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5 Pin Configuration and Functions

SDQ[T] 1

[ T1VSS

w

VSS[T] 2

K 5-1. DBZ Package 3-Pin SOT-23 (Top View)

VSS

sDQ
NC

K 5-2. LP Package 3-Pin TO-92 (Bottom View)

Z 5-1. Pin Functions

SUTIE SO':-I:3 o TYPE DESCRIPTION
SDQ 1 2 | Data
VSS 2,3 1 — Ground. Both pins should be connected to system ground.
NC — 3 — No connection. This pin should be connected to system ground or left floating.

6 Specifications

6.1 Absolute Maximum Ratings

over operating free-air temperature range (unless otherwise noted) ()

MIN MAX UNIT

DC voltage applied to data, Vpy -0.3 7 \%

Low-level output current, lo_ 40 mA
ESD IEC 61000-4-2 air discharge, data to Vsg Vgs to data 15 kV
Operating free-air temperature, Tp -20 70 °C
Communication free-air temperature, Tacomm) - 40 85 °C
Junction temperature, T 125 °C
Storage temperature, Tgig -55 125 °C

(1)  Operation outside the Absolute Maximum Ratings may cause permanent device damage. Absolute Maximum Ratings do not imply
functional operation of the device at these or any other conditions beyond those listed under Recommended Operating Conditions. If
outside the Recommended Operating Conditions but within the Absolute Maximum Ratings, the device may not be fully functional, and
this may affect device reliability, functionality, performance, and shorten the device lifetime.

(2) Communication is specified by design.

6.2 ESD Ratings

VALUE UNIT
Human body model (HBM), per ANSI/ESDA/JEDEC JS-001(" +2000
V(Esp) Electrostatic discharge Charged device model (CDM), per JEDEC specification JESD22- +500 v
C101@ *

(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.
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6.3 Recommended Operating Conditions

over operating free-air temperature range (unless otherwise noted)

MIN NOM MAX UNIT
Vpy Operational pullup voltage 2.65 5.5 V

Rpy Serial communication interface pullup resistance 5 kQ

6.4 Thermal Information

BQ2022A
THERMAL METRIC() UNIT
DBZ (3 PINS) LP (3 PINS)
Roua Junction-to-ambient thermal resistance 2443 158.5
R 0 Jc(top) Junction-to-case (top) thermal resistance 104.9 55.6
Roys Junction-to-board thermal resistance 93.1 n/a
°C/wW
VT Junction-to-top characterization parameter 4.8 26.8
LTS Junction-to-board characterization parameter 66.4 137.8
R0 yc(bot) Junction-to-case (bottom) thermal resistance n/a n/a

(1)  For more information about traditional and new thermal metrics, see the /C Package Thermal Metrics Application Report (SPRA953).

6.5 Electrical Characteristics: DC
Ta = —20°C to 70°C; Vpy(min) = 2.65 Vpc to 5.5 Vg, all voltages relative to VSS

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
IpaTA Supply current Vpy =55V 20 LA
VoL Low-level output voltage Logic 0, Vpy =5.5V, lo. =4 mA, SDQ pin 0.4 \Y

Logic 0, Vpy =2.65V, lg. =2 mA 0.4

Vou High-level output voltage Logic 1 Vpy 5.5
loL Low-level output current (sink) VoL =0.4V, SDQ pin 4 mA
Vi Low-level input voltage Logic 0 0.8 V
Viy High-level input voltage Logic 1 2.2 \%
Vpp Programming voltage 11.5 12 \%

6.6 Switching Characteristics: AC
Ta = -20°C to 70°C; Vpy(min) = 2.65 Vpc to 5.5 Vp, all voltages relative to VSS

PARAMETER TEST CONDITIONS MIN MAX UNIT
ts Bit cycle time 60 120 us
twsTRB Write start cycle o 1 15 s
twosu Write data setup o twsTRB 15 us
twon Write data hold "? 60 te us
trec Recovery time o 1 us

For memory command only 5
tRSTRB Read start cycle o 1 13 us
toob Output data delay tRsTRB 13 us
tobHo Output data hold 17 60 us
trsT Reset time 480 s
tppPD Presence pulse delay @ 15 60 us
tpp Presence pulse o 60 240 s
teprOG EPROM programming time 2500 us
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6.6 Switching Characteristics: AC (continued)
Ta= -20°C to 70°C; Vpy(min) = 2.65 Vpc 10 5.5 Vpc, all voltages relative to VSS

