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ANALOG
DEVICES

8-Channel, Li-lon,
Battery Monitoring System

AD7284

FEATURES

8 analog input channels, integrated secondary monitor
+3 mV maximum cell voltage accuracy, TUE, 14-bit ADC

Very low measurement latency across 96 cells

Stack voltage measurement
+16 mV typical battery stack voltage (TUE) accuracy

Cell balancing interface, with individually programmable
on time

4 auxiliary analog input channels, 14-bit ADC
Suitable for thermistor inputs and external diagnostics
Buffered reference output for ratiometric measurements

Internal temperature sensor

Voo operating range: 10V to 40V

On-chip 5V regulator

Watchdog timer

Ioo matching current: 100 pA

Robust, proprietary daisy-chain interface

SPI to host controller

CRC protection on read and write commands

2 general-purpose outputs

64-lead low profile quad flat package, exposed pad (LQFP_EP)

Junction temperature range: —30°C to +120°C

Qualified for automotive applications

APPLICATIONS

Li-lon battery monitoring
Electric and hybrid electric vehicles
Stationary power applications

GENERAL DESCRIPTION

The AD7284 contains all the functions required for the general-
purpose monitoring of stacked Li-Ion batteries, as used in
hybrid electric vehicles and battery backup applications.

The AD7284 has multiplexed cell voltage and auxiliary, analog-
to-digital converter (ADC) measurement channels supporting
four to eight cells of battery management. The device provides a
maximum total unadjusted error, TUE, (cell voltage accuracy) of
+3 mV that includes all the internal errors from input to
output. The primary ADC resolution is 14 bits.

The AD7284 also includes an integrated secondary measurement
path that validates the data on the primary ADC. Other diagnostic
features include the detection of open inputs, communication,
and power supply related faults.

The AD7284 cell balancing interface outputs control the
external field effect transistors (FETs) to allow discharging of
individual cells.
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Figure 1.

There are two on-chip 2.5 V voltage references: one reference
for the primary measurement path, and one for the secondary
measurement path.

The AD7284 operates from one Vop supply, ranging from 10 V
to 40 V. The device provides eight differential analog input
channels to accommodate large common-mode signals across
the full Voo range. Each channel allows an input signal range,
VPINx — VPIN(x — 1) and VSINx - VSIN(x — 1), 0f 0 Vto 5V,
where x = 0 to 8. The input pins assume a series stack of eight
cells. The AD7284 includes four auxiliary ADC input channels
that can be used for temperature measurement or system
diagnostics.

The AD7284 has a differential daisy-chain interface that allows
multiple devices to be stacked without the need for individual
device isolation. By design, this interface allows both device

to device communication within the same module and
communication between devices on different modules.
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AD7284

SPECIFICATIONS

Vop =10V t0 40V, Vss =0 V, DVcc = AVece = Vress, Vorive = 3.0 V to 5.5 V, unless otherwise noted. Ty = —30°C to +120°C, where Tj is
the junction temperature, unless otherwise noted. See the Thermal Data section for more details.

Table 1.
Parameter Min Typ Max Unit Test Conditions/Comments
PRIMARY ADC DC ACCURACY
(VPINO to VPIN8)
Resolution' 14 Bits No missing codes, 305 uV/LSB
Integral Nonlinearity (INL) +14 LSB
Differential Nonlinearity (DNL) +0.8 LSB
ADC Unadjusted Error! +1 mV
TUEZ, 3
VPINx — VPIN(x — 1) Range
2Vto3.6V +1 +3 mV 10°C<T,<75°C
2Vto43V +1 +5 mV -10°C<T,;<+105°C
OVto5V! +1 +10 mV 7.5V <Vop<40V
PRIMARY ADC CELL VOLTAGE INPUTS
(VPINO to VPIN8)
Pseudo Differential Input Voltage
Range
VPINx —VPIN(x — 1) 0 5 \Y
Static Leakage Current +30 +100 nA
Dynamic Leakage Current +3 nA Convert start command
issued every 100 ms
Input Capacitance 15 pF
PRIMARY ADC DC ACCURACY
(VPAUX1 to VPAUX4)
Resolution 14 Bits No missing codes, 305 pV/LSB
INL +1.5 LSB
DNL! +0.8 LSB
ADC Unadjusted Error! +2 mV
TUE?
VPAUXx Range
0Vto25V! +2 +5 mV -10°C<T,;<+105°C
OVto5V! +2 +10 mV 7.5V <Vop<40V
PRIMARY ADC AUXILIARY INPUTS
(VPAUX1 to VPAUX4)
Input Voltage Range’ 0 5 \%
Static Leakage Current +80 +100 nA
Dynamic Leakage Current +3 nA Convert start command
issued every 100 ms
Input Capacitance 15 pF
PRIMARY ADC DC ACCURACY (VSTK%)
Resolution’ 14 Bits No missing codes, 4.88 mV/LSB
TUE?
Battery Stack Voltage (VSTK) Range
10V to 28.8V' 16 +24 mV 10°C<T,<75°C
7.5Vto40V’ + +50 mV
VSTK Voltage Accuracy Relative to the sum of the cells
VSTK Range
10V to 28.8V' +2 +15 mV 10°C<T,<75°C
7.5Vto40V’ +2 +30 mV
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Parameter Min Typ Max Unit Test Conditions/Comments
SECONDARY ADC DC ACCURACY
(VSINO to VSIN8)
Resolution 10 Bits No missing codes, 4.88 mV/LSB
INL +1 LSB
DNL +0.8 LSB
TUE>3 +15 +25 mV 7.5V <Vop<40V
SECONDARY ADC CELL VOLTAGE
INPUTS (VSINO to VSINS)
Pseudo Differential Input Voltage
VSINx — VSIN(x — 1) 0 5 \
Static Leakage Current +5 +100 nA
Dynamic Leakage Current +3 nA Convert start command
issued every 100 ms
Input Capacitance 15 pF
REFERENCE (Vrer1, Vrer2)
Reference Voltage 2.5 Vv
Reference Temperature Coefficient +3 ppm/°C Included in the TUE
specification
Output Voltage Hysteresis 160 ppm
Long-Term Drift® 320 ppm/ Primary reference
2000 hours
Turn On Settling Time 5 ms Crer1 = 1 uF//100 nF,
Crer2 = 1 uF//100 nF
REFERENCE BUFFER OUTPUT (Vrersur)
Output Voltage Accuracy -4.5 +1 +4.5 mV Relative to Vrer1 output voltage
Output Current 1 mA
Load Regulation 0.25 mV/mA
Turn On Settling Time 5 ms Crersur = 1 UF
REGULATOR OUTPUT (Vgecs)
Output Voltage 438 5 52 Vv
Output Current 2 mA
Line Regulation 0.5 mV/V
Load Regulation 0.5 mV/mA
Internal Short-Circuit Protection Limit 30 mA
CELL BALANCING OUTPUTS® CB1 to CB8 output
Output Voltage
High, Von 37 5 53 % Isource = 20 pA
Low, Vou 0 0.09 \'
Ramp-Up and Ramp-Down Time 100 Us For a 80 pF load
INTERNAL TEMPERATURE SENSOR Measures junction
temperature
Accuracy' +3 °C -30°C < T, <+120°C
Resolution 0.03125 °C/LSB
LOGIC INPUTS (EXCEPT RESET)
Input Voltage
High, Vinu Vorive X 0.7 \%
Low, Vine Vorive X 0.3 Vv
Input Current, Iin 10 MA
Input Capacitance, Cin 5 pF
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Parameter Min Typ Max Unit Test Conditions/Comments
LOGIC OUTPUTS
Output Voltage
High, Von Vorive X 0.9 Y Isource = 200 pA
Low, Voo 0.4 Y lsink = 200 pA
Floating State
Leakage Current 1 pA
Output Capacitance 5 pF
RESET
tReseT 100 ns Pulse width to reset or wake
up the AD7284 (Vorve high)
Leakage Current 60 MA
POWER REQUIREMENTS
Voo Operating Range 10 40 \Y
Current Consumption on the Applies to master and slave
Voo Pin (Iop) configurations
Ioo During Conversion 14 15 17 mA
Ioo During Conversion Data 15 16.5 18 mA Continuous readback
Readback
Ioo During Cell Balancing 13 14 16 mA
13 14 mA Device in partial power-down
Iop Idle 12 14 15 mA To support transformer-
based communications
Iop Partial Power-Down Mode 1 12 14 mA
Ioo Full Power-Down Mode 22 30 40 MA
Ioo Matching Current 100 MA Similar supply and
temperature conditions
across devices
TXIBAL -39 -4.5 -4.9 mA Bit D6 in Control Register 2
IDIODE -0.39 -0.35 -0.32 mA Bit D5 in Control Register 2
RXIBAL 0.12 0.56 mA Bit D4 in Control Register 2
IMASTER -35 -4.0 -4.5 mA Bit D3 in Control Register 2
Master Configuration Only
Vorive 3.0 55 \Y Typically3.3Vor5V
Vorve Threshold 0.8 \Y To wake up the master device
IoRive 15 A

" Guaranteed by design and/or characterization.

