g g ' ki \WWMWWMWMNWWWMMVN AN WA AN b M«MWW\/\'LJWI s VagPond W,
4.199620 [
!
4.199600 ‘

4.199580

i +/-50uV Window

4.199560

Chamber Temp iSetting

4.199540

4.199520

QM$ Air Temperature

4.199500
4.199480

1Hr 2 Hr 5 Hr 8 Hr
——4_2V Meas DMM 10V Rng SO ——QMS CH 0 Air Temp SO Chamber Temp Setting

™ Source: Teradyne, Inc.
| e St ' 0 nX Battery Management System (BMS) Device Testing and Trends for Automotive 9 2 oz 3
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Scaling to High Voltage and High Site Count for BMS

Use QMS through external BUS inputs (no channels sacrificed)

— Uses standard tester instruments
— Extra DIB relays not needed for QMS to scan Cell Voltage Stack

25 CELL
BMS
DUT

125V (Up to 200V)

20PPO06

SoD00000.

5V

2OPOP00E

APU32 Bank

RPPPPROP

APU32 Bank

| e St CO nX Battery Management System (BMS) Device Testing and Trends for Automotive

Enablers for Economical Test

(x8 to x16 sites):

1.Dense floating low power VI
2.Integrated matrices & muxes to
minimize DIB circuitry

APU32 Bank . .
3.Large applications space
T
APU32 Bank
t ) ) |

A-BUS ——>8-15 Low A-BUS —>16-23 Low A-BUS —>24-31 Low A-BUS ——> CELL-25
——> CELL-3 ——> CELL-10 ——> CELL-17 —> CELL-24
—> CELL-2 ——> CELL-9 —> CELL-16 ——> CELL-23
Qms @ APU | 5 cELL1 APU | S cr-s APU | cELL-15 APU | cELL-22
BANK-A|—> TBD BANK-B— CELL-7 BANK-C [— CELL-14 BANK-D —— CELL-21
0-7 |—TBD 8-15 [—CELL-6 16-23 [—CELL-13 24-31 |——CELL-20
— TBD —> CELL-5 —> CELL-12 —> CELL-19
B-BUS [ .1 B-BUS | | criia B-BUS | | criian B-BUS | | criias

l
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Addressing Key Test Challenges for BMS

» Very accurate/stable Vsource and Vmeasure is required

ETS-800™

* Increasing volumes and cost pressure requires -

increase in site count
— X2/4 sites >x4/8 sites > x8/16 sites

« Key tester requirements
— High density floating low power V/I

— +/-0.1mV accuracy at 5V (floating at >100V common mode)

© Teradyne, Inc.

— Achieve 100uV accuracy (focused calibration required/acceptable)
— Large applications space & muxing to enable focused calibration and filtering circuitry
— Digital supporting period & timeset switching on the fly for automotive communication protocols

| e St ‘ 0 nX Battery Management System (BMS) Device Testing and Trends for Automotive 11 2 oz 3
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— Dennis Keogh
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