ANALOG
DEVICES

ADES1754/ADES1755/ADES1756

General Description

The ADES1754/ADES1755/ADES1756 are flexible
data-acquisition systems for the management of high-
voltage and low-voltage battery modules. The systems
can measure 14 cell voltages and a combination of six
temperatures or system voltage measurements with fully
redundant measurement engines in 162us, or perform
all inputs solely with the ADC measurement engine in
99us. Fourteen internal balancing switches rated
for >300mA for cell-balancing current support extensive
built-in diagnostics. Up to 32 devices can be daisy-
chained to manage 448 cells and monitor 192
temperatures.

Cell and bus-bar voltages ranging from -2.5V to +5V are
measured differentially over a 65V common-mode
range, with a typical accuracy of 100uV. If oversampling
is enabled, up to 128 measurements per channel can be
averaged internally with 14-bit resolution and combined
with digital post-processing IR filtering for increased
noise immunity.

The system can shut itself down in the event of a thermal
overload by measuring its own die temperature. The
system uses Analog Devices' battery-management
UART protocol for robust communications and supports
an 12C controller interface for external device control. It
is optimized to support a reduced feature set of internal
diagnostics and rapid-alert communication through both
embedded communication and hardware-alert interfaces.

Key Applications

Residential Battery Storage Systems
High-Voltage Battery Stacks
Battery-Backup Systems (UPS)
Super-Cap Systems
Battery-Powered Tools

EV Charging

Ordering Information appears at end of data sheet.

14-Channel, High-Voltage Data-
Acquisition Systems

Benefits and Features

e 65V Operating Voltage
e Ultra-Low Power Operation
* Shutdown Mode: 2uA

e Redundant ADC and Comparator (COMP)
Acquisitions
¢ Simultaneous Cell and Bus-Bar Voltage Acquisitions
¢ 14 Cell-Voltage Measurement Channels
e 2.2mV/5mV/10mV Accuracy (-40°C to +105°C)
* 1.8mV Accuracy (+5°C to +65°C)

e 14 Cell-Balancing Switches
» >300mA Software-Programmable Balancing
Current
* Automated Balancing with Individual Cell Timers
» Automated Balancing by Cell Voltage
« Emergency Discharge Mode

e Six Configurable Auxiliary Inputs for Temperature,
Voltage, or GPIO

Integrated Die Temperature Measurement
Automatic Thermal Protection

Hot Plug-Tolerant without External Protection
Individually Configurable Safety Alerts

» Overvoltage, Undertemperature Faults

» Undervoltage, Overtemperature Faults

+ 1-Cell Mismatch Alert

e UART, Dual UART Interface

o Battery-Management UART Protocol
« Daisy-Chain up to 32 Devices
* Inductive for Higher Galvanic Isolation
+ Up to 2Mbps Baud Rate (Auto-Detect)
* 1.5us Propagation Delay per Device
» Packet-Error Checking (PEC)

e 12C Controller
e Configurable Hardware-Alert Interfaces
e 32-Bit Unique Device ID
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14-Channel, High-Voltage Data- ADES1754/ADES1755/ADES1756
Acquisition Systems

Typical Application Diagram

-—— -
XU RXU ALERTIN
| ADES1754
= ADES1755
- ADES1756
¥ RXL TXL ALERTOUT

I
i

XU RXU ALERTIN

ADES1754
ADES1755
ADES1756

+
& RXL TXL ALERTOUT

} ISOLATION [————=—— I % ISOLATION }»% ISOLATION }»J ******** ISOLATION {

SPITO UART BRIDGE SPITO UART BRIDGE

>— |

L

[

MICROPROCESSOR/MICROCONTROLLER

www.analog.com Analog Devices | 2



14-Channel, High-Voltage Data-
Acquisition Systems

Absolute Maximum Ratings
HV 10 AGND....ooiiiiiiiieccee e -0.3V to +80V

DCIN, SWn, Vg k, Cn to AGND -0.3V to min (Vpy + 0.3 or
72)V

CNto CN-T e -72V to +72V
SWhn to SWn-1 -0.3V to +52V
VAA O AGND ..o -0.3V to +2.2V
VDDLA 10 GNDLT ..o -0.3V to +2.2V
VAA 10 VDDLT ceerreeerreenieinrcereeseeeseee e -0.3V to +0.3V
VbpL2: VppL3 to GNDL2, GNDL3....................... 0.3V to 6.0V
AGND to GNDL1, GNDL2, GNDL3............c........ -0.3V to 0.3V
AGND t0 AUXGND .....ooiiiieiiieiieeiee e -0.3v
GPIOn/AUXINN

THRM to AGND .....ccovievieeieceese e, -0.3Vto Vpp + 0.3V
SHDNL t0 AGND......cooeiriririciirieierieiees -0.3V to Vpgn + 0.3V

Note 1: Balancing switches disabled.
Note 2: One balancing switch enabled, 60s (max).

ADES1754/ADES1755/ADES1756

RXLP, RXLN, RXUP, RXUN, ALERTIN to AGND-30V to +30V

TXLP, TXLN, ALERTOUT to GNDL2..................... -0.3V to +6V
TXUP, TXUN t0 GNDL3 ..o -0.3V to +6V
CPP t0 AGND .....oooooeeeveeceeeeeeren Vpain = 1V to Vigy + 1V
CPN 0 AGND ......oooooeeeeeeeeeeee -0.3V to Vpgy + 0.3V

Maximum Continuous Current into Any Pin (Note 1) -50mA to
+50mA

Maximum Continuous Current into SWn Pin (Note 2)..-650mA
to +650mA

Maximum Average Power for ESD Diodes (Note 3) 14.4W /

Package Continuous Power (Note 4) .......cccvevecueveenen 2000mwW
Operating Temperature Range............ccc........ -40°C to +105°C
Storage Temperature Range........c..cccccceeeenes -55°C to +150°C
Junction Temperature (ContinUOUS).........ccccceceenireennen. +150°C
Soldering Lead Temperature (10s maximum)............... +300°C

Note 3: Average power for time period t where t is the time constant (in ys) of the transient diode current during hot-plug event. For,
example, if tis 330us, the maximum average power is 0.793W. Peak current must never exceed 2A. Actual average power
during hot-plug must be calculated from the diode current waveform for the application circuit and compared to the

maximum rating.
Note 4: Multilayer board. For Tp > +70°C, derate 25mW/°C.

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.

Package Information

LQFP
Package Code C64+13C
Outline Number 21-0083
Land Pattern Number 90-0141
Thermal Resistance, Four Layer Board:
Junction to Ambient (64) 40°C/W
Junction to Case (8,¢) 8°C/W

For the latest package outline information and land patterns (footprints), go to the Package Index on the Analog Devices website.
Note that a “+”, “#”, or “-” in the package code indicates RoHS status only. Package drawings may show a different suffix character,

but the drawing pertains to the package regardless of RoHS status.

Package thermal resistances were obtained using the method described in JEDEC specification JESD51-7, using a four-layer board.
For detailed information on package thermal considerations, refer to Thermal Characterization of IC Packages.
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https://pdfserv.maximintegrated.com/package_dwgs/21-0083.PDF
https://pdfserv.maximintegrated.com/land_patterns/90-0141.PDF
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14-Channel, High-Voltage Data-

Acquisition Systems

Electrical Characteristics

ADES1754/ADES1755/ADES1756

(VpeIN = +56V, Ta = TN to Tmax unless otherwise noted, where Ty N = -40°C and Tyyax = +105°C. Typical values are at Tp = +25°C.
Operation is with the recommend application circuit. (Note 5))

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
POWER REQUIREMENTS
Supply Voltage, DCIN VDCIN 9 65 \Y
VopLa VppL2 = VbpL3
Supply Voltage VDDL2, v ’ External overdrive (>VppL2/3 REG) VbbL2/3 33 55 v
VDDL3 VDDL3’ allowed. _REG ' '
DDIO Also used as Vpp|g in 12C applications.
DCIN Current
' I \Y, =0V
Shutdown Mode DCSHDN SHDNL 0.1 MA
VsHpnL > 1.8V, UART in idle mode; not
DCIN Current, Standby in acquisition mode; balance switches,
IpcsTBY X 22 3.1 mA
Mode test current sources, and alert interface
disabled; Note 6
DCIN Current, ADC Ibc ADC All cell and auxiliary measurements 4.2 5 mA
Acquisition Mode - enabled, OVSAMPL[2:0] = 000b; Note 6 '
DCIN Current, COMP lpc CoMP All cell and auxiliary measurements 46 55 mA
Acquisition Mode - enabled, OVSAMPL[2:0] = 000b; Note 6 ' '
DCIN Current, ADC + IbC ADCCOMP All cell and auxiliary measurements 5.4 6.4 mA
COMP Acquisition Mode — enabled; Note 6 ) )
Baud rate = 2Mbps (0% idle time
DCIN Incremental IDCCOMM UA preambles mode), 200pF load on TXUP
Current, UART RT and TXUN, TXL not active, notin 160 230 MA
Communication acquisition mode, BALSWEN,
CTSTEN = 0000h; Note 6
ADC-only acquisition, all cells and
:V C.ur{.ent,'\;IAE;C IHVMEAS auxiliary channels enabled, 0.7 0.9 1.1 mA
cquisition Mode Vv = VpoIN + 5.5V
HV Current, Comparator COMP only acquisition, all cells and
S Mod IHvcomP auxiliary channels enabled, 0.7 0.9 1.1 mA
can lviode Vhv =VpeIN + 5.5V
Incremental HV Current, lVBAL Vhy = Vpein + 5.5V, n balancing (n+1)x (n+N)x (+1)x A
Cell-Balancing Mode switches enabled 5 15.5 26 H
CELL VOLTAGE INPUTS (Cn, VgLK)
Unipolar mode, Note 7 0 5
Differential Input Range VCELLn Bipolar mode v
’ -2.5 25
Note 7
Common-Mode Input Veneum Not connected to SWn inputs 0 65 \
Range
Input Leakage Current ILKG_Cn Not in acquisition mode, V¢ = 65V -100 +10 100 nA
VBLK Input Resistance RvBLk VBLK = VDCIN = 57.6V 45 10 20 MQ
HVMUX Switch RHvMUX | CTSTDAC[3:0] = Fh 1.7 3.3 5 kQ
Resistance
CELL-BALANCING INPUTS (SWn)
Leakage Current ILke_sw | Vswo =0V, Vswn =5V, Vgwn - 1=0V -1.0 +1.0 pA
Resist SWn't BALSWENI[n-1] = 1, Isyyn = 100mA 05 1.25 2.25
esistance, SWn to Rsw BALSWEN[N-1] = 1, Isywn = 300mA; Nofe 0
SWhn-1 5 1.3
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14-Channel, High-Voltage Data-

Acquisition Systems

ADES1754/ADES1755/ADES1756

(VpcIN = 456V, Ta = TN to Tmax unless otherwise noted, where Ty N = -40°C and Tyyax = +105°C. Typical values are at Tp = +25°C.
Operation is with the recommend application circuit. (Note 5))

PARAMETER

SYMBOL

CONDITIONS

MIN TYP

MAX

UNITS

Maximum Allowed
Balancing Current

IBAL_MAX

T, =+105°C, CBMEASEN = 0x00,
FLXPCKEN1/2 = 0, all even or all odd
channels enabled. Note 9

650

mA

AUXILIARY INPUTS (AU

XINn)

Input Voltage Range

VAUXIN

VADCREF = VTHRM O VREF based on
AUXREFSEL

VADCRE

Input Leakage Current

lLkG_Aux

Not in acquisition mode,
VaAUXINR = 1.65V

-400 +10

+400

nA

THRM OUTPUT

Switch Resistance, Vaa
to THRM

RTHRM

25

70

Leakage Current

ILKG_THRM

VTHRM = Vaa

+1

MA

MEASUREMENT ACCURACY

ADC Measurement
Error, HYMUX Inputs

VCELLnERR

Unipolar mode; VgL Ly = 3.6V;
SCANMODE = 0x0, 0x1; Note 10

+200

pv

Unipolar mode; 0.2V £ VgL £4.8V;
+5°C < temp < +65°C; SCANMODE =
0x0, 0x1; Note 10

-1.8

Unipolar mode; 0.2V < Vg Ly 4.8V, -
40°C < temp < +105°C;

SCANMODE = 0x0, 0x1; Note 10
(ADES1754)

+2.2

Unipolar mode; 0.2V < Vg Ly 4.8V, -
40°C < temp < +105°C;

SCANMODE = 0x0, 0x1; Note 10
(ADES1755)

-5

+5

Unipolar mode; 0.2V < VgEL Ly < 4.8V; -
40°C < temp < +105°C;

SCANMODE = 0x0, 0x1; Note 10
(ADES1756)

-10

+10

mV

Bipolar mode; VcgLLy = 1.1V;
SCANMODE = 0x0, 0x1; Note 10

+200

pVv

Bipolar mode; -2.3V < VgL Lp £ +2.3V;
+5°C < temp < +65°C;
SCANMODE = 0x0, 0x1; Note 10

-1.8

+1.8

Bipolar mode; -2.3V < Vg Lp £ +2.3V; -
40°C < temp < +105°C;

SCANMODE = 0x0, 0x1; Note 10
(ADES1754)

+2.2

Bipolar mode; -2.3V < Vgg Lp < +2.3V; -
40°C < temp < +105°C;

SCANMODE = 0x0, 0x1; Note 10
(ADES1755)

+5

Bipolar mode; -2.3V < Vg n £ +2.3V; -
40°C < temp < +105°C;

SCANMODE = 0x0, 0x1; Note 10
(ADES1756)

-10

+10

mV

ADC Measurement

VSWnERR

Error, ALTMUX Inputs

Unipolar mode; Vg | = 3.6V;
SCANMODE = 0x0, 0x1; Note 10

+200

[\
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14-Channel, High-Voltage Data-

Acquisition Systems

ADES1754/ADES1755/ADES1756

(VpcIN = 456V, Ta = TN to Tmax unless otherwise noted, where Ty N = -40°C and Tyyax = +105°C. Typical values are at Tp = +25°C.
Operation is with the recommend application circuit. (Note 5))

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
Unipolar mode; 0.2V £ VgL £4.8V;
SCANMODE = 0x0, 0x1; Note 10 2.2 +2.2
(ADES1754)
Unipolar mode; 0.2V £ VgL £4.8V;
SCANMODE = 0x0, 0x1; Note 10 -5 +5 mV
(ADES1755)
Unipolar mode; 0.2V £ VgL £4.8V;
SCANMODE = 0x0, 0x1; Note 10 -10 +10
(ADES1756)
Bipolar mode; Ve Ly = 1.1V;
SCANMODE = 0x0, 0x1; Note 10 +200 i
Bipolar mode; 0 < VgL Lp 2.3V, 99 422
SCANMODE = 0x0, 0x1 (ADES1754) - |
Bipolar mode; 0 < Vg Lp 2.3V,
-5 +5 mV
SCANMODE = 0x0, 0x1 (ADES1755)
Bipolar mode; 0 < VcgLLp £2.3V; 10 +10
SCANMODE = 0x0, 0x1 (ADES1756) i
ADC Measurement 9V = VLK £ 64.4V; VpcIN = 64.4V;
\Y -
Error, Vg Input BLKERR | SCANMODE = 0x0, 0x1; Note 11 160 v ) mv
éggr M;;i;ﬁ?im VOs_AUX_RAT | AUXREF[n] = Ob; SCANMODE = 0x0, 25 \a5 i,y
f 10 0x1; OVSAMPL != 0x0; Note 11 ’ '
AUXIN Inputs
ADC Measurement A _
Error, Absolute AUXIN | VOs_AUX_ABS AU)_(REF[n] = 1b; SCANMODE = 0x0, -4 +4 mvV
0x1; Note 11
Inputs
Total Measurement T Ty =-40°C to +105°C; OVSAMPL[2:0] = 5 0 45 °c
Error, Die Temperature DIE_ERR 000b; Note 8 )
el Input Referred VCELLNOISE | OVSAMPL[2:0] = 0x3h; Nofe 8 250 HVRMS
ﬁ‘l‘c‘;s"('eary Input Referred | v, xnoISE | OVSAMPL{2:0] = 0x3h; Note 8 50 HVRMS
Differential Nc?nllnearlty DNL +1.0 LSb
(Any Conversion)
ADC Resolution 12 bits
'(‘;fgfh'ﬂ'"g AMPIIfier | vos | samp | DIAGSEL[2:0] = 011b; Note 12 2 +0.1 +2 mv
COMPARATOR
Input Common-Mode VeM_comp 0 65 Vv
Range
Input Differential Mode VDM_comp 0 5 Vv
Range
Comparator Accuracy Vos_comp_c 02V<V <4.8V
CELL ELL &V = VCELLn =% -20 +20 mV
Comparator Accuracy Vos_comP_A ov<V <V
AUX UX = VAUXn = VAA -20 +20 mV
SHDNL INPUT AND CHARGE PUMP
Input Low Voltage VIL_SHDNL 0.6 \Y;
Input High Voltage VIH_SHDNL 1.8 \Y
Reaulated Volt v Vpcin 2 12V 7 10.8 14 v
egulated Voltage SHDNLIMIT
9 9 VpcIN = 9V 8.5
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14-Channel, High-Voltage Data-

Acquisition Systems

ADES1754/ADES1755/ADES1756

(VpcIN = 456V, Ta = TN to Tmax unless otherwise noted, where Ty N = -40°C and Tyyax = +105°C. Typical values are at Tp = +25°C.
Operation is with the recommend application circuit. (Note 5))

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
Pull-down Resistance RFORCEPOR | FORCEPOR =1 200 500 800 Q
Input Leakage Current | | VsHon = 339 ! A
nput Leakage Curren LKG_SHDNL
P 9 - VsHDNL = 65V 40 75 g
Charge Pump Current - | VSHDNL < VSHDNLIMIT: baud rate =
UARTL/UARTU SHDNL | oMbps; Note 13 15 "7 350 WA
UARTSEL
UARTSEL Input High v 0.7 x
Voltage IH_UARTSEL Vaa \%
GENERAL-PURPOSE 1/0 (GPIOn)
V| 0.3 x
| t Low Volt IL_GPIO v
nput Low Voltage VppL2
Input High Voltage VIH_GPIO 0.7 \Y
VbpL2
Pull-down Resistance Rapio AUXINN/GPIOn configured as GPIO input 0.5 2 7.5 MQ
Output Low Voltage VoL_GPIO | Igink = 4mA 0.4 \Y;
V, -
Output High Voltage VOH_GPIO ISOURCE = 4mA DOD:2 v
ALERTIN
ALERTIN Comparator VoL VbobL2/s  VobL2/s  VbbLas v
Threshold /2-0.4 2 2+04
ALERTIN Comparator VHYS_ALERTI
. 75 mV
Hysteresis N
ALERTIN Common- Ve VbpL2/3 Vv
Mode Voltage Bias 2
Leakage Current ILKG_ALERTIN | VALERTIN = 1.5V +1.0 pA
Input Capacitance CALERTIN 5 oF
1/
Bit Period teiT Note 14 8 fosc_16
M
ALERTIN Fall Time tALERTIN_FALL | Note 8, Note 15 0.5 tBIT
ALERTIN Rise Time tALERTIN_RISE | Note 8, Note 15 0.5 teiT
ALERTIN Qualification | tALERTIN_QUA
. 25 us
Time L
Propagation Delay
(ALERTIN Port to tALERT PROP 25 3 tBIT
ALERTOUT Port)
Start-Up Time from t
SHNDL High and Vap = | ALERTIN_STA 1 ms
OV to ALERTIN Valid RTUP
ALERTOUT
V
Output Low Voltage OL—AI_'I_ERTOU IsINK = 20mA 0.4 \Y;
V V| -
Output High Voltage OH—A_II_ERTOU ISOURCE = 20mA DODZZ v
|
Leakage Current LKG—S_IL_ERTO VALERTOUT = 1.5V -1 +1 WA

3.3V REGULATOR (VppL2, VbpL3)

www.analog.com
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14-Channel, High-Voltage Data-

Acquisition Systems

ADES1754/ADES1755/ADES1756

(VpcIN = 456V, Ta = TN to Tmax unless otherwise noted, where Ty N = -40°C and Tyyax = +105°C. Typical values are at Tp = +25°C.
Operation is with the recommend application circuit. (Note 5))

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
3.3V Regulator Output VppL2/3 REG | 0= IppL2/3 < 30mA 3.2 33 34 \Y;
Voltage
Short-Circuit Current IpbL2/3_sc | VppL2/3 shorted to AGND 30 mA
1.8V REGULATOR (Vpa)
1.8V Regulator Output Vaa 0<Ipa < 3MA 171 18 1.89 v
Voltage
Short-Circuit Current laA_sc Vaa shorted to AGND 10 mA

\Y -
1-8':?;3E—POR VA rising 1.3 1.5 1.65 %
POR Threshold v
1.8REG_POR 50 mv
HYS
THERMAL SHUTDOWN
Thermal Shutdown TSHDN Temperature rising; Note 8 +145 °C
Temperature
Thermal Shutdown Thvs Note 8 15 °c
Hysteresis -
HV CHARGE PUMP
Output Voltage (Vpy - 9V = VpciN €12V, I pap = 1.5mA 6.5 6.9 74
Vv VHV-DCIN \Y;
DCIN) 12V < Vpgin £ 65V, I oap = 3mA 6.5 6.9 74
Output Voltage (Vuy - VHv- 14V < VpcIN £ 65V, I paDp = 3MA,
8.0 8.5 9.0 \
VTOPCELL) DCIN_FLEX | FLXPCKEN1/2 = 1b
Charge Pump Efficiency Effuvep VpcIN = 57.6V; Note 16 38 %
OSCILLATORS
LFOSC Frequency fLFosc 32.11 32.768 33.42 kHz
HFOSC Frequency fHFosc 15.68 16 16.32 MHz
DIAGNOSTIC TEST SOURCES
CTSTDAC[3:0] = 9h, Vo < VppL2/3 -
1.4V, VppLo/3 = 3.3V 50 62.5 8
CTSTDACI3:0] = 6h, Vg <V -
[ ]_ co < VbpL2/3 36 45 54
Cell Test Source IrsTe 1.4V, VppLo/3 = 3.3V A
Current : CTSTDAC[3:0] = 6h, Vg1-c14 > VaGND + H
-54 -45 -36
1.4V
CTSTDACI3:0] = 9Fh, V1. >V
[3:0] C1-C14 > VAGND 75 625 50
+ 1.4V
CTSTDAC[3:0] = 9h, Vgp, < Vi - 1.4V,
25 31.25 375
HVMUX Test Source | Vhy = 53.5V A
Current TSTHYMUX - FCTSTDAC[3:0] = 6h, Ven < VR - 1.4V, H
Vi = 535V 18 225 27
CTSTDAC[3:0] = 9h, VauxiNn < VDDL2/3
- 1.4V, Vpp|o/3 = 3.3V 50 62.5 75
CTSTDAC[3:0] = 6h, VauxiNn < VDDL2/3 36 45 54
AUXIN Test Source rsTAUXN = 1.4V, VppLos3 = 3.3V A
Current CTSTDAC[3:0] = 6h, Vauxinn > VAGND H
-54 -45 -36
+ 1.4V
CTSTDACI[3:0] =9h, V >V
[3:0] AUXINn > VAGND 75 625 50
+ 1.4V
DIAGNOSTIC REFERENCES
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14-Channel, High-Voltage Data- ADES1754/ADES1755/ADES1756
Acquisition Systems

