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1 Introduction

11

The MC33771C is a successor of the MC33771B. The MC33771C offers an averaging
functionality and improved communication. Other functions are not changed. The
MC33771C is pin and package compatible to the MC33771B.

MC33771C improvements:

¢ Averaging of up to 256 samples possible
¢ Potential reduction in the diagnostic filtering time from 25 to 6 ms

* Inductive and capacitive coupling support (current transformers & current external
components)

* Improved communication protocol

* Up to 63 nodes are supported in one daisy chain

¢ Supports 20 m cable length between two nodes with transformer isolation
* Loopback support for one daisy chain

Feature comparison
The following table shows a comparison of the MC33771B and MC33771C.

Table 1. Feature comparison

Parameter MC33771B MC33771C

Voltage channels 14 14

Supply Vpwr Range (max transient) 96Vto61.6V (75V) 9.6Vto61.6V (75V)

Supply current adder when TPL typ. 50 mA max. 16 mA

communication active (lypwr(trL_TX))

Cell terminal input voltage range -03Vtob5V -03Vto5V

Typical measurement error 0.8 mV 0.8 mV

(data sheet parameter) Verr3arT

Functional safety Single-chip ASIL-C Single-chip ASIL-C
ASIL-D compliance ASIL-D compliance

Isolated communication speed 2 Mbps 2 Mbps

Communication isolation Inductive Inductive, capacitive

Max nodes per daisy chain 15 63

CRC bit 8 8

Comms bit 40 48

Communication forwarding Switch Repeater

Integrated balancing <300 mA <300 mA
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Parameter MC33771B MC33771C
Balancing sleep mode Yes Yes

Averaging No Yes

LPF capacitance (for OL diagnostic) 470 nF 100 nF
Diagnostic filter timing (] 25 ms 6 ms

Deep sleep mode No No

GPIO / analog measurement inputs 7 7

Current channels 1 1

Coulomb counter 1 1

Package 64-pin LQFP-EP 64-pin LQFP-EP

[11  For information on calculation of the timing, refer to the corresponding safety manual.

Reasons to switch from MC33771B to MC33771C

The changes in the silicon from MC33771B to MC33771C as listed in Table 1 results in
an improved communication and an additional averaging functionality.

The improved communication is beneficial during each of the following situations:

* Long daisy chains with high number of nodes are used
» Capacitive coupling is of interest

Section 2 "Changes in the communication" explains the differences in the communication
in detail.

The averaging functionality:

* Provides faster sampling of the cell voltages, which reduces input filter BOM costs
¢ Offloads the MCU because the average calculation is done inside the device
» Offloads the communication because less data must be transmitted

Section 3 "Averaging functionality” explains the benefits of the averaging functionality in
detail.

2 Changes in the communication

AN12633

For the communication there are three main categories of changes:

* Physical layer for the communication changes to include the repeat functionality

* The Tagld and RC are removed and a MsgCnt is added instead

e Communication frame length changes from MC33771B of 40-bit to MC33771C of 48-bit

¢ Some changes in the digital domain and the registers to include the averaging
functionality

Figure 1 highlights the changed blocks in the block diagrams of the MC33771B (left side)
and MC33771C (right side)

All information provided in this document is subject to legal disclaimers. © NXP B.V. 2020. All rights reserved.

Application note

Rev. 1 — 10 February 2020
2/20



NXP Semiconductors

AN12633

Switching from MC33771B to MC33771C

N

rr—--=--—-—-""—-""=-""=-""=-"—-—"=-"=-"=-"=-"=-"=-"=-=- h
| IDGND
1 VPWR OV/LV/ T
VPWR1 VPRE UVPOR I VANA
TSD VPRE, VCOM AGND
vewRe | | MC33771 VANA, VbgHP lvcom
VCP low frequency clock I PN
CGND

6.0 MHz Osc

VCP_CNTL

CB_12:11_C

CB_11

CT_11

ZADCW-A I—v

—_——tfm | ]

—————

(¢}
-
N

VANA
—
TEMP
—
VBGP
—

cB_2:1.C|

CB_11

CB CONTROL
AND DIAGNOSTICS

ZADCW-B I—v

cr 1l

CT_REF,

|
ANO_GPIOO0 |

AN1_GPIO1 |

AN2_GPio2]

AN3_GPIO3 |

GPIO PORT

AN4_GPIO4 |

CONTROL

AN5_GPIOS ]

