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ABSTRACT

This application report discusses vertical interface timing of the BQ79606A-Q1 in detail and explains why
the device has the fastest communication time in the industry. First, it provides an overview on how the
BQ79606A-Q1 can be connected in a daisy chain configuration. Then, it defines all the command and
response types that the device can support. The bit and the byte structures are described and the timing
of each is provided. Finally, the application report dives into the response time of the following:

» Broadcast read

» Broadcast write

» Single read

* Single write commands

This report also explains how to find the time calculation for each command. The calculations are
supported with examples and lab results.
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1 Introduction

The BQ79606A-Q1 is a voltage monitoring device for large battery stack systems. The device has the
ability to measure single cell voltages as well as the voltage across any connector used to create larger
battery stacks in a module. The BQ79606A-Q1 is designed with low voltage differential daisy chain
communication, allowing for the connection of up to 64 devices (one base and 63 stacks). The vertical
interface allows for fast communication between devices in the stack and the host.

2 BQ79606A-Q1 in Daisy Chain

The BQ79606A-Q1 can be used in multi drop or daisy chain configuration. The focus of this application
report is on the daisy chain configuration. By definition, the device located near the host in daisy chain
configuration is called either a base or a bridge. The address of this base or bridge is usually zero. The
bridge is not monitoring any cells. The only purpose of the bridge is to communicate to the host and
translate to send data to the stack. The base is used to monitor cells as well as communicate with the
host and translate to send data to the stack. The devices following the base or the bridge are stack
devices. The last device in the stack is called Top of Stack (TOS), which can be configured using the
CONFIG register.
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Figure 1. Daisy Chain Configuration

In bridge daisy chain configuration, the bridge device is needed to connect the stack devices to the host
through UART. The bridge device is usually placed on a low voltage boundary and isolation components
(such as a transformer) are used to connect it with stack devices setting on the high voltage as shown in
Figure 1. The BQ79606A-Q1 can be stacked up to 64 devices. The base daisy chain configuration can
also be used. The base device is integrated into the stack. It monitors the bottom cells in the stack and
handles the communication bus with the host through UART. In this configuration, digital isolation is
needed to isolate the base device located in the high voltage boundary with the host located in the low
voltage boundary.
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3 Vertical Communication Interface

3.1 Command and Response Definitions

The BQ79606A-Q1 has six command and responses as listed below:

Single Device Read: This command is used to read a register or registers from a single device in the
stack.

Single Device Write: This command is used to write a register or registers to a single device in the
stack.

Stack Read: This command is used to read a register or registers from the stack devices only (does
not include the base or bridge).

Stack Write: This command is used to write a register or registers for the stack devices only (does not
include the base or bridge).

Broadcast Read: This command is used to read a register or registers for all of the devices in the
stack including the base or bridge.

Broadcast Write: This command is used to write a register or registers for all of the devices in the
stack including the base or bridge.

3.2 Bit Definition and Timing

The BQ79606A-Q1 transmits bits using two communication pins (COM*P and COM*N). The two pins are
driven in opposite directions using a TX driver. A zero is transmitted as a half bit period low followed by a
half bit period high on the COM*P pin and a half bit period high followed by a half bit period low on the
COM*N pin. The COM pins are driven to +5 V when high and to 0 V when low and settles to 2.5 V in idle
state. The differential signal (COM*P — COM*N) settles at 0 V and switches between +5 V and -5 V.

o ‘0

CVDD: - - - - m ,—1

ovss LI

2xt
PW_DC trw_pc

COM*P — COMP*N

tew pc

Figure 2. Differential Signal

A byte contains 13 bits:

Half bit for Preamble
Two bits for SYNC

One bit for start of frame
Eight bits for DATA

One bit for byte error
Half bit for Postamble
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A bit period lasts for 500 ns. Nominal time to transmit 13 bits is 6.5 us plus 0.5 us for bus short and 1.375
ps for bus idle periods. This adds up to 8.375 s to transmit a full byte. The BQ79606A-Q1 supports four

baud rates:
e 125 Kbps
e 250 Kbps
* 500 kbps
e 1 Mbps

Nominal response byte-to-byte delay is fixed by UART baud rate. Estimated delay is around 1.925 ps for 1
Mbps. With this baud rate, it takes 10.3 ps for a full byte to be transmitted. The response byte-to-byte
delay increases as the baud rate decreases. For 500 Kbps, the byte time with the delay is 20.3 us and
that increases to 81.2 ps for 125 Kbps.
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Figure 3. Bite and Byte Structure
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Figure 4. Example Scope Plot of a Byte Structure
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4