(VpcIN = 456V, Ta = TN to Tmax unless otherwise noted, where Ty N = -40°C and Tyyax = +105°C. Typical values are at Tp = +25°C.
Operation is with the recommend application circuit. (Note 5))

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
DIAGSEL[2:0] = 001b; Note 12 0.99 1.00 1.01
ALTREF Voltage VALTREF DIAGSEL[2:0] = 001b; 5°C < temp < \%
+65°C: Note 12 0.995 1.00 1.005
ALTREF Temperature
Coefficient AALTREF Note 8 +25 ppm/°C
(AVALTREF/AT)
PTAT Output Voltage VpTAT Ty =+120°C; Note 8 1.14 \Y;
PTAT Temperature o
Coefficient (AVpTATAT) Av_PTAT Note 8 2.87 mV/°C
PTAT Temperature Tos PTAT Note 8 44 °C
Offset - -
ALERTS
ALRTVDDL1 Threshold | VvbbpL1_oc |Vaa=1.8V 1.62 1.65 1.68 v
ALRTVDDL2
;3 VvpbL2/3_oc | VbpLzsz = 3.3V 2.9 3.0 3.1 \Y;
Threshold
ALRTGNDLn Threshold VGNDL_OC | AGND =0V 0.05 0.15 0.3 \Y
ALRTHVUV Threshold VHvuv Vv - Vpen falling, FLXPCKEN1/2 =0 1.8 2 2.2 v
ALRTHVOV Threshold VHvov VHv - VDCIN rising 9.0 9.5 9.9 v
ALRTHVHDRM VHVHDRM | ALRTHVHDRM =0 3.0 v
Threshold
ALRTTEMP Threshold TALRTTEMP | Note 8 115 120 125 °C
T
ALRTTEMP Hysteresis ALRTTSEMPHY Note 8 2 °C
UART OUTPUTS (TXLP, TXLN, TXUP, TXUN)
Output Low Voltage VoL IsiNk = 20mA 0.4 \Y;
Output High Voltage Vv | = 20mA VDDL2 -
(TXLP, TXLN) OH SOURCE 0.4 v
Output High Voltage Vv | = 20mA VDDL3 -
(TXUP, TXUN) OH SOURCE 0.4 v
Leakage Current ILkG_TX V1x = 1.5V -1 +1 pA
UART INPUTS (RXLP, RXLN, RXUP, RXUN)
Input Voltage Range VRX 25 +25 \Y;
Receiver High v Vaal2- oy, o Vaa2+
Comparator Threshold cH Note 17 0.4 AA 04 v
Receiver Zero-Crossing v
Comparator Threshold zC Note 17 0.4 0 04 v
Receiver Low -Vaa/2 - Vaa/2 +
V -Vaa/2
Comparator Threshold cL Note 17 0.4 AA 04 v
Recelver.Comparator VHYS RX Note 17 75 mv
Hysteresis - -
Receiver Common-
V Vap/2

Mode Voltage Bias cM Note 17 AA v
Leakage Current ILKG_RX VRrx = 0.9V +1.0 pA
Input Capacitance c
(RXLP, RXLN) RXL 4 PF
Input Capacitance c
(RXUP, RXUN) RXU 4 pF
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14-Channel, High-Voltage Data-

Acquisition Systems

ADES1754/ADES1755/ADES1756

(VpcIN = 456V, Ta = TN to Tmax unless otherwise noted, where Ty N = -40°C and Tyyax = +105°C. Typical values are at Tp = +25°C.
Operation is with the recommend application circuit. (Note 5))

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
UART TIMING
Baud rate = 2Mbps; Note 14 8
o _ ) 1fosc 1
Bit Period teiT Baud rate = 1Mbps; Note 14 16 oM
Baud rate = 0.5Mbps; Note 14 32
Rx Idle to START Setup tRxsTSU Note 8 0 1 tBIT
Time
STOP Hold Time to Idle tspHD Note 8 0.5 teIT
Rx Minimum Idle Time
(STOP Bit to START tRXIDLESPST | Note 8 1 tBIT
Bit)
Rx Fall Time tFALL Note 8, Note 15 0.5 tBIT
Rx Rise Time tRISE Note 8, Note 15 0.5 tBIT
Propagation Delay (Rx t t
Port to Tx Port) PROP 2.5 3 BIT
Start-Up Time from
SHNDL High and Vpaa = ¢ ]
0V to RXUP/RXUN STARTUP ms
Valid
o3
0.3V,
Input Voltage Low ViL VppL2/3 £ Vppio € 5.5V ODD' Y
0.7V
Input Voltage High ViH VppL2/3 = Vpplo < 5.5V ODD' v
Input Voltage Hysteresis VHYsT 0.15 \Y;
Input Leakage Current N -1.0 +0.1 +1.0 MA
Input Capacitance CiN 10 pF
Output Voltage Low VoL ISINK = 3mA 0.4 \Y;
400kHz mode (I2CFSCL = 1) 400
SCL Clock Frequency fscL kHz
100kHz mode (I2CFSCL = 0) 100
Hold Time for a 400kHz mode (I2CFSCL = 1) 0.6
(Repeated) START tHD:sTA us
Condition 100kHz mode (I2CFSCL = 0) 4.0
400kHz mode (I2CFSCL = 1) 1.3
SCL Pulse Width Low tLow us
100kHz mode (I2CFSCL = 0) 47
) ) 400kHz mode (I2CFSCL = 1) 0.6
SCL Pulse Width High tHIGH us
100kHz mode (I2CFSCL = 0) 4.0
Set-up Time for a 400kHz mode (I2CFSCL = 1) 0.6
Repeated START tsu;sTA us
Condition 100kHz mode (I2CFSCL = 0) 47
Note 18 0
Data Hold Time tHD;DAT ns
Controller transmitting data 300
Controller receiving data, and 400kHz 100
mode (I2CFSCL = 1) bus monitor check
Data Setup Time tsu:DAT Controller receiving data, and 100kHz 250 ns
mode (I2CFSCL = 0) bus monitor check
Controller transmitting data 300

www.analog.com
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14-Channel, High-Voltage Data- ADES1754/ADES1755/ADES1756
Acquisition Systems

(VpcIN = 456V, Ta = TN to Tmax unless otherwise noted, where Ty N = -40°C and Tyyax = +105°C. Typical values are at Tp = +25°C.
Operation is with the recommend application circuit. (Note 5))

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

Rise Time of SDA and

!
scL r 300 ns
Fall Time of SDA and
t
scL f 300 ns
Setup Time for STOP 400kHz mode (I2CFSCL = 1) 0.6
" tsu;sTo us

Condition 100kHz mode (I2CFSCL = 0) 4.0

Bus Free Time Between 400kHz mode (I2CFSCL = 1) 1.3

a STOP and START tBUF _ s

Condition 100kHz mode (|2CFSCL = 0) 4.7

Bus Capacitance c

Allowed b 400 PF

. Width of spikes that must be suppressed

\?\;‘ig&ress‘ed Spike Pulse tsp by the input filter of both SDA and SCL 50 ns

signals

Noise Margin at LOW VoL For each connected device (including 0.1Vpp Vv

Level " hysteresis) o)

Noise Margin at HIGH VoL For each connected device (including 0.2Vpp v

Level " hysteresis) o)

Note 5: Unless otherwise noted, limits are 100% production-tested at Tp = +25°C. Limits over the operating temperature range and
relevant supply voltage range are guaranteed by design and characterization.

Note 6: Acquisition mode (ADC conversions) is entered when the SCAN bit is set and ends when SCANDONE is set. With the
typical acquisition duty cycle very low, the average current Ipc|n is much less than Ipcpmeas. Total supply current during
communication IpgiN = Ipccomm * IDcsTBY-

Note 7: Measurement accuracy range is guaranteed from VcgLin_min + 0.2V and VgeLLn_max - 0.2V.

Note 8: Guaranteed by design and not production tested.

Note 9: Not production tested. See the Cell Balancing section for details on the maximum allowed balancing current. Duty cycle is
calculated for a 10-year device lifetime.

Note 10: VceLLn = Ven - Ven-1: VCELLn = VCELLn-1, and Vpgin = 14 x | VCELLnl (VpcIN = 9V, min). Accuracy measurements
represent initial total measurement error with the input noise oversampled below 1 LSB.

Note 11: Accuracy measurements represent the initial total measurement error with the input noise oversampled below 1 LSB.

Note 12: As measured during specified diagnostic mode.

Note 13: IsypnL measured with VgypnL = 0.3V, STOP characters, zero idle time, Vrx_peak = 3.3V.

Note 14: In daisy-chain applications, the bit time of the second stop bit may be less than specified to account for clock rate variation
and sampling error between devices.

Note 15: Fall time measured 90% to 10%; rise time measured 10% to 90%.

Note 16: Charge pump efficiency = Al gap / AlsyppLy, Where I oap is applied from HV to AGND, Al gap = 5mA, and AlgyppLy =
IpciN (for ILoap = 5mA) - IpciN (for ILoap = 0).

Note 17: Differential signal (VyarTp - VUARTN) Where VyarTp and VyarTN do not exceed a common-mode voltage range of +40V.

Note 18: A device must internally provide a hold time of at least 300ns for the SDA signal (referred to the Vi min of the SCL signal)

to bridge the undefined region of the falling edge of SCL.
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14-Channel, High-Voltage Data-

Acquisition Systems

Typical Operating Characteristics
(DCIN =56V, VppLo/3 = 3.3V, Tp = +25°C, unless otherwise noted)
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14-Channel, High-Voltage Data-
Acquisition Systems

(DCIN =56V, VppL2/3 = 3.3V, Tp = +25°C, unless otherwise noted)
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14-Channel, High-Voltage Data- ADES1754/ADES1755/ADES1756
Acquisition Systems

Pin Configurations

TOP VIEW : 58 88 F:::g:8:5:5: 8¢
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AGND | 2 47 | sws

vaa | 3 46 [ C8
UARTSEL | 4 45 [ SW7

VDDL1 IZ 4 1 C7
GNDL1 6 43 | SWé

ALERTIN | 7 42 | C6
GNDL3 8 ADES1754 41 | SW5

ADES1755

TXUN | 9 ADES1756 40 | C5
TXUP [ 10 39 | Sw4

Voo | 11 38 | C4
RXUN | 12 37 | SW3

RXUP | 13 36 | C3
GNDL2 | 14 35 | Sw2
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14-Channel, High-Voltage Data-

Acquisition Systems

Pin Descriptions

ADES1754/ADES1755/ADES1756

REF
PIN NAME FUNCTION SUPPLY Type
SHDNL Shutdown Active-Low Input, +72V Tolerant. This input is controlled solely
1 through UART communication and software control when bypassed with a AGND Input
1nF capacitor to AGND. Connect only passive components to this pin. For
single-ended UART, SHDNL must be driven externally.
2 AGND slr;ike)g Ground. Connect to the negative terminal of cell 1 and the ground DCIN Ground
3 Vaa Vaa (1. .8V) Regulator Output Used to Supply Vpp( 1. Bypass with a 1uF AGND Power
capacitor to AGND.
4 UARTSEL | Connect to Vap VDDL1 Input
5 VDDL1 1.8V I?igital Supply. Connect externally to Vaa and bypass with 0.47uF GNDLA Power
capacitor to GNDL1
GNDL1 Digital Ground. Connect to ground plane. VDDL1 Ground
ALERTIN | Fault Alert Input. Connect to upper daisy-chained device. VAA Input
8 GNDL3 Ground for Upper Port Transmitter. Connect to ground plane. VDDL3 Ground
9 TXUN Negative Output for Upper UART Transmitter. Driven between Vpp 3 and VDDL3 Output/Inp
GNDLS. ut
10 TXUP Positive Output for Upper UART Transmitter. Driven between Vpp| 3 and VDDL3 Output/Inp
GNDLS. ut
3.3V Regulator Output. Supply for upper UART transceiver and ALERT pins.
11 VDDL3 Connect externally to Vpp2 and bypass with 0.47uF capacitor to GNDLS3. GNDL3 Power
External overdrive allowed: Vpp| 3 must be 2 Vpp| 2/3 REG:
Negative Input for Upper UART Port Receiver. If not used, pins can be left
12 RXUN unc?onnectez or conr?gcted to GNDL3. Tolerates +30V. P VAA Input
Positive Input for Upper UART Port Receiver. If not used, pins can be left
13 RXUP unconnected or connected to GNDL3. Tolerates +30V. If configured for VAA Input
single-ended UART, connect to GNDLS3.
14 GNDL2 Ground for Lower Port Transmitter. Connect to ground plane. VDDL2 Ground
Positive Output for Lower UART Transmitter. Driven between Vpp| 2 and
15 TXLP VDDL2 Output
GNDL2.
Negative Output for Lower UART Transmitter. Dependent on UARTSEL
16 TXLN | Selaction. Driven between VpbpL2 and GNDL2. P VDDL2 | Output
Positive Input for Lower UART Port Receiver. If not used, pins can be left
17 RXLP unconnected or connected to GNDL3. Tolerates +30V. If configured for VAA Input
single-ended UART, connect to GNDLS3.
Negative Input for Lower UART Port Receiver. If not used, pins can be left
18 RXLN ungonnected or connected to GNDL2. Tolerates +30V. VAA Input
3.3V Regulator Output. Supply for Lower UART transceiver and ALERT pins.
19 VDDL2 Connect externally to Vpp 3 and bypass with 0.47uF capacitor to GNDL3. GNDL2 Power
External overdrive allowed: Vpp| 2 must be 2 Vpp| 2/3 REG-
ALERTOU Alert Output Interface. Configured using SPIPRVINT as daisy-chained CMOS
20 output (connected to ALERTIN), or open-drain output (connected to external VDDL2 Output
T 10kQ pull-up to Vppi 2, VppL3)-
Configurable between Auxiliary Input, GPIO, or SDA.
When configured as a ratiometric auxiliary input for temperature
AUXINO/ | measurement, connect to a voltage-divider consisting of a 10kQ pull-up to Input/Outp
21 GP100/SD | THRM and a 10kQ NTC thermistor to AGND. If not used, connect to the pull- VDDL2
A up only. ut
When configured as a GPIO, it is driven between Vpp 2 and GNDL2. A 2MQ
internal pull-down is needed when the pin is configured as an input. When

www.analog.com
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14-Channel, High-Voltage Data- ADES1754/ADES1755/ADES1756
Acquisition Systems

configured as an I2C SDA /O, an external pull-up resistor is required. The pin
is driven between Vpp| 2 and GNDL2.

Configurable between Auxiliary Input, GPIO, or SCL.
When configured as a ratiometric auxiliary input for temperature
measurement, connect to a voltage-divider consisting of a 10kQ pull-up to

AUXIN1/ :
20 GPIO1/SC 'lIJ'leer\:lyand a 10kQ NTC thermistor to AGND. If not used, connect to the pull- VDDL2 Inpuh/tOutp
L When configured as a GPIO, it is driven between Vpp 2 and GNDL2. A 2MQ
internal pull-down is needed when the pin is configured as an input. When
configured as an I°C SCL, it becomes the clock output of I°C.
Configurable between Auxiliary Input or GPIO.
When configured as a ratiometric auxiliary input for temperature
measurement, connect to a voltage-divider consisting of a 10kQ pull-up to
23 Ag;(l'g‘zz’ THRM and a 10kQ NTC thermistor to AGND. If not used, connect to the pull- | VDDL2 '"p“gtO”tp
up only.
When configured as a GPIO, it is driven between Vpp2 and GNDL2. A 2MQ
internal pull-down is needed when the pin is configured as an input.
Configurable between Auxiliary Input or GPIO.
When configured as a ratiometric auxiliary input for temperature
AUXINS/ measurement, connect to a voltage-divider consisting of a 10kQ pull-up to Inout/Out
24 GPIO3 THRM and a 10kQ NTC thermistor to AGND. If not used, connect to the pull- VDDL2 P ut P

up only.
When configured as a GPIO, it is driven between Vpp| 2 and GNDL2. A 2MQ

internal pull-down is needed when the pin is configured as an input.
25 AUXGND | Connect to AGND Ground Plane. VAA Power

Configurable between Auxiliary Input or GPIO.
When configured as a ratiometric auxiliary input for temperature
measurement, connect to a voltage-divider consisting of a 10kQ pull-up to

26 Ag;(llgjl THRM and a 10kQ NTC thermistor to AGND. If not used, connect to the pull- VDDL2 InpuL/tOutp
up only.
When configured as a GPIO, it is driven between Vpp_ 2 and GNDL2. A 2MQ
internal pull-down is needed when the pin is configured as an input.
Configurable between Aukxiliary Input or GPIO.
When configured as a ratiometric auxiliary input for temperature
measurement, connect to a voltage-divider consisting of a 10kQ pull-up to
27 AGU;(II(I;ISS/ THRM and a 10kQ NTC thermistor to AGND. If not used, connect to the pull- VDDL2 Inputj/tOutp
up only.
When configured as a GPIO, it is driven between Vpp2 and GNDL2. A 2MQ
internal pull-down is needed when the pin is configured as an input.
8 AGND Sr;ilgg Ground. Connect to the negative terminal of cell 1 and the ground DCIN Ground
Switched Output Connected Internally to Vaa. THRM is used to drive the
external NTC voltage-divider for the auxiliary inputs. The output is enabled
29 THRM only during measurements or as configured by THRMMODE[1:0]. This output AUXGND Power
can source up to 2mA.
30 Cco Voltage Input for Cell 1 Negative. Connect to AGND. Input
31 SWO0 Balance Input for Cell 1 Negative. Input
32 C1 Voltage Input for Cell 1 Positive (Cell 2 Negative). Input
33 SwWi1 Balance Input for Cell 1 Positive (Cell 2 Negative). Input
34 C2 Voltage Input for Cell 2 Positive (Cell 3 Negative). Input
35 SW2 Balance Input for Cell 2 Positive (Cell 3 Negative). Input
36 C3 Voltage Input for Cell 3 Positive (Cell 4 Negative). Input
37 SW3 Balance Input for Cell 3 Positive (Cell 4 Negative). Input
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14-Channel, High-Voltage Data-

Acquisition Systems

ADES1754/ADES1755/ADES1756

38 C4 Voltage Input for Cell 4 Positive (Cell 5 Negative) Input
39 Sw4 Balance Input for Cell 4 Positive (Cell 5 Negative). Input
40 C5 Voltage Input for Cell 5 Positive (Cell 6 Negative). Input
41 SW5 Balance Input for Cell 5 Positive (Cell 6 Negative) Input
42 C6 Voltage Input for Cell 6 Positive (Cell 7 Negative). Input
43 SW6 Balance Input for Cell 6 Positive (Cell 7 Negative). Input
44 Cc7 Voltage Input for Cell 7 Positive (Cell 8 Negative). Input
45 SW7 Balance Input for Cell 7 Positive (Cell 8 Negative). Input
46 C8 Voltage Input for Cell 8 Positive (Cell 9 Negative). Input
47 SW8 Balance Input for Cell 8 Positive (Cell 9 Negative). Input
48 C9 Voltage Input for Cell 9 Positive (Cell 10 Negative). Input
49 SW9 Balance Input for Cell 9 Positive (Cell 10 Negative). Input
50 C10 Voltage Input for Cell 10 Positive (Cell 11 Negative). Input
51 SW10 Balance Input for Cell 10 Positive (Cell 11 Negative). Input
52 C11 Voltage Input for Cell 11 Positive (Cell 12 Negative). Input
53 SW11 Balance Input for Cell 11 Positive (Cell 12 Negative). Input
54 C12 Voltage Input for Cell 12 Positive (Cell 13 Negative). Input
55 SW12 Balance Input for Cell 12 Positive (Cell 13 Negative). Input
56 C13 Voltage Input for Cell 13 Positive (Cell 14 Negative). Input
57 SW13 Balance Input for Cell 13 Positive (Cell 14 Negative). Input
58 C14 Voltage Input for Cell 14 Positive. Input
59 SW14 Balance Input for Cell 14 Positive. Input
60 VBLK Block Voltage Positive Input. Internal pull-down resistor of Ryg| k- DCIN Input
DC Supply for the Low-Voltage Regulator, HV Charge Pump, and SHDNL
61 DCIN Charge Pump. Connect to a voltage source between 9V and 65V through a Power
100Q series resistor. Bypass with a 100V, 2.2uF capacitor to ground.
62 CPN Negative Capacitor Connection for the HV Charge Pump. Power
63 cPP gﬂiiv:aizzsgitggﬁog;{lejctic())rél;)':j .the HV Charge Pump. Connect a 100V, Power
64 HY goe\cjo:p;lgg ;app;ici:tlgorrt(())oD@&c.tlon for the HV Charge Pump. Bypass with a Power
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14-Channel, High-Voltage Data- ADES1754/ADES1755/ADES1756
Acquisition Systems

Detailed Description
The data acquisition system consists of the major blocks shown in Figure 1 and described in Table 1.

Table 1. System Blocks

BLOCK DESCRIPTION

ADC Analog-to-digital converter. Uses a 12-bit successive-approximation register (SAR) with a reference
voltage of 1.25V and supplied by Vaa.

HVMUX 14-channel, high-voltage (65V) differential multiplexer for the C0-C14 inputs.

HV CHARGE PUMP ngh-vol.tage charge-pump supply_for the HVYMUX, ALTMUX, BALSW, and LSAMP circuits that must
switch high-voltage signals. Supplied by DCIN.
Level-shifting amplifier with a gain of 1/4. The result is that a 5V differential signal is attenuated to 1.25V,

LSAMP1 o
which is the reference voltage for the ADC.
Multiplexes various low-voltage signals, including the level-shifted signals and temperature signals to the

LVMUX S )
ADC for subsequent analog-to-digital conversion.

ALTMUX 12-channel, high-voltage differential multiplexer for the SWO0-SW14 inputs.

BALSW Cell-balancing switches.

LINREG 1.8V 1.8V (Vaa) linear regulator used to power the ADC and digital logic. Supplied by DCIN.

LINREG 3.3V 3.3V (VppL2/3) linear regulator used to power UART transceiver and ALERT.

REF 1.25V precision reference voltage for ADC and LINREG. Temperature compensated.

ALTREF 1V precision reference voltage used for diagnostics.

HFOSC High-frequency oscillator with 2% accuracy for clocking state machines and UART timing.

LFOSC Low-frequency oscillator for driving charge pumps and timers.

LOWER PORT Differential UART for communication with host or down-stack devices. Autodetects baud rates of 0.5Mbps,
1Mbps, or 2Mbps.