PARAMETER TEST CONDITIONS MIN MAX UNIT
tpsu Program setup time 5 s
tPrREC Program recovery time 5 us
tPrRE Program rising-edge time 5 s
tpre Program falling-edge time 5 us
trsTREC 480 us
(1)  5-kQ series resistor between SDQ pin and Vpy. (See [¥] 8-1.)
(2) twpn must be less than t; to account for recovery.
6.7 Typical Characteristics
2.3 0.1
Vpy = 5.5V
2.2 — g loL = 4mA
— o 0.08
f% 21 // E
£ 2 // =
IS 5 0.06
3 1.9 / = |
> ¢)
g 18 & 3 —
2 7 & 0.04 —
C 1.7 2 _—
= 3
S 16— ', 0.02
- VPU =25V (]
15 — VPU =3.0V =
VPU =5.0V
1.4 0
40 20 0 2 40 60 80 100 40 20 0 20 40 = 60 80 100
Temperature (°C) Temperature (°C)
& 6-1. Supply Current vs Temperature K] 6-2. Low-Level Output Voltage vs Temperature
1.4 24
- VPU = 2.5V
< - VPU =3V s
< VPU = 5.5V <
o 1.2 o 2.2
s £
=) o
z z 2
3 —_— 2
IS IS
5 °
g 0.8 3 1.8
g 5 —
— T
L 06 L 16
> >
0.4 1.4
-40 -20 0 20 40 60 80 100 -40 -20 0 20 40 60 80 100
Temperature (°C) Temperature (°C)
K 6-3. Low-Level Input Voltage vs Temperature K 6-4. High-Level Input Voltage vs Temperature

7 Detailed Description
7.1 Overview

9 7.2 shows the relationships among the major control and memory sections of the BQ2022A. The BQ2022A
has three main data components: a 64-bit factory-programmed ROM, including 8-bit family code, 48-bit
identification number and 8-bit CRC value, 1024-bit EPROM, and EPROM STATUS bytes. Power for read and
write operations is derived from the DATA pin. An internal capacitor stores energy while the signal line is high
and releases energy during the low times of the DATA pin, until the pin returns high to replenish the charge on
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the capacitor. A special manufacturer's PROGRAM PROFILE BYTE can be read to determine the programming
profile required to program the part.

7.2 Functional Block Diagram

g |

ID ROM
Internal (64 bits)

sbQ E]T SDQ Communications Bus
Controller and 8-Bit CRC EPROM

Generation Circuit MEMORY =
(1024 bits)
VSS 3 |Vvss
L RAM EPROM .
STATUS

= Buffer A
(8 bytes) (64 bits)
- bq2022A

L

7.3 Feature Description
7.3.1 1024-Bit EPROM

% 7-1 is a memory map of the 1024-bit EPROM section of the BQ2022A, configured as four pages of 32 bytes
each. The 8-byte RAM buffers are additional registers used when programming the memory. Data are first
written to the RAM buffer and then verified by reading an 8-bit CRC from the BQ2022A that confirms proper
receipt of the data. If the buffer contents are correct, a programming command is issued and an 8-byte segment
of data is written into the selected address in memory. This process ensures data integrity when programming

the memory. The details for reading and programming the 1024-bit EPROM portion of the BQ2022A are in 71
7.5.4 section of this data sheet.

3R 7-1. 1024-Bit EPROM Data Memory Map

ADDRESS(HEX) PAGE
0060-007F Page 3
0040-005F Page 2
0020-003F Page 1
0000-001F Page 0
6 Submit Document Feedback Copyright © 2022 Texas Instruments Incorporated
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7.3.2 EPROM Status Memory

In addition to the programmable 1024-bits of memory are 64 bits of status information contained in the EPROM
STATUS memory. The STATUS memory is accessible with separate commands. The STATUS bits are EPROM
and are read or programmed to indicate various conditions to the software interrogating the BQ2022A. The first
byte of the STATUS memory contains the write protect page bits, that inhibit programming of the corresponding
page in the 1024-bit main memory area if the appropriate write-protection bit is programmed. Once a bit has
been programmed in the write protect page byte, the entire 32-byte page that corresponds to that bit can no
longer be altered but may still be read. The write protect bits may be cleared by using the WRITE STATUS
command.