2TUE includes the INL of the ADC, the gain and offset errors of the input channels, as well as the reference error; that is, the difference between the ideal and actual
reference voltage and the temperature coefficient of the reference.

3 These specifications assume that all cells are in the same input voltage range, for example, VPINx - VPIN(x — 1) range =2V t0o 3.6 V.

4VSTK, the battery stack voltage, is scaled down internally by a factor of 16 before being applied to the ADC for measurement.

° Data generated from high temperature operating life (HTOL) reliability testing.

6 For CB1 to CB5, the CBx output can be set to 0 V to 5 V with respect to the negative terminal of the cell being balanced. For CB6 to CB8, the CBx output can be set to
0V to -5 V with respect to the positive terminal of the cell being balanced.
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ADC TIMING SPECIFICATIONS

Table 2. ADC Timing for Three Devices in a Chain

Parameter’ Min  Typ Max | Unit | Description
teony 1040 ns ADC conversion time
taca 400 ns ADC acquisition time, Bits[D1:D0] of Control Register 2 set to 00
800 ns ADC acquisition time, Bits[D1:D0] of Control Register 2 set to 01
1600 ns ADC acquisition time, Bits[D1:D0] of Control Register 2 set to 10
3200 ns ADC acquisition time, Bits[D1:D0] of Control Register 2 set to 11
tstaRT 32 336 35 us Delay from rising edge of CS (conversion command issued) to the first conversion
toeLAY 100 ns Propagation delay between two devices in the daisy chain

T All input signals are specified with trise = trai = 5 ns (10% to 90% of Vorve) and timed from a voltage level of 1.6 V. All timing specifications given are with a 25 pF load
capacitance.

TO INITIATE A CONVERSION, __
SET BO HIGH IN THE CS HELD HIGH
ADCFUNC REGISTER DURING ADC CONVERSIONS

i
o —>|tSTART - ~>| taca

—»| tcony |

INTERNAL ADC
DUMMY X % X INTERNAL TEMPERATURE
CONVERSIONS (CONVERSIONX CELL 8 CELL? X N SENSOR )’
«

toELAY | | < toeLay |

b)Y
INTERNAL ADC DUMMY « INTERNAL TEMPERATURE
CONVERSIONS CONVERSIONX CELL 16 CELL 15 X X " X SENSOR
PART 2 (4
t
INTERNAL ADC DELAY —=| [ tpELAY - " toELAY | |<a— o
{4 8
CONVERSIONS YCOBS,'L_"F"‘"S]’ONX CELL24 Y CELL23 X X N X INTERNAL TEMPERATURE 2
¢ =

Figure 2. ADC Timing Diagram for Three Devices in a Chain
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SERIAL PERIPHERAL INTERFACE (SPI) TIMING SPECIFICATIONS

Table 3.

Parameter’ | Min Typ Max | Unit | Description

fscik 500 kHz | Frequency of the serial read clock on the SCLK pin for write and read registers
7252 kHz | Frequency of the serial read clock on the SCLK pin for write registers only
7252 kHz | Frequency of the serial read clock on the SCLK pin for read conversion data on slave devices

t 200 ns Efalling edge to SCLK rising edge

o} 20 ns Delay from CS falling edge to SDO active

ts 10 ns SDI setup time prior to SCLK falling edge

ta 10 ns SDI hold time after SCLK falling edge

ts* 40 ns Data access time after SCLK rising edge

te 20 ns SCLK to data valid hold time

t7 0.5 X tscik ns SCLK high pulse width

ts 0.5 X tscik ns SCLK low pulse width

to 100 ns CS rising edge to SCLK rising edge

tio® 10 ns [ rising edge to SDO high impedance

tn 400 ns | CS high time

ti2 1.5 ns Time from falling edge of last SCLK to rising edge of CS

! Allinput signals are specified with trse = teaw = 5 ns (10% to 90% of Vorve) and timed from a voltage level of 1.6 V. All timing specifications given are with a 25 pF load

capacitance.

2 Setting Bit D26 of the register address (see the Register Address section and Table 10) to 1 allows SCLK to increase to 725 kHz, as described in the Register Write and

Register Read Operations section.
3 Guaranteed by design and/or characterization.
“Time required for the output to cross 0.4V or 2.4 V.

® tio applies when using a continuous SCLK signal. Guaranteed by design.

— b2 -
s
cs \ » L AVAVAYVAN
- t
- g e =t ]
sclk 11 T T2 L L« L B! [32 |
e N R P — e
«
*%° TTmisTate Mse A MSE-1X A A X A_Lss TRISTATE
t; | |<— ts —>| _>| ts N 2
sl msB X MSB -1 X S X X tse X g
A4 -

Figure 3. SPI Timing Diagram for a 32-Bit CS Frame
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ABSOLUTE MAXIMUM RATINGS

The absolute maximum ratings are defined with respect to the
normal operating specifications and not to other maximum
rating specifications. The mnemonics listed in the rating column
refer to the values as defined in the Specifications section only.

Table 4.

Parameter Rating

Voo Vss' — 0.3V toVss +48V
MASTER Vss—0.3VtoVop+0.3V
Vorive, Vrecs? Vss—03VtoVss+6V
ADCGND1 to ADCGND2 to Vss -0.3Vto+03V

VPINO, VSINO Vss—0.3VtoVss+ 0.3V
VPIN1 to VPIN7,VSINT to VSIN7 Vss—0.3VtoVop+ 0.3V
VPINS, VSINS Voo —0.3Vto Voo +1V
Pseudo Differential Input Voltage®

VPINx — VPIN(x — 1) -03Vto+6V
VPAUX1 to VPAUX4 Vss —0.3V 10 Vrees + 0.3V
CB1 Vss — 0.3V 1o Vreas + 0.3V
CB2 to CB7 Vss to Voo
CB8 Vop — 6V to Voo
Relative Input/Output Voltages

CBx—VPINXx—1,x=2to5 —-03Vto+6V

CBx —VPINx,x=6t0 8 -6Vto+03V

D_UP,D_UP

D_DWN, D_DWN

Digital Input Voltage

Digital Output Voltage

Analog Outputs (Vrer1, Vrersur, Cam)
ESD Human Body Model (HBM) Rating

ANSI/ESDA/JEDEC JS-001-2010 2.5kvV
(Standard HBM), All Pins

Operating Junction Temperature Range | —40°Cto +120°C

Vss—03VtoVopo+7V
Vss —0.3V 10 Vrees + 0.3V
Vss — 0.3V to Vprve + 0.3V
Vss — 0.3V to Vorve + 0.3V
Vss — 0.3V 10 Vress +0.3 V

Absolute Maximum Junction 150°C
Temperature
Storage Temperature 150°C

Reflow Profile J-STD 20 (JEDEC)

The IPC 2221 industrial standard recommends the use of
conformal coating on high voltage pins.

THERMAL DATA

The junction temperature (Tj) refers to the temperature of the
silicon die within the package of the device when the device is
powered. The AD7284 parameters are specified over a junction
temperature range of —30°C to +120°C.