UPPER PORT Differential UART for communication with up-stack devices.

CONTROL AND . .

STATUS ALUs, control logic, and data registers.

DIE TEMP A proportional-to-absolute-temperature (PTAT) voltage source used to measure the die temperature.

COMPARATOR A comparator path to detect OV/UV for cell voltage and AUXIN.

LSAMP2 Level-shifting amplifier with a gain of 1. The result is a 5V differential signal that is compared against
programmable OV and UV DAC thresholds.

12C CONTROLLER I2C controller interface for communication with a 1°C target.
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14-Channel, High-Voltage Data- ADES1754/ADES1755/ADES1756
Acquisition Systems

Functional Block Diagram
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Figure 1. Functional Block Diagram
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14-Channel, High-Voltage Data-
Acquisition Systems

ESD Diodes Diagram

ADES1754/ADES1755/ADES1756
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Figure 2. ADES1754/ADES1755/ADES1756 ESD Diagram

Notes:

e All diodes are rated for ESD clamping conditions. They are not intended to accurately clamp DC voltage.

¢ All diodes have a parasitic diode from AGND to their cathode that is omitted for clarity. These parasitic diodes have
their anode at AGND.
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14-Channel, High-Voltage Data-
Acquisition Systems

Analog Front-End

ADES1754/ADES1755/ADES1756
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Figure 3. ADES1754/ADES1755/ADES 1756 Analog Front-End

www.analog.com

Analog Devices | 21




14-Channel, High-Voltage Data- ADES1754/ADES1755/ADES1756
Acquisition Systems

Terms, Definitions, and Data Conventions
Data Acquisition

A data acquisition is composed of the distinct processes defined in Table 2 and controlled by various configuration
registers described in this section.

Configuration changes should be made prior to the acquisition in which the changes are to be effected.

Table 2. Data Acquisition Process

PROCESS DESCRIPTION
Conversion The ADC samples a single-input channel, converts it into a binary value, and stores it in an ALU register.
Scan The ADC sequentially performs conversions on all enabled cell-input channels.
Measurement Cycle | The ADC performs two scans for the purpose of minimizing cell error. The conversions within the scan (two
or Sample for each input channel) are chopped and referred as measurement or sample.

If oversampling is enabled, the ADC takes sequential measurements and averages them together to form a
single value for each input channel sampled. If there is no oversampling, the acquisition is essentially a
single measurement cycle.

Factory calibration achieves the accuracy specification within the Electrical Characteristics table. No
additional device calibration is required.

Acquisition or
Acquisition Mode

Calibration

Data Conventions
Representation of data follows the conventions shown in Table 3. All registers are 16-bit words.

Table 3. Numeric Conventions

DESCRIPTION CONVENTION EXAMPLE
Binary number Ob prefix 0b01100001 =61h
Hexadecimal address 0x prefix 0x61
Hexadecimal data h suffix 61h
Decimal data d suffix 61d
Register bitfield Register name [x] STATUS[15] =1
Register field Field name [x:y] DA[4:0] = 0b01100 = 0Ch = 12d
Register field and bitfield Register name:bitfield ADDRESS:DA
Concatenated numbers {xxxx, yyyy} {DA[4:0], 0b001} =61h

Factory Trimming

The acquisition system is trimmed at the factory. The trim parameters are stored in a ROM consisting of 11 read-only
registers (OTP2-OTP12). ROMCRC is an 8-bit CRC value based on the calibration ROM and is stored in OTP12[15:8] at
the factory. ROMCRC may be used to check the integrity of the trim as described in the Diagnostics section. The factory
trim can be further supplemented with a user on-demand calibration when used in a specific customer application.

An error correction code (ECC) is implemented to the OTP read. This provides additional robustness for the lifetime of
product.
Factory-Programmed Device ID

The ID1 register together with ID2 provide a 32-bit manufacturing identification number, DEVID[31:0]. This ID will be
unique among all devices with the same model type and version (VERSION:MOD,VER, respectively). Taken together,
VERSION, ID1, and ID2 provide a means to uniquely identify all devices shipped by the factory. Although not required,
the manufacturing date information provided on the package provides a further means of device tracking. A device ID of
zero is invalid.

Introduction

The ADES1754/ADES1755/ADES1756 are software-configured, data-acquisition systems for both high-voltage and low-
voltage 48V-rated applications, supporting a flexible configuration of cell-voltage measurements, pack-voltage
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measurements, temperature measurements, and auxiliary-voltage measurements. All measurements are synchronously
sampled within an acquisition and have minimal delay between acquired samples. Additional programmability is available
for balancing currents, and system-interconnect measurements (bus bars) to provide a complete measurement solution
independent of hardware configuration.

The following sections describe the device operation, feature set, and programming of the ADES1754/ADES1755/
ADES1756.

Flexible Battery-Pack Configuration

The main supply voltage, DCIN, can be routed internally using the SW8-SW14 inputs of the highest stacked cell. This
allows for a single hardware configuration to serve multiple battery modules without requiring external hardware or wiring-
harness changes.

The flexible battery-pack configuration is enabled by default using FLXPCKEN1/2 bit, to allow for internal powering
conditions. If this configuration is not required, the DCIN can still be driven externally, which will effectively disable the
flexible battery-pack configuration. Prior to SDHNL being actively controlled, the DCIN voltage will be driven towards HV
and clamped at the highest voltage applied at the SW8-SW14 inputs. When SHDNL is asserted, DCIN will be driven to
within 1V below the highest stacked cell, if no external DCIN is provided. In this case, the host must define the
TOPCELL1[3:0] and TOPCELLZ2[3:0] of the stack by writing to the PACKCFG register and by asserting the FLXPCKEN1
and FLXPCKEN2 bits. TOPCELL_[3:0] selection configures the top-cell position if less than 14 channels are used.
TOPCELL_[3:0] selections 0x0 to 0x7 and OxF are not supported and will be mapped to an OFF position (power-on
default).

If FLXPCKEN1/2 is unintentionally deasserted while the SHDNL is driven high with no external DCIN connection, it is
expected that the voltage seen at the DCIN pin will fall at a rate proportional to the current consumption of the part and
the external decoupling capacitance until the POR threshold is reached. This resets the digital logic and returns the
FLXPCKEN to the desired power-on reset state.

If FLEXPCKEN1 and FLEXPCKEN2 or TOPCELL1 and TOPCELLZ2 are not the same, the power-on default values will
be applied.

Note: It is important that TOPCELL1 and TOPCELL2 selects the highest applied cell input, as an invalid configuration
can create an internal path which would connect the highest battery voltage to the selected TOPCELL1/2 input.

A second mux internally connects Vg| k to a selected cell input after host defines the TOPCELL_[3:0] of the stack and
asserts the FLXPCKEN__ bit. TOPBLOCK][3:0] selects the Cn pin to be connected to the Vg ock resistive divider. OxF
(default) selects the Vg k pin. TOPBLOCK _ selections 0x0 through 0x7 are not supported and will be mapped to OxF
(VBLK, default).
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Figure 4. Flexible-Pack Configuration for 12-Cell Pack on 14-Channel CMC

Flexible-Pack Interaction with Acquisitions

If FLXPCKEN1/2 and FLXPCKSCAN are asserted, the switch input denoted in the TOPCELL1 and TOPCELLZ2 bitfields
is disconnected from DCIN and the internal power consumption will be supplied by the external decoupling/hold-up
capacitance on the DCIN pin. A 30us delay will be inserted prior to the TOPCELL conversion, allowing the external switch
filter network to settle before converting the input voltage.
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Note: FLXPCKSCAN only affects ALTMUX acquisitions. If the ALTMUX accuracy is not required for the application, no
changes are required to the application circuit regardless of the FLXPCKSCAN setting. It is however, recommended to
set FLXPCKSCAN = 0 to ensure the quickest sampling rate is achieved.

Power-Multiplexing Operation (Cell Balancing)

The top two balancing switches should not be configured simultaneously while in manual cell-balancing mode when the
internal power multiplexing is configured. This configuration creates a voltage drop in the DCIN supply equivalent to a cell
voltage which can result in large measurement errors of the top-cell reading with both the HVYMUX and ALTMUX
configured.

TOPCELL_[3:0] and FLXPCKEN_ must refer to the top cell in the pack, and not a bus bar, if the top-used channel in the
pack is a bus bar. TOPBLOCK _ can refer to cells above TOPCELL _.
Flexible-Pack Alert

An ALRTDCINMUX is triggered to indicate a fault in the DCINMUX switch. A high condition indicates the enabled
DCINMUX is not functioning properly in a flexible-pack application. Performance may be impacted, and/or other related
faults may be issued. The ALRTDCINMUX is gated until clear of ALRTRST after power-up has occurred.

HV

HOT PLUG
(SWPINS
CONNECTED TO
BATTERY STACK) HVCP TURNS ON

f—)%
SW_TOPCELL1/2

HV (SW_TOP - 1V) SW(TOPCELL1/2) ENABLED ~ DCIN

SHDNL /

Vaa
FLXPCKEN1/2 /
USERWRITE TO SET TOPCELL1/2
TOPCELL([3:0] 0B0000 X

Figure 5. Flexible-Pack Power-On Timing
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Cell Inputs
Up to 14 voltage measurements can be sampled differentially from the 15 cell inputs. The differential signal VcgLLn is
defined as Vcph — Ven-1 forn =1 to 14.

The cell inputs are selected by the corresponding CELLEN bits in the MEASUREENT1 register. Additionally, the input path
for the measurement acquisition is selected using SCANCTRL:ALTMUXSEL. The ALTMUXSEL bit allows for two different
measurement configurations: HYMUX and ALTMUX acquisitions. The HYMUX path selection is used for the primary
measurement acquisition due to the higher filtering achieved by the external input network. Alternatively, the ALTMUX
path selection is primarily used for cell balancing and typically does not have a large RC filter. Due to the parallelism of
the external filter network, as well as the internal block structures, the ALTMUX path selection also allows for independent
measurement redundancy improving safety performance and device robustness.

During the scan, the selected signal is multiplexed into the level-shifting amplifier (LSAMP1 or LSAMP2) as shown in
Figure 6. Since the common-mode range of the input signals is 0 to 65V, the signal must be level-shifted to the common-
mode range of the amplifier. Both ADC and comparator signal paths have a gain of 1/4 so that a 5V differential signal is
attenuated to the ADC and comparator full scale reference voltage (VREF).
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Figure 6. Cell Signal Path

Once the signal is properly conditioned, the ADC starts the conversion. The 12-bit conversion is stored in an ALU register
where it can be averaged with subsequent conversions for increased resolution. The ALU output is a 14-bit value, relating
to a 305pV voltage resolution, and is ultimately stored in a 16-bit register, CELLNREG, with the two least-significant bits
0. Disabled channels maintain their previous measurement result. Unless stated otherwise, measurement values are
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assumed to be 14-bit values. The 16-bit register values can be converted to 14-bit values by dividing by 4 (and vice-
versa). To convert the measurement value in register CELLNREG to a voltage, convert the 14-bit hexadecimal value to a
decimal value and then convert to voltage as follows:

VcELLn = CELLNREG[15:2] x 5V/16384 = CELLNREG[15:2] x 305.176pV

Bus-Bar Inputs

Bus-bar inputs can be applied to any of the 14 cell inputs. Due to the resistive nature of the bus bar, the current applied
to the battery pack or discharged from the battery pack will affect the polarity of the voltage measurement. To support this
requirement, the POLARITY bits corresponding to the bus-bar location must be configured for bipolar conversion
(POLARITY[n] = 1b).

Due to the negative voltage that can be generated across the bus bars SWy, to SWp_1 inputs, it is recommended to place
an external Schottky diode across the inputs to the reverse voltage seen by the body diode of the internal balancing switch
as shown in Figure 7 to shunt current away from the internal conduction path. See the Bus-Bar Design section for more
details.

Block Voltage Input

The VpLk input pin to the ADES1754/ADES1755/ADES1756 allows for the pack voltage (total cell voltage) to be
measured independently of summing the individual cell voltages from an acquisition. This comparison provides an extra
layer of measurement redundancy within the system.

The Vp|k voltage is attenuated by a voltage-divider of 52 for the acquisition process to translate the 65V full-scale block
input voltage into the full-scale ADC input voltage (VRgF)

Outside of the acquisition, the Vg|_k input path is opened to avoid power consumption from the internal resistor-divider.

VBLK | o—o
c14 D—o/o—u
°
°
°
c8 D—o/o—q
VREF —0——0——
VBLK/ ADCIN +
ATTENUATION »
= ADC
=
g ADCIN -
AGND |

Figure 7. Block Measurement Path

The measurement is enabled in a an acquisition by asserting BLOCKEN in MEASUREEN1 register. The measurement
is stored in the VBLOCK]13:0] bits of the BLOCKREG register where each bit has a resolution of 3.967mV.

Auxiliary Inputs

The ADES1754/ADES1755/ADES1756 has 6 auxiliary ports that can be used to measure external temperatures, measure
external voltages, or that can be repurposed for digital functions (GPIO or I12C controller).
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Auxiliary Inputs: Ratiometric Temperature Measurement

Individual auxiliary ports can be configured to measure external temperatures through enabling auxiliary measurements
using the AUXEN bits in the MEASUREEN?2 register as well as configuring the conversion voltage as ratiometric using
the AUXREFSEL bits in the AUXREFCTRL register.

Note: If the individual auxiliary port is configured as a GPIO using GPIOEN bits in the AUXGPIOCFG register while the
corresponding AUXEN bit is high, then the auxiliary setting will be ignored and the port will be configured as a GPIO.
The ratiometric configuration selects the conversion voltage of both the ADC and comparator to Vaa, while also outputting
Vaa on the THRM pin. An external resistive divider can then be created with a pull-up resistor to the THRM pin and a
NTC connected to the AUXGND pin, as shown in Figure 8.

THRM ° °
10kQ e o o 10kQ 10kQ THERMSTOR
WIRE THERTAETORS
HARNESS N
RAUX_FLTER :-—: Is N
AUXINn —\_/\/\/\/ L
o
o ° [
[
® [ ] | |
| |
[ ] [ ] | :
|
RAUX_FLTER | |
AUXIN® f—— : :
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RAUX_FLTER : :
AUXINO ——P—A/\/\/ M M —
[
[
[
—1 —1 —1 —1 |
CTHRM CAUX_FLTER CAUX_FLTER CAUX_FLTER: T T e o o T
o RTHO RTH1 RTHn
o
[
AUXGND * * Py 'y : :
| T
[
o
L
o

Figure 8. Auxiliary Application Circuit

Explicit control on the THRM pin output is provided using the THRMMODE bits in the ACQCFG register. Setting
THRMMODE to 00b or 01b enables automatic mode where the THRM switch will be closed at the beginning of an
acquisition. Setting THRMMODE to 11b enables manual mode where the THRM switch is always closed. The ability to
configure THRMMODE allows for the application tradeoffs between the external NTC network's power consumption on
Vaa and the need to settle the external NTC network to achieve the highest accuracy measurements.
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Figure 9. Auxiliary Temperature Measurements
Table 4. THRM Output
MODE | THRMMODE DESCRIPTION
) 00b THRM outputs Vaa (dynamically enabled at the beginning of the acquisition and disabled at the end of
Automatic .
01b the acquisition)
10b THRM output disabled (static)
Manual -
11b THRM outputs Vap (static)

Depending on the external temperature network, there may be insufficient settling time to provide accurate
measurements. To support the flexibility for different networks, the AUXTIME bits in the AUXTIMEREG register may be
configured to impose a fixed delay of Oms to 6.14ms prior to the first AUXINNn measurement. For an acquisition with
nondeterministic scan rates, the AUXTIME is allowed to settle through the cell, block, and diagnostic measurement
intervals of the first scan. However, for acquisitions requiring deterministic timing, such as 50Hz/100Hz rejection and
60Hz/120Hz rejection, the AUXTIME is applied prior to the beginning of the acquisition. See the Oversampling section for
further details on FOSR and deterministic acquisitions.

www.analog.com

Analog Devices | 30



14-Channel, High-Voltage Data- ADES1754/ADES1755/ADES1756
Acquisition Systems

Table 5. AUXTIME

ADDITIONAL SETTLING TIME PER ENABLED
AUXTIME([9:0] AUXILIARY CHANNEL = (AUXTIME x 6ps)
0x000 Ops
0x001 6us
0x002 12us
0x3FF 6138us

The auxiliary measurements are oversampled to 14-bit values using the OVSAMPL bits in the SCANCTRL register and
the output of each auxiliary measurement is stored in the corresponding AUX0-AUXG6 registers. See the Oversampling,
ADC Acquisition, Comparator Acquisition, and ADC+COMP Acquisition Time sections for further details.

Ratiometric Auxiliary Input Range

Temperature measurement are converted ratiometrically to eliminate error due to the biasing of the NTC network. Thus,
the conversion range is proportional to the VTHrM (Vaa) reference, as shown in the following tables. Both ADC and

comparator conversions use the same reference during the conversion and thus have the same input range. However,
the resolution for both will differ in accordance with the following tables:

Table 6. Auxiliary Temperature Input Range: ADC

AUXILIARY INPUT AUXn AUXnREG[15:0]
VOLTAGE (14 BITS) (16 BITS)
RATIOMETRIC MODE HEXADECIMAL DECIMAL
oV 0000h od 0000h
Vaa/2 2000h 8192d 8000h
Vaa 3FFFh 16383d FFFCh

Table 7. Auxiliary Temperature Input Range: Comparator

COMPOVTH, COMPUVTH, COMPOVTHREGI[15:0],
AUXILIARY INPUT COMPAUXROVTH, COMPAUXRUVTH COMPUVTHREG[15:0]
VOLTAGE COMPAUXAOTH, COMPAUXAUVTH COMPAUXROVTHREGI[15:0],
(10 BITS) COMPAUXRUVTHREG[15:0]
COMPAUXAOTHREGI[15:0],
RATIOMETRIC MODE HEXDECIMAL DECIMAL OMPAUXAUVTHREG[15:0]
(16 BITS)
oV 000h 0d 0000h
VAA/2 800h 2048d 7FF8h
VaA 1000h 4096d FFFOh

Computing Temperature
As shown in:
RTI-[

Vauxinn = VrarM X m
This measurement is stored in the AUXn register. The thermistor resistance can then be solved for as follows:
RTH =5 v

VTHRM - VAUXINn
where VTHRrM = 1.8V, nom.

Since this is a true ratiometric measurement (ADC reference = VTHrM) the following approach can be taken:

VAUXINn _ AUXn(14BITS) _ RTH
Vogrm 16384 10kQ + Rpy
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By solving it to RTH, we get:
10kQ

16384 B
AUXn (14BITS)

Ry =

The resistance of an NTC thermistor increases as the temperature decreases, and it is typically specified by its resistance
Rp = 10kQ at Tg = +25°C = 298.15K and a material constant B (3400K, typ). To the first order, the resistance RTH at a

temperature T (in Kelvin) may be computed as follows:

11
Ry = Ry X e<BX(T T°)>

The temperature T of the thermistor (in °C) can then be calculated as follows:

. B
T(in°C) = — 273.5K
( ) In( Rry ) + B
10kQ 298.15K

Auxiliary Inputs: Absolute Voltage Measurements

Individual auxiliary ports can be configured to measure absolute voltages through enabling auxiliary measurements using
the AUXEN bits in the MEASUREENZ2 register, as well as through configuring the conversion voltage as absolute using
the AUXREFSEL bits in the AUXREFCTRL register.

The absolute configuration selects the conversion voltage of both the ADC and comparator to VRgf. An external voltage
may be accurately measured as long as the voltage remains below VREgE. If higher voltages are required to be measured,
a resistive divider must be used to ensure that the maximum auxiliary input does not exceed VREF, otherwise the voltage
measurement will saturate to full scale. Additionally the user should take precautions that, in the case of a single-point
failure on the external network, the maximum auxiliary input does not exceed the absolute maximum rating on the port.
If all AUXREFSEL bits are set to Ob1 (using VRgF for the ADC reference), it is recommended that THRMMODE be set to
0b10 (the THRM switch always OFF).

Absolute Auxiliary Input Range

Absolute voltage measurement are converted using a fixed precision reference, VRgr. All voltages must meet the input

range requirements. Otherwise, the digital output will saturate resulting in a loss of resolution. Both ADC and comparator
conversions use the the same reference during the conversion, but have different resolutions as shown in the following
tables:

Table 8. Auxiliary Voltage Input Range: ADC

AUXILIARY INPUT AUXn
VOLTAGE (14 BITS) AU’((;‘(?EI?[;)"’:O]
ABSOLUTE MODE HEXDECIMAL DECIMAL
oV 0000h 0d 0000h
VREF/2 2000h 8192d 8000h
VREF 3FFFh 16383d FFFCh
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Table 9. Auxiliary Voltage Input Range: Comparator

COMPOVTHREG[15:0], COMPUVTHREG[15:0]
COMPOVTH, COMPUVTH, COMPAUXROVTHREG[15:0],
AUXILIARY INPUT | COMPAUXROVTH, COMPAUXRUVTH COMPAUXRUVTHREGI[15:0]
VOLTAGE COMPAUXAOTH, COMPAUXAUVTH COMPAUXAOTHREG[15:0],
(10 BITS) COMPAUXAUVTHREGI[15:0]
(16 BITS)
ABSOLUTE MODE HEXADECIMAL DECIMAL
oV 000h 0d 0000h
VREF/2 200h 512d 8000h
VREF 3FFh 1024d FFCOh

Auxiliary Inputs: Mixed-Mode Measurements

Ratiometric measurements and absolute voltage measurements can both be performed during the same acquisition.
Each measurement type will have individual OV/UV alerts threshold settings as described in the Measurement Alerts
section.

Note: Auxiliary mixed-mode measurement data for the ADC is output to the AUXn registers. The appropriate conversion
as determined by the AUXREFSEL configuration must be applied to obtain correct voltage reading.

Ratiometric Voltage Conversion:
Vauxn = AUXn[14:0] x Vaa/16384d = AUXn[14:0] x 109.86uV, or alternatively AUXnREG[15:2] x 109.86uV
where Vpa is nominally 1.8V.

Absolute Voltage Conversion:
Vauxn = AUXn[14:0] x VRer/16384d = AUXn[14:0] x 76.29uV, or alternatively AUXnREG[15:2] x 76.29uV

Auxiliary Input Protection
The voltage on the AUXINO to AUXING pins should never exceed Vaa when configured as an auxiliary input. If this

condition does occur, the affected input will self-protect, becoming an open circuit. The associated ALRTAUXPRTCT bit
will be set, indicating the overvoltage condition. To retry AUX operation and clear the fault condition, the user must rewrite
the desired configuration to the AUXGPIOCFG register.

All 6 ALRTAUXPRTCT bits will be logically OR'd together to form the ALRTAUXPRTCTSUM bit in the FMEAZ2 register.
GPIO Configuration

Any of the 6 auxiliary ports may be configured as a general-purpose input/output (GPIO) using the GPIOEN bits in the
AUXGPIOCFG register. When a GPIOEN bit is high, the corresponding auxiliary port is configured as a GPIO, regardless
of the AUXEN configuration. When a GPIOEN bit is low, the corresponding GPIO portion is three-stated.