4.1

41.1

Daisy Chain Response Time

The response time of the BQ79606A-Q1 to a command depends on the type of the command itself. This
section discusses the time required for single and broadcast reads and single and broadcast writes. The
stack read and write is similar to broadcast with the exception that the base or bridge does not respond to
read or write. The focus of this application report is the fastest baud rate of 1 Mbps. Once the concept is
understood, similar steps can be used to calculate other baud rates using the timing provided above.

Single Command Read

Command Frame
A single command as defined earlier is used to read up to 128 bytes from any specified device in the
stack including the base or bridge. The single device read command consists of seven bytes:
1. Command initialization byte
Device address byte
Two bytes of register address to start reading from
Data bytes to specify the number of registers to read
Two bytes of CRC

ok wn

Command Frame

CMD INIT[7:0] || DEV ADR[7:0] || REG ADR[15:8] || REG ADR[7:0] || DATA BYTE[7:0] |

CRC[15:8] || CRC[7:0]

41.2

Figure 5. Single Read Command Frame

As discussed earlier, the length of each byte for 1 Mbps is 10.3 ps including the response byte to byte
delay. The UART re-clock time for the bridge or base device is 12 s typical. The re-clock time between
each stack device is 3 us typical. Based on that, it takes the single command 10.3 us x 7 (for seven bytes)
+ 12 ps of re-clocking (UART re-clock) to read to reach the base or bridge device. That totals to 84.1 ps.
As the command travels north through the stack devices, it adds the 3 us re-clocking time for each device
in the stack. An example is a stack of 16 devices + one bridge (total of 17 devices). The command takes
10.3 ps x 7 (7 byte of the command) + 12 ps (UART re-clocking) + 3 x 16 devices = 132.1 pus typical.

! 132.1 s o
| V|
|

Device 1

Device 2

w
=
%]

Device 3

! 721 ps

v

3usx (17-1) =48 us Device 17

Figure 6. Single Read Command Frame Time

Response Frame

Once the single command read is received, the device that matches the address of the command has to

respond to it. All other devices do not respond to the single read command. The response time depends

on the location of the device in the stack as well as how many registers are requested for read. The baud
rate matters too. In this example, only 1 Mbps is considered. The response frame of a single device read
consists of six bytes plus the data bytes. The response starts with the following:

» One byte of response initialization
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* One byte of device address

* Two bytes of register address
» Data (can be as long as one byte to 128 bytes, depending on the command request)
» Two CRC bytes

Response Frame

RESP INIT(7:0]

DEV ADD[7:0]

STRT REG
ADD[15:8]

STRT REG
ADD[7:0]

DATA MSB([7:0]

DATA LSB[7:0]

CRC[15:8]

CRC[7:0]

Figure 7. Single Read Response Frame

The response time can be calculated as follows:
1. Calculate the time of the response bytes 6 x 10.3 us (six bytes) + 10.3 x Data bytes (can be from one

to 128 bytes).

2. Calculate the time it takes for the byte to propagate all the way down to the host.

Again, it takes 3 ps re-clocking from device to device and 12 ps to the host. Following the example above,
for 16 devices plus the bridge and to read two registers from the last device, the byte response is 6 x 10.3
+10.3 x 2 = 82.4 pys. It will take 16 x 3 ps for stack re-clocking plus the 12 ps for the UART re-clocking.

This totals to 142.4 ps.

|
I 142.4 ps R
'y V:
Device 17 :
|
|
3 us
:‘_u> Device 16 :
I
| l
I |
! ! 82.4 s | !
| ' »! |
[ » |
| 3 s x (17-1) = 48 s I
< > Device 2 !
I
l
12 us
I < “' Device 1
|

Figure 8. Single Read Response Frame Time

4.2 Broadcast Command Read
42.1 Command Frame
Broadcast command read as defined earlier is used to read up to 128 bytes from all devices in the stack
including the base or bridge. The command consists of six bytes starting with the command initialization
byte followed with two bytes of register address to start reading from, data bytes that specify how many
registers to read, and two bytes of CRC.
Command Frame
CMD INIT[7:0] | | REG ADR[15:8] | | REG ADR[7:0] | | DATA BYTE[7:0] | | CRC[15:8] | CRC[7:0] |
Figure 9. Broadcast Read Command Frame
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42.2

Highest Device Address

Lowest Device Address

Similar to the single device read case, the length of each byte for 1 Mbps is 10.3 us (that includes the
response byte to byte delay). The UART re-clock time for the bridge or base device is 12 ps typical. The
re-clock time between each stack device is 3 s typical. For the broadcast command read to reach the
base or bridge device takes 10.3 ps x 6 + 12 ps of re-clocking (UART re-clock). As the command travels
north through the stack devices, it adds the 3 us re-clocking time for each device in the stack. For
example, a stack of 16 devices + one bridge (total of 17 devices). The command takes 10.3 ps x 6 (six
byte of the command) + 12 us (UART re-clocking) + 3 x 16 devices = 121.8 ps typical.

! 121.8 ps

| ot n!
'V »”
|
Device 1 :
|
| |
I 12 s Device 2 :
|
I 3us |
:4—» Device 3 :
| | |
| 61.8 s I
P

|

3 17-1) =48
:Af us x ( ) i » Device 17

|

|

|

Figure 10. Broadcast Read Command Frame Time

Response Frame

Once the broadcast command read is sent, every device in the stack waits for the device above it to
respond first before it can forward the received data and its own response. The top of stack device
responds first to the command. The bottom device forwards all the data of all the devices in the stack
before forwarding its data. The response time depends on how many devices in the stack as well as how
many bytes are requested for read. In this example, only 1 Mbps is considered. The response frame of a
broadcast device read consists of six bytes plus the data bytes itself for each device. The response starts
with the following:

» One byte of response initialization

* One byte of device address

* Two bytes of register address

e Data (can be as from one byte to 128 bytes depending on the command request)
 Two CRC bytes

Response Frame

DATA MSB[7:0] I I DATA LSB[7:0] I CRC[15:8] I CRCI[7:0] | ooo)

L]
L]
L]
| RESP INTL7:0] | DEV ADD[7:0] | STRT AEG | STRT REG | DATA MSB{7:0] II DATA LSB[7:0] I CRO[15:8] I CRC[7:0] |

(LOW ADDR) ADDJ[15:8] ADDI[7:0]

| RESP INIT[7:0]

) STRT REG STRT REG
(HIGH ADDR) DEV ADD[7:0] | |

ADD[15:8] ADDI[7:0]

Figure 11. Broadcast Read Response Frame

The response time can be calculated as follows:

1. Calculate the time of the response bytes for each device 6 x 10.3 us (six bytes) + 10.3 x Data bytes
(can be from 1 to 128 bytes).

2. Multiply that time with the number of response that the device has to forward downstream.
3. Calculate the time it takes for the byte to propagate all the way down to the host.

Again, it takes 3 us re-clocking from device to device and 12 ps to the host. Following the previous
example, for 16 devices plus bridge and to read two registers from all device, the byte response is 6 x
10.3 + 10.3 x 2 = 82.4 ps. There is total of 17 devices, so it takes 17 x 82.4 ps or 1400.8 ps. It takes 16 x
3 ps for stack re-clocking plus the 12 ps for the UART re-clocking. This totals to 1460.8 ps.
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1460.8 ps

! 82.4 s »
Ll

Device 17 I

Device 16
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v

Device 2

Device 1

3us x 16 + 12 us = 60us 12|.13:
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Ll
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< | ]

Figure 12. Broadcast Read Response Frame Time

4.3 Single Command Write

Single command write, as defined earlier, is used to write up to eight bytes to any specified device in the
stack including the base or bridge. The single device write command consists of six bytes plus up to eight
bytes of data to write. It starts with command initialization byte followed by the following:

» Device address byte

« Two bytes of register address to start writing to
« Data bytes (up to eight bytes)

» Two bytes of CRC

Command Frame

|| CMD INIT[7:0] ||| DEV ADR[7:0] |||REG ADR[15:8]||| REG ADR[7:0]] |||DATA MSB[7:O]||‘ \|| DATALSB[7:0] |||  CRG[15:8] ||| CRC[7:0] ||

Figure 13. Single Write Command Frame

The length of each byte for 1 Mbps is 10.3 us (that includes the response byte to byte delay). The re-clock
time for the bridge or base device is 12 ps typical. The re-clock time between each stack device is 3 us
typical. For example, when you write eight bytes to 17 devices, the single write command to reach all 17
devices (a stack of 16 devices plus one bridge) must take 10.3 pys x 6 (six bytes of the command) + 12 ps
(UART re-clocking) + 3 x 16 devices + 10.3 x 8 bytes to write. This totals to = 204.2 ps.

|
| 204.2 ps ol
- Vl
|
Device 1 :
|
| 12 us ] |
l—Pp] Device 2 :
I 3us :
:<—> Device 3 :
I |
: i 144.2 s !
|
3pusx (17-1) =48 s
l‘t hex( ) " Device 17
|
|
I
Figure 14. Single Write Command Frame Time
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4.4

Broadcast Command Write

Broadcast command write is used to write up to eight bytes to all devices in the stack including the base
or bridge. The command consists offive bytes plus up to eight bytes of data to write. It starts with the
command initialization byte followed two bytes of register address to start writing to and data bytes (up to
eight bytes).

Command Frame

| CMD INIT[7:0] || REG ADR[15:8] || REG ADR[7:0] || DATA MSB[7:0] |

| DATA LSB[7:0] |

CRC[15:8] || CRC[7:0]

4.5

Figure 15. Broadcast Write Command Frame

The length of each byte for 1 Mbps is 10.3 us (that includes the response byte to byte delay). The re-clock
time for the bridge or base device is 12 us typical. The re-clock time between each stack device is 3 us
typical. For example, when you write eight bytes to 17 devices, the broadcast write command to reach all
17 devices (a stack of 16 devices plus one bridge) must take 10.3 us x 5 (five byte of the command) + 12
ps (UART re-clocking) + 3 x 16 devices + 10.3 x 8 bytes to write. This totals to 193.9 ps.

193.9 us ol
gl

|
[
<

Device 1

Device 2

' 3us
:4—“) Device 3

' 133.9 s
——0

Device 17

3usx (17-1) =48 s

Figure 16. Broadcast Write Command Frame Time

Example

In this example, three devices are stacked up in daisy chain as shown in Figure 17. A broadcast read
command to read all the ADC voltages measurements for all three devices is sent (12 registers for each
device). Every device must respond to the command and send 12 bytes of ADC measurements to the

host.
®

RC RC RC

> » Ll
Host Device 1 Device 2 Device 3

RR RR __RR

@ “® ©

Figure 17. Lab Set Up

Figure 18 shows the lab results for this command. Initially, the host sent the command that is captured in
location 1. After 79.8 s, device three received the command. None of the devices responded until device
three starts responding to the command by sending 12 bytes of voltage readings. Device two received all
the bytes from device three and forwarded them downstream to device one, including its response (as
shown in location two). Finally, device one forwarded upstream devices data plus 12 bytes of its reading to
the host (as shown in location three). Device-to-device re-clock time is only 3 ps typical. By the end, the
host received all the responses from all three devices. This command takes 79.8 ps to reach all devices
and 574.2 ps for the response to reach the host, so only 654 us is needed to read all ADC voltages.
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Figure 18. Test Results for Broadcast Reading Command

5 Summary

The BQ79606A1-Q1 has the fastest communication time in the industry. It can read 96 cell voltages in
less than 3 ms. This is only possible due to the vertical interface scheme used in this device. Each cell
consists of two bytes of data, which is 192 bytes transferred to the host in record time. The devices are
stacked in daisy chain configuration. A bridge or base is used to communicate to the host using UART.
The daisy chain is bi-directional and half duplex, and therefore, has a transmitter (TX) and receiver (RX)
on both interfaces (COMH and COML). For each direction, it uses two pins that are driven in opposite
direction to generate a differential signal of 500 ns for each bit. Each byte consists of 13 bits and with
delays a byte 10.3 pys. The device uses six commands structure to communicate and provides information
back to the host: single device read and write, broadcast read and write, and stack read and writes.

The communication speed of the BQ79606A-Q1 is important to report information to the host, such as
voltage and temperature measurements, in timely manner. This is useful for synchronization with other
measurements in the system such as current. Time is as important as accuracy when it comes to SOC
and SOH estimations. Fault Tolerate Time Interval (FTTI) is also dependent on how fast the commands
are transmitted and how fast the faults and responses are reported back to the host. With this
communication speed, the BQ79606A-Q1 can achieve 100 ms FTTI time.
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