AN6_GPIOS |

I

ISENSE + |
ISENSE - |

GNDFLAG
GNDREF |

Figure 1. Comparison of block diagrams

|
|
|
|
Ispi_com_En

100 kQ

|
|
|
|
IRDTX_OUT-

‘/’_(/F:':RDTX_OUT+

SI/RDTX_IN+

| SCLK/RDTX_IN-

DIGITAL
CONTROL
DATAREGISTERS

COMMUNICATION
INTERFACE

|
|
|
|
1
|
|
|
|
100 kQ |
|CsB

F—————— e — -
| | DGND
| VPWR OV/LV/ T
VPWR1| VPRE UVPOR VANA
vPwR2 | TSD VPRE, VCOM AGND
MC33771 VANA, VbgHP 1vcom
| low frequency clock T
CGND
| h
! N Leoweox |
| |
CT_14] |
cB_14! |
: VCP_CNTL :
" SPI_COM_EN
cB_14:13 ¢l 100 kQ [
f |
| |
| 1
cs_13l IRDTX_OUT-
cT_13) 4&, !
CT_12) |
cB_12l |
T |
RDTX_OUT+
| 4;47—
| |
cB_12:11_cl | S/RDTX_IN+
! >
| 11
| |
cB_111 |
T |
cT M j y I_. SCLK/RDTX_IN-
My ADC1-A 4; |
4 | VANA \
b TEMP | X I
} S AN o}
‘ T VBGP | = veou |
| I — 1
YCT 2) |
ce_2l DIGITAL |
CONTROL |csB
[ CBCONTROL | _| DATA REGISTERS |
| AND DIAGNOSTICS AND Veom |
cB 211 cl COMMUNICATION |
— INTERFACE N |
| CB CONTROL Iso
I AND DIAGNOSTICS [
cBAI ADC1-B ¥ |
cr 1! :
CT_REF I
| VPRE |
ANO_GPIO0 | |
AN1_GPIO1 | ] |
gRot,
AN2_GPIO2 IFAULT
AN3_GPIO3| GPIO PORT wokal] !
AN4_GPIO4| CONTROL |
ANS5_GPIOS, :
AN6_GPIO6 | Vcom |
| |
| I 100 kQ I |
I @ L
VY
ISENSE +
ISENSE -|

aaa-035880

AN12633
Application note

All information provided in this document is subject to legal disclaimers.

Rev. 1 — 10 February 2020

© NXP B.V. 2020. All rights reserved.

3/20



NXP Semiconductors

AN12633

2.1 Changes in electrical layer

Switching from MC33771B to MC33771C

The changes in the electrical layer of the communication are summarized in Table 2.

Table 2. Comparison of the electrical layer for communication
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Figure 2. MC33771B

38035731

Figure 3. MC33771C

Communication
forwarding

Communication is forwarded via switches

Communication is retransmitted by each node

Bus segmentation

None. Each node communicates to entire daisy
chain

Segmented. Each node communicates with next
node only

Hop delay

Each message arrives at all nodes at same
moment in time

Repeated introduction of a delay (~0.95 us)
between nodes

Signal attenuation

Each wire segment (bus switch, and transformers)
contributes to signal attenuation

Each node retransmits the message. No
accumulation of attenuation.

Max. number of
nodes

Limited by signal attenuation (max. 15)

Max. 63 (limited by address space of protocol)

Compatible with
MC33664

Yes

Yes

2.2

AN12633

While in the MC33771B, the communication is forwarded by a switch. The MC33771C
repeats received symbols (SOM, EOM, Logic 1 and Logic 0). A check for message
integrity during forwarding is not performed. Message integrity is checked on a complete
frame basis by each node. The repeating avoids degradation of the signal between
nodes and therefore allows longer daisy chains. For a system with an MC33771C, it is
implied that each node retransmits every message. To avoid a massive increase in the
overall power dissipation, the drive strength of the transmitter is adapted. Depending

on the number of nodes, the current consumption is comparable to a system using the

MC33771B.

Changes in the external components

The changes in the electrical layer require some changes in the recommended external
components. Impacted is the communication from node to node. Also, the recommended
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circuit between the MC33664 and the first node changes. See the data sheet of
MC33771B and MC33771C for the recommendations on the external components.

2.3

Protocol layer

The 40-bit message protocol of MC33771B has been extended to 48 bits for MC33771C
to support additional features. An overview of the protocols and the changes is in the
tables below.

Table 3. MC33771B protocol

Register data |Master/slave |Register address |CID RC CMD CRC
16 bits 1 bit 7 bits 4 bits 2 bits 2 bits 8 bits
[39:24] [23] [22:16] [15:12] [11:10] [9:8] [7:0]
Table 4. MC33771C protocol
Register data |Master/slave |Register address Reserved |CID MsgCntr |Reserved CMD CRC
16 bits 1 bit 7 bits 2 bits 6 bits 4 bits 2 bits 2 bits 8 bits
[47:32] [31] [30:24] [23:22] [21:16] [15:12] [11:10] [9:8] [7:0]
Table 5. Protocol comparison
Bit field 40-bit protocol 48-bit protocol Changes Description
(MC33771B) (MC33771C)
Register data/ |16 bits 16 bits Unchanged Memory data content
number of This field holds the register data in write mode
registers and specifies the number of consecutive
registers to be read in a burst read.
Master/slave |1 bit 1 bit Unchanged Indicates if the message is for master or slave
identifier
Register 7 bits 7 bits Unchanged Memory address
address 0 to 127 registers
Reserved — 2 bits Changed Added reserved bits for future use
Cluster ID 4 bits 6 bits Changed
(CID)
Message 2 bits 4 bits Changed The Tagld and RC is removed and a MsgCnt is
counter added instead
(MsgCntr)
Reserved — 2 bits Changed Reserved
Command 2 bits 2 bits Unchanged Indicates the operation to be performed (for
(CMD) example, read, write), Master sends request,
Slave sends responses

0: NOP

1: Read request

2: Write request

3: Global write
CRC 8 bits 8 bits Unchanged CRC for message integrity

AN12633
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Switching from MC33771B to MC33771C

Digital and register changes

To include the new functions, some digital changes and register changes are done.

Repeater function

The MC33771C is utilizing a repeater function for the communication. The repeat
function is achieved by having bidirectional transceivers. The second transmitter
retransmits the signal received at the first receiver. The retransmission avoids signal
attenuation and jitter accumulation.

Echo response

For the MC33771B write commands to a single slave prompt a single echo response. To
optimize (reduce) bus traffic, the MC33771C does not send echo response messages.

EOM timeout

The MC33771C utilizes an EOM timeout feature of tegm. The device discards a
communication frame once the time between SOM and EOM is longer than tggm. TO
signal the fault event, the COM_ERR_FLT fault bit is set and the COM_ERR_COUNT is
incremented. This procedure avoids communication freeze due to a corrupt message.

INIT register: termination resistance and bus switches

The content of the INIT register was changed to enable storage of longer CID. Instead of
controlling the bus switch and a single termination resistor, the termination resistors for
both communication directions can now be controlled.

Table 6. INIT register of MC33771B

Bit 15:6 5 4 3:0

Content not used RTERM BUS SW CID [3:0]

Table 7. INIT register of MC33771C

Bit 15:8 7 6 5:0

Content not used TPL_TX_Term. |TPL_TX_ Term. |CID [5:0]
(RDTX_ IN) (RDTX_ OUT)

The RTERM bit is used to terminate the bus. In the MC33771C, there are two bits,
TPL_TX_ Term[RDTX_IN]and TPL_TX_ Term[RDTX_OUT], that allow a termination of
each side of the device.

In the MC33771B, the BUS_SW allows a manual control of the bus switch. The
MC33771C forwards the messages automatically whenever the device is enumerated
(CID not equal to 0).

ADC_CFG register: control of averaging functionality and TAG ID

To allow the control of the averaging function, the bit field AVG in the ADC_CFG register
replaces the bit field TAG_IG. The functionality of TAG_ID is replaced by MSGCNTR in
message protocol.

All information provided in this document is subject to legal disclaimers. © NXP B.V. 2020. All rights reserved.

Application note

Rev. 1 — 10 February 2020
6/20



NXP Semiconductors

AN12633

Switching from MC33771B to MC33771C

Table 8. ADC_CFG in MC33771B

ADC_CFG
$06 | bit 15 ‘bit14 ‘bit13 ‘bit12 bit 11 | bit 10 ‘bitg ‘bits bit7 |bité |bit5 |bit4 |bit3 |bit2 |bit1 |bitO
Write SOC | bGA GAIN cc_
- RST  |Not
TAG_ID useq |ADC1_A_DEF |ADC1_B_DEF |ADC2_DEF
Read EOC— PGA_GAIN_S 0
Reset0‘0‘0‘001‘0‘000010111
Table 9. ADC_CFG in MC33771C
ADC_CFG
$06 | bit 15 ‘bit14 ‘bit13 ‘bit12 bit 11 | bit 10 ‘bitg ‘bit8 bit7 |bité |bit5 |bit4 |bit3 |bit2 |bit1 |bito
Write SOC PGA_GAIN CC_
RST  |Not
AVG useq |ADC1_A_DEF |ADC1_B_DEF |ADC2_DEF

Read E‘OC— PGA_GAIN_S 0
Reset0‘0‘0‘001‘0‘000010111

The AVG bit field allows now to select how many consecutive samples are averaged.

Options are 1 (no averaging), 2, 4, 8, 16, 32, 64, 128, and 256. The no averaging option

allows backward compatibility to MC33771B.

2.4.6 System configuration register 1 - SYS_CFG1

The reset value of the SYS_CFG1 register has been changed from 9001h in MC33771B

to 1001h in MC33771C. With this change the cyclic timer is configured from 1.0 seconds

(MC33771B) to disabled (MC33771C).

2.4.7 Wake-up mask registers - WAKEUP_MASK1 to WAKEUP_MASK3

The reset value of the WAKEUP_MASK1, WAKEUP_MASK2, and WAKEUP_MASK3
registers has been changed from 0000h in MC33771B to FFFFh in MC33771C. With this
change all the wakeup events related to these registers are per default disabled.

3 Averaging functionality

AN12633

3.1

Due to the averaging functionality, the measurement schemes for MC33771B and
MC33771C are different.

Measurement scheme: MC33771B

The MC33771B performs an on-demand ADC conversion and provides the results via
the communication interface. An on-demand conversion is started by setting the SOC
bit in the ADC_CFG register. The MC33771B performs the ADC conversion within tgco.
Once the ADC conversion is complete, the MCU has to request the conversion result.
The MC33771B communicates then the data to the MCU.
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MC33771C

| Voltage_Measurement |
T

Write ADC_CFG with SOC = 1 |

ADC conversion 1

Conversion completed EOC =1

]

Read Voltage_Measurement results !

Provide Voltage_Measurement results |

ADC conversion 1

Conversion completed EOC =1

Read Voltage_Measurement results !
|

Provide Voltage_Measurement results |
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Figure 4. Example sequence diagram of measurement routine with MC33771B

The timing diagram shows the sequence with additional information.
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Figure 5. Example timing diagram of measurement routine with MC33771B

AN12633

The time needed for a measurement cycle is calculated as shown in Table 10.

Table 10. Measurement example timing MC33771B

Action

14-cell system

96-cell system (7 ICs)

Send start of conversion
command

1 frame = 23.9 us

1 frame = 23.9 us

Perform ADC conversion

520 s

520 ps

Request result IC1

1 frame = 23.9 us

1 frame = 23.9 us

Wait for response IC1

1 us

1 us

Receive results IC1

23 frames = 548.6 ps

23 frames = 548.6 us

Request result x other ICs n.a. 6 x 1 frame = 143.1 s
Wait for response x other ICs n.a. 6x1us=6pus

Receive results x other ICs n.a. 6 x 21 frames = 3005 ps
Total: 1.12 ms 4.27 ms
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Table 10 shows that the communication of the data is limiting the frequency at which the
measurements can be performed.

To avoid aliasing, frequency content above half the sampling frequency has to be filtered
before the sampling (Nyquist theorem). For the MC33771B this is done by an external
low-pass filter. With the typical recommended value of R p of 3 kQ, the required capacity
C_p can be calculated. The calculation below shows the impact of the different sampling
frequencies on a simple low-pass filter.

Note: NXP recommends using a 2-stage low-pass filter for applications.

Table 11. Filter calculation for a single stage low-pass filter

Item 14-cell system 96-cell system
Sampling time 1.12ms 4.27 ms

Filter cut off frequency 448 Hz 117 Hz

1
f cut off = (m )
R p 3kQ 3kQ
Co= 1 119 nF 453 nF
LP = 2p(f_cut_off)*R; p

3.2

AN12633

Notes:

* NXP recommends using the resistors and capacitors as stated in the product data
Sheet.

* The external filter has an impact on the timing of the CTx Open Detect and Open
Detect Functional Verification. See safety manual SMO02 for details.

Measurement scheme MC33771C

The MC33771C performs an on-demand ADC conversion in the same way as the
MC33771B. However, the MC33771C can perform multiple conversions directly after
each other. An automatic averaging of the results is performed once the measurements
are completed. Once the measurements are completed, the MCU has to request the
averaged results. The MC33771C communicates then the data to the MCU.

All information provided in this document is subject to legal disclaimers. © NXP B.V. 2020. All rights reserved.
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Figure 6. Example sequence diagram of measurement routine with MC33771C using
averaging

The timing diagram shows the sequence with additional information.
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Figure 7. Timing diagram of measurement routine with MC33771C using averaging

The time needed for a measurement cycle is calculated as shown in Table 12.

Table 12. Measurement example timing MC33771C (32 averaging)

Action

14-cell system

96-cell system (7 ICs)

Send start of conversion command

1 Frame = 28.7 pys

1 Frame = 28.7 ps

Perform ADC conversions (32 * tgoc)

16.6 ms

16.6 ms

Request result IC1

1 Frame = 28.7 pys

1 Frame = 28.7 ps

Wait for response of IC1 and interframe
spaces

88 us

88 us

Receive results IC1

23 Frames = 660.1 ys

23 Frames = 660.1 ys

Wait for response x other ICs n.a. 6 x 1 Frame =172 ps
Receive results x other ICs and n.a. 6 x 88 us =528 ps
interframe spaces

Request result x other ICs n.a. 6 x 21 Frames = 3616 ps
Total: 17.4 ms 21.7 ms

The averaging functionality of the MC33771C allows, compared to MC33771B (see
Table 10), to spend more time on the measurements (ADC conversions). The time
needed for communication is not changing significantly. More ADC conversions can be
done in same amount of time. Due to no interruption of the measurements, the ADC
conversion is now performed with a fixed frequency of around 1.92 kHz.

The calculation below shows the results of MC33771B and a filter needed for MC33771C
using averaging.

Note: NXP recommends using a 2-stage low-pass filter for applications.

Table 13. Filter calculation

Item MC33771B MC33771B MC33771C using averaging,
14-cell system 96-cell system independent of cells
Sampling time 1.12ms 4.27 ms 520 ps
Filter cut off frequency 448 Hz 117 Hz 1.92 kHz (assuming 16 bit resolution)
(1
f_cut_off = ( T sample )
Rip 3kQ 3kQ 3kQ
G o= 1 119 nF 453 nF 55 nF
LP = 2p(f_cut_off}*R; p

AN12633
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Notes:

* NXP recommends using the resistors and capacitors as per the data sheet.

* The external filter has an impact on the timing of the CTx Open Detect and Open
Detect Functional Verification test. See safety manual SMO02 for details.

Synchronous measurement scheme

In the synchronous measurement scheme, the ADC conversion of all the devices

in a system is triggered at the same moment in time. The simultaneous start off

all measurements results in a simultaneous end. The measurement data must be
transmitted at the same moment in time. During the transmission, no ADC conversion is
performed and the system is 'blind'. The 'blind' time depends on the amount of data to be
transferred.

|
Communication SOC

IC1

IC2

Conversion -( Transmit

Conversion

Transmit

| | | | | | |
} { Results_IC1 X Results_IC2 X Results_IC3 {soc
\
I

IC3

Figure 8. Synchronous measurement scheme

( Transmit

Conversion

aaa-035885

3.2.2

Interleaved sampling scheme

A way to limit the the blind time of the system to a minimum is to interleave the
measurements. The start of conversion command is not given to all devices in a chain
simultaneously, but with a delay. The conversion results are also available with a delay.
While one device transmits data, the other devices keep on sampling.

Communication

IC1

IcC2

IC3

I} I} ! Il ! I} ! Il !
soct X Results_IC2 X socz X Results_IC3 X socs X Results_IC1 X soct X
| | | | | | | | | | | | | | |
( Conversion -( Transmit

| | | | | | | | | | | | |

-( Transmit ( Conversion

| | | | | | | | | | | | | | |
Conversion -( Transmit ( Conversion

[l [l [l [l [l [l [l [l

aaa-035886

Figure 9. Interleaved sampling scheme
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3.3

3.3.1

3.3.2

Changes in UV / OV comparisons

The UV / OV detection bits are used in various procedures. The procedures include
the UV / OV monitoring of the cells, but also the CTx Open Detect and Open Detect
Functional Verification (SM02) and others.

UV / OV comparison in MC33771B

The UV/OV comparators in MC33771B are evaluated after a conversion is done. The
evaluation is independent if the conversion is initiated by an on-demand conversion or by
a cyclic conversion.

UV / OV comparison in MC33771C

The UV/OV comparators in MC33771C are evaluated after the conversion process is
completed. For cyclic conversions, the device is not performing averaging, so the UV/

All information provided in this document is subject to legal disclaimers. © NXP B.V. 2020. All rights reserved.

Application note

Rev. 1 — 10 February 2020
12720



NXP Semiconductors AN1 2633

Switching from MC33771B to MC33771C

OV bits are updated after each cyclic conversion. When the conversion is initiated by
an on-demand conversion, the MC33771C performs the requested averaging cycles.
Afterwards the averaged result is used for UV/OV comparison.

4 Averaging of the current measurement

MC33771C provides an averaging functionality for the cell voltages' measurements. For
the current measurement no dedicated averaging functionality is implemented, however
the coulomb counting feature can be used for measuring the average current.

Note: The implementation of the coulomb counter is identical for MC33771B and
MC33771C. The method described here therefore applies to both chip versions.

In case a conversion with multiple averaging cycles for the voltage is initiated, the current
measurement will be updated after each conversion.

AVG =4,S0C =1

ADC_CFG [\
Conversion X M1 X M2 X M3 X M4 X

{ DATA_RDY \ /
Voltage

MEAS_xxxx old X old (not guaranteed

>
>
@
IE
2
®

MEAS_xxxx old X M1 X X M2 x x M3X X M4
I I I I

I I I I
aaa-035887

{ DATA_RDY \ _| /
Current

Figure 10. Conversion with averaging of four consecutive samples

Once the current measurement is enabled in normal mode, the MC33771C measures the
current continuously.

The discrete integral of the measurement is stored in the coulomb counter. The
MC33771C provides the number of accumulated samples. Knowing the integral, the
number of samples, and the time needed for each sample, it is possible to calculate the
average current during the sampling period. The data sheet shows a generic procedure
to calculate the average current. Some simple example is shown below.

0.5kA

0.4 KA L —

0.3KkA ] N
0.2kA \——

0.1 kA \\‘_,/ \\_// \

0 kA

Task| CC_RST Y ADC Y ADC f ADC f ADC X ADC X ADC X ADC X ADC } ADC } ADC J ADC J ADC f ADC { ADC f ADC ) ADC X ADC X ADC X ADC } ADC | ADC Y ADC J ADC
I
CC_NB_SAMPLES old 1 2 3 4 5 6 7 8 9 10 X 11 X 12 X 13 X 14 )15 X 16 X 17 K 18 X 19 X 20 X 21 X 22 X 23
I | | | I | | | |

COULOMB_CNT old 0.35 X 0.95 ) 1.35 X 1.7 X 2.05 235 ) 26 X 28 X 30 X 3.2 X 33 ) 34 ) 35 ) 36 f 38 X 40 X 42 X 43 X 44 X 45 ) 46 ) 48 )\ 50

T T T T T T T T T
aaa-035888

Figure 11. Coulomb counter
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Figure 11 shows an example of a measurement. To ease the understanding the figure
shows the y-axis in ampere, the coulomb counter does not show a unit. At the start of
the measurement, the counter is reset. At the end of the figure, the device has done 23
accumulations and the coulomb counter shows 5.0 kA samples. The average current can
be calculated to 5.0 kA samples / 23 samples = 0.217 kA = 217 A.

Synchronized current and voltage measurement

For impedance calculations, it is important to have the current and voltage
measurements synchronized. The MC33771C offers two ways to derive the average
current together with an averaged voltage measurement.

Reset the counter when starting an ADC conversion

New conversions are started by setting the SOC bit in the ADC_CFG register. The
CC_RST bit, which resets the coulomb counter, is also in the ADC_CFG register. By
setting both bits in one command, a conversion of the voltages and a reset of the counter
is initiated. When the averaging feature is used, the device executes several voltage
measurements. For each individual measurement, the current measurement is updated.
The coulomb counter accumulates all measurements.

Note: The coulomb counter accumulates all samples of the current measurement. The
current measurement register provides the value of the current at the middle point of the
last completed conversion. See data sheet for more details.

| v
MCU{ Task | start X\ . compute_lavg
TN T T -
start‘ (soc=‘ 1, AVG‘= 128) ‘ /
Conversion I X m X me X X wizr X wizs X
I 7 I
Voltage DATA_RDY ‘ \ / ‘
MEAS_xxxx old )( old (not guaranteed) X ] AVG_1..128
| I I
reset (CC_RST =1) read
DATA_RDY \ —l . / /’
L e |
MEAS_xxxx old M1 mz 7 XL N m127 ) X | M128
T
Current \ ‘ ‘ ‘ ‘ ‘ ‘ //
COULOMB_CNT o | " accumulating ]
| \ | | | | [ | | | [ | |
CC_NB_SAMPLES old ! counting

| | | | | | [ | | | | | | |
aaa-035889

Figure 12. Example with averaging over 128 voltage measurements

A simultaneous start of the current measurement and the voltage measurement is
ensured. The voltage averaging will end after tggc times the specified number of samples
to be converted (Register ADC_CFG, bit field AVG). Reading the coulomb counter
exactly after the conversion time, provides a simultaneous end of the measurement.
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MC33771C
MCU | MC33771C || Voltage_Measurement || Coulomb_counter
Write ADC_CFG with SOC =1 and CC_RST =1
_ — > Reset
Start Coulomb_counter
> »>

Averaging done

Read Current_Measurement results

Provide Current_Measurement results

Read Voltage_Measurement results

Provide Voltage_Measurement results

aaa-035890

Figure 13. Sequence with coulomb counter reset

The coulomb counter in the MC33771C has a width of 32 bits, while the current
measurement has a width of 19 bits. The spare 13 bits allow the device to perform at
least 2"3= 8192 conversions before the coulomb counter will overflow. With ticonv, the
time before an overflow can happen can be calculated. The time to overflow is longer
than the maximum averaging time the device offers. As the coulomb counter is reset
every time a voltage conversion is started, an overflow of the coulomb counter cannot
happen.

4.1.2 Read the counter before starting a new conversion

If a reset of the coulomb counter is not desired, the coulomb counter must be read in
close time correlation to the SOC command. The values that this reading provides are
then the start value for the coulomb counting. After the expected end of the conversions,
the coulomb counter is read again to provide a simultaneous end of the measurement.
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MC33771C

MCU | MC33771C ” Voltage_Measurement ”Coulomb_counter

Write ADC_CFG with SOC =1 and CC_RST =0

Read Coulomb_counter

Provide Coulomb_counter

Averaging done

Read Coulomb_counter

Provide Coulomb_counter

Read Voltage_Measurement results

Provide Voltage_Measurement results

aaa-035891

Figure 14. Sequence without coulomb counter reset

If the coulomb counter value is close to the minimum or maximum value, some overflow
or underflow of the counter is possible. An overflow or underflow event is signaled by
the MC33771C with the CC_OVR_FLT bit. The ADC2_OFFSET_COMP[CC_P_OVF]
and ADC2_OFFSET_COMP[CC_N_OVF] bits signal the overflow and underflow
conditions. Overflows of the CC_NB_SAMPLES registers is signaled by the
ADC2_OFFSET_COMP[SAMP_OVF]. The MCU has to handle the overflows before
performing the average calculations.

Derivations

Variation of the two main principles stated above are possible. For example, the
ADC2_OFFSET_COMP[CC_RST_CFG@] bit can be used. Setting this bit 1 configures the
device to reset the coulomb counter when the coulomb counter is read. Some separate
reset is not necessary. Using the ADC2_OFFSET_COMP[CC_RST_CFG] setto 1 in the
procedure shown in Section 4.1.2 "Read the counter before starting a new conversion"
resets the counter with the read of the coulomb counter. The reset would allow an easier
calculation of the average current and prevent overflows during the averaging. Because
the coulomb counter is read exactly before reset, the total coulomb count information is
available for the application.

Items to consider

When using the coulomb counter to average the current, consider the following items.

1. Do not execute safety mechanisms while averaging the current
Some safety mechanisms (for example, SM37 and SM38) perform diagnostics of
IC internal resources for current measurement. While executing one of these safety
mechanisms, the coulomb counter accumulates the diagnostic signal instead of
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the actual current. Other safety mechanisms similar to SM39 use AN5 and ANG as
current measurement input. For details on the here mentioned and the other safety
mechanisms, see the safety manual of the MC33771C.

2. Inaccuracy due to PGA gain change
The MC33771C allows an automatic gain control of the PGA used for the current
measurement. In case the gain is changed between two chopped measurements,
the flag MEAS_ISENSE2[PGA_GCHANGE] indicates reduced accuracy for the
resulting measurement value. The coulomb counter continues with the accumulation,
even when there is a measurement with reduced accuracy reported. For a single
current measurement value, a reduced accuracy is very relevant. The average current
measurement described here however, uses many samples. Reduced accuracy on a
single sample has little influence on the averaged result.

5 Checklist for switching from MC33771B to MC33771C

AN12633

The following table shows a checklist when changing from MC33771B to MC33771C.

Table 14. Checklist for switching from MC33771B to MC33771C

Item Remark

Adapt communication protocol Ensure no message violates the EOM timeout
(Section 2.4.3)

Adapt external circuit for MC33664 Only needed when TPL communication is used

Adapt external circuit for MC33771C Only needed when TPL communication is used

Adapt SW not to make use of TAG_ID TAG_ID is no more supported in MC33771C

Adapt SW for MsgCounter

Adapt SW to use averaging functionality Only when averaging function is desired

Adapt input filters for cell voltages Only when averaging function is desired

Check safety manual for modified safety Only when averaging function is desired

mechanisms
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6.1 Definitions

Draft — The document is a draft version only. The content is still under
internal review and subject to formal approval, which may result in
modifications or additions. NXP Semiconductors does not give any
representations or warranties as to the accuracy or completeness of
information included herein and shall have no liability for the consequences
of use of such information.

6.2 Disclaimers

Limited warranty and liability — Information in this document is believed
to be accurate and reliable. However, NXP Semiconductors does not

give any representations or warranties, expressed or implied, as to the
accuracy or completeness of such information and shall have no liability
for the consequences of use of such information. NXP Semiconductors
takes no responsibility for the content in this document if provided by an
information source outside of NXP Semiconductors. In no event shall NXP
Semiconductors be liable for any indirect, incidental, punitive, special or
consequential damages (including - without limitation - lost profits, lost
savings, business interruption, costs related to the removal or replacement
of any products or rework charges) whether or not such damages are based
on tort (including negligence), warranty, breach of contract or any other
legal theory. Notwithstanding any damages that customer might incur for
any reason whatsoever, NXP Semiconductors’ aggregate and cumulative
liability towards customer for the products described herein shall be limited
in accordance with the Terms and conditions of commercial sale of NXP
Semiconductors.

Right to make changes — NXP Semiconductors reserves the right to

make changes to information published in this document, including without
limitation specifications and product descriptions, at any time and without
notice. This document supersedes and replaces all information supplied prior
to the publication hereof.

Applications — Applications that are described herein for any of these
products are for illustrative purposes only. NXP Semiconductors makes

no representation or warranty that such applications will be suitable

for the specified use without further testing or modification. Customers

are responsible for the design and operation of their applications and
products using NXP Semiconductors products, and NXP Semiconductors
accepts no liability for any assistance with applications or customer product
design. It is customer’s sole responsibility to determine whether the NXP
Semiconductors product is suitable and fit for the customer’s applications

AN12633

All information provided in this document is subject to legal disclaimers.

and products planned, as well as for the planned application and use of
customer’s third party customer(s). Customers should provide appropriate
design and operating safeguards to minimize the risks associated with
their applications and products. NXP Semiconductors does not accept any
liability related to any default, damage, costs or problem which is based
on any weakness or default in the customer’s applications or products, or
the application or use by customer’s third party customer(s). Customer is
responsible for doing all necessary testing for the customer’s applications
and products using NXP Semiconductors products in order to avoid a
default of the applications and the products or of the application or use by
customer’s third party customer(s). NXP does not accept any liability in this
respect.

Suitability for use in automotive applications — This NXP
Semiconductors product has been qualified for use in automotive
applications. Unless otherwise agreed in writing, the product is not designed,
authorized or warranted to be suitable for use in life support, life-critical or
safety-critical systems or equipment, nor in applications where failure or
malfunction of an NXP Semiconductors product can reasonably be expected
to result in personal injury, death or severe property or environmental
damage. NXP Semiconductors and its suppliers accept no liability for
inclusion and/or use of NXP Semiconductors products in such equipment or
applications and therefore such inclusion and/or use is at the customer's own
risk.

Export control — This document as well as the item(s) described herein
may be subject to export control regulations. Export might require a prior
authorization from competent authorities.

Translations — A non-English (translated) version of a document is for
reference only. The English version shall prevail in case of any discrepancy
between the translated and English versions.

Security — While NXP Semiconductors has implemented advanced
security features, all products may be subject to unidentified vulnerabilities.
Customers are responsible for the design and operation of their applications
and products to reduce the effect of these vulnerabilities on customer’s
applications and products, and NXP Semiconductors accepts no liability for
any vulnerability that is discovered. Customers should implement appropriate
design and operating safeguards to minimize the risks associated with their
applications and products.

6.3 Trademarks

Notice: All referenced brands, product names, service names and
trademarks are the property of their respective owners.
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