Additionally, the AUXIN[1:0] pins can be configured as an |12C controller interface using the I2CEN bit in the AUXGPIOCFG
register. When the I2CEN bit is high, AUXINO operates as the SDA pin and AUXIN1 operates as the SCL pin. By default,
I2CEN is low and the I2C controller is disabled.

Table 10. GPIO/I’C/Auxiliary Enable Priority

I2CEN GPIOEN FUNCTION
0 0 Auxiliary input
0 1 GPIO
1 « AUXINO = SDA
AUXIN1 = SCL

In the GPIO configuration, the 1/O status is determined by the GPIODIR bits of the AUXGPIOCFG register. When a
GPIODIR bit is programmed to 0b0, the corresponding port is configured as a digital input. The digital input has a 2MQ
pulldown resistance to ensure the input does not float and cause excessive power dissipation. When the GPIODIR bit is
programmed to Ob1, the pin is configured as a digital output. Each GPIO port that is configured as a digital output can be
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configured to drive a logic-high level or logic-low level determined by the assignment in the GPIODRV bits of the
GPIOCFG.

If 12C functionality is enabled, the AUX0 and AUX1 registers will read 0x0000, and the GPIODIR[1:0], GPIOEN[1:0],
GPIODRV[1:0] bits will be ignored for functionality, but will still read back the user setting.

The GPIORD bits in the GPIOCFG register monitor the pin logic level regardless of whether the port is defined as an input
or an output. If a pin is configured as an auxiliary input, the corresponding GPIORD bit reads back 0b0. If the I°C
functionality is enabled, GPIORD[1:0] reads back 0b0O.

Table 11. GPIO Configuration

GPIOEN GPIODIR FUNCTION
0 X Auxiliary input
1 0 Digital input
1 1 Digital output
CHIP BOUNDARY CHIP BOUNDARY CHIP BOUNDARY
GPIOEN[0]&GPIODIR[0}&/2CENb GPIOEN[1]&GPIODIR[1]&12CENb GPIOEN[n]&GPIODIR[n]
GPO[O] I AUXINO/GPIOO/SDA GPO[] I AUXIN1/GPIO1/SCL GPO[T] I AUXINn/GPIOn
p
SDAb SCLb
GPIOEN([0] GPIOEN[1] GPIOEN(n]
GPI[0] I GPI[1] I GPI[n] I
GPIOEND[0] &2CEND GPIOEND[1]&12CEND GPIOENb[n]
AUX[0 | AUX(1 | AUX |
o m o
GPIOEND[0]&12CEND GPIOEND[1]&12CENb GPIOENb]n]
ALRTAUXPRTCT(0] J - ALRTAUXPRTCT[1] J - ALRTAUXPRTCT[n] J -
VaA VAA Vaa
+ + +
AUXINO/GPIOO/SDA PIN AUXIN1/GPIO1/SCL PIN AUXINn/GPIOn PIN

Figure 10. AUX/GPIO/I2C Pin Connections
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Operational Modes

There are three different operational modes supported: shutdown mode, standby mode, and acquisition mode. Shutdown
mode is controlled by the voltage on the SHDNL pin. When the voltage is below V|_ sHDNL, the device is in an ultra-low
power shutdown mode and the various elements of the internal circuitry are disabled. If the voltage is above V|4 sHDNL,
the device is in standby mode and will act upon qualified interface commands. The device will remain in standby mode
until the user commands an acquisition, at which point the device transitions into acquisition mode until completed, as
signaled by SCANDONE. Alternatively, the transition from sleep mode to acquisition mode is handled independent of
user interaction only when long-term autonomous cell balancing with voltage measurements are enabled (see the Cell
Balancing section for further information).

SHUTDOWN
MODE

SHDNL < VIL_SHDNL
OR

DEVICE POR

OR

THERMAL SHUTDOWN

SHDNL > VIH_SHDNL

SHDNL < VIL_SHDNL
OR

DEVICE POR

OR

STANDBY THERMAL SHUTDOWN

SCANDONE =1

3 OR
SCAN (‘)Fl SCANTIMEOUT = 1
R
AUTO CELL BALANCING
AUTO CELL
MEASUREMENT PHASE pdtrins

EVEN/ODD

ACQUISITION
MODE

Figure 11. Operational Mode State Diagram

The following sections further detail the operational modes and device interactions.

Power-On (Standby Mode)

The SHNDL pin is driven using internal charge pumps on the UART RXLP/RXLN and RXUP/RXUN inputs. The device
relies on the UART interface to drive the external network on the SHDNL pin. The recommended external network of a
single CgypNL capacitor connected between the SHDNL and AGND pins, the SHDNL voltage will transition above

VIH_SHDNL in ~200ps. The charge pump self-regulates to VsHpNLIMIT @nd can maintain VsHpnL at a logic 1 even with
the UART idle 98% of the time. The internal charge pump operation requires a differential signal UART signal.

Note: When configured as a single-ended UART interface, the SHDNL pin must be driven by an external pull-up above
the ViH_sHDNL threshold.

Once the V|H_sHDNL threshold is reached, the LDO output is enabled and Vaa output voltage begins to rise. At 3V (typ),
the POR signal is deasserted, the oscillators are enabled, the HV charge pump and digital logic are enabled, and the
ALRTRST status bit is set. The device is fully operational (standby mode) within 1ms from the time communication is first
received in shutdown mode. Figure 12 details the power-on state transition.
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CHECK DIE
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h

DIE TEMP > +145°C?

YES

32kHz OSCILLATOR
ENABLED

NO

CHECK SHDNL

SHDNL ACTIVE?

YES

CHARGE PUMP AND
DIGITALLOGIC
ENABLE

NO

REGULATOR ENABLED

CHECK Vaa

ALRTRST BIT SET

3ms DELAY

h

VAA < VPOR RISING

YES

CHARGE PUMP
SETTLED

[ NO

DIE TEMP > +145°C?

SHDNLACTIVE

A 4

REGULATOR
DISABLED

JA0OIN AGANYLS

Figure 12. Power-On Sequence
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Shutdown Mode

Shutdown mode is entered when SHDNL < V|__gHNDL- In shutdown, the low-voltage regulator and HV charge pump are
disabled as soon as the SHDNL pin goes low. When the Vap voltage discharges below the V1 grReG_PORRISE threshold,
the device's registers are reset and the device remains in an ultra-low-power state until SHDNL is brought high.

The shutdown state is entered by stopping communication (host generated commands, keep-alives, and/or

ALERTPACKETS) or writing the FORCEPOR bit. The rate at which shutdown mode is entered is controlled by the time
constant associated with the external CgypnL and the equivalent pull-down resistance. As an example, stopping

communication results in a time constant of ~10ms derived from the internal 10MQ resistor and CgHpnL. Alternatively,
writing the FORCEPOR bit creates a time constant of ~0.47us from the 400Q pull-down to create a 4.7us time constant.

Table 12. Shutdown Timing

TIME
R . Cc
SHUTDOWN METHOD PULL-DOWN SHDNL CONSTANT
Register configured FORCEPOR 400Q Internal 1nF 0.47us
Host places UART in idle mode 10MQ 10,000us

Note: If a faster transition to the shutdown state is required, an external resistor can be connected between the SHDNL
pin and AGND. The resistance value should be greater than 4.7kQ to avoid any interaction with the internal emergency
discharge mode pull-up resistance.

If only a register reset is required, the host can issue a soft reset by enabling the SWPOR bitfield. This resets all
noninterface-related device bitfields (UARTCFG, TXUIDLEHIZ, TXLIDLEHIZ, ADAPTTXEN, and UARTHOST).

POR INACTIVE

A 4

CHECK VA

A

h

YES

VaA > VPOR RISING

NO

h

POR ACTIVE

h
OSCILLATOR,
CHARGE PUMP,
DIGITALLOGIC
DISABLED

Figure 13. Shutdown Sequence

Power-on and Shutdown Timing

Figure 14 and Table 12 provide details regarding power-on control and shutdown timing, as well as supply sequencing in
a high-voltage, daisy-chained system controlled by UART communication.

Note: As shown in Table 12, shutdown may also be controlled by writing the specific FORCEPOR bit.
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Figure 14. Power-on and Shutdown Timing
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Figure 15. Shutdown Timing

Active Mode

The device will enter acquisition mode upon receiving a SCAN command or during cell-balancing operation with UV
threshold detection. The overall time spent in acquisition mode is determined by the settings defined by the SCANCTRL
and ACQCFG registers. Once the acquisition is completed (signified by SCANDONE and DATARDY), the device will
enter low-power standby mode. If at any point within acquisition mode SHDNL is goes below V|_ sHDNL, TSHDNL is
exceeded, or Vpa transitions below the POR threshold, the device will exit acquisition and enter shutdown mode.

Precision Internal Voltage References

The measurement system uses two precision, temperature-compensated voltage references. The references are
completely internal to the device and do not require any external components. The primary voltage reference, or REF, is
used to derive the linear regulator output voltage and to supply the ADC reference. An alternate, independent reference
(ALTREF) may be used to verify the primary reference voltage, as described in the Diagnostics section.

Scan Methods

The ADES1754/ADES1755/ ADES1756 have two parallel measurements engines (ADC and comparator) that are capable
of providing three different acquisitions (ADC Acquisition, Comparator Acquisition, and Simultaneous ADC + Comparator
Acquisition). The combination of both measurement blocks provides hardware redundancy to accelerate fault detection
and ensures added system reliability.

All modes are able to process the cell and auxiliary temperature/auxiliary voltage measurements and each have their own
unique alert threshold settings to accelerate the communication of a system fault. Alert settings are described in further
detail in the Measurement Alerts section.

ADC Input Range

The ADC supports unipolar and bipolar cell input acquisitions through the configuration settings of the POLARITY[13:0]
bits in the POLARITYCTRL register. In the unipolar configuration, the input range is nominally 0 to 5V. In the bipolar
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configuration, the nominal input range is nominally -2.5V to +2.5V. Through combining the conversion data from the two
scan configurations, the input range can effectively be extended from -2.5V to +5V where any bipolar measurements over
+2.3V should be supplemented with the unipolar measurements.

The flexibility to support both unipolar and bipolar conversions ensures that both cell measurements, as well as bus-bar
measurements, are able to be simultaneously captured within the same acquisition, which will help optimize acquisition
time and interface throughput.

Note: Conversions for some diagnostic modes automatically preconfigure the device to use either bipolar or unipolar
mode regardless of the POLARITY_n bit value in the POLARITYCTRL register.

The ADC also supports both ratiometric and absolute acquisitions for the auxiliary inputs through the configuration setting
of the AUXREFSEL[5:0] bits in the AUXREFCTRL register. Ratiometric acquisitions are primarily used for NTC-based
temperature measurements and support an input range of OV to Vaa. Absolute acquisitions can be used for any on

supplemental voltage measurement required by the application and supports an input range of 0V to VRgg. To ensure

the highest accuracy for the application, the appropriate mode should be configured. (Performing a ratiometric acquisition
for an absolute measurement such as a supply voltage is not recommended, as the variability in the reference (Vaa) can

introduce unwanted measurement error.)

The auxiliary configuration supports simultaneous acquisition of both absolute and ratiometric measurements to help
optimize acquisition time and interface throughput.

Note: In all ADC configurations, reduced linearity may occur near the zero-scale and full-scale limits. See the Electrical
Characteristics table for device accuracy specifications.

Table 13. ADC Input Range

CELLnN[15:2]
AUX RATIO | AUX ABSOLUTE i CELLnN[15:0]
CELL INPUT VOLTAGE INPUT INPUT A(ff“B[:TSS')Z] AUXn[15:0]
BIPOLAR MODE | UNIPOLAR MODE VOLTAGE VOLTAGE HEXADECIMAL | DECIMAL (16 BITS)
-2.5V oV oV oV 0000h 0d 0000h
ov +2.5V Vaa2 VREF/2 2000h 8192d 8000h
+2.5V +5V Vaa VREF 3FFFh 16383d FFFCh

Comparator Input Range

The comparator supports a unipolar cell input range from 0 to 5V input through the configuration of the POLARITY[13:0]
bit in the POLARITYCTRL registers. If the individual POLARITY bit is configured for a bipolar acquisition, the comparator
cell measurement will be omitted from the scan.

The comparator also supports ratiometric and absolute acquisition for the auxiliary input that follows the same
configuration as described in the ADC Input Range section. Ratiometric acquisitions support an input range of 0V to Vaa

and absolute acquisitions supports an input range of 0V to VRgf.

Table 14. Comparator Input Range

COMPOVTH, COMPUVTH, COMPOVTHI[15:0],
CELL AUX AUX COMPAUXROVTH, COMPUVTH[15:0], COMPAUXROVTH[15:0],
INPUT RATIO ABSOLUTE COMPAUXRUVTH COMPAUXRUVTH[15:0],
VOLTAGE INPUT INPUT COMPAUXAOTH, COMPAUXAUVTH COMPAUXAOTH[15:0],
VOLTAGE VOLTAGE (12 BITS COMPAUXAUVTHI[15:0]
HEXADECIMAL DECIMAL (16 BITS)
oV oV oV 000h 0d 0000h
2.5V Vaa/2 VREF/2 7FFh 2047d 7FFOh
5V Vaa VREF FFFh 4095d FFFOh
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Scan Configuration

The SCANCEFG bits in the SCANCTRL register selects the acquisition that is to be performed. All available configurations
are listed below.

ADC

ADC and comparator (ADC+COMP)

Comparator

Calibration 5 — Balancing switch short

Balancing switch open

Cell sense open odds

e Cell sense open evens

ADC, comparator, and ADC+COMP acquisitions have programmable sample intervals through the configuration of the
FOSR bit. This setting, when coupled with the OVSAMPL, allows for specific frequency rejection at either 50Hz/100Hz or
60Hz/120Hz. If not configured, the user may specifically control the sample interval through the timing of the interface to
support any desired post processing on the host controller.

Note: The balance switch and cell sense acquisitions will immediately configure the internal balance switches once the
SCANCFG bitfield is written. See the BALSW Diagnostics section for details on the operation of this acquisition mode.
ADC Configurations and Properties

ADC Polarity Configuration

Unipolar and bipolar measurements are supported within a single acquisition to capture all cell and bus-bar data without
the need to reconfigure multiple scan configuration registers or perform multiple acquisitions. Cell polarity is configured
using the POLARITYCTRL register where all cells are defaulted to unipolar measurements (POLARITY [13:0] = 0000h).

Bipolar cells are fault-masked during BALSWDIAG ADC measurement scans. MINMAXPOL determines whether bipolar
cells are included in MIN/MAXCELL and ALRTMSMTCH calculations.

Bipolar cell measurements are checked against BIPOVTH and BIPUVTH thresholds rather than OVTH and UVTH
thresholds.

Bipolar cells are not included in comparator measurement scans, and ALRTCOMPOV/ALRTCOMPUV alerts are not
evaluated.

ADC Scan Properties

ADC acquisitions can be applied to the cell, auxiliary, block, and diagnostics measurements.

The cell measurements can be programmed through the SCANMODE bit in the SCANCTRL register to use two
conversion phases (Pyramid mode) or a single-conversion phase (Ramp mode).

For the cell inputs, Pyramid mode (SCANMODE = 0) performs the first conversion phase in ascending cell order (bottom
enabled cell to top-enabled cell) and the second conversion phase is in descending order (top-enabled cell to bottom
enabled cell). The two-conversion scan allows for chopping of the inputs to effectively remove any offsets or reference
induced errors, as well as create a virtual sampling time that is the same for all cell measurements.

The Ramp mode (SCANMODE = 0b1) performs a single-conversion phase (bottom-enabled cell to top-enabled cell),
which will improve conversion speed.

The auxiliary measurements do not require a pyramid (dual-phase) sampling approach, and are sampled in a single
conversion regardless of SCANMODE configuration.
ADC Acquisition

ADC acquisitions can be configured for the cell, auxiliary, block, and diagnostics. The acquisition is initiated by writing a
logic one to the SCAN bit in the SCANCTRL register. This write acts as a strobe, and the SCAN bit content is automatically
cleared, reading back a logic 0 if polled. In daisy-chained devices, acquisitions in either UART path (depending on the
controller configuration) are delayed by the propagation delay, tprop, of the command packet through each device. The

acquisition for the device is signaled complete when the SCANDONE bit is a logic 1.

Note: If any additional write to the SCANCFG is issued prior to the SCANDONE bit being cleared, this command will be
ignored.
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Pyramid Mode Acqusition Sequence

The ADC acquisition process for Pyramid mode (SCANMODE = 0) is outlined as follows:

¢ Disable the HV charge pump.
e The following conversions initiate, if enabled:
* VpLK conversion (first phase)

ADES1754/ADES1755/ADES1756

» All enabled cell conversions (first phase) in ascending order (1 through 14)
« All enabled cell conversions (second phase) in descending order (14 through 1)

* VpLK conversion (second phase)
* <End of Pyramid>

+ DIAG1 conversion (first phase)

« DIAG1 conversion (second phase)
» DIAG2 conversion (first phase)

» DIAG2 conversion (second phase)
* Auxiliary conversions

e Enable the HV charge pump for the recovery period unless:
+ OVSAMPL = 000b (no oversampling), or
« All oversample measurements are complete

o Repeat steps 1 and 2 until all oversamples are done.
e Set the SCANDONE bit.

ADC Pyramid Mode Figures
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Figure 16. Acquisition - SCANCFG = 0h, SCANMODE = 0, OVSAMPL = Oh, ALTMUXSEL = 0, BLOCKEN = 1, DIAGSEL1 > Oh,

DIAGSELZ2 > Oh, AUXEN = 3Fh
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Figure 17. Acquisition - SCANCFG = 0h, SCANMODE = 0, OVSAMPL = Oh, TOPCELL1/2 = 14, ALTMUXSEL = 1, BLOCKEN = 1,
DIAGSEL1 > 0h, DIAGSEL2 > Oh, AUXEN = 3F
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Figure 18. Acquisition - SCANCFG = 0h, SCANMODE = 0, OVSAMPL > Oh, ALTMUXSEL = 0, BLOCKEN = 1, DIAGSEL1 > Oh,
DIAGSELZ2 > Oh, AUXEN = 3Fh
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Figure 19. Acquisition - SCANCFG = 0h, SCANMODE = 0, OVSAMPL > Oh, ALTMUXSEL = 0, BLOCKEN = 1, DIAGSEL1 > Oh,
AUXEN = 03h, FOSR > 0Oh

Pyramid Mode Acquisition Time

The total time for ADC Pyramid mode acquisitions can be calculated by summing all the conditional process times as
shown in following tables. There is one measurement cycle per oversample acquisition.

ADC Acquisition Timing - Pyramid Mode
Table 15. ADC Pyramid Mode (SCANMODE = 0) Acquisition Time

PROCESS TIME (us) CONDITION FREQUENCY
Initialization ;2 gzzzzmg:: : 1 Once per acquisition
. . THRMMODE = Automatic mode and
6" AUXTIME[9:0] FOSR = 1.6kHz, 1.92kHz mode
6 * AUXTIMEI[9:0]
AUXIN Settling - tinitialization -
(if enabled) - tvBLK THRMMODE = Automatic mode and Once per acquisition
- tcell_Scan_Setup | FOSR = Free Run mode
- tCeII_Scan
- tDiag_Total
VLK Measurement B
(if enabled) 31.5 BLOCKEN =1
Cell Measurement 9%y For y = # of enabled cell inputs
33.5 Die Temperature diagnostic
24.75 Vaa diagnostic
aDrlwglcci: Measurement 29.25 Comp Signal Path diagnostic Every measurement cycle
24.75 Cell Gain Calibration diagnostic
DIAG2 Measurement 87 75 v diagnostic
(if enabled) ' ALTREF
20.25 DAC 3/4, DAC 1/4
5.44 All other diagnostics
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AUXIN Measurement 6.75 * x For x = # of enabled AUXIN inputs

(if enabled)

HV Recovery . _

(if oversampling enabled) 57*(z-1) For z = # of oversamples Every measurement cycle except last
ADCZSFS Diagnostic |44 5 ADCZSFSEN = 1 End of acquisition

(if enabled)

COMPACC Diagnostic | 45 COMPACCEN = 1 End of acquisition

(if enabled)

Ramp Mode Acquisition Sequence
The ADC acquisition process for Ramp mode (SCANMODE = 0) is outlined below:

Disable the HV charge pump.

The following conversions initiate, if enabled:

* VpLk conversion (first phase)

» All enabled cell conversions (1 through 14)

* VpLK conversion (second phase)
* <End of Ramp >

+ DIAG1 conversion

* DIAG2 conversion

+ Auxiliary conversions

Enable the HV charge pump for recovery period unless:

+ OVSAMPL = 000b (no oversampling),

or

« All oversample measurements are complete

Repeat steps 1 and 2 until all oversamples are done.

Set the SCANDONE bit.

ADC Ramp Mode Figures
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Figure 20. Acquisition - SCANCFG = 0h, SCANMODE = 1, OVSAMPL = 0h, ALTMUXSEL = 0, BLOCKEN = 1, DIAGSEL1 > Oh,

DIAGSEL2 > 0h, AUXEN = 3Fh
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Figure 21. Acquisition - SCANCFG = 0h, SCANMODE = 1, OVSAMPL = Oh, TOPCELL1/2 = 14, ALTMUXSEL = 1, BLOCKEN = 1,
DIAGSEL1 > 0Oh, DIAGSEL2 > 0h, AUXEN = 3Fh

Ramp Mode Acquisition Time

The total time for ADC Ramp mode acquisitions can be calculated by summing all the conditional process times as shown
in Table 16. There is one measurement cycle per oversample acquisition.

ADC Acquisition Timing - Ramp Mode
Table 16. ADC Ramp Mode (SCANMODE = 1) Acquisition Time

AUXIN Settling
(if enabled)

FOSR = 1.6kHz, 1.92kHz mode

6 * AUXTIME[9:0]

* Hnitialization

¢ tyBLK

* tCeII_Scan_Setup
® tCeII_Scan

THRMMODE = Automatic mode and
FOSR = Free Run mode

PROCESS TIME (us) CONDITION FREQUENCY
e 15 Oversample > 1 o
Initialization 35 Oversample = 1 Once per acquisition
6 * AUXTIME[9:0] THRMMODE = Automatic mode and

Once per acquisition

(if oversampling enabled)

® tDiag Total
VpLk Measurement 315 BLOCKEN = 1
(if enabled) ' "
Cell Measurement 45*y For y = # of enabled cell inputs
33.5 Die Temperature diagnostic
24.75 Vaa diagnostic
DIAG1 Measurement 29.25 Comp Signal Path diagnostic
and/or - T . - Every measurement cycle
DIAG2 M rement 24.75 Cell Gain Calibration diagnostic
; easureme 87.75 VALTREF diagnostic
(if enabled)
20.25 DAC 3/4, DAC 1/4
5.44 All other diagnostics
AUXIN Measurement | g 75 « For x = # of enabled AUXIN inputs
(if enabled)
HV Recovery 57*(z-1) For z = # of oversamples Every measurement cycle except last
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ADCZSFS Diagnostic | 44 , ADCZSFSEN = 1 End of acquisition
(if enabled)
COMPACC Diagnostic | 45 5 COMPACCEN = 1 End of acquisition
(if enabled)

ADC Acquisition Time Example
Table 17 provides an example of common configuration and the associated acquisition time that can be achieved.

Table 17. ADC Acquisition Time Examples (with AUXTIME[9:0] = 000h)

ENABLED NO OVERSAMPLING 8x OVERSAMPLING 16x OVERSAMPLING
MEASUREMENTS (OVSAMPL][2:0] = Oh) (OVSAMPL[2:0] = 2h) (OVSAMPL[2:0] = 3h)
PYRAMID SCAN | RAMP SCAN | PYRAMID SCAN | RAMP SCAN | PYRAMID SCAN | RAMP SCAN
14 cells 161.2us 98.25us 1424us 920us 2890us 1882us
14 cells, VpLk 192.6us 129.6us 1675us 1171us 3392us 2384us
14 cells, 6 aux 201.7us 138.7us 1748ps 1244ps 3538us 2530us
14 cells, VLK,
6 aux 233.1us 170.1us 1999us 1495ps 4040ps 3032us
14 cells, VLK,
die temp DIAG, 6 aux 266.6us 203.5us 2266.5us 1762.5us 4475ps 3567us

Comparator Configuration and Properties
Comparator Scan Properties

The comparator acquisition can be configured for unipolar cell measurements and auxiliary measurements. If a cell input
is configured for bipolar operation in the POLARITYCTRL register, the comparator measurement is idle for this acquisition
period and the associated alert reporting in the ALRTCOMPOVREG and ALRTCOMPUVREG registers will not be
updated. If acquisition time is of critical importance for a comparator scan, it is recommended to disable bipolar inputs in
the MEASUREENT1 register to prior to issuing a SCAN as this will omit these measurements from the acquisition.

The SCANMODE bit configuration also does not apply to the comparator acquisition and the comparator will operate only
on the inputs indicated by the MEASUREEN1 and ALRTOVEN, ALRTUVEN registers. This is illustrated in the following
comparator acquisition process.

Comparator Acquisition

The acquisition is initiated by writing a logic 1 to the SCAN bit in the SCANCTRL register. This write acts as a strobe, and
the SCAN bit content is automatically cleared, reading back a logic 0 if polled. In daisy-chained devices, acquisitions in
either UART path (depending on the controller configuration) are delayed by the propagation delay, tprop, of the

command packet through each device. The acquisition for device is signaled complete when the SCANDONE bit is a
logic 1.

Note: If any additional write to the SCANCFG is issued prior to the SCANDONE bit being cleared, this command will be
ignored.

Comparator Acquisition Process
1. Disable the HV charge pump.

2. Perform overvoltage conversion on all enabled cell inputs (MEASUREEN1) against the COMPOVTH threshold
in ascending order (1 through 14).

Update the ALRTCOMPOQV register (MEASUREEN1 and ALRTOVEN).

Perform undervoltage conversion on all enabled cell inputs (MEASUREEN1) against the COMPUVTH threshold
in descending order (14 through 1).

Update the ALRTCOMPUV register MEASUREEN1 and ALRTUVEN).

Perform overvoltage conversion on all enabled auxiliary inputs (MEASUREEN2) against COMPAUXOVTH in
ascending order (0 through 5).

7. Update the ALRTCOMPAUXOV register (MEASUREEN2 and ALRTAUXOVEN).
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8. Perform undervoltage conversion on all enabled auxiliary inputs (MEASUREENZ2) against COMPAUXUVTH in
ascending order (0 through 5).

9. Update the ALRTCOMPAUXUYV register (MEASUREEN2 and ALRTAUXUVEN).
10. Enable the HV charge pump refresh.

11. Repeat steps 2 through 6 until all oversamples are complete.

12. Compare the results against the comparator thresholds and update alert status.
13. Enable the HV charge pump.

Note: Comparator results are only available when the corresponding OV/UV alerts are enabled.
Comparator Thresholds

The comparator cell measurements and auxiliary measurements can be programmed with OV/UV thresholds that are
independent of the ADC OV/UV thresholds. However, all cell measurements share the same threshold settings as defined
by the COMPOVTH and COMPUVTH registers. Additionally, all ratiometric auxiliary measurement share the same
thresholds settings as defined by the COMPAUXROVTH and COMPAUXRUVTH registers, and all absolute auxiliary
measurements share the same threshold settings as defined by the COMPAUXAOVTH and COMPAUXAUVTH registers.

As defined in the Comparator Input Range section, each threshold register is programmable up to 12 bits allowing for
1.22mV, 0.439mV, and 0.076mV of adjustable resolution on the cell, ratiometric auxiliary, and absolute auxiliary
measurements respectively.

Note: For the auxiliary inputs since the full scale is dependent on Vpapa this may have an impact on the resolution of the
comparator over loading and temperature conditions.

If the pin configuration for the auxiliary input is set to GPIO or I12C mode, both ALRTAUXOVEN and ALRTAUXUVEN are
disabled (logic 0).

Comparator Acquisition Time

The total time for comparator acquisitions can be calculated by summing all the conditional process times as shown in
Table 18. There is one measurement cycle per oversample acquisition.

Table 18. Comparator Acquisition Time

PROCESS TIME (us) CONDITION FREQUENCY
15 Oversample > 1

35 Oversample =1

THRMMODE = Automatic mode and
FOSR = 1.6kHz, 1.92kHz mode

Initialization Once per acquisition

6 * AUXTIME[9:0]

6 * AUXTIME[9:0]

AUXIN Settling - tinitialization o
(if enabled) - tvBLK THRMMODE = Automatic mode and | O1°¢ Per acauisition
- tcell_Scan_Setup | FOSR = Free Run mode
- tCeII_Scan
- tDiag_TotaI
Cell Measurement 9*y For y = # of enabled cell inputs
AUXIN Measurement 135 x For x = # of enabled AUXIN inputs Every measurement cycle
(if enabled)

HV Recovery

(if oversampling enabled)
COMPACC Diagnostic
(if enabled)

57 * (z-1) For z = # of oversamples Every measurement cycle except last

13.5 COMPACCEN =1 End of acquisition

Comparator Acquisition Timing Example
Table 19 provides an example of common configuration and the associated acquisition time that can be achieved.
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Table 19. Comparator Acquisition Time Examples (with AUXTIME[9:0] = 000h)

ENABLED NO OVERSAMPLING 8x OVERSAMPLING 16x OVERSAMPLING
MEASUREMENTS (OVSAMPL[2:0] = Oh) (OVSAMPLI[2:0] = 2h) (OVSAMPL[2:0] = 3h)
14 cells 161.2us 1424pus 2890us
14 cells, 6 aux 242.2us 2072us 4186ps
Comparator Scan Figures
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3 - 3
3 - 8 -
ST RS w
8— —s8 g
0 — —_— =
S © S
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3 - 8
S - 8
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Figure 22. Comparator Single Scan Mode
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Figure 23. Comparator Single Scan with Oversampling
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ADC+COMP Configuration and Properties

ADC+COMP Scan Mode

ADC+COMP acquisitions can be applied to the cell, auxiliary, block, and diagnostics measurements. Each measurement
engine (ADC or comparator) retains the functionality discussed previously with additional clarification detailed below.

The comparator acquisition is applied to the unipolar cell and auxiliary inputs and is idle during bipolar cell, block, and
diagnostics measurements. OV/UV alerts for the the cell path (OVALRTEN and UVALERTEN) and auxiliary path
(AUXOVALRTEN and AUXUVALRTEN) are applied to both the ADC and comparator with each capable of setting it
unique threshold. If any OV/UV alert is disabled the ADC measurement still occurs; however, the comparator is idle during
this portion of the acquisition.

In ADC+COMP scan mode, the ADC acquisition only operates in Pyramid mode and the SCANMODE bit is ignored.
ADC+COMP Acquisition Time

The total time for ADC+COMP acquisitions can be calculated by summing all the conditional process times as shown in
following tables. There is one measurement cycle per oversample acquisition.

Table 20. ADC+COMP Acquisition Time

PROCESS TIME (us) CONDITION FREQUENCY
e 15 Oversample > 1 L
Initialization 35 Oversample = 1 Once per acquisition
. . THRMMODE = Automatic mode and
6 7 AUXTIME[9:0] FOSR = 1.6kHz, 1.92kHz mode
6 * AUXTIME[9:0]
AUXIN Settling - tnitialization Once per acauisition
(if enabled) - tvBLK THRMMODE = Automatic mode and peraca
- tcell_Scan_Setup | FOSR = Free Run mode
- tCeII_Scan
- tDiag Total
\(BLK Measurement 315 BLOCKEN = 1
(if enabled)
Cell Measurement 9*y For y = # of enabled cell inputs
33.5 Die temperature diagnostic
24.75 Vap diagnostic
DIAG1 Measurement 29.25 Comp signal path diagnostic
AND/OR - — - - Every measurement cycle
24.75 Cell gain calibration diagnostic
DIAG2 Measurement 87 75 v diagnostic
(if enabled) ' ALTREF
20.25 DAC 3/4, DAC 1/4
5.44 All other diagnostics
AUXIN Measurement 13.5* For x = # of enabled AUXIN inputs
(if enabled)
HV Recovery 57 * (z-1) For z = # of oversamples Every measurement cycle except last
(if oversampling enabled) P v y P
ADCZSFS Diagnostic | 45 5 ADCZSFSEN = 1 End of acquisition
(if enabled)
COMPACC Diagnostic | 45 COMPACCEN = 1 End of acquisition
(if enabled)
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ADC+COMP Acquisition Time Example
Table 21 provides examples of common configuration and the associated acquisition time that can be achieved.

Table 21. ADC+COMP Acquisition Time Examples (with AUXTIME[9:0] = 000h)

ADES1754/ADES1755/ADES1756

NO OVERSAMPLING | 8x OVERSAMPLING | 16x OVERSAMPLING
ENABLED MEASUREMENTS (OVSAMPL[2:0] = 0h) | (OVSAMPL[2:0] = 2h) | (OVSAMPL[2:0] = 3h)
14 cells 161.2us 1424pus 2890us
14 cells, VgL 192.6us 1675us 3392us
14 cells, 6 aux 242.2us 2072us 4186us
14 cells, VeLi. 273.6 2323 4688
6 aux oKs Hs WS
14 cells, Vaik, 307 2590.5 5223
die temp DIAG, 6 aux HS oHs WS
ADC+COMP Scan Figures
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Figure 24. Simultaneous ADC+COMP Scan Mode
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Figure 25. Simultaneous ADC+COMP Scan with Oversampling

On-Demand Calibration

The ADES1754/ADES1755/ADES1756 supports an integrated on-demand calibration procedure which can be
commanded by the user to improve the internal measurement accuracy from inaccuracies of the internal signal chain. It
should, however, be noted that the calibration process does not correct for inaccuracies within the external application
components. The calibrated accuracy is described within the Measurement Accuracy section of the Electrical
Characteristics table.

For a valid on-demand calibration, a calibration acquisition must be commanded using the SCANCFG bits of the
SCANCTRL register. The calibration acquisition automatically configures the internal calibration sources and performs
ADC acquisitions to calculate and store calibration coefficients for the cell inputs, auxiliary inputs, and block input. The
completion of the calibration acquisition is signaled by the issuance of the SCANDONE bit like any other acquisition. Any
commands that are sent before the calibration acquisition is completed are ignored, but will still propagate through the
daisy-chain.

The calibration time is 3.75ms.
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Note: The calibration acquisition is independent of the Scan Control registers and Scan Setting registers
(POLARITYCTRL, SCANCTRL, ACQCFG).

The ADCCALEN bit must be set for the calibration coefficients to be applied to the measurement results. If ADCCALEN
is disabled, even with the successful completion of a calibration acquisition, the measurement results will not have the
calibration coefficients applied.

Note: The on-demand calibration is independent of the factory calibration. In the event that the on-demand calibration is
applied, the device will retain its factory calibration setting. The factory calibration setting can never be overwritten and
can be verified using the ROM CRC diagnostic in the Diagnostics section. See the ADC Scan Properties section for details
on using calibration to maintain Ramp mode accuracy over DCIN voltage range; factory calibration defaults are
programmed using a 50V DCIN voltage.

Table 22 indicates which calibration alerts are associated to the various measurement path.

Table 22. Measurement Path Calibration Alerts

MEASUREMENT PATH CALIBRATION ALERTS

Cell Input - Pyramid
(SCANMODE = 0b) ALRTCALGAINP, ALRTCALOSADC

Cell Input - Ramp

(SCANMODE = 1b) ALRTCALGAINR, ALRTCALOSR

Auxiliary Input - Absolute

(REFSEL = 1b) ALRTCALOSADC
Auxiliary Input - Ratiometric

(REFSEL = 0b) ALRTCALOSTHRM

Block Input ALRTCALOSADC

CSA Input ALRTCALOSADC

The on-demand calibration adjustments can be verified by using the Cell Calibration and Offset Calibration commands in
the DIAGSEL1 and DIAGSEL2 bits. See the Diagnostics section for further details.

VBLK =
™~
l/

HVMUX AGND DIE
c14 D_o/o—l— —— TEMPERATURE
cC13 > | VREF
| _ VA ——
o e U I § | | ADC OFFSET VREF

|
|
el > | e | :’—|—t—¢— N CALIBRATION I
|
| | | | LSAMP | YT
o ¢ ° :] E ) Lv | ! ADC IN- Aoc
cre= [ | | | MUX | [
|

oo~

CO >—o — [—
- |
oD g | SIGNAL PATH -
CALIBRATION NETWORK
AUXINn = DIGITAL
AUXINn-1 = CONTROL
AUXINT >
AUXINO =

Figure 26. On-Demand Calibration Block Diagram
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Calibration Alerts

Internal safety mechanisms are implemented to ensure that the applied calibration coefficients are within predetermined
bounds. If a calibration coefficient were to fall outside of these bounds, this would immediately raise a fault in the
ALRTSUM register for the affected calibration process (ALRTCALOSADC, ALRTCALOSR, ALRTCALOSTHRM,
ALRTCALGAINP, ALRTCALGAINR). This fault condition then propagates to the STATUS1 alert register, which is capable
of flagging an issue within the Data Check byte or within the hardware alert interface.

If the integrity of the calibration coefficients is questionable, it is recommended to issue a new calibration to verify and/or
correct the fault, or to deassert ADCCALEN and use the factory default calibration.

Oversampling

ADC Oversampling

Oversampling performs multiple measurement cycles in a single acquisition and averages the samples to reduce the
measurement noise and effectively increase the resolution of each acquisition. The net increase of the measurement
resolution depends on the number of oversamples. To add n bits of measurement resolution, at least 22n oversamples
are required. Since the ADC resolution is 12 bits, 13-bit resolution requires at least 4 oversamples. In order to achieve
the maximum 14-bit resolution, at least 16 oversamples are required. Therefore with no oversampling, only the higher 12-
bits of the measurement are statistically significant. With 4 or 8 oversamples, only the highest 13-bits are statistically
significant. Taking more than 16 oversamples further reduces the measurement variation. With no oversampling,
measurements can be averaged externally to achieve increased resolution, but at a higher computational cost for the
host.

Comparator Oversampling

To effectively mitigate high-frequency noise from affecting the comparator measurement, the output can be oversampled
using the OVSAMPL bits in the SCANCTRL register. The accumulated oversamples are digitally averaged from the
comparator output to gauge if a valid OV/UV condition is present. An OV/UV condition requires the comparator readings
to meet or exceed the threshold listed in Table 23 for an alert to be generated as shown the table. Thus, an OVSAMPL
setting of 8 will afford one sample outside of the OV/UV condition before setting an alert. It is recommended for higher
noise immunity that the OVSAMPL setting should be configured to 8 or higher for comparator acquisition with
oversampling. When the ADC and comparator are simultaneously sampled, the oversampling is typically set by the noise
reduction required for ADC measurements.

Table 23. Comparator Faults for Alerts vs. Oversampling

OVSAMPL | COMPARATOR FAULTS FOR ALERT

1 1

4 1

8 2

16 3
32 5
64 10

128 20

Note: The comparator acquisition can be performed using the cell input path (Cn) or the switch input path (SWn) as
configured by the ALTMUXSEL bit. In the event that the comparator acquisition is performed on the switch input path, it
is recommended to increase the oversampling to account for the lessened noise attenuation from the inputs due to the
higher lowpass cutoff frequency.

Oversampling Watchdog Timeout
Table 24. Watchdog-Timeout Duration

OVSAMPL | SAMPLES | ACQUISITION WATCHDOG TIMEOUT

0b000 1 750ps
0b001 4 3ms

0b010 8 6ms

0b011 16 12ms
0b100 32 24ms
0b101 64 48ms
0b110 128 96ms
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Note 1: When AUTOBALSWDIS = 1, the watchdog timeout duration is extended by SWDLY or CELLDLY (depending on
ALTMUXSEL).

Note 2:When AUXTIME is > 0, the timeout duration is extended by AUXTIME.

100Hz and 120Hz Filtering

There are two types of scan configurations in which oversampling frequency can be utilized, each providing a different
benefit to the system performance. The first configuration is entered through the FOSR = 0b00 mode, which performs the
acquisition with minimal time delay between measurement cycles to recharge the HV charge pump. The FOSR = 0b00
mode yields the highest number of measurements per sample period, allowing for higher oversampling rates and further
noise reduction. The total acquisition time is proportional to the number of oversamples configured by OVSAMPL and the
type and number of enabled channels. The FOSR settings of 0b01, 0b10, or 0b11 enables a notch filter at a frequency of
50Hz, 60Hz, 100HZz, or 120Hz. This mode may be particularly useful for accurate voltage detection during vehicle charging
where noise from the power mains will effect the voltage seen by the battery pack. To enable proper filtering for 50Hz or
100Hz, the FOSR must be set to 0b01. For 60Hz or 120Hz filtering, the FOSR must be set to either 0b10 or Ob11.

Note: When configuring the FOSR, the acquisition period is automatically preconfigured to 625us for 50Hz/100Hz and
520ps for 60Hz/120Hz.

Table 25. FOSR Notch-Filter Setting

REJECTION FREQUENCY (Hz) FOSR OVSAMPL
50 0x1 0x4
60 0x2 or 0x3 0x4

100 0x1 0x4 or 0x3

120 0x2 or 0x3 | 0x4 or 0x3

None 0x0 Don't Care

The typical notch filter responses are shown in the Typical Operating Characteristics section for both 100Hz and 120Hz
respectively.

Acquisition Watchdog Timeout

If the acquisition does not finish within a predetermined time interval, the SCANTIMEOUT bit is set, the ADC logic is reset,
the ALU registers are cleared, and the measurement data registers are also cleared. The acquisition watchdog timeout
interval depends on the oversampling configuration as shown in Table 24.

If double-buffer mode is enabled (DBLBUFEN = 1), the ALU registers are cleared, but the data registers remain
unchanged as these are known good values previously stored. Once a move operation is evoked (SCAN = 1), the
previously cleared ALU data is moved from the ALU registers to the data registers and the data registers now show as
cleared. See the Double-Buffer Mode section for detailed information on the data control in the mode.
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Figure 27. Acquisition-Mode Flowchart
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Data Control

Acquisition Data Transfer and Control

ADES1754/ADES1755/ADES1756

The ADC data flow (Figure 28) can be directed through multiple data processing paths until it reaches the register space
(CELLNREG, AUXNREG, BLOCKREG, DIAG1REG, DIAG2REG, TOTALREG, and MINMAXCELL) depending on the
enabled configuration. The following sections detail the data flow through:

Calibration
IIR filter

Single buffer data transfer
Double buffer data transfer
Cell balancing with embedded measurements

ADCIN+
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\
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Figure 28. Data-Flow Diagram

Calibration Data Control

The ADC data is either directly output to the ALU or acted upon by the calibration block, depending on the state of the
ADCCALEN bit. See the On-Demand Calibration section for details on the configuration and application of calibration.
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lIR Filter
To augment the accuracy performance over multiple measurement cycles, the user can enable the embedded IIR filter.

The filter acts upon all enabled Cn and V| k inputs according to the user-defined settings in the MEASUREEN1 register.
The TOTAL register does not have a unique IIR filter, but is instead directly computed from the sum of the IIR data
registers as selected through RDFILT.

Additionally, when oversampling is enabled, the system response of the measurement data is the combination of the 1IR
filter and oversampling noise reduction.

Although the IIR filter can be updated dynamically on any individual acquisition through AMENDFILT, it is recommended
to always allow nondiagnostic acquisitions into the IIR filter. Using the IIR filter leads to the greatest benefit in noise
reduction with the external hardware filter combined with the digital filtering.

Diagnostics (including BALSWDIAG results) or higher noise data from ALTMUXSEL = 1 should not be processed within
the lIR as this will corrupt the desired measurement result. This involves (but is not limited to) configuration with the
diagnostic current sources (CTSTCFG, MUXDIAGEN).

Note: IR filtering is always applied to measurement cycle during automatic cell balancing. In the event the IIRFC = 111b
(off) in automatic cell-balancing modes, the IIR filter is internally forced to 000b (1/8). All other selection of IIRFC are valid.

Filter Description

The IIR filter is implemented per the following transfer function, as illustrated in Figure 29:

Y(n) = FC*X(n) + (1-FC)*Y(n-1)

FC is a 3-bit user-programmable filter coefficient. The default value of 0b010 has a weight of 3/8.

The detailed filter coefficient settings are defined in the IIRFC register. The smaller the coefficient is, the more the history
is represented by Y(n-1) outputs in the equation. It is a tradeoff between response times to change in input value versus
the noise attenuation. The filter can be turned off by setting the filter coefficient to 1 (IIRFC = 0b111).

The filter can be temporarily bypassed by setting AMENDFILT = 0; this is useful when performing periodic safety and
diagnostic checks, as the filtered main measurement results will be preserved within the filter memory registers. Both
filtered and raw result data can be read back using the RDFILT option.

X
INTERNAL REGISTER % COMBINATIONAL LOGIC

USERREGISTER

Figure 29. IR Filter Algorithm

Filter Response

The IIR filter provides a means to improve measurement noise rejection at a cost of increased settling time. This tradeoff
can be managed by selecting the proper IIR filter coefficient for the application. Table 26 shows the number of samples
taken by the IIR filter to settle a full-scale step (e.g., OV to 100mV unipolar cell transition) to 12-bit and 14-bit accuracy.

Note: This settling time can be significantly shortened after power-up, or when operating mode changes require large
step responses by using the MEASUREEN2:SCANIIRINIT or BALCTRL:CBIIRINIT initialization options, which accelerate
settling by loading the next acquired sample into the filter's accumulated result memory. See the Typical Operating
Characteristics section for a typical operating behavior of that filter.

www.analog.com Analog Devices | 58



14-Channel, High-Voltage Data- ADES1754/ADES1755/ADES1756
Acquisition Systems

Table 26. IIR 100mV Step Response Settling

IIRFC SETTING: 0b000 | 0b001 | 0b010 | 0b011 | 0b100 | 0b101 | 0b110 | 0b111
IIR FILTER COEFFICIENT (FC): | 1/8 1/4 3/8 1/2 5/8 3/4 7/8 1
12-Bit Settling (# Samples): 33 16 10 7 5 4 3 1
14-Bit Settling (# Samples): 44 21 13 9 6 5 3 1

IIR Data Control

The control of ADC data into and around the IIR filter is performed using dedicated register bits (AMDENDFILT, RDFILT,
ALRTFILT) in the SCANCTRL register. The following sections detail this operation.

AMENDFILT and RDFILT

The AMENDFILT bit directs the ALU data into the IIR for filtering operations or around the IIR filter to the output data
registers (BLOCKREG 0x55).

When the AMENDFILT bit is deasserted, the ADC acquisition in the ALU is not transferred into the IR accumulator at the
end of the scan sequence. This setting should be used for diagnostic operations which disrupt the input data or for
operations which utilize a different measurement path, as both operations would corrupt the normal data. Examples of
measurement modes that disrupt the input data are when the cell test current sources or HYMUX test current sources
are enabled using the CTSTEN bit and MUXDIAGEN bits respectively. Alternatively, when AMENDFILT is asserted, the
ADC acquisition in the ALU is automatically scaled and transferred into the IIR accumulator at the end of the scan
sequence.

The RDFILT bit determines if IIR filtered data or normal acquisition data is read from the output data registers is issued
(BLOCKREG 0x55). See the Single-Buffer Mode and Double-Buffer Mode sections for details on how the RDFILT affects
data transfer.

Note: If DBLBUFEN = 0 and SCAN = 1, the ALU results are loaded into the IIR automatically at the end of the requested
measurement sequence.

If DBLBUFEN = 1 and SCAN = 1, the ALU results are loaded into the IIR automatically at the beginning of the following
sequence.

If DBLBUFEN = x and SCAN = 0, the ALU results are loaded into the IIR during the requested data move sequence if
DATARDY = 0.

Table 27 shows the interactions that can occur between the |IR data control settings:

Table 27. lIR Data-Control Settings

AMENDFILT | RDFILT USAGE
0 0 IIR Filter Disabled
Potential Stale Data Fetch
0 1 IIR is not updated, but the IIR results are read.

Note: This operation is not recommended.
Reads Current Unfiltered Acquisition Data:

1 0 IIR is updated, but the current acquisition is read.
See the Out-of-Scan Data Transfer section for information on reading both filtered and unfiltered results.
1 1 IIR Filter Updated and IIR Filter Read

ALRTFILTSEL

When IIR filter operation is enabled, there are two possible data sources for user access: the raw sequencer outputs
(oversampling still applies) or the IIR filtered outputs. The Alert Filtering Selection bit, ALRTFILTSEL, is used to select
one of these outputs to generate the relevant alerts.

When ALRTFILTSEL = 0, the raw sequencer outputs are used. This data source is used to assert all related alert bit
assertions, calculate MINMAXCELL and TOTAL registers, and perform cell mismatch MSMTCH checks. When
ALRTFILTSEL = 1, the IIR filtered data is used. This IIR data is used to assert all related alert bit assertions, calculate
MINMAXCELL and TOTAL registers, and perform cell mismatch MSMTCH checks.
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Regardless of the ALRTFILTSEL settling, the DIAG1 and DIAG2 registers always come from the unfiltered sequencer
outputs.

IR Initialization

When IIR operation is engaged, the data to be operated upon initially is controlled by the Sequencer IIR Initialization
Request bit, SCANIIRINIT.

By default, SCANIIRINIT = 0, and the IIR filter is in Continuation mode. In Continuation mode, the current value in the IR
accumulators is kept (presumably from previous cell measurements) and sequencer measurements are amended
normally.

When SCANIIRINIT = 1, the IIR filter is in Initialization mode. In Initialization mode, the IR accumulators are reinitialized
to the first measurement taken, and further cell-balancing measurements are amended normally.

Single-Buffer Mode

The Single-Buffer mode (Figure 30) is activated when DBLBUFEN = 0. In this mode, data is moved to the CELLnREG,
AUXnREG, BLOCKREG, DIAG1REG, DIAG2REG, TOTALREG, and MINMAXCELL registers at the end of the scan,
indicated by SCANDONE = 1 and DATARDY = 1.

SINGLE-BUFFER DATA TRANSFER : DBLBUFEN =0, RDFILT = 0

SCAN=1 SCANDONE = 1 SCAN=1 SCANDONE = 1

L L L L TIVE
-
>< SCAN SEQUENCE #1 IDLE >< SCAN SEQUENCE #2 >< IDLE

y

ALU DATA

N

| |

MEASUREMENT RESULTS MEASUREMENT RESULTS
TRANSFERRED TRANSFERRED
DATA REGISTER
MEASUREMENT RESULTS FROM SCAN #1 MEASUREMENT RESULTS FROM SCAN #2

SINGLE-BUFFER DATA TRANSFER : DBLBUFEN =0, RDFILT =1

SCAN=1 SCANDONE = 1 SCAN=1 SCANDONE = 1
L i i L T
-
>< SCAN SEQUENCE #1 IDLE SCAN SEQUENCE #2 IDLE
IIR DATA (POST FILTERING) ; ;
| X
MEASUREMENT RESULTS MEASUREMENT RESULTS
TRANSFERRED TRANSFERRED

DATA REGISTER

>< MEASUREMENT RESULTS FROM SCAN #1 >< MEASUREMENT RESULTS FROM SCAN #2

Figure 30. Single-Buffer Data Transfer

Double-Buffer Mode

With DBLBUFEN = 1, the Double Buffer mode (Fiqure 31) is activated. In this mode, data is moved to the CELLnREG,
AUXNnREG, BLOCKREG, DIAG1REG, DIAG2REG, TOTALREG, and MINMAXCELL registers at the start of the next scan
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when SCAN = 1 and is indicated by DATARDY = 1. This allows the host to read data from the last scan while the current
scan is in progress. In the event that a final measurement is requested prior to a sleep or shutdown event, the host would
need to issue another SCAN request to force the data transfer from the last acquisition or move the data through the out-
of-scan data transfer method.

DOUBLE BUFFER DATA TRANSFER : DBLBUFEN =1, RDFILT= 0

SCAN=1 SCANDONE = 1 SCAN=1 SCANDONE = 1 SCAN=1 SCANDONE = 1

v v v v v vome ,
>< SCAN SEQUENCE # 1 IDLE ><SCAN SEQUENCE # 2 IDLE >< SCAN SEQUENCE # 3
ALU DATA \—/_\‘ \—/ﬂ

MEASUREMENT RESULTS MEASUREMENT RESULTS
TRANSFERRED TRANSFERRED
DATA REGISTER
MEASUREMENT RESULTS FROM SCAN #1 MEASUREMENT RESULTS FROM SCAN #2
DOUBLE BUFFER DATA TRANSFER : DBLBUFEN =1, RDFILT = 1
SCAN=1 SCANDONE = 1 SCAN=1 SCANDONE = 1 SCAN=1 SCANDONE = 1

v v v v v vome

>< SCAN SEQUENCE # 1 IDLE >< SCAN SEQUENCE # 2 IDLE >< SCAN SEQUENCE # 3

IR DATA (POST FILTERING) \—/_\‘ \—/_\‘

MEASUREMENT RESULTS MEASUREMENT RESULTS
TRANSFERRED TRANSFERRED
DATA REGISTER
>< MEASUREMENT RESULTS FROM SCAN #1 MEASUREMENT RESULTS FROM SCAN #2

Figure 31. Double-Buffer Data Transfer

Out-of-Scan Data Transfer

Out-of-scan data transfer occurs in the period after a scan is complete, indicated by SCANDONE = 1, and before a new
scan request (SCAN = 1) is issued by the host. Because the data exists in both the ALU and IIR accumulator, but only
one set is transferred to the data registers depending on the RDFILT setting, this procedure allows access to the other
set of data that was not transferred to the data registers. By setting DATARDY = 0, RDFILT = 0 and SCAN = 0, data from
the ALU is transferred to the data registers. By setting DATARDY = 0, RDFILT = 1 and SCAN = 0, data from the IIR
accumulator is transferred to the data registers.

If an out-of-scan data transfer is issued, the MINMAXCELL, TOTAL, and MSMTCH registers are not updated when
changing RDFILT and SCAN = 0. Additionally, out-of-scan alert processing is not updated when changing ALRTFILTSEL
and SCAN = 0. If updated data processing is required, a new acquisition (SCAN = 1) must be requested.

Cell Balancing with Embedded Measurement Data Control

The data control for cell balancing with embedded measurements is controlled by the CBSCAN bit in the BALDATA
register. This bit acts as a strobe, and the CBSCAN bit content is automatically cleared, reading back a logic 0 when
polled.
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Upon writing CBSCAN (and after any auto cell-balancing measurement operation in complete), all enabled conversion
parameters are updated in the CELLNREG, AUXnREG, BLOCKREG, DIAG1REG, DIAG2REG, TOTALREG, and
MINMAXCELL output registers. See the Cell Balancing section for further detail.

Measurement Alerts

After the acquisition, the ALU compares the enabled measurement data to the enabled OV/UV thresholds for both
measurement paths (ADC and comparator) as shown in Table 28. If outside of the configured threshold, the associated
alert bit is set during data transfer into the ALU or IIR ALU blocks. In the event that calibration is enabled using the
ADCCALEN bit, the digital correction is performed prior to the alert generation. This ensures that the alert is generated
from the correct accuracy results.

Note: The ALRTFILTSEL bit for the IIR data control determines if the alerts will be generated upon filtered or unfiltered
data.

The data control settings impact the management of alert signaling. The aforementioned alert handling details the Single-
Buffer mode data control. Since the Double-Buffer mode allows for simultaneous data offload and acquisition, it is
recommended to read the alert status after SCANDONE for the current acquisition and prior to initiating the next
acquisition.

Table 28. Measurement Alerts

DESCRIPTION SIL(Z%L CONDITION OR RESULT ALERT BIT LOCATION
Ven - Vent > VOVTHSET ALRTCELLOVST, STATUSH,
ADC | ”P oL AT?_ITY “o ALRTADCOVST, ALRTSUM,
Cel overvoltage (OV) or n= ALRTOVn ALRTOVCELL
9 ALRTCELLOVST, STATUSH,
COMP | Ven-Ven-1 > VeoMPOVTH ALRTADCOVST, ALRTSUM,
ALRTCOMPOVn ALRTCOMPOVREG
Ven - Ven < VUVTHSET ALRTCELLUVST, STATUSH,
ADC : ”P oL A’EITY ~o ALRTADCUVST, ALRTSUM,
Cell undervoltage (UV) or n= ALRTUVn ALRTUVCELL
! 9 ALRTCELLUVST, STATUSH,
COMP | Ven-Ven-1 < VeoMPUVTH ALRTADCUVST, ALRTSUM,
ALRTCOMPUVN ALRTCOMPUVREG
Bipolar cell/bus-bar ADC Ven - Ven-1 > VBIPOVTHSET ALRTCELLOVST, STATUSH,
overvoltage (OV) ONLY | for POLARITYn = 1 ALRTADCOVST, ALRTSUM,
9 or n= ALRTOVn ALRTOVCELL
Bipolar cell/bus-bar ADC Ven - Ven-1 < VBIPUVTHSET ALRTCELLUVST, STATUST,
undervoltage (UV) ONLY for POLARITYn = 1 ALRTADCUVST, ALRTSUM,
9 or n= ALRTUVn ALRTUVCELL
Block overvoltage (OV) OA,\?& VBLK > VBLKOVTHSET ALRTBLKOV STATUSH1
Block undervoltage (UV) gﬁ& VBLK < VBLKUVTHSET ALRTBLKUV STATUS1
Cell mismatch g‘,\?& Vmax - VMIN > VMSMTCH ALRTMSMTCH STATUS1
ADC n where VCELLn = VMIN
Cell with minimum voltage ONLY Unipolar if MINMAXPOL= 0, else None MINMAXCELL
bipolar
ADC n where VCELLn = VMAX
Cell with maximum voltage ONLY Unipolar if MINMAXPOL= 0, else None MINMAXCELL
bipolar
Total of all cell voltages 3\"3& Z VcELLn forn=1to TOPCELL1/2 None TOTAL
AUXINN overvoltage VAUXINn > (VAUXROVTHSET or ALRTAUXOVST, STATUST,
(undertemperature) ADC VAUXAOVTHSET) ALRTADCAUXOVST, | ALRTSUM,
Y peralu ALRTAUXOVn ALRTAUXOV
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ALRTAUXOVST, STATUSH,
COMP xégﬁﬁf\&xgw;“xm\’m °" | ALRTCOMPAUXOVST, | ALRTSUM,
ALRTCOMPAUCOVn | ALRTCOMPAUXOV
ALRTAUXUVST, STATUSH,
ADC xﬁgﬂJV?S/é\;);RUVTHSET or ALRTADCAUXUVST, | ALRTSUM,
AUXINN undervoltage ALRTAUXUVn ALRTAUXUV
(overtemperature) ALRTAUXUVST, STATUSH1,
COMP xégﬂEZJQXS\WHP)AUXRUVTH °" | ALRTCOMPAUXUVST, | ALRTSUM,
ALRTCOMPAUCUVn | ALRTCOMPAUXUV
Voltage Alerts

The ALRTOVEN and ALRTUVEN registers are configured to enable voltage alerts for the cell and block inputs. These
alerts have programmable OV/UV set thresholds, as well as programmable OV/UV clear thresholds, allowing for
programmable hysteresis in both OV or UV measurements as mentioned in Table 29. This is beneficial for the
programming of alert detection in lithium-ion (Li+) cells where there are different characteristics at fully charged and
discharged states.

Overvoltage alerts in the ALRTOVCELL or ALRTCOMPOVRERG registers are set when the CELLn voltage exceeds the
programmed threshold voltages VoyTHSET and VcomMPOVTH, respectively. Alternatively, undervoltage alerts in the

ALRTUVCELL and ALRTCOMPUVRERG registers are set when the CELLn voltage exceeds the programmed threshold
voltage VyvyTHSET and VcoMPUVTH, respectively. It is important to note that, due to the different resolutions of the ADC

and comparator (described in the ADC Input Range and Comparator Input Range sections), the user may experience a
condition where the alert for the ADC may be set while the alert for the comparator my be cleared and vice versa.

Note: ADC alerts provide the most accurate indications of the acquisition.

Alerts are cleared when the cell voltage moves in the opposite direction and crosses the OVTHCLR, COMPOVTH and
UVTHCLR, COMPUVTH thresholds. The voltage must cross the threshold; if it is equal to a threshold, the alert flag does
not change. Therefore, setting the overvoltage set threshold to full-scale, or setting the undervoltage set threshold to zero-
scale, effectively disables voltage alerts independent of the ALRTOVEN and ALRTUVEN.

Table 29. Set- and Clear-Threshold Selection

OVERVOLTAGE | UNDERVOLTAGE
DESCRIPTION | SIGNAL PATH | " be o o THRESHoLD | OV HYSTERESIS | UV HYSTERESIS
Cell ADC OVTHSET UVTHSET OVTHCLR UVTHCLR
Cell COMP COMPOVTH COMPUVTH Not applicable Not applicable
Bus bar ADC BIPOVTHSET BIPUVTHSET BIPOVTHCLR BIPUVTHCLR
Block ADC BLKOVTHSET | BLKUVTHSET BLKOVTHCLR | BLKUVTHCLR

Alert conditions for the individual ADC cell inputs are summarized using the ALRTADCOVST and ALRTADCUVST bits in
the ALRTSUM register and occur when any alert bit is set in the ALRTOVCELL or ALRTUVCELL registers, respectively.
Similarly, alert conditions for the individual comparator cell inputs are set using the ALRTCOMPOVST and
ALRTCOMPUVST bits in the ALRTSUM register when any alert bit is set in the ALRTCOMPOVREG or
ALRTCOMPUVREG registers, respectively. To ease identification of any OV/UV alerts, both ADC summary alerts and
comparator summary alerts are further logically OR'ed and summarized in the ALRTCELLOVST and ALRTCELLUVST
bits in the STATUS1. This enables the alert information to get propagated using the hardware alert interface or the data
check byte.

Alert conditions for the block input are directly summarized using the ALRTBLKOVST and ALRTBLKUVST bits in the
STATUS1 register when the acquired BLOCK voltage is over VgL KOVTHSET ©Or under VBLKUVTHSET, respectively.

If an alert does not need to be propagated using the alert interface or data check byte, these can be individually masked.
See the Alert Interface section for further details on the masking.

The cell and block voltage hysteresis diagram is as shown in Figure 32.
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Figure 32. Cell Voltage-Alert Thresholds

Cell Mismatch

Enable the mismatch alert to signal when the minimum and maximum cell voltages differ by more than a specified voltage.
The MSMTCHREG register sets the 14-bit threshold (VpsmTcHREG) for the mismatch alert, ALRTMSMTCH. Whenever

VMAX - VMIN > VMSMTCHREG, then ALRTMSMTCH = 1. The alert bit is cleared when a new acquisition does not exceed
the threshold condition. To disable the alert, write 3FFFh to the MSMTCHREG register bitfield (default value).
Cell Statistics

The cell numbers corresponding to the lowest and highest enabled voltage measurements are stored in the MINCELL,
MAXCELL bitfields. When multiple cells have the same minimum or same maximum voltage, only the lowest cell position
having that voltage is reported. For acquisitions with no enabled cell inputs, the MINCELL, MAXCELL, and TOTAL bitfields
are not updated.

The RDFILT bit determines the source data (filtered/unfiltered) used for the MINCELL, MAXCELL bitfields and
TOTALREG (x56) register.

The MINMAXPOL bit ensures that only like measurements are used for the statistical processing of MINCELL, MAXCELL,
and ALRTMSMTCH. This ensures that bus bars do not affect the cell statistics in mixed-mode acquisitions. When
MINMAXPOL = 0 only unipolar measurements are used. When MINMAXPOL = 0b1, only bipolar measurements are used.

Note: For Li+ applications, MINMAXPOL should be configured for unipolar statistics, while fuel-cell application should be
configured for bipolar statistics.

The sum of all enabled cell voltages, regardless of the POLARITY configuration, is stored in the TOTAL register as a 16-
bit value.

Example:

Assume four cell inputs are enabled—CELL1, CELL2, CELL3, and CELL4—where CELL1, CELL2 are configured as
unipolar, CELL3 as bipolar, and CELL4 as unipolar. The measured values after the acquisition read 2V, 2V, -1V, and
2.5V, respectively.

The TOTALREG register reads:
TOTAL=2+2-1+25=55V
The MINCELL bitfield reads CELL1 and the MAXCELL bitfield reads CELLA4.

Temperature Alerts

The ALRTAUXOVEN and ALRTAUXUVEN registers are configured to enable the temperature alerts for the enabled
AUXn inputs. Like the cell-voltage alerts, the temperature alerts have programmable OV/UV set thresholds as well as
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programmable OV/UV clear thresholds to provide user-programmable hysteresis to avoid unwanted alerts in the presence
of measurement noise, as shown in Table 30.

Table 30. Temperature Alert Threshold

OVERVOLTAGE UNDERVOLTAGE
DESCRIPTION SL(;NI_':'L TYPE THRESHOLD/ THRESHOLD/ HYSTg\?ESIS HYSTSSESIS
UNDERTEMPERATURE | OVERTEMPERATURE
AUXINn ADC Ratiometric AUXROVTHSET AUXRUVTHSET AUXROVTHCLR | AUXRUVTHCLR
AUXINn ADC Absolute AUXAOVTHSET AUXAUVTHSET AUXAOVTHCLR | AUXAUVTHCLR
AUXINNn COMP | Ratiometric COMPAUXROVTH COMPAUXRUVTH Not applicable Not applicable
AUXINn COMP Absolute COMPAUXAOVTH COMPAUXAUVTH Not applicable Not applicable

Overvoltage alerts in the ALRTAUXOV or ALRTCOMPAUXOQV registers are set when the AUXn voltage exceeds the
programmed threshold voltages of VAUXAOVTHSET OR VAUXROVTHSET and VCoMPAUXAOVTH OR VCOMPAUXROVTH:
respectively. The appropriate threshold used is determined by the AUXREFSEL bits, which can be different per channel.
Alternatively, undervoltage alerts in the ALRTAUXUVREG and ALRTCOMPAUXUVRERG registers are set when the AUXn
voltage exceeds the programmed threshold voltage VauxuvTHSET OR VAUXRUVTHSET and VcoMPAUXRUVTH OR
VCOMPAUXAUVTH: respectively. It is important to note that, due to the different resolutions of the ADC and comparator
(described in the ADC Input Range and Comparator Input Range sections), the user may experience a condition where
the alert for the ADC may be set while the alert for the comparator may be cleared and vice versa.

Note 1: An OV alert for the ratiometric acquisition signals an undertemperature (UT) event for the NTC measurement,
and an UV alert signals an overtemperature (OT) event for the NTC measurement.

Alerts are cleared when the cell voltage moves in the opposite direction and crosses the
AUXROVTHCLR,AUXAOVTHCLR and AUXRUVTHCLR,AUXAUVTHCLR thresholds. The voltage must cross the
threshold; if it is equal to a threshold, the alert flag does not change. Therefore, setting the overvoltage set threshold to
full-scale, or setting the undervoltage set threshold to zero-scale, effectively disables voltage alerts independent of
ALRTAUXOVEN and ALRTAUXUVEN.

Alert conditions for the individual ADC auxiliary inputs are summarized using the ALRTADCAUXOVST and
ALRTADCAUXUVST bits in the ALRTSUM register and occur when any alert bit is set in the ALRTAUXOV or
ALRTAUXUYV bitfields, respectively.

Note 2: The ALRTSUM alert status does not specify the auxiliary input measurement mode in AUXREFSEL. However,
this can be determined from polling the alert channel within ALRTAUXOV or ALRTAUXUV.

Similarly, alert conditions for the individual comparator auxiliary inputs are set using the ALRTCOMPAUXOV and
ALRTCOMPAUXUV bits in the ALRTSUM register when any alert bit is set in the ALRTCOMPAUXOVSTREG or
ALRTCOMPAUXUVREG registers, respectively.

To ease identification of any OV/UV alerts, both ADC summary alerts and comparator summary alerts are further logically
OR'ed and summarized in the ALRTAUXOVST and ALRTAUXUVST bits in the STATUS1. This enables the alert
information to get propagated using the hardware alert interface or the data check byte.

Cell Balancing
Cell balancing may be performed using any combination of the 14 internal cell-balancing switches according to the
programming of the enabled BALSWCTRL:BALSWEN configuration and POLARITYCTRL configuration. Each configured

channel performs cell balancing according to the configured operational mode, which includes manual or automatic
balancing, discharge control using a timer and/or undervoltage threshold, and duty cycle configuration.

Cell-Balancing Mode Configurations

Cell balancing is initiated using the CBMODE bits in the BALCTRL register. This selection defines automatic versus
manual balancing control, channel timer configuration, and timer resolution. Once a CBMODE mode is selected and

started, the device remains in this mode until a new value is written to CBMODE, or until a successful exit criteria is
achieved from all enabled conditions (UV threshold, timer, and thermal).

To determine the current state of cell balancing, the CBACTIVE bits can be polled using the BALCTRL, BALSTAT, or
BALUVSTAT registers. The current timer value can be read through CBTIMER, a 1Hz alive counter can be read through
CBCNTR. The timer units (i.e., second, minute, hour) can be read through CBUINT. These status registers are only
cleared when CBMODE is written to a new mode or disabled. The combination of these bitfields allow for user verification

www.analog.com Analog Devices | 65



14-Channel, High-Voltage Data- ADES1754/ADES1755/ADES1756

Acquisition Systems

that the cell-balancing machine is responsive; meanwhile, an internal health check is performed prior to verify a hardware
integrity prior to balancing. ALRTCBTIMEOUT notifies the user of a health check failure (if one is found).

Once a CBMODE mode is selected and started, the device remains in this mode until a new value is written to CBMODE.
Note that all CBMODE active operations automatically end due to either timer expiration(s), thermal faults, and/or cell UV
thresholds being met. In these cases, the CBMODE is still engaged, although the balancing operation is ended. The
status of the operation can be checked by reading the BALSTAT and BALUVSTAT registers.

After cell balancing is initiated, write access to specific cell-balancing registers is blocked; if a write to a blocked register
is attempted, it will be ignored and the ALRTRJCT flag will be set in the STATUS2 register. See Table 31 for specific
register behavior. Note that blockage operations are implemented at the register level.

Table 31. Cell-Balancing Register Write Behavior when Cell Balancing Is Selected

AUTO (INDIVIDUAL OR EMERGENCY DISCHARGE
GROUP) MODE (1xx) MANUAL MODE (01x) MODE (001)
REGISTER BITFIELD D.ata Write ALRT- D.ata Write ALRT- D.ata Write ALRT-
applicable | accepted applicable | accepted applicable | accepted
. . . . RJCT . . . . RJCT . . . . RJCT
in this in this Status in this in this Status in this in this Status
mode? mode? Y mode? mode? Y mode? mode?
BALSWCT CBT;I_STA No No ] Yes Yes No Yes
RL BALSWEN Yes No Yes Yes No Yes
BALEXP1 BALEXP1 Yes No 1 Yes No 1 Yes No 1
BALEXP2- | BALEXP2- Yes No 1 No Yes — No Yes —
14 14
BALAUTO ((::BBGJ\\//,\;:LZ Yes No 1 No Yes B No Yes B
UVTHR ELL Yes No No Yes No Yes
BALDLYCT CBN1('3FYCF Yes No ] No Yes Yes No ]
RL CBCALDLY Yes No No Yes Yes No

Note 1: The CBRESTART is a strobe bit to manually restart/refresh the watchdog timer during manual mode cell-
balancing operation. Although this can be written in other balancing modes, no internal action is taken.

Note 2: Writes to the BALSWEN bitfields during manual cell-balancing mode are expected and supported.

Note 3: Writes to BALAUTOUVTHR with CBUVMINCELL = 1 are rejected if a measurement scan is in progress (since
data from the last completed scan is used to populate CBUVTHR).

Any value (re)written to CBMODE other than 000 (disable) will restart the CBTIMER at zero and (re)launch the requested
mode of operation.

Manual Mode

In Manual mode, balance switches (BALSWn) are controlled directly by BALSWEN[14:1] with a watchdog timeout set by
CBEXP1 as follows:

BALSWn = BALSWENIn] & (CBTIMER < CBEXP1) & ~(AUTOBALSWDIS and measurement in progress)

CBTIMER is incremented on a real-time basis, regardless of BALSWEN settings or suspensions for ADC or CAL events.
This means the watchdog will time out as set in CBEXP1 once manual cell balancing is initiated.

Manual cell-balancing operations can be temporarily suspended during measurements using the AUTOBALSWDIS
feature.

In certain instances, as defined by the AUTOBALSWDIS operation or other manual diagnostic operation, the user may
wish to have explicit control of the BALSWEN without the desire to refresh the CBTIMER watchdog. In this case, the user
can configure CBEXP1 = 3FFh to disable the timer. Thus, balancing is controlled only using the BALSWEN; this is also
equivalent to the cell-balancing behavior supported in legacy-Maxim battery-management devices.
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CBRESTART is provided as a means to refresh the active balancing switches or the watchdog timer during normal
BALSWn cycling operations. CBUVTHR exit settings are ignored; measurements and calibrations operations are
requested through normal scan control registers allowing for simultaneous measurements and balancing.

Notes: Writing 1 to CBRESTART after cell-balancing timer expiration has no effect. To perform another manual mode
cell-balancing event, the user must issue a separate write to the BALCTRL register.

Manual balancing allows for adjacent balancing switches to turn on simultaneously according to the application
requirement. Enabling adjacent balancing switches simultaneously under manual cell-balancing modes increases the
balancing current significantly, so care must be taken to not exceed the device’s maximum operating conditions.

AUTOBALSWDIS Feature

Configuring AUTOBALSWDIS = 1 automatically disables the balancing switches (in manual cell-balancing modes only)
during measurements to eliminate the additional voltage drop caused due to cell-balancing application circuits. This
ultimately allows the system to achieve higher accuracy cell measurements to help calculate higher accuracy of state of
charge (SoC).

Measurement settling time control for cell measurement (CELLDLY) and BALSW diagnostic/ALTMUX (SWDLY) is
configured in the BALSWDLY register. These delay registers provide programmable settling (wait) times from Ous up to
24.57ms, in steps of 96us, between the time when the acquisition is enabled and the start of actual measurement to allow
for the external application circuit to settle to accurate voltages. In the BALSWDLY register, CELLDLY is the upper 8-bit
delay setting for cell recovery time, while SWDLY is the lower delay setting for certain diagnostics such as sense-wire
open. When AUTOBALSWDIS = 1 and ALTMUXSEL = 0, CELLDLY is selected. When AUTOBALSWDIS = 1 and
ALTMUXSEL sets to 1, SWDLY is selected. Hence, this feature can be used during normal cell measurements as well
as during diagnostic measurements with two separate delay timers which can be independently set. Any write to the
BALSWDLY register will be ignored, signaled by ALRTRJCT, while a measurement sequence or an auto cell-balancing
mode is active.

Note 1: The appropriate delay time is dependent on the application circuit and the level of accuracy required. For the
typical application circuit on the cell input utilizing a input filter network of 1kQ and 0.1yuF, it is recommended to choose a
settling time of 960us to achieve the calibrated accuracy specified in the Electrical Characteristics table.

Note 2: AUTOBALSWDIS effects cell-balancing switch behavior in manual cell-balancing modes only.
Note 3: Cell-balancing timer incrementing/expiration behavior is not affected by the AUTOBALSWDIS setting.

HOST HOST
BALSWEN(n]
ONE ADC ACQUISITION ONE ADC ACQUISITION

- -

MEASUREMENT
AUTOBALSWDIS =1 AUTOBALSWDIS =1

T | T |

! | ! |

! | ! |
BALSWn | | | |

| | | |

LZ_ 1 I A

Figure 33. Logic Diagram when Balancing Switches Will Be Disabled
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Figure 34. AUTOBALSWDIS Measurement Settling

Manual Cell-Balancing Mode with Flexible-Pack Configuration

During manual cell balancing, the top two consecutive cells should not be enabled for manual cell balancing. This creates
a situation where SWTOPCELL1/21 SWTOPCELL1/2-1v and SWTOPCELL1/2-2 could potentially all be 5V below the TOPCELL1/2
cell input voltage. Although, the ADES1754/ADES1755/ADES1756 digital logic will not prevent user from using such a
configuration, ALRTHVUYV is expected to trip and the TOPCELL1/2 cell input measurements will not be valid.

Auto Individual Mode

The Auto Individual mode performs cell balancing in a controlled manner so that the cells can be individually discharged
for a duration and/or to a specific voltage level, as required in the end application. The host initiates an Auto Individual
mode by setting CBMODE to 0b100 (duration is seconds) or 0b101 (duration in minutes), configuring CBEXPn to the
desired value (where the LSB = 1 second or minute, respectively), and setting individual BALSWENN bits; a group voltage
target can also be set using CBUVTHR.

In Auto Individual mode, the balancing switches defined by BALSWENI[n] are automatically controlled through
nonoverlapping even/odd cycling in accordance with the programmable timer duration (CBEXPn) and/or the undervoltage
threshold (CBUVTHR). The balancing switch duty cycle can further be controlled using CBDUTY to programmatically set
the average balancing current. This is indicated as follows:

Even Cells (2, 4, ... 14):

BALSWn = BALSWENI[n] & (CBTIMER < CBEXPn) & CBEVEN & ( ((CBMEASEN ==0b11) & (CELLn 2 CBUVTHR)) |
(CBMEASEN !=0b11))

Odd Celis (1, 3, ... 13):

BALSWn = BALSWEN|n] & (CBTIMER = CBEXPn) & CBODD & ( ((CBMEASEN ==0b11) & (CELLn 2 CBUVTHR)) |
(CBMEASEN !=0b11))

CBUVTHR exit settings apply, and ADC measurement and calibration operations can be performed, if enabled, to support
host controller read back.

CBTIMER is incremented on a duty-cycled basis, indicating the time each channel is subject to discharge (i.e., one Tcgeo
cycle out of each E/O/M discharge cycle). This means, in real time, the discharge operation will always run at least 2x the
maximum value set in CBEXPn. As an example, if both an even and odd cells must be balanced for 1 hour and the
CBDUTY = 100%, the associated timers would be set accordingly and the operation would last for ~2 hours (accounting
for nonoverlap timing). If the CBDUTY is now set to 50% with the same timer settings, the total operation time would
extend to ~4 hours.

The read-only counter CBCNTR increments at a 1Hz rate with periodic rollover at Ob11. The host can read this counter
periodically to confirm the auto individual mode is active.
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SHDNL operation can be controlled by HOLDSHDNL, preventing device shutdown during auto individual mode in case
of an extended lapse in host communication.

Once initiated, Auto Individual mode normally continues to run until CBTIMER reaches max(CBEXPn) or all cells reach
the voltage CBUVTHR (whichever comes first, depending on configuration settings). At this point, balancing switch
operations cease and CBACTIVE is set to 0b10, indicating a normal exit condition. Cell-balancing checks for thermal,
calibration, and watchdog faults apply, if enabled; if any of these conditions occur, switching activity will be halted
immediately and CBACTIVE will be set to Ob11, notifying the pC of the result. The cell-balancing timer (CBTIMER)
continues to run until expiration (CBEXPn), and HOLDSHDNL extensions are supported, if enabled. This allows the uC
to confirm the exit condition.

Auto Group Mode

The Auto Group mode performs cell balancing in a controlled manner so that the cells can be discharged as a group for
a duration and/or to a specific voltage level, as required in the end application. The host initiates an Auto Group mode by
setting CBMODE to 0b110 (duration is seconds) or 0b111 (duration in minutes), configuring CBEXP1 to the desired value
(where the LSB = 1 second or minute, respectively), and setting individual BALSWENR bits; a group voltage target can
also be set using CBUVTHR.

In Auto Group mode, the balancing switches defined by BALSWENI([n] are automatic controlled through nonoverlapping
even/odd cycling in accordance with the programmable timer duration (CBEXP1) and/or the undervoltage threshold
(CBUVTHR). The balancing switch duty cycle can further be controlled using CBDUTY to programmatically set the
average balancing current. This is indicated as follows:

Even Cells (2, 4, ... 14):

BALSWn = BALSWENIn] & (CBTIMER < CBEXP1) & CBEVEN & ( ((CBMEASEN ==0b11) & (CELLn = CBUVTHR)) |
(CBMEASEN != 0b11))

0dd Cells (1, 3, ... 13):

BALSWn = BALSWEN[n] & (CBTIMER < CBEXP1) & CBODD & ( ((CBMEASEN ==0b11) & (CELLn = CBUVTHR)) |
(CBMEASEN != 0b11))

Auto Group modes are identical to Auto Individual modes, except that all timer durations are checked against CBEXP1
(a single expiration event).

Emergency Discharge Mode

The Emergency-Discharge mode performs cell balancing in a controlled manner so that the cells can be discharged in
the event of an emergency or battery end-of-life.

The host initiates the Emergency-Discharge mode by setting CBMODE to 0b001 and configures CBEXP1 to the desired
value (where the LSB = 1 hour). After Emergency-Discharge mode is activated, battery cells are discharged until
CBTIMER expires or CBMODE is set to 0b000 (disabled).

In Emergency-Discharge mode, all balance switches (BALSWn) are enabled regardless of BALSWEN[n] settings, with a
CBTIMER duration set by CBEXP1, and they are governed by nonoverlapping even/odd cycling, as follows:

Even Cells (2, 4, ... 14):

BALSWn = (CBTIMER < CBEXP1) & CBEVEN
Odd Celis (1, 3, ... 13):

BALSWn = (CBTIMER < CBEXP1) & CBODD

CBUVTHR exit settings do not apply, but ADC measurement and calibration operations can still performed, if enabled, to
support host controller readback.

CBTIMER is incremented on a duty-cycle basis indicating the time each channel is subject to discharge (i.e., one TCBEO
cycle out of each E/O/M discharge cycle). This means, in real time, the discharge operation always runs at least 2x the
maximum value set in CBEXP1. As an example, if both an even and odd cell must be balanced for 1 hour and the
CBDUTY = 100%, the associated timers would be set to 0x3C and the operation would last for ~2 hours (accounting for
nonoverlap timing). If the CBDUTY is now set to 50% with the same timer setting, the total operation time would extend
to ~4 hours.
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The read-only counter CBCNTR increments at a 1Hz rate with periodic rollover at O0b11. The host can read this counter
periodically to confirm the Emergency-Discharge mode is active.

SHDNL operation can be controlled by HOLDSHDNL, preventing device shutdown during Emergency-Discharge mode
due to the extended lapse in host communication.

Once initiated, Emergency-Discharge mode typically continues to run until CBTIMER reaches CBEXP1. At this point,
balancing switch operations cease and CBACTIVE is set to 0b10, indicating a normal exit condition. Cell-balancing checks
for thermal, calibration, and watchdog faults apply, if enabled. If any of these conditions occur, switching activity will be
halted immediately and CBACTIVE will be set to 0b11, notifying the uC of the result. The cell-balancing timer (CBTIMER)
continues to run until expiration (CBEXPn), and HOLDSHDNL extensions are supported, if enabled. This allows the uC
to confirm the abnormal exit condition.

Cell-Balancing Modes Summary
Table 32 summarizes the cell-balancing modes supported by the ADES1754/ADES1755/ADES1756.

Table 32. Cell-Balancing Modes

_ _ TIMER RRANGE OF CBEXPn[9:0]
CBMODE[2:0] DESCRIPTION CBEXPN[9:0] | . o' = o | TCBEO N T A
000b Cell Balancing Disabled 000h — — —
001b Emergency/ EH%tP'SCharge bY | 001h - 3FFh 1hr 0.5min 1hr 1022hr
010b Manual Cell Balancing by 001h - 3FFh 1s — 1s 1022s
Second
011b Manual Cell Balancing by 001h - 3FFh 1min — 1min 1022min
Minute
100b Auto Individual Cell Balancing 001h - 3FFh 1s 0.5 1s 1022s
by Second
101b Auto Individual Cell Balancing 001h - 3FFh 1min 0.5min 1min 1022min
by Minute
110b Auto Group Cell Balancing by 001h - 3FFh 1s 0.5s 1s 1022s
Second
111b Auto Gro“phzﬁﬂtza'anc'”g by 001h - 3FFh 1min 0.5min 1min 1022min

Note: TcgeQ is the effective time that the even or odd switches are balanced within the timer resolutions

Auto Even-Odd Cell Balancing

Auto even-odd cell-balancing control the enabling of adjacent balancing switches automatically with timing resolution from
1 second to 1 hour, depending on the CBMODE configuration. This ensures that only even or odd switches are not
enabled simultaneously, while balancing equally within the balancing period. This allows the host to program the
BALSWEN bit once without having adjust the balance switches or timer period, which can be beneficial during system
low-power operational modes where the host controller is asleep.

In order to prevent simultaneous channel conduction, a nonoverlap period (tNONOVERLAP = 1us) is inserted between

disabling one switch and enabling the adjacent switch. When the UV threshold is disabled, the total cell-balancing period
is (tcBeO *+ tINONOVERLAP) X 2. When the UV threshold is enabled, the cell-balancing period is increased by the ADC

measurement time (tMEASUREMENT)- In this case, the total cell-balancing period is (tcBEO + INONOVERLAP) X 2 +
IMEASUREMENT-
Note 1: Tcgeo = 1/2 x timer resolution

The measurement time (tMEASUREMENT) includes the cell-balancing path recovery delay selection (CELLDLY), a user-
programmable delay determined by the external application circuit which is imposed after each pair of even and odd
discharge cycles. The other component to the measurement time will include the physical time for ADC acquisition as
defined in the SCANCTRL register (OVSAMPL in cell-balancing mode is nonprogrammable and fixed at 16 to ensure the
highest accuracy measurements).

Note 2: CELLDLY is used in manual cell-balancing mode when using AUTOBALSWDIS = 0b1 and ALTMUXSEL = 0b0.
Also used in automatic cell-balancing and discharge modes after each pair of even and odd discharge cycles.
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CBMODE = 0x4, CBUVTHR = 0x3FF
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Figure 35. Auto Even-Odd Cell Balancing without UV Detection
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Figure 36. Auto Even-Odd Cell Balancing with UV Detection, ADC with OVSAMPL

Note: Figure 35 and Figure 36 are not drawn to exact timescale. Some sections have been exaggerated for visibility.

See the Cell-Balancing UV Detection section for further details and recommendation for embedded measurements during
cell balancing.
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Cell-Balancing Timer — CBTIMER

Manual, Emergency Discharge, and Auto Group Mode Timing:

In Manual, Emergency Discharge, and Auto Group modes, the CBEXP1 bitfield within the BALEXP1 register is used as
the cell-balancing timer duration setting. The duration can be configured from 1 to 1023 seconds, from 1 to 1023 minutes,
or from 1 to 1023 hours depending on the CBMODE setting (LSB = hour, minute, or second). A value of Ox3FF allows the
switches to be enabled indefinitely for CELLn if BALSWENRN is also enabled (CBTIMER is active, and rolls over at 3FFh,
but is not checked against CBEXP1). In Manual, Emergency Discharge, and Auto Group modes, the 10-bit timer
(CBTIMER) counts up until it reaches the duration set by BALEXP1. When the cell-balancing timer expires, all cell
balancing switches are disabled.

When CBEXP1 is non-zero, the cell balancing timer (CBTIMER) will run and any requested measurement and calibration
operations will be performed until expiration, even if BALSWEN[14:1] = 000h (i.e., no balancing switches are actually
activated). This ensures that the uC can still access the device to confirm balancing operation progress and exit status.

A value of CBEXP1 = 000h ensures that no cell balancing will occur.

For safety concerns, having all BALEXPn defaulted to 0x000 ensures that no cell balancing will occur without prior
configuration.

Auto Individual Mode Timing:

In Auto Individual mode, the CBEXPn bits within the BALEXPn registers are used as individual cell-balancing duration
times for each corresponding CELLnN. Individual durations can be configured from 1-1023 seconds, or from 1-1023
minutes depending on the CBMODE setting (LSB = minute, or second). A value of Ox3FF allows the switches to be
enabled indefinitely for CELLn if BALSWENRN is also enabled. (CBTIMER will be active and will rollover at 3FFh, but it is
not checked against CBEXPn.) The 10-bit expiration timer (CBTIMER) counts up until it reaches the maximum CBEXPn
timeout value in the register block (regardless of BALSWENR settings), governing the balancing operations of all balancing
switches. When an individual cell expiration time is reached (determined by CBEXPn), the CELLn switch is disabled going
forward.

When any CBEXPn is non-zero, the cell-balancing timer runs and any requested measurement and calibration operations

are performed until expiration, even if BALSWEN][14:1] = 000h (i.e., no balancing switches are actually activated). This
ensures that the uC can still access the device to confirm balancing operation progress and exit status.

If all 14 CBEXPn settings are 000h, no cell balancing will occur for the switches.

General Timing and Safety Features (All Modes):

For safety concerns, all BALEXPn are defaulted to 0x000, which ensures that no cell balancing will occur without prior
configuration.

The CBTIMER runs to expiration, even if active cell balancing is halted due to UV or thermal exit conditions. This ensures
that the uC can still access the part to confirm balancing operation progress and exit status. If an extended SHDNL hold
time is requested (HOLDSHDNL = 1x), CBTIMER will read back the governing CBEXP time for the duration of the
extended hold interval, allowing the uC to confirm that the requested balancing operation has run to completion.

CBRESTART Usage in Manual Mode

The CBRESTART bit within the BALSWCTRL register must periodically be written to a 1 to restart the watchdog timer
and prevent the cell-balancing switches from being automatically disabled due to exiting manual mode when CBTIMER
reaches CBEXP1. In the event that a host fails to write the CBRESTART bit or forgets to disable the cell-balancing
switches, the cell-balancing watchdog can automatically disable all cell-balancing switches, regardless of the BALSWEN
configuration. The cell-balancing watchdog does not modify the contents of the BALSWEN bits within the BALSWCTRL
register.

The CBRESTART bit is used in manual cell-balancing mode only. It provides a means to select new BALSW settings and
refresh the watchdog timer with a single command.

This bit is ignored and has no effect outside of an active manual cell-balancing operation. If a manual operation was
selected and the timer is allowed to expire, the operation must be relaunched with a write to BALCTRL (i.e., CBRESTART
will not reinitiate a manual operation that has allowed the CBTIMER to expire).
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Emergency-Discharge Mode and CBDUTY Behavior

In Emergency-Discharge mode, CBTIMER is incremented on a duty-cycled basis, indicating the effective time that each
channel is subject to discharge. Because the active duty-cycle within each 30s tcggo period is specified by CBDUTY

register, the CBTIMER is incremented at specified fractions of 30s (see Table 33).
For example, when CBDUTY is set to 1h, CBTIMER is incremented in steps of 3.750s at the end of the E/O/M cycle.

Table 33. Emergency-Discharge Mode

FUNCTION REGISTER FIELD | CONFIGURATION BEHAVIOR
0x0 Switches on for 6.25% for 30s (1.875s per 30s)
0x1 Switches on for 12.5% for 30s (3.750s per 30s)

Emergency Discharge Duty-Cycle CBDUTY[3:0]

OxF Switches on for 100% for 30s (less tNONOVERLAP)

Note: It is recommended to design the external balancing current at 100% duty cycle operation to avoid potential thermal
issues

Notification Alerts Using CBNTFYCFG

In Automatic and Discharge modes, the Cell-Balancing Notification alert (ALRTCBNTFY) can be issued to confirm normal
progression of automated operations. The frequency of issuance is 1 hour, 2 hours, or 4 hours in real time (i.e., not
CBDUTY-adjusted). Notification alerts will continue to be issued during HOLDSHDNL extension periods.

Cell-Balancing Expiration Timer Summary
In summary, the implementation of the CBTIMER is shown in Figure 37.

+0.5*CBDUTY
TIMEOUT
CBTIMER
1SECOND D Q ¢
1MINUTE >
1HOUR CBEXPn{ }— CELLn TIMER EXPIRED

CBMODE =
3FFh ——

INDEFINITELY ENABLED
(HOLDS OUTPUT LOW, NEVER EXPIRED)

Figure 37. Cell-Balancing Expiration Timer

Note: The CELLn time-expired output feeds into the cell-balancing stop control logic.
Cell-Balancing UV Detection
Cell balancing to a UV threshold allows for all enabled cells configured by BALSWEN to be individually balanced to a

specified and uniform voltage level as shown in Figure 38. When a cell reaches the UV threshold, the corresponding
balance switch will be disabled and remain in an idle state until reinitialized by the host.

Automatic cell balancing with CBUVTHR checking is only supported for unipolar cell measurements in locations with
BALSWENI[n] = 0b1. The user must also ensure CELLEN[n] = Ob1 and POLARITY[n] = 0b0 to allow the required
measurement updates. If the measurement is not supported, balancing of the cell automatically ends with a CBUVSTATI[n]
= 0b1 exit condition.

CBUVSTATI[n] in the BALUVSTAT register indicates the corresponding CELLN+1 result falls below the threshold specified
by CBUVTHR and that cell-balancing operations on that cell have ended. CBUVSTATIn] is only cleared when CBMODE
is written to 0b000 (disabled) or when a new CBMODE operation is initiated through BALCTRL.

Automatic cell balancing to a UV threshold is configured by setting the CBMEASEN bits within the BALCTRL register to
Ob11. The UV threshold can be used independently or along side the cell-balancing timer(s) (CBEXP1 or CBEXPn). In
the case that a timer is programmed, it will serve as a redundant mechanism to ensure that a cell is not overdischarged.
When all cells have reached the UV threshold, all cell-balancing switches will be disabled, but the cell-balancing timer will
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run until completion. This ensures that the uC can still access the device to confirm balancing operation progress and exit
status. To use a defined UV threshold, the threshold level must be written to the CBUVTHR in the BALAUTOUVTHR
register. This register allows for 14 bit values relating to a 305uV LSB.

Optionally, the MINCELL value from the prior ADC acquisition can be used as the the desired threshold value. When
CBUVMINCELL is disabled, the value written to CBUVTHR during a valid write to BALAUTOUVTHR will be loaded to
CBUVTHR. When CBUVMINCELL is enabled, the current value in the CELL[n] register corresponding to the MINCELL
address will be automatically loaded to CBUVTHR during a valid write to BALAUTOUVTHR (and the contentin CBUVTHR
during the write will be ignored). When the BALAUTOUVTHR register is read back, the current value of CBUVTHR wiill
be provided, with CBUVMINCELL indicating the means by which it was selected.

The HVMUX and ADC signal chain is used for the balancing measurement and threshold comparison. The acquisition is
determined by the channels enabled in the BALSWEN bitfield as well as the parameters set in the SCANCTRL register.
The achievable accuracy of the UV measurement is determined by ADC accuracy specifications in the Electrical
Characteristics table. For the highest accuracy, calibration should be asserted prior to initiating balancing.

CBEXP1

START CELLp

START CELLc

START CELLs

VOLTAGE

START CELLa \
—————————————————————————————————————————————————————————— CBUVTHR

CELLA UV CELLs UV CELLc UV CELLo UV

TIME

Figure 38. Cell-Balancing UV Threshold Crossing

Note: CELLp, CELLp, CELLc, and CELLp are nonspecific cells. CELLa represents the cell with the lowest starting
voltage. CELLp represents the cell with the highest starting voltage. In this example, CBUVTHR is the UV threshold for

all cells and CBEXP1 is the cell-balancing expiration timer for auto group cell-balancing mode (CBMODE = 0b11x). The
CELLN UV-threshold crossings are inputs to the cell-balancing stop control logic.
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Cell-Balancing Measurement
Embedded cell-balancing measurements only occur when requested by CBMEASEN, as indicated in Table 34:

Table 34. Cell-Balancing Measurement Enable

CBMEASEN[1:0] DESCRIPTION

Provides the highest duty cycling by skipping all measurement operations. Only cell-balancing timer(s) are

used to terminate cell balancing normally.

0b1x Enables embedded measurements for manual UV monitoring or supervision by the host processor.

0b11 Enables embedded measurements and internal CBUVTHR checks in automated modes. (Checking is not
supported in Emergency Discharge mode.)

CBMEASEN selections are only functional in discharge and automated cell-balancing modes; this setting is ignored in all
other modes.

Measurements are taken using the ADC with a fixed OVSAMPL = 16x, SCANMODE = 'pyramid' to provide the highest
accuracy measurements. All other scan parameters are set according the current SCANCTRL, ACQCFG, DIAGCFG,
POLARITYCTRL registers. Any attempt to overwrite the scan parameters during balancing are ignored and an ALRTRJCT
condition is issued..

Cell-Balancing IIR Filtering

In automatic and discharge cell-balancing modes, the automated ADC measurements are processed through each of the
individual cells' lIR filter. This filter allows for more accurate measurements and provides noise immunity to maintain
robust balancing performance.

0b0x

In these modes, the IIR filter will maintain the setting configured by the user, if enabled (IIRFC != 0b111). In the event that
the lIR is not used in the normal application (IIRFC = 0b111 = 8/8), the IIR filter will be enabled with an equivalent IIRFC
= 0b000 = 1/8 for use in debouncing measurements.

In addition, if the IR filter is not used in normal applications or has not been routinely updated using AMENDFILT, the
CBIIRINIT bit should be used to initialize the 1IR with the first acquisition's measurements to avoid falsely exiting the UV
threshold due to the long settling response. How the filter behaves upon entry into an automatic or Emergency Discharge
cell-balancing mode thus depends on the CBIIRINIT setting:

¢ In Continuation mode (CBIIRINIT = 0) , the current value in the IIR accumulators is kept (presumably from previous
cell measurements) and cell-balancing measurements are amended normally.

¢ In Initialization mode (CBIIRINIT = 1), the IIR accumulators will be reinitialized to the first measurement taken, and
further cell-balancing measurements are amended normally. CBUVTHR checking is not enabled after the 16th
measurement is taken (checking begins on the 17th measurement), giving the IIR time to settle.

Cell-Balancing Calibration

In automated and discharge modes, after each pair of even/odd cell-balancing periods, a supervisory ADC measurement
can be taken (and checked against CBUVTHR, if enabled/applicable; sese CBMEASEN). Due to the expected temperature
rise during cell balancing, it is recommend to allow automated calibration sequences to be interleaved with the
measurement acquisitions. This is done by programming the CBCALDLY to a non-zero value, which signifies how many
measurement cycles are taken prior to a calibration being taken. See Table 35.

Table 35. Cell-Balancing Calibration Selection

ADCCALEN CBCALDLY
(APPLY (PERFORM RESULTING OPERATION
CALIBRATION) CALIBRATION)
1 (ON) Non-zero (ON) ADQ rgsults arg post-processed pased on gallbratlon coefficients obtained
periodically during the cell-balancing operation.
1 (ON) 000 (OFF) ADC results are post-proce;sed based on calibration coefficients obtained prior
to the cell-balancing operation.
0 (OFF) Non-zero (ON) Calibration is performed during the cell-balancing operation, but ADC results are
based on factory defaults (not recommended).
0 (OFF) 000 (OFF) ADC results are based on factory defaults.

CBCALDLY settings are only functional if CBMEASEN = 0b1x (cell-balancing measurements are requested); otherwise,
they are ignored.
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A value of 0x00 (default) in the CBCALDLY bits within the BALDLYCTRL register disables CAL operations (only ADC
measurement operations are performed).

If a non-zero value is selected, the first ADC measurement (ADC) operation will be replaced with an On-Demand
Calibration (CAL) operation. From that point on, this selection determines how often the ADC operation is automatically
replaced with an CAL operation (to address thermal drift due to power dissipation during cell balancing). 0b001 means
ADC and CAL alternate every other cycle. 0b010 means a CAL occurs once every 4 cycles; 0b111 (maximum setting)
means a CAL occurs once every 32 cycles. A list of all possible settings are shown in Table 36:

Table 36. Calibration Frequency

CBCALDLY CALIBRATION FREQUENCY
0b000 Periodic Calibration Disabled
0b001 2 cycles
0b010 4 cycles
0b011 8 cycles
0b100 12 cycles
0b101 16 cycles
0b110 24 cycles
0b111 32 cycles

Calibration Out-of-Range During Cell Balancing

After a measurement or calibration is completed, the cell balancer will check the status of ALRTCAL register bit if
calibration is enabled (ADCCALEN = 1). If ALRTCAL is set, it indicates that calibration is out of range, and that calibrated
ADC results could be corrupted as a result. If ALRTCAL is set and calibration is enabled (ADCCALEN = 1), the
ALRTCBCAL bit will be set and active cell-balancing operations will be immediately halted to prevent balancing errors
due to inaccurate measurements. All subsequent measurement, calibration, and switching cycles will be skipped until the
cell balancing duration expires, or is otherwise aborted/restarted. The cell-balancing timer (CBTIMER) continues to run
until the governing CBEXP time is reached, and HOLDSHDNL extensions still apply (if enabled), allowing the pC to
confirm exit status. Note that once ALRTCBCAL is issued, data in the CBUVSTAT bitfield and data fetched by CBSCAN
requests should be treated as compromised. If an ALRTCAL/ALRTCBCAL condition is issued, the user can exit the cell-
balancing operation, and attempt to resolve the condition. If the condition can not be resolved, cell-balancing operations
can be requested using factory calibration defaults by setting ADCCALEN = 0.

Cell Balancing with No Calibration
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Figure 39. Cell Balancing with No Calibration
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Cell Balancing with Calibration

EVENCELLS
ODD CELLS
CALIBRATION
EVENCELLS
0ODD CELLS
MEASUREMENT
EVENCELLS
ODD CELLS
MEASUREMENT
EVENCELLS
ODD CELLS
MEASUREMENT
EVENCELLS
ODD CELLS
CALIBRATION
EVENCELLS
ODD CELLS
MEASUREMENT
EVENCELLS
ODD CELLS
MEASUREMENT
EVENCELLS
ODD CELLS
MEASUREMENT

A

>
CYCLE # CYCLE #2
CBCALDLY =0B010

\

Figure 40. Cell Balancing with Calibration

Transfer-Measurement Results Using CBSCAN

The CBSCAN bit in the BALDATA register can initiate a manual transfer of results from the IR to the CELL data registers
(RDFILT is ignored, and |IR data is always transferred, since the IIR governs cell-balancing operations). CBSCAN is
provided to support readback of measurement results taken during Automated and Emergency Discharge cell-balancing
modes. If CBSCAN is issued during these cell balance measurements, the move will be executed once the sequence is
complete.

CBSCAN acts as a strobe bit and therefore does not need to be cleared (self-clearing); it always reads logic 0.

CBSCAN is not valid outside of automated cell-balancing operation. If automated cell balancing is stopped or when
manual balancing is operational, the measurement scan bitfields in the SCANCTRL register must be used for data control
into the cell registers.

Cell-Balancing Completion
In summary, after the host initializes the cell-balancing operation, the operation will be stopped by any of the following:

Watchdog timer expiration (CBTIMER = CBEXPn)

Reaching the UV threshold (per cell in Automated modes only, if CBMEASEN = 0b11)

Thermal fault condition (Automated and Discharge modes only, if CBTEMPEN = 0b1)

Calibration fault condition (Automated and Discharge modes only, if ADCCALEN = 0b1)

Aborting the operation by changing CBMODE to 0b000 (disabled)

¢ Reinitiating an operation by changing CBMODE to a value other than 0b000

Manual cell-balancing mode switch activity can be temporarily suspended for calibration or ADC measurements if
AUTOBALSWDIS = 0b1.

In Discharge, Manual, and Auto Group modes, the CBTIMER will be stopped when it reaches CBEXP1, regardless of
BALSWEN settings.

In Auto Individual modes, the CBTIMER will be stopped when it reaches MAX(CBEXPn), regardless of BALSWENnN
settings.

Automated and Discharge modes are halted if temperature exit is enabled (CBTEMPEN = 0b1) and an overtemperature
fault occurs.

Automated and Discharge modes are halted if CBMEASEN = 0Ob1x and a calibration fault occurs.

All timed modes run CBTIMER for the full duration specified, even if actual cell-balancing operations are stopped due to
UV or thermal exit conditions, allowing the pC to confirm the exit status. Additional time for the puC to check the exit status
can be afforded using HOLDSHDNL options.

CBACTIVE allows confirmation of cell-balancing operation status. A cell-balancing operation is considered completed
normally if the CBTIMER expires (all CB modes), or when all enabled cells reach the programmed CBUVTHR limit
(Automatic modes only, if CBMEASEN = 1b1). A cell-balancing operation is considered completed abnormally in the event
of an ALRTCBCAL or ALRTCBTEMP condition.
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Figure 41. Cell-Balancing Stop Control

Note: The thermal fault will limit the temperature rise to a safe level below the maximum junction temperature of the
device as defined by the ALRTTEMP specification in the Electrical Characteristics table. For applications requiring
maximum cell-balancing current, this can be disabled, but the system should take caution to ensure that the device is not
damaged by exceeding the absolute maximum rated junction temperature.

Cell-Balancing and Low Power Auto-Polling Exit Criteria

Cell-balancing and auto-polling exit criteria are summarized in Table 37. The stop criteria does not exit the current state,
but stops either the cell balancing (disables the cell-balancing switches) or stops the auto-polling (discontinues
measurements). The exit result reflects the first exit criteria encountered.

Table 37. Cell-Balancing and Auto-Polling Stop Criteria

AUTO-POLLING STOP CELL-BALANCING STOP REGISTER CONFIGURATION
Exit Criteria: s
_ Exit Criteria:

gi)Tu'MER = CBEXP1for | SBTIMER = CBEXP1 for Manual,

CBTIrli/IER _ Discharge, and Auto-Group,

Max(CBEXPn) for CBTIMER = Max(CBEXPn) for Auto- CBMODE = 0b1XX (Auto) for
CBTIMER o Individual .
(by second, by minute Individual Auto-Polling

y > 0¥ ’ . _ CBMODE != 0b000 for Cell

by hour) . . Exit Result (Normal): .

Exit Result (Normal): _ Balancing

CBACTIVE = 0b10
CBACTIVE = 0b10 ALRTCBDONE = 0b1
ALRTCBDONE = 0b1 ) I
. All timers, cell balancing, and
All timers and
measurements stop.
measurements stop.
s i Exit Criteria:

Exit Criteria: All enabled CELLN (internal) < CBUVTHR

Auto-polling will only
CBUV Threshold :’r‘:e'zifi‘“r'lfe "ri;'me' °f | Exit Result (Normal): CBMODE = 0b1XX (Auto)
Enabled ) CBACTIVE = 0b10 CBMEAS = 0b11 (Embedded
Measurement Enabled | CBACTIVE = 0b10 at ALRTCBDONE = 0b0 . Measurement, CBUVTHR

auto-polling entry. but All timers and measurements continue Checking Enabled)

uto-pofiing entry, (ALRTCBDONE will be issued on timer
timer and measurements L
continue to run expiration - see above).
) Cell-balancing switch activity stops.
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CBUV Threshold
Disabled,
Measurement Enabled

Exit Criteria:
Auto-polling will only
exit based on timer or
timeout criteria.

Exit Criteria:
N/A - Cell measurements will not
induce an exit.

Exit Result:
N/A - Cell balancing will only exit on
other criteria

CBMODE = 0b1XX (Auto)

CBMEAS = 0b10 (Embedded

Measurement, CBUVTHR
Checking Enabled)

Timeout Fault

Exit Criteria:
Timer integrity fault found.

Exit Result (Fault):
CBACTIVE = 0b11
ALRTCBTIMEOUT = 0b1
All timers and
measurements stop (state
machine compromised).

Exit Criteria:
Timer integrity or oscillator fault found.

Exit Result (Fault):

CBACTIVE = 0b11
ALRTCBTIMEOUT = 0b1

All timers, measurements, and cell
balancing switch activity stops (timer
compromised).

CBMODE = 0b1XX (Auto) for

auto-polling

CBMODE != 0b000 or 0b001 for

cell balancing

Thermal Fault

Exit Criteria:
Auto-polling will only
exit based on Timer or
Timeout criteria

Die Temperature faults
will be reported through

Exit Criteria:
A die temperature fault is detected
(FMEA2.ALRTTEMP = 0b1).

Exit Result (Fault):
CBACTIVE = 0b11
ALRTCBTEMP = 0b1

CBMODE = 0b1XX (Auto),

0b001 (Emergency Discharge)

CBTEMPEN = 0b1

Calibration Fault

the Alert Packet All timers continue
(FMEA2.ALRTTEMP = s
Measurement, calibration, and cell-
0b1) . . .
balancing switch activity stops.
Exit Criteria: Exit Criteria:

Auto-polling will only
exit based on timer or
timeout criteria.

Calibration faults will be
reported through the
Alert Packet
(STATUS1.ALRTCAL =
0b1).

A calibration fault is detected
(STATUS1.ALRTCAL = 0b1).

Exit Result (fault):

CBACTIVE = 0b11

ALRTCBCAL = 0b1

Timers continue.

Measurement and cell-balancing switch
activity stops (measurements
compromised).

CBCALDLY !=0b000

ADCCALEN = 0b1 (Enabled)

Note: Auto-polling will not assert the ALRTCBTEMP, ALRTCBCAL, and ALRTCBAUX status bits since it does not exit
the mode based on the insertion. Any underlying alert conditions will be reflected in ALRTTEMP, ALRTCAL,
ALRTAUXOV, ALRTAUXQOV, and ALRTAUXPRTCTSUM.

Note: Auto-polling and auto cell-balancing operation only updates the CELLn, AUXn, and DIAGn registers upon issuance
of a CBSCAN during operation with CBMODE != 0b000, 0b001.

Note: All timed modes run CBTIMER for the full duration specified, even if actual cell-balancing operations are stopped
due to a UV condition or thermal fault.

In addition to the above criteria, both auto-polling and cell balancing may be stopped by aborting the operation (CBMODE
= 0b000) or reinitializing the operation by changing CBMODE to a value other than 0b000. CBACTIVE allows confirmation
of cell-balancing operation status. A cell-balancing operation is considered completed normally if the CBTIMER expires
(all CB modes), or when all enabled cells reach the programmed CBUVTHR limit (Automatic modes only, if CBMEASEN
= 1b11). A cell-balancing operation is considered completed abnormally in the event of an ALRTCBTIMEOUT,
ALRTCBCAL, ALRTCBTEMP, or ALRTCBAUX condition.
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Figure 42. Cell-Balancing Stop Control

Note: The thermal fault limits the temperature rise to a safe level below the maximum junction temperature of the device
as defined by the ALRTTEMP specification in the Electrical Characteristics table. For applications requiring maximum
cell-balancing current, this can be disabled, but the system should take caution to ensure that the device is not damaged
by exceeding the absolute maximum rated junction temperature.

Automatic SHDNL Control Using HOLDSHDNL

In order to allow for timed balancing with no host interaction, the SHDNL pin can be pulled up to VAA to keep SHDNL
high while the timers or UV detection are running by appropriately configuring the HOLDSHDNL bitfield within the
BALCTRL register. When enabled and engaged, this mode activates an internal diode pullup from the VAA pin to SHDNL.
This keeps the device operational, even if UART operation is suspended for long periods of time.

The HOLDSHDNL options have no effect in Disabled or Manual modes.

In mode 0b01, the pull-up is engaged for the selected CBEXP1 interval for group operations, or the longest CBEXPn time
selected for individual operations, even if switch activity is halted due to thermal protection (ALRTCBTEMP), calibration
issues (ALRTCBCAL), or reaching the specified voltage target (CBUVTHR).

In mode 0b10, the pullup is engaged for the selected CBEXP1 interval for group operations, or the longest CBEXPn time
selected for individual operations even if switch activity is halted due to thermal protection (ALRTCBTEMP), calibration
issues (ALRTCBCAL), or reaching the specified voltage target (CBUVTHR). After CBTIMER expires, HOLDSHDNL
continues to be held for the larger of 5 minutes or 6.25% of the relevant CBEXPn interval. If CBEXPn timing is disabled/
infinite (3FFh), SHDNL will be held until removed by a write to BALCTRL.

In mode Ob11, the pullup is engaged until removed by a write to BALCTRL.

If HOLDSHDNL = 0b1x, CBTIMER will read back the governing CBEXP time for the duration of the extended hold interval,
allowing the uC to confirm the requested balancing operation has run to completion. In modes HOLSDSHDNL = 0b1x,
the hold behavior can be removed after operations are completed and the exit status has been confirmed by writing
CBMODE to disabled, allowing the device to power down.
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Figure 43. SHDNL Pullup Control
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Cell-Balancing Switches

The cell-balancing current is limited by the external balancing resistance (RgaLANCE) and the internal balancing switch
resistance (Rgyy), as shown in Figure 44. Cell-balancing switches are internally controlled with even and odd switching
sequences in auto/manual modes or independently in Emergency Discharge mode. Fault detection is described in the
Diagnostics section.

TO CELLN+1
SENSE WIRE RFILTER _ e » TO HVMUX
<r| }J CFILTER
RBALANCE
Y - . » TOALTMUX
SW(N)

BALSWN

+ l
PRI BALANCING
CELLN —— RBALFILTER SWITCH(N) _E: l—l—o/o—@—| HV

RBALANCE SW(N-1)
AN——e » TO ALTMUX
SENSE WIRE RFILTER . » TO HYMUX
CIN-1)
<r| CFILTER
AGND
TO CELLN-1 :

Figure 44. Internal Cell-Balancing Switches

Cell-Balancing Current

The cell-balancing current is limited by package power dissipation, average die temperature, average duty cycle, and the
number of switches conducting current at any one time. The system designer must carefully control the device power
dissipation by selecting a balancing current resistance (RgaLANCE) to ensure the die and package temperature are below
the absolute maximum package rating and neither the device thermal shutdown threshold nor the ADC measurement
accuracy is impacted. The typical thermal performa