The absolute maximum junction temperature of the AD7284
is 150°C. The AD7284 may be damaged when the junction
temperature limit is exceeded. Monitoring of the junction
temperature, or the ambient temperature in conjunction with
an accurate thermal model, guarantees that Ty is within the
specified temperature limits.

Measure the junction temperature using the internal temperature
Sensor.

Use the junction temperature (T) and the power dissipation
(Pp) to calculate the ambient temperature (T4) by

TA = T/ - (PD X Q/A)

where 04 is the junction to ambient thermal resistance of the
package.

THERMAL RESISTANCE

The AD7284 is in a 64-lead LQFP_EP package with an exposed
pad. The exposed pad is added for thermal performance purposes.

Thermal performance is directly linked to PCB design and
operating environment. Close attention to PCB thermal design
is required.

Table 5. Thermal Resistance’

Package Type 02 Unit

SW-64-2 32 °C/W

'Vss, DGND, AGND1, AGND2, REFGND1, and REFGND2 are internally shorted
on chip and must be connected together on the printed circuit board (PCB).
See the pin descriptions of these pins in the Pin Configuration and Function
Descriptions section for additional information.

2 Vress, AV, and DVcc are internally shorted on chip and must be connected
together on the PCB. See the pin descriptions of these pins in the Pin
Configuration and Function Descriptions section for additional information.

3 Applies to primary and secondary analog voltage inputs; x =1 to 8.

Stresses at or above those listed under Absolute Maximum
Ratings may cause permanent damage to the product. This is a
stress rating only; functional operation of the product at these
or any other conditions above those indicated in the operational
section of this specification is not implied. Operation beyond
the maximum operating conditions for extended periods may
affect product reliability.

' Thermal impedance values take into account the localized heat distribution
on the die.

2 Test Condition 1: thermal impedance simulated values are based on a JEDEC 2S2P
thermal test board with 25 thermal vias. See the JEDEC51 standard.

ESD CAUTION
ESD (electrostatic discharge) sensitive device.
Charged devices and circuit boards can discharge
without detection. Although this product features

patented or proprietary protection circuitry, damage

‘fﬁ I \ may occur on devices subjected to high energy ESD.
Therefore, proper ESD precautions should be taken to

avoid performance degradation or loss of functionality.
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PIN CONFIGURATION AND FUNCTION DESCRIPTIONS

NOTES

REG5

[$]
mmomnMm | 2 r4
OO0 o0oo0onibno>n

[64][63][62][61][60][59][58][57 ][56][55][ 54][ 53][52][51][50][ 49]

VSIN8
AGND2
REFGND2
ADCGND2

VSIN7
VSIN5

o o
mnol\co:||:0

VSING

E VRer2

DNC
46] MASTER

5] DaND
44| GPOP1
3] GPoP2

AD7284 42| DVee
TOP VIEW 41| Ccm

(Not to Scale) 40] RESET

39] Vprive

o
[37] scLk

[36] sDI
[35] sDO

D_DWN
[33] D_DWN

[17][18][12][20][ 21][22][23][24][25][26][ 27 ][ 28 ][ 20][ 30][31][ 32]

M T T O AN rE O - L mr- N MO ST O
§BR2Zz=z22Z88 2 EExxxx 9
IR I I L o z
555558¢ u>gF &
A u > > > > >
<

1. DNC = DO NOT CONNECT. DO NOT CONNECT TO THESE PINS.

2. THE EXPOSED PAD IS PROVIDED FOR THERMAL PURPOSES AND MUST BE SOLDERED DOWN TO THE BOARD.
THE EXPOSED PAD IS INTERNALLY CONNECTED TO Vgg ON THE DIE AND MUST BE CONNECTED TO THE
Vgg PIN OF THE DEVICE ON THE PCB.

14703-004

Figure 4. Pin Configuration

Table 6. Pin Function Descriptions

Pin No. Mnemonic Description

1,2 Voo Positive Power Supply Voltage. These pins are connected to the top of the battery stack. Place 4.6 pF to
4.8 uF decoupling capacitors on the Vop pins. It is also recommended that a current limiting resistor be
connected between Vop and the top of the stack.

3to11 VPINS to VPINO Primary Analog Voltage Inputs for Monitoring Up to Eight Cells. Connect VPINO to the base of the series
of the connected battery cells and, therefore, to the bottom of Cell 1. Connect VPIN1 to the top of Cell 1,
connect VPIN2 to the top of Cell 2, and so on.

12,13 Vss Negative Power Supply Voltage. These pins are connected to the bottom of the battery stack. These
inputs must be at the same potential as all the analog and digital grounds of the device.

14,51 AGND1, AGND2 Analog Ground Pins. These pins are the ground reference point for most of the analog circuitry on the
AD7284.These inputs must be at the same potential as Vss.

15t0 18, CB1to CB8 Cell Balance Outputs for Balancing Up to Eight Cells. These pins provide a voltage output that can supply

57 to 60 the gate drive of an external cell balancing transistor. The CB1 to CB5 outputs provide a0V to 5V voltage

output referenced to the absolute voltage of the negative terminal of the battery cell that is being
balanced. The CB6 to CB8 outputs provide a 0V to —5 V voltage output referenced to the absolute
voltage of the positive terminal of the battery cell that is being balanced.

1910 23, VSINO to VSIN8 Secondary Analog Voltage Inputs for Monitoring Up to Eight Cells. These pins can connect directly to the

61 to 64 corresponding primary analog voltage inputs, or they can connect separately to the battery cells. If
connected separately to the battery cells, connect VSINO to the base of the series connected battery cells
and, therefore, to the bottom of Cell 1. Connect VSIN1 to the top of Cell 1, connect VSIN2 to the top of
Cell 2, and so on.

24,49 ADCGND1, Analog Grounds for the Primary and Secondary ADCs. These pins must be at the same potential as Vss.

ADCGND2
25,50 REFGND1, Reference Grounds. These pins are the ground reference points for the primary and secondary internal
REFGND2 band gap references. These pins must be at the same potential as Vss.
26 VRersur 2.5V Reference Buffer Output Voltage. A 1 yF decoupling capacitor connected to REFGND1 is recommended

on this pin.
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Pin No. Mnemonic Description

27 Vrer1 2.5V Primary Reference Output Voltage. A 1 pF capacitor in parallel with a 100 nF decoupling capacitor
connected to REFGND1 is recommended on this pin. Vger1 can be driven from an external reference, but
it must not be used to drive any other circuit.

28to 31 VPAUX1 to Primary Auxiliary ADC Inputs (0V to 5V, Single-Ended). If any of these inputs are not required in the

VPAUX4 application, it is recommended that these pins be connected to Vreas or Vss through a 10 kQ resistor.

32 AVcc Analog Supply Voltage. Decouple this supply pin to AGND1 with a 100 nF decoupling capacitor and
connect this pin to the Vress output pin.

33,34 D_DWN, D_DWN | Daisy-Chain Lower Interface Ports. On slave devices, terminate these pins with a 50 Q resistor connected
to the Cem pin. These pins are connected to the D_UP and D_UP pins on the AD7284 device below it in
the daisy chain. On a master device, these pins are not used; connect these pins to Vss via a 1 kQ resistor
instead.

35 SDO Serial Data Output When Master Device. On a slave AD7284 device, this pin is not used and can be left
unconnected.

36 SDI Serial Data Input When Master Device. On a slave AD7284 device, this pin is not used and can be pulled
low to DGND via a 1 kQ resistor.

37 SCLK Serial Clock Input When Master Device. On a slave AD7284 device, this pin is not used and can be pulled
low to DGND via a 1 kQ resistor.

38 s Chip Select Input When Master Device. On a slave AD7284 device, this input is not used and can be
connected to Vss via a 1 kQ resistor.

39 Vorive Digital Input/Output Supply Input. On a master device, connect an external voltage supply to the Vorve pin.
The voltage supplied at this pin determines the voltage at which the SPI interface operates. Decouple
this pin to DGND with a 100 nF decoupling capacitor. On a master device, pulling Vorive low powers down
the device unless an active power-down timer is running. After the expiration of the power-down timer,
the device powers down. On a slave device, connect the Vorve pin to Veas.

40 RESET Digital Input. An active high signal causes the device to reset to the power-on state. This input is internally
pulled down. When this input is not used, an external 1 kQ pull-down resistor to DGND is recommended.

41 Cem Common-Mode Decoupling Capacitor Port. This pin supplies a 2V level used for the daisy-chain
common mode. A 1 uF decoupling capacitor to Vss is required on this pin.

42 DVcc Digital Supply Voltage. Connect the DVcc supply pin to the Vress output pin. Decouple this digital supply
to DGND with a 100 nF decoupling capacitor.

43,44 GPOP2, GPOP1 General-Purpose Outputs. These pins provide a voltage output level of 0V for a low signal and a voltage
output level of Vorie for a high signal.

45 DGND Digital Ground. This pin is the ground reference point for all digital circuitry on the AD7284. This pin must
be at the same potential as Vss.

46 MASTER Voltage Input. When the AD7284 acts as a master, connect this pin to the Voo supply pin through a 10 kQ
resistor. When the AD7284 acts as a slave, connect this pin to the Vss supply pin of the same AD7284 device
through a 10 kQ resistor.

47,52,54 DNC Do Not Connect. Do not connect to these pins.

48 Vrer2 2.5V Secondary Reference Output Voltage. A 1 uF capacitor in parallel with a 100 nF decoupling
capacitor to REFGND2 is recommended on this pin. Veer2 can not be driven externally and must not be
used to drive any other circuit.

53 Vreas 5V Analog Voltage Output. The internally generated Vrecs voltage provides the supply voltage for the
ADC core. A 100 nF decoupling capacitor to AGND?2 is required on the Vgeas pin.

55,56 D_UP,D_UP Daisy-Chain Upper Interface Ports. Terminate these pins with a 50 Q resistor connected to the Vop pin

Exposed Pad

directly for configurations using transformer isolation or via a capacitor when using the direct coupled
configuration. The D_UP pin is connected to the D_DWN pin of the AD7284 device above it in the daisy
chain, and the D_UP pin is connected to the D_DWN pin of the AD7284 device above it in the daisy chain.
Exposed Pad. The exposed pad is provided for thermal purposes and must be soldered down to the
board. The exposed pad is internally connected to Vss on the die and must be connected to the Vss pin of
the device on the PCB.
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TYPICAL PERFORMANCE CHARACTERISTICS
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Figure 5. Typical Code Noise for VPINT Through VPIN8, Vpp =32V, T, = 60°C
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TERMINOLOGY

Differential Nonlinearity (DNL)
DNL is the difference between the measured and the ideal
1 LSB change between any two adjacent codes in the ADC.

Integral Nonlinearity (INL)

INL is the maximum deviation from a straight line passing
through the endpoints of the ADC transfer function. The
endpoints of the transfer function are zero scale (a point 1 LSB
below the first code transition) and full scale (a point 1 LSB above
the last code transition).

Offset Code Error

Offset code error applies to straight binary output coding. It is
the deviation of the first code transition (00 ... 000) to (00 ...
001) from the ideal, that is, AGND + 1 LSB.

Gain Error

Gain error applies to straight binary output coding. It is the
deviation of the last code transition (111 ... 110) to (111 ... 111)
from the ideal (that is 2 x Vrer: — 1 LSB) after adjusting for the
offset error.

ADC Unadjusted Error
ADC unadjusted error includes INL errors, as well as offset and
gain errors of the ADC and measurement channel.

Total Unadjusted Error (TUE)

TUE is the maximum deviation of the output code from the
ideal. TUE includes INL errors, offset and gain errors, and
reference errors. Reference errors include the difference
between the actual and ideal reference voltage (that is, 2.5 V)
and the reference voltage temperature coefficient.

Reference Voltage Temperature Coefficient

The reference voltage temperature coefficient (tempco) is
derived from the maximum and minimum reference output
voltage (Vrer) measured between Twv and Twmax. It is expressed

in ppm/°C using the following equation:
VREF (MAX) — VREI-‘ (MIN)

25V (Tyux —Toun)

Tempco Vrer (ppm/°C) = x10°
where:

Ve (uax) is the maximum Vier between Taun and Twax.
Virer iy is the minimum Viggr between Tauy and Taax.
Tumax = 120°C.

Twin = =30°C.

Output Voltage Hysteresis

Output voltage hysteresis, or thermal hysteresis, is defined as
the absolute maximum change of the reference output voltage
after the device is cycled through temperature from either
T_HYS+ or T_HYS—, where

T_HYS+ = 25°C to Tumax to 25°C
T_HYS— = 25°C to Tuw to 25°C

It is expressed in ppm using the following equation:

|VREF (25°C) - VREF (T _HYS) |

— 6

Vuys (ppm) = x 10
| VREF (25°C) |

where:

Vrer 25°c) = Vrer at 25°C.

Vrer (1 nys) is the maximum change of Veerat T_HYS+ or
T_HYS-.

Static Leakage Current

Static leakage current is the current that is measured on the cell
voltage and/or the auxiliary ADC inputs when the device is
static, that is, not converting.

Dynamic Leakage Current

Dynamic leakage current is the current measured on the cell
voltage and/or the auxiliary ADC inputs, when converting, with
the static leakage current subtracted. The dynamic leakage
current is specified with a convert start command issued every
100 ms. Calculate the dynamic leakage current for a different
conversion using the following equation:

} ) ‘I pYN (4)*Jonvst (B)‘
DYN (B) “

fenvst (4) ‘

where:

Iy s is the dynamic leakage at the desired convert start
frequency, fonvsr ).

Ipyn ) is the dynamic leakage at convert start frequency, fovvsr ).
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THEORY OF OPERATION

CIRCUIT INFORMATION

The AD7284 is a Li-Ion battery monitoring device that can
monitor eight series connected Li-Ion battery cells and four
additional voltage inputs.

The AD7284 consists of a primary measurement path and a
secondary measurement path, allowing the host microcontroller to
perform a comparison of the two sets of acquired data.

Take the Vop and Vss supplies required by the AD7284 from the
battery cells being monitored by the device. An internal Vrecs rail
is generated to provide power for the internal AD7284 core.

The AD7284 includes two on-chip 2.5 V reference output voltages,
Vrerr and Vreero. Additionally, the Vrersur analog output voltage
provides a buffered version of the Vrer: primary reference to
allow the connection of external thermistors and to provide a
ratiometric temperature measurement using the four primary
auxiliary inputs, VPAUX1 to VPAUX4.

The primary measurement path consists of a voltage input
multiplexer and a successive approximation register (SAR) ADC,
providing 14 bits of resolution. The primary analog voltage inputs,
VPINO to VPINS, with a set of external filtering components,
allow the individual voltage monitoring of eight cells, plus a
stack voltage measurement. The primary auxiliary inputs,
VPAUXI1 to VPAUX4, can monitor temperatures or be used for
external diagnostics. The primary measurement path also
measures Vrecs, Vrerz, and the internal temperature sensor. The
Vrer: measurement allows the host microcontroller to verify the
operation of the primary measurement path.

The secondary measurement path consists of a voltage input
multiplexer and a SAR ADC providing 10 bits of resolution.
The secondary analog voltage inputs, VSINO to VSINS, allow

a second set of voltage measurements on the eight cells. The
secondary analog voltage inputs can connect with a second set of
external filtering components, or these inputs can connect
directly to VPINO to VPINS on the primary measurement path
to minimize the use of external components, if desired. The
secondary measurement path also measures Vrees and Vrer. The
Vrer1 measurement allows the host microcontroller to verify the
operation of the secondary measurement ADC.

The AD7284 provides eight outputs to control external transistors
as part of a cell balancing circuit. The CB1 to CB5 outputs
provide a 0 V to 5 V output voltage referenced to the absolute
voltage of the negative terminal of the battery cell that is being
balanced. The CB6 to CB8 outputs provide a 0 V to —5 V output
voltage referenced to the absolute voltage of the positive
terminal of the battery cell that is being balanced.

The AD7284 features a differential daisy-chain interface. A
chain of AD7284 devices can monitor the cell voltages and
temperatures of a larger number of cells, as shown in Figure 19.
The conversion data from each AD7284 in the chain passes
through the master device to the system controller via a single
SPI interface. Control data can be similarly passed via the single
SPI interface to the master AD7284 device and up the differential
daisy-chain interface to each individual AD7284 device in the
daisy chain.

+HV
BATTERY
PACKS ]
+
3 AD7284
T SLAVE N
I Q
1 1 .
! .
:
E=
F3 AD7284
T SLAVE 1
§ 2-WIRE DAISY CHAIN
+
F3 AD7284 | SPl__ HOST
T MASTER MICROCONTROLLER
P
=
]
—HV §

Figure 19. Simplified System Diagram with Multiple AD7284 Devices
(Additional Circuitry Omitted for Clarity)
The AD7284 also has a Vprive feature to control the voltage at
which the serial interface operates. Vorive allows the AD7284 to
interface to both the 3.3 V and the 5 V processors.

In the event of communication loss, a watchdog timer places
the unresponsive devices in the chain into power-down mode.
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CONVERTER OPERATION

The primary and secondary conversion paths of the AD7284
each consist of an input multiplexer and a SAR ADC.

Multiplexer Configuration

Each multiplexer selects a pair of analog inputs to convert:
VPINO to VPINS for the primary path and VSINO to VSINS for
the secondary path. The voltage of each individual cell is
measured by converting the difference between the adjacent
analog inputs, that is, VPIN1 — VPINO, VPIN2 — VPIN1, and
so on (see Figure 20 and Figure 21).

1
1 VxIN8

"% ]

VxIN7

| GRVWIREY o LD ©ADC Vyy,

1
1
-—W—Q""'NF’ o ©ADC Vip_
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1 vxinz Nl
T ;: VxIN1 o

¢ VxINO \)_
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Figure 20. Multiplexer Configuration During VxIN8 to VxIN7 Sampling (Cell 8)
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Figure 21. Multiplexer Configuration During VxIN7 to VxIN6 Sampling (Cell 7)

Converter Configurations

The two converters on the AD7284 are SAR ADCs. They are
composed of a comparator, SAR control logic, and two
capacitive digital-to-analog converters (DACs).

Figure 22 shows a simplified schematic of the SAR ADC. During
the acquisition phase, the SW1, SW2, and SW3 switches are
closed. The sampling capacitor array, Cs, acquires the signal on
the input during this phase.

CAPACITIVE
DAC

c COMPARATOR
S
ADC V), g >

sSwi1

CONTROL
swa sw3

sw2 % > LOGIC

ADC Vi F—w—e -
Cs

CAPACITIVE
DAC

14703-024

NOTES
1. THE CONVERTER INPUTS ARE ADC V|y, AND ADC V..

Figure 22. SAR ADC Configuration During the Acquisition Phase

When the ADC starts a conversion, SW1, SW2, and SW3 open,
and SW4 closes, causing the comparator to become unbalanced
(see Figure 23). The control logic and capacitive DACs add and
subtract fixed amounts of charge to return the comparator to a
balanced condition. When the comparator is rebalanced, the
conversion is complete. The control logic generates the ADC
output code. This output code is then stored in the appropriate
register for the converted input.

CAPACITIVE
DAC

Cs COMPARATOR
ADC Viy, 0—— 0 —w—e >
SwW1 &
CONTROL
swa sSw3
Sw2 i > LOGIC
ADCViN. 0——o0 —w -
Cs

CAPACITIVE
DAC

14703-025

NOTES
1. THE CONVERTER INPUTS ARE ADC V|y, AND ADC V|p_.

Figure 23. SAR ADC Configuration During the Conversion Phase

Transfer Function

The conversion data readback for each voltage measurement
consists of 14 bits. The output coding of the AD7284 primary
measurement path is in 14-bit, straight binary format. The output
coding of the AD7284 secondary measurement path is in 10-bit,
straight binary format. The result is inverted so that it is easily
distinguished from the primary measurement and is preceded
by four data bits set to 0000.
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The LSB size is dependent on whether the primary measurement
path or the secondary measurement is used. The analog input
range of the voltage inputs is 0 V to 5 V. The designed code
transitions occur at successive integer LSB values (that is, 1 LSB,
2 LSBs, and so on). The ideal transfer characteristic is shown in
Figure 24.

Table 7. LSB Size for the Analog Input Range

Measurement

Path Input Range | Full-Scale Range' | LSB Size
Primary OVto5V 5V/16,384 305 pv
Secondary OVto5V 5V/1,024 4.88 mV

"The 16,384 and 1,024 values in this column represent the number of codes
available for each ADC.

A
111,111
111..110—

111...000

011..111 —

ADC CODE

000..010—
000..001
000...000 —— (3 T >

AGNDx + 1LSB 5V -1LSB
ANALOG INPUT

Figure 24. Ideal Transfer Characteristic

INTERNAL TEMPERATURE SENSOR

The AD7284 contains an on-chip temperature sensor. The

14703-026

temperature measurement updates with each conversion
request and is provided as part of each conversion frame.

The temperature sensor measures the junction temperatures in

the —30°C to +120°C range with a typical accuracy of +3°C.

The output coding of the temperature sensor is twos complement,
with a resolution of 32 LSB/°C. Code 0 corresponds to 25°C
(junction temperature).

AUXILIARY ADC INPUTS

The AD7284 provides four single-ended analog inputs to the
primary ADC, VPAUX1 to VPAUX4. The input voltage range is
0 V to 5 V with respect to Vss. These inputs can convert other
voltages within the system, such as converting the voltage
output of a thermistor temperature measurement circuit.

VOLTAGE REFERENCES

The AD7284 contains two identical 1.2 V band gap voltage
references. These references are internally buffered and gained
to provide 2.5 V reference voltages to the primary (Vrer) and
secondary (Vrer2) ADCs, as shown in Figure 25.

The provision of two reference voltages is a diagnostic feature
and enables validation of the behavior of the measurement
paths and the references. For example, the secondary ADC
measures the primary reference, Vrer1. Similarly, the primary
ADC measures the secondary reference, Vrer.

An external 2.5 V reference can overdrive the reference for the
primary path, Vzeri. When an external reference is used, set
Bit D4 of Control Register 1 to disable the Vrer buffer. The
secondary measurement path measures the external reference
in this case.

The primary reference is further buffered and provided as a
reference output, Vrersur, to bias external thermistors. This
buffer is capable of driving currents up to 1 mA, allowing the
user to connect up to four 10 kQ) thermistor circuits in parallel.
The primary conversion includes a measure of this voltage level.

Decouple the Vrersur pin to ADCGNDI using a 1 pF capacitor.
Decouple the Vrer pin to ADCGNDI using a 1 pF capacitor
with a 100 nF capacitor in parallel. Decouple the Ve pin to
ADCGND?2 using a 1 uF capacitor with 100 nF capacitor in
parallel.

Larger decoupling capacitors can be used to decouple Vrer: and
Vrer; however, this results in the reference taking longer to
power up. The turn on settling time is typically 5 ms with the
recommended decoupling capacitor values.

REFERENCE BUFFER

LOW
L1 VOLTAGE SECONDARY
MULTIPLEXER ADC

ADCGND2
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Figure 25. Internal References and Optional External Reference
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CELL CONNECTIONS

The AD7284 can monitor four to eight battery cells connected
in series.

Typical Eight Cell Configuration

Figure 26 shows the typical connections to the AD7284 supply
and cell monitoring inputs in an eight cell configuration.

o I 1
1
CELL 8 v
R
W _T_ () VPIN7
CELL 7= E?cF
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T Ww—yg- Q) VPING
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CELL 6 e V
" + O VPINS
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.
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Figure 26. Typical Cells and Supply Connections (Additional Circuitry
Omitted for Clarity)
A series resistor, Rypp (10 Q to 40 Q), is recommended from the
top of the battery into the Voo supply pins. The total decoupling
capacitors on the supply pins, Cvop, must be 4.7 pF.

The analog voltage inputs must be filtered externally with a
single-ended low-pass filter approach. The resistors, Re, in
series with the VPINO to VPIN8 and VSINO to VSINS inputs
provide protection for the analog inputs in the event of an
overvoltage or undervoltage condition on those inputs (for
example, if any of the cell voltage inputs are incorrectly shorted
to Vpp or Vss). The resistors also provide protection during the
initial connection of the daisy chain of AD7284 devices to the
battery stack. The Cr capacitors, in conjunction with the Rr
resistors, act as a low-pass filter. Cr capacitor values between
100 nF and 1 pF are recommended. The cutoff frequency of the
low-pass filter when using an Rr of 1 kQ and a Cr capacitor of

1 uF is 160 Hz. The cutoff frequency of the low-pass filter when
using a Cr capacitor of 100 nF is 1600 Hz.

The time constant of the Rr and Cs filters on the primary and
secondary paths must match the time constant on the Vpp pins
fairly closely (for example, 100 nF (Cr) and 1 kQ (Re) on the
inputs, and 4.7 uF (Cvop) and 20 Q (Rvop) on Vop).

Connection to Fewer Voltage Cells

While the AD7284 provides eight input channels for battery cell
voltage measurement, it can also be used in applications that
require fewer than eight cell voltage measurements. When used
in this manner, ensure that the sum of the individual cell voltages
still exceeds the minimum Vop supply voltage (10 V).

The minimum number of cells connected to each AD7284 is
four. Figure 27 shows the recommended connections to
monitor four cells. The unused inputs are connected together
and connected between Cell 2 and Cell 3 via a resistor. The
resistor minimizes the leakage from the unused inputs.

Irrespective of how many cells are connected, the AD7284
acquires and converts all eight voltages. All conversion results
are available for readback; results of the unused voltage channels
are zero.

o

VPIN7
VPING

VPINS
VPINA  AD7284
VPIN3
VPIN2
VPIN1

VPINO

14703-029

Figure 27. Typical Connection with Minimum Cells Connected (Additional
Circuitry Omitted for Clarity)
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Connection of Unused Secondary Channel Inputs

In applications where the secondary path is not used, connect
the VSINx pins directly to the corresponding VPINX pins.

By default, the two ADCs convert simultaneously. To minimize
the discharge of the Cr capacitor during the acquisition phase,
enable the delay mode between conversions. The ADC delay
mode is controlled by Control Register 3, Bit 6.

Acquisition Time

The time required to acquire an input signal depends on how
quickly the sampling capacitor is charged. This, in turn, depends
on the input impedance and any external components placed on
the analog inputs. The default acquisition time of the AD7284 on
initial power-up is 400 ns. To accommodate the use of alternative
input filter configurations, the acquisition time can be set to
400 ns, 800 ns, 1600 ns, or 3200 ns using Bits[D1:D0] in
Control Register 2 (see Table 22).

Calculate the minimum acquisition time required, tacq, by
taco = 10 x ((Rsource + R) x C)

where:

Rsourct includes any extra source impedance on the analog
input between the external capacitors and the input pins. It does
not include any extra source impedance, for example, the 1 kQ
series resistors, which are between the battery cells and the
external capacitors.

R is the internal switch and path resistance, typically 620 Q.

C is the sampling capacitance, typically 15 pE

ADC CONVERSIONS SEQUENCE

Upon completion of a conversion sequence, the primary and
secondary path measurements are available for read back. The
primary path measurements must be read first. Reading the
secondary path measurements is optional.

The primary path consists of 18 measurements available in the
following order:

Cell Voltage 1 to Cell Voltage 8.

Stack voltage scaled down by 16.

Secondary path reference voltage.

Vreas voltage scaled by 2/3.

Primary Auxiliary Input 1 to Primary Auxiliary Input 4.
Reference buffer output voltage.

Repeated Vrecs voltage scaled by 2/3.

Internal temperature sensor.

® NP

All 18 measurements must be read back on each device as
described in the Conversion Data Readback section.

The secondary path consists of 10 measurements available in
the following order:

1. Cell Voltage 1 to Cell Voltage 8.
2. Primary path reference voltage.
3. Vracs voltage scaled by 4/5.

To read back one measurement from the secondary path, all
10 measurements must be read back for each device (see the
Conversion Data Readback section).

The results are read back via the 4-wire SPI.
Internal Voltage Measurements

Table 8 and Table 9 show the range of the expected measured
reference values that are returned on each measurement cycle.
Detecting one of these values outside of the indicated range
indicates a fault condition.

Table 8. Primary Internal Voltage Measurement

Parameter Min Max Unit Register
Vrer2 2485 2.515 \Y 0x12
Vrees X 2/3 3.200 3421 Vv 0x13
Vrersur 2.486 2.514 Vv 0x1C
Vreas X 2/3 3.200 3421 Vv 0x1D

Table 9. Secondary Internal Voltage Measurement

Parameter Min Max Unit Register
Vrer1 2475 2.525 \Y 0x31
Vreas X 4/5 3.865 4135 \ 0x34
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CONVERTING WITH A SINGLE AD7284

Conversions are initiated on the AD7284 by setting Bit DO high
in the ADC functional control register. A single conversion
command initiates conversions on all channels of the AD7284.
The conversions on the primary measurement path and the
secondary measurement path occur in parallel, as shown in
Figure 28. As described in the Converter Operation section, the
voltage of each individual battery cell is measured by converting
the difference between the adjacent analog inputs. The first
conversion starts tsrarr after the conversion start command.
This conversion is a dummy conversion that has the same
timing as a normal conversion and provides additional acquisition
time for the first cell conversion. The first cell converted is Cell 8
(VPINS — VPIN?), then Cell 7 (VPIN7 — VPING6), and so on, as
shown in Figure 28.

Calculate the conversion time per channel by

Conversion Time per Channel = tacq + tconv

TO INITIATE A CONVERSION,
SET BIT DO HIGH IN THE
ADCFUNC REGISTER

Similarly, calculate the conversion time for eight cell voltages by
Conversion Time per Eight Primary Cells = (tac + tconv) X 9
where the 9® conversion is the dummy conversion.

The device conversion time includes the internal temperature
sensor channel, which requires a longer acquisition and conversion
time (typically 276 ps). Therefore, calculate the conversion time
per device by

Conversion Time per Device = tsrarr + ((facq + tconv) x 18) + 276 pus

where: o

tstarr s the time between the rising edge of CS to the dummy
conversion. See Table 2.

tacq is the analog input acquisition time. See Table 2.

tconv is the conversion time. See Table 2.

Factor 18 is the one dummy conversion plus seventeen
measurements.

With an acquisition time set to 400 ns, the conversion time per
device is typically 336 ps.

CS HELD HIGH

DURING ADC CONVERSIONS

'

=
—>| tstaRT |<—

INTERNAL PRIMARY

taca
tcony |<—

ADC CONVERSIONS

)
DUMMY « INTERNAL TEMPERATURE
\( CONVERSION X CELL 8 X CELL7 X CELL6 X ) X SENSOR Y

INTERNAL SECONDARY
ADC CONVERSIONS

oommmmon X cetts Y cer X Eg X o Y

14703-030

Figure 28. ADC Conversions with a Single Device
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CONVERTING WITH A CHAIN OF AD7284 DEVICES

The AD7284 provides a daisy-chain interface that allows up

to 30 AD7284 devices to stack. One feature of the daisy-chain
interface is the ability to initiate conversions on all devices in
the daisy-chain stack with a single convert start command. The
convert start command transfers up the daisy chain from the
master device to each AD7284 in turn. The delay time between
each AD7284 is torray, as shown in Figure 29. Note that this
diagram is simplified to show the primary measurement path
only.

Calculate the total conversion time for all channels by

Total Conversion Time = (Conversion Time per Device) +
((N - 1) X tpray)

where:

N is the number of AD7284 devices in the daisy chain.

toeLay is the delay time when transferring the convert start
command between adjacent AD7284 devices, as specified in
Table 2.

‘<—TOTAL CONVERSION TIME = (CONVERSION TIME PER DEVICE) + ((N — 1) x tpg) oy) ————

The latency across all cells is the delay between the start of
converting the first cell and the start of converting on the last
cell of a battery stack, as shown in Figure 30. Calculate this
latency by

Latency Across All Cells = (Conversion Time of Seven Cells) +
(N = 1) X tperay)

With an acquisition time set to 400 ns, the latency across 96 cells is
typically 13 ps.

& —1

—>| tSTART |—
INTERNAL ADC
DUMMY (j X INTERNAL TEMPERATURE

CONVE':;'%:‘? CONVERSIONX CELL 8 CELL7 X x ) SENSOR >
INTERNAL ADC tbeLAY — toELAY
CONVERSIONS DUMMY « INTERNAL TEMPERATURE

PART 2 CONVERSIONX CELL 16 CELL 15 X x » X SENSOR
INTERNAL ADC  'DELAY—>~ I“ toELAY |<— toeLay—»-| |-
CONVERSIONS - DUMMY « INTERNAL TEMPERATURE

PART 3 \<CONVERSIONX CELL 24 X CELL 23 X X » X SENSOR >

14703-031

Figure 29. ADC Conversions with a Chain of Three Devices
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N comvemon X CELL8 X  CELL7 o X cez X cELL1 )
0

toeLAY —-] -

INTERNAL ADC
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SIONS X comommy w X cetL1ie X ceL1s X S X ce,tio X cELLe )

|
|
| »
|
|

INTERNAL ADC

~4— (N -2) x tpg Ay
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CELL (N x8) XCELL (N x8) - 1X

)
C XeELL(Nx8)- G)I(CELL (Nx8)-7)
¢

14703-032

PART N

Figure 30. Latency Across All Cells
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CONVERSION DATA READBACK Following a conversion, the primary conversion data for all
devices in the daisy chain is available for readback. To enable
secondary conversion data readback, a command is issued as
shown in Figure 32. This is the only 32-bit command that can
be issued while in 64-bit mode.

A sequence with ADC conversions and a readback operation is
shown in Figure 31. The user issues a command to the device to
start the conversion. The conversion data is available for read
back when the channel acquisition and conversion times complete.

The data returned from a conversion results readback operation The sequence to read back primary and secondary data is
is contained within multiple 64-bit packs, as described in the described in the Example 5: Convert and Read All Conversion
Conversion Data Readback Operation section. Data section.

TO INITIATE A NEW CONVERSION,

TO INITIATE A CONVERSION, EXIT 64-BIT MODE USING BIT D2
ISSUE A CONVERT START _ __ OF THE ADC FUNCTIONAL CONTROL
COMMAND TO CS HELD HIGH CS USED TO FRAME REGISTER IN THE LAST FRAME
ADC FUNCTIONAL CONTROL DURING DATA READBACK FOLLOWED BY THE
REGISTER BIT DO ADC CONVERSIONS FROM CHAIN CONVERT START COMMAND

\ { 1 7
= _| LR AL
—»‘ tsTaRT |<— —>| tstarT |<—

N 5 5 6 B I ) 2 0
DUMMY

UM
CONVERSION

DATA READBACK, ALL DEVICES

SERIAL READ ’ N\
OPERATION ALL PRIMARY* D

AN
DEVICE ENTERS 64-BIT INTERFACE MODE /

14703-033

*NOTE: ONLY PRIMARY READBACK SHOWN HERE
Figure 31. ADC Conversions and Readback of Primary Data and Initiation of a Second Conversion

TO INITIATE A CONVERSION,

ISSUE A CONVERT START _
COMMAND TO ADC - TS USED TO FRAME TO READ BACK SECONDARY DATA,
FUNCTIONAL CONTROL CS HELD HIGH DATA READBACK  ISSUE A COMMAND TO LOAD THE SECONDARY DATA HERE BY
REGISTERBITDO  DURING ADC CONVERSIONS FROM CHAIN .~ SETTING BIT D1 OF THE ADC FUNCTIONAL CONTROL REGISTER

IN LAST 32-BIT WORD OF PRIMARY READBACK

i Y S
= _f LLLALLLLY

—>‘ tsTART |<—
b))
S 5 G 0 ¥
AerrrTe TO EXIT 64-BIT MODE, SET BIT D2 OF THE ADC
CONVERSION FUNCTIONAL CONTROL REGISTER IN LAST 32-BIT
WORD OF READBACK
DATA READBACK, ALL DEVICES
S e n { ALLPRIMARY ) ALL SECONDARY )

14703-034

DEVICE ENTERS 64-BIT INTERFACE MODE
Figure 32. ADC Conversions and Readback of Primary and Secondary Data and Exit of 64-Bit Readback Mode
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CELL BALANCING OUTPUTS

The AD7284 provides eight cell balance outputs that can drive
the gates of the external transistors as part of a cell balancing
circuit. The cell balance feature can be used while converting
cell voltage measurements; however, the accuracy of the
conversions degrades. Cell balancing is also available while
the AD7284 is in partial power-down mode.

Cell Balance Connections

As shown in Figure 33, five of the cell balance outputs (CB1
to CB5) are capable of driving an N channel, metal oxide
semiconductor field effect transistor (MOSFET), while the
other three (CB6 to CB8) drive a P channel MOSFET. These
outputs are designed to drive 20 pA (typical) into the external
FET, enabling turn on within 100 ps.

CELL 8 5

CELL 7

CELLS5

AD7284

CELL 4

CELL 3

CELL 2

CELL 1

14703-035

Figure 33. Cell Balancing Configuration

In an application with two or more AD7284 devices in a directly
connected daisy chain, it is recommended to place 10 k(2 series
resistors between the CBx outputs of the AD7284 and the gates
of the external cell balancing transistors. These resistors, in
conjunction with the internal 5 V clamps, help protect the

CBx outputs and gates of the external cell balancing transistors
during the initial connection of the monitoring circuitry to the
battery stack.

The simplified internal configuration of the cell balance circuit
(CB1 to CB5) is shown in Figure 34.

AD7284 Voo

40uA+ + 125nA

\rswz Swi1

Re VPINX

v

10kQ L cBx

CELL (x) =— WA O
x
Rg ,\VPIN(X -1)

N/
Cr

L
v SuA Y isws

Vss

14703-036

Figure 34. Simplified Internal Configuration of the
Cell Balancing Circuit (CB1 to CB5)

When cell balancing is disabled, SW1 is closed, SW2 and SW3
are open, the negative channel metal oxide semiconductor
(NMOS) switch is on, and the CBx pin is pulled to VPIN(x — 1).
When enabled, SW1 is open, SW2 and SW3 are closed, the
NMOS switch is off, and the CBx voltage increases as current
charges the gate of an external FET. The internal clamp ensures
that CBx stays within approximately 5 V of VPIN(x — 1) and
provides a path for some of the 40 pA out of VPIN(x — 1),
which causes a voltage drop on VPIN(x — 1). The voltage drop
depends on the value of the input resistor. CB6 to CB8 use an
equivalent positive channel metal oxide semiconductor (PMOS)
circuit.

Cell Balance Outputs Interface

Three bits are used to control the cell balancing feature:

e The cell balance power-down bit, CBPDB, in Control
Register 1 (see Table 21) controls the cell balance output
drivers. The default value of this bit at power-up is 0, and
the drivers are disabled. Turn off the drivers when cell
balancing is not used to reduce power consumption and
maintain accuracy on cell monitoring.

e  The general output enable bit, GOE_CB, in Control
Register 3 (see Table 24) allows the host microcontroller/
DSP to control the state of all cell balance outputs with one
write command while still maintaining the current state of
the cell balance control register. The default value of this
bit at power-up is 0, which corresponds to the cell balance
outputs off state.

e The cell balance bits, CBx, in the cell balance control
register (see Table 26) allow the user to individually
configure the state of the cell balance output. The default
value of this register at power-up is 0x00, and each of the
cell balance outputs are disabled.

To enable cell balancing on one or multiple cells, the CBPDB bit,
the GOE_CB bit, and the corresponding CBx bit(s) must be set
to 1.
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Programmable On Time

To enable individual programmable on times, activate the
corresponding CBx output(s) as described in the Cell Balance
Outputs Interface section. Programming an on time for a
disabled CBx output has no effect.

The AD7284 offers eight cell balance timer (CBTx) registers to
individually program the on time of the CBx output pins. On
times of 0 minutes (the output stays turned on) to 8.5 hours
can be programmed with a two minute resolution. All CBTx
registers are 0x00 by default. The values programmed in the
CBTx registers are compared with a single timer. The default
value of the timer is 0x00. The current value of the timer is
available in the current cell balance count state (CBCNT)
register.

The timer starts from 0x00 when a CBTx register is written to.
When the value in the timer reaches the value of any of the
CBTx registers, the corresponding CBx output is switched off.
The timer stops when the largest value programmed in the
enabled CBTx registers is equal to the timer. CBTx registers
settings are maintained following a timeout event.

The timer restarts from 0x00 on a write to any of the active
CBTx registers. Writing zero causes the corresponding cell
balance output to switch off and the timer to restart. A write to
the CBCTRL register while the timer is active causes the timer
to restart from 0x00. The CBCNT register can adjust the values
of previously enabled cell balance timers. Individual or all CBx
output(s) can be switched off before the timer reaches its or
their programmed value(s) by disabling the CBx output(s) as
described in the Cell Balance Outputs Interface section.

The cell balance timer is independent of the power-down timer.
Use the power-down timer to allow cell balancing to occur for a
set time before powering down the AD7284.

Note that the power-down timer can be used instead of the
watchdog timer when using the cell balancing timer to prevent
the need to service the watchdog timer.

OPEN INPUT DETECTION

Two methods are available to detect an open wire condition
between the cell and an ADCs input pin: open input sense

and cell balance sense. These methods require the use of the
secondary path and independent filters on the ADC inputs.

The host controller initiates the diagnostic request. It then reads
back conversion results from primary and secondary inputs
from which it is possible to determine an open input condition.

Open Input Sense

The open input sense (OIS) technique allows the detection of an
open wire at the board edge or at the device input.

When enabled, the OIS diagnostics cause a small current to sink
(or source, in the case of VPINO and VSINO) from the selected
primary or secondary voltage sense pin. A delay is also introduced
between the primary and secondary conversions. If an input
wire disconnects, the OIS current sources from or sinks into the
input filter capacitor, causing the input voltage to shift. This
shift is seen as a difference between the primary and secondary
measurements.

The size of the voltage shift depends on the size of the input
filter capacitor, the delay between primary and secondary
measurements (1000 ps), and the OIS current (100 pA).

For a 100 nF filter capacitor, a shift of 500 mV is expected. If
the input pins are connected correctly, a voltage drop of
approximately 100 mV is measured between the primary
and secondary inputs when using a 1 kQ) input resistor, Re.

Cell Balance Sense

An alternative method is using the cell balance function.

This technique is useful for detecting board edge open wire
conditions. When enabled, a cell balance FET that is off for the
first conversion is switched on for the second conversion. If the
input wire disconnects, the enabled FET causes the input that
disconnected to pull toward the pin on the opposite side of the
enabled FET.

Sequence of Operations

To perform an open wire diagnostic on an input, use the
following procedure:

1. Enable the OISx bit for the cell connection under investigation
using the OISCTRL control register and/or the OISGPOP
control register, or set the appropriate cell balance enable
bit in the cell balance control register.

2. Inthe Control 3 register, select the appropriate input
sense function via the IN_SNSE bits, set the ADC delay
bit (ADCDLY), and select the conversion order with the
ADCORDR bit. If not in delay mode, the GOE_x bits gate
the respective cell balance or the OISCTRL register
settings.

3. Set the CBPDB bit in Control Register 1 for the cell balance
method.

4. [Initiate a conversion and read back the primary and
secondary data.
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POWER MANAGEMENT

AD7284 SUPPLIES

The AD7284 is powered from the cell stack. The device
connects to the cell stack positive terminal (+HV) through the
Voo pin and the cell stack negative terminal (~HV) through the
Vss pin. An internal regulator generates a 5 V supply (Vreas) for
the internal core of the AD7284, as shown in Figure 35.

+HV

L
BATTERY . . ~

PACK O )
VPINS Voo [Vrees [AVcc [DVec VbRIvE
1 | oveinr Rsl;lﬂ
VPING
' ANALOG | || POWER-ON
! : RESET
1
1 : *
1
! SERIAL
| ! DIGITAL | | |NTERFACE
1
VPIN2 ]
T VPIN1
1 VPINO Vss AGNDx*] DGND | AD7284
—HV T I T g
§

*6 x ANALOG GROUND PINS
Figure 35. Power Supply Overview (External Circuitry Omitted for Clarity)

A total decoupling capacitance of 4.7 uF is recommended on the
Vob pins. Optionally, use 2.2 pF in parallel with 100 nF on each
of the Vop pins.

It is required that 100 nF be present on the regulator output pin,
Vreas, and on each of the low voltage supplies, AVcc and DVce.
Connect these three pins together on the PCB.

VDRI VE

For the master device only, an external Vorwve supply is required
to power the digital input/output pins to ensure interface
compatibility with host supplies operating at 3.3 V or 5 V.
Therefore, do not drive the digital input pins when Vprive is low.

Vorive is also an integral part of the power-up/power-down scheme
within the AD7284, as described in the Active Mode, Power-Up
section and the Power-Down section. Pulling Vorive low places
the AD7284 into the lowest power mode, unless an active
power-down timer is running.

A 100 nF decoupling capacitor is recommended on the Vorive
pin for the master device only.

On slave devices, connect Vorive directly to Vrecs at all times. In
this configuration, all currents supplied by the low voltage pins,
such as Vrersur, GPOP1, and GPOP2, are supplied by the internal
regulator. This regulator delivers 2 mA typically for use external
to the AD7284.

MODES OF OPERATION

The three modes of operation for the AD7284 include the
following: active mode (power-up), software partial power-
down mode, and hardware full power-down mode.

In active mode, the AD7284 can be idle or perform the
following tasks:

e ADC conversions.

e  Conversion data readback.

e  Register read and write.

e  Cell balancing (cell balancing and register reads or writes,
can also be performed in partial power-down mode).

The current consumption is specified in Table 1.

ACTIVE MODE, POWER-UP

Connect the Vprive pin on the AD7284 master device to an
external voltage supply. A rising edge on the Vorive supply
signals the AD7284 master device to power up. If Vorivs is
already held high, an alternate method of powering up the
master is via a pulse of 100 ns minimum on the RESET pin.

Power-Up Time

The time required for an AD7284 master device to power up
and to receive SPI communications is typically 200 us with a
total capacitance of 300 nF on Vregs (100 nF on each pin). The
time required to perform accurate ADC conversions is typically
5 ms. These figures apply when Vrer: and Virer: are decoupled
with a 1 pF in parallel with 100 nF.

The AD7284 slave devices power up through a slave wake-up
signal that is automatically transmitted through the daisy chain.
The master device transmits the slave wake-up signal to the first
slave device, the first slave device transmits the wake-up signal
to the device above it in the daisy chain, and so on. Each device
transmits a slave wake-up signal typically within 100 ps of
receiving its own wake-up signal. The time required for a slave
device to power up and perform accurate ADC conversions is
typically 5 ms (see Figure 36).

Calculate the total power-up time for a chain of AD7284
devices connected in the direct current configuration by

Total Power-Up Time =5ms + ((N — 1) x 100 ps)
where N is the number of AD7284 devices in the daisy chain.

Connect the Vorive pin on each slave device to its own
Vrecs pin.

Multiple dummy register writes are required to wake up the
chain in a configuration with an isolated daisy chain.
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