The next four bytes of the EPROM STATUS memory contain the page address redirection bytes. Bits in the
EPROM status bytes can indicate to the host what page is substituted for the page by the appropriate redirection
byte. The hardware of the BQ2022A makes no decisions based on the contents of the page address redirection
bytes. This feature allows the user's software to make a data patch to the EPROM by indicating that a particular
page or pages should be replaced with those indicated in the page address redirection bytes. The ones
complement of the new page address is written into the page address redirection byte that corresponds to the
original (replaced) page. If a page address redirection byte has an FFh value, the data in the main memory that
corresponds to that page are valid. If a page address redirection byte has some other hex value, the data in the
page corresponding to that redirection byte are invalid, and the valid data can now be found at the ones
complement of the page address indicated by the hexadecimal value stored in the associated page address
redirection byte. A value of FDh in the redirection byte for page 1, for example, indicates that the updated data
are now in page 2. The details for reading and programming the EPROM status memory portion of the BQ2022A
are given in 17 7.5.4 section.

% 7-2. EPROM Status Bytes

ADDRESS (HEX) PAGE

Write protection bits
BITO—write protect page 0

00h BIT1—write protect page 1
BIT2—write protect page 2
BIT3—write protect page 3
BIT4 to 7—bitmap of used pages

01h Redirection byte for page 0

02h Redirection byte for page 1

03h Redirection byte for page 2

04h Redirection byte for page 3

05h Reserved

06h Reserved

07h Factory programmed 00h

7.3.3 Error Checking

To validate the data transmitted from the BQ2022A, the host generates a CRC value from the data as they are
received. This generated value is compared to the CRC value transmitted by the BQ2022A. If the two CRC
values match, the transmission is error-free. The equivalent polynomial function of this CRC is X8 + X5 + X* + 1.
%5 7.5.16 provides details.

7.3.4 Customizing the BQ2022A

The 64-bit ID identifies each BQ2022A. The 48-bit serial number is unique and programmed by Texas
Instruments. The default 8-bit family code is 09h; however, a different value can be reserved on an individual
customer basis. Contact your Texas Instruments sales representative for more information.

7.3.5 Bus Termination

Because the drive output of the BQ2022A is an open-drain, N-channel MOSFET, the host must provide a source
current or a 5-kQ external pullup, as shown in the typical application circuit in & 8-1.
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7.4 Device Functional Modes
The device is in active mode during SDQ communication or while the SDQ is kept at valid Vpy voltages.

7.5 Programming
7.5.1 Serial Communication

A host reads, programs, or checks the status of the BQ2022A through the command structure of the SDQ
interface.

7.5.2 Initialization

Initialization consists of two pulses, the RESET and the PRESENCE pulses. The host generates the RESET
pulse, while the BQ2022A responds with the PRESENCE pulse. The host resets the BQ2022A by driving the
DATA bus low for at least 480 1 's. For more details, see 5 7.5.11.

7.5.3 ROM Commands
7.5.3.1 READ ROM Command

The READ ROM command sequence is the fastest sequence that allows the host to read the 8-bit family code
and 48-bit identification number. The READ ROM sequence starts with the host generating the RESET pulse of
at least 480 ns. The BQ2022A responds with a PRESENCE pulse. Next, the host continues by issuing the
READ ROM command, 33h, and then reads the ROM and CRC byte using the READ signaling (see the READ
and WRITE signals section) during the data frame.

Reset

and
Presence Read ROM (33h) \ Family Code and Identification ‘ |
| signals (g1 1,040 4,0 4 1 4.1 .0, 0 Number 7BYTES) __ Jl¢  Ccrc(iBYTE) —

\ \ \ \ \
B 7-1. READ ROM Sequence

7.5.3.2 SKIP ROM Command
This SKIP ROM command, CCh, allows the host to access the memory/status functions. The SKIP ROM
command is directly followed by a memory/status functions command.

Reset
and Skip ROM (CCh)

P
TéSence 1 o |1 J o |1 | 0o | 1 |0 | 1 J
‘ S|gna|s < > > > > >

\ \ \
K 7-2. SKIP ROM Sequence

7.5.4 Memory/Status Function Commands

Six memory/status function commands allow read and modification of the 1024-bit EPROM data memory or the
64-bit EPROM status memory. There are two types of READ MEMORY command, plus the WRITE MEMORY,
READ STATUS, and WRITE STATUS commands. Additionally, the part responds to a PROGRAM PROFILE
byte command. The BQ2022A responds to memory/status function commands only after a part is issued a SKIP
ROM command.

7.5.5 READ MEMORY Commands

Two READ MEMORY commands are available on the BQ2022A. Both commands are used to read data from
the 1024-bit EPROM data field. They are the READ MEMORY/Page CRC and the READ MEMORY/Field CRC
commands. The READ MEMORY/Page CRC generates CRC at the end any 32-byte page boundary whereas
the READ MEMORY/Field CRC generates CRC when the end of the 1024-bit data memory is reached.
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7.5.5.1 READ MEMORY/Page CRC

To read memory and generate the CRC at the 32-byte page boundaries of the BQ2022A, the SKIP ROM
command is followed by the READ MEMORY/Generate CRC command, C3h, followed by the address low byte
and then the address high byte.

An 8-bit CRC of the command byte and address bytes is computed by the BQ2022A and read back by the host
to confirm that the correct command word and starting address were received. If the CRC read by the host is
incorrect, a reset pulse must be issued and the entire sequence must be repeated. If the CRC received by the
host is correct, the host issues read time slots and receives data from the BQ2022A starting at the initial address
and continuing until the end of a 32-byte page is reached. At that point, the host sends eight additional read time
slots and receive an 8-bit CRC that is the result of shifting into the CRC generator all of the data bytes from the
initial starting byte to the last byte of the current page. Once the 8-bit CRC has been received, data is again read
from the 1024-bit EPROM data field starting at the next page. This sequence continues until the final page and
its accompanying CRC are read by the host. Thus each page of data can be considered to be 33 bytes long, the
32 bytes of user-programmed EPROM data and an 8-bit CRC that gets generated automatically at the end of
each page.

& 7-3. READ MEMORY/Page CRC

Initialization and SKIP READ MEMORY/ Address High Read and EPROM Memory and CRC
ROM Command Generate CRC Address Low Byte Bvte Verify CRC Byte
Sequence Command y y Generated at 32-Byte
Page
C3h A0 A7 A8 A15 Boundaries

NOTE: Individual bytes of address and data are transmitted LSB first.

7.5.5.2 READ MEMORY/Field CRC

To read memory without CRC generation on 32-byte page boundaries, the SKIP ROM command is followed by
the READ MEMORY command, FOh, followed by the address low byte and then the address high byte.

i

As shown in [ 7-4, individual bytes of address and data are transmitted LSB first.

An 8-bit CRC of the command byte and address bytes is computed by the BQ2022A and read back by the host
to confirm that the correct command word and starting address were received. If the CRC read by the host is
incorrect, a reset pulse must be issued and the entire sequence must be repeated. If the CRC received by the
host is correct, the host issues read time slots and receives data from the BQ2022A starting at the initial address
and continuing until the end of the 1024-bit data field is reached or until a reset pulse is issued. If reading occurs
through the end of memory space, the host may issue eight additional read time slots and the BQ2022A
responds with an 8-bit CRC of all data bytes read from the initial starting byte through the last byte of memory.
After the CRC is received by the host, any subsequent read time slots appear as logical 1s until a reset pulse is
issued. Any reads ended by a reset pulse prior to reaching the end of memory does not have the 8-bit CRC
available.
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K 7-4. READ MEMORY/Field CRC

e Read EPROM
Initialization and SKIP | pe Ay MEMORY Command | Address Low | Address High | 78292 | \iemory Until End | Read and
ROM Command Verify .
FOh Byte Byte of EPROM Verify CRC
Sequence CRC
Memory
A0 A7 |A8 A15

7.5.6 WRITE MEMORY Command

The WRITE MEMORY command is used to program the 1024-bit EPROM memory field. The 1024-bit memory
field is programmed in 8-byte segments. Data is first written into an 8-byte RAM buffer one byte at a time. The
contents of the RAM buffer is then ANDed with the contents of the EPROM memory field when the programming
command is issued.

K 7-5 illustrates the sequence of events for programming the EPROM memory field. After issuing a SKIP ROM
command, the host issues the WRITE MEMORY command, OFh, followed by the low byte and then the high byte
of the starting address. The BQ2022A calculates and transmits an 8-bit CRC based on the WRITE command
and address.

If at any time during the WRITE MEMORY process, the CRC read by the host is incorrect, a reset pulse must be
issued, and the entire sequence must be repeated.

After the BQ2022A transmits the CRC, the host then transmits 8 bytes of data to the BQ2022A. Another 8-bit
CRC is calculated and transmitted based on the 8 bytes of data. If this CRC agrees with the CRC calculated by
the host, the host transmits the program command 5Ah and then applies the programming voltage for at least
2500 v s or tgprog. The contents of the RAM buffer is then logically ANDed with the contents of the 8-byte
EPROM offset by the starting address.

The starting address can be any integer multiple of eight between 0000 and 007F (hex) such as 0000, 0008, and
0010 (hex).

The WRITE DATA MEMORY command sequence can be terminated at any point by issuing a reset pulse except
during the program pulse period tprog.

#1E

The BQ2022A responds with the data from the selected EPROM address sent least significant-bit first.
This response should be checked to verify the programmed byte. If the programmed byte is incorrect,
then the host must reset the part and begin the write sequence again.

For both of these cases, the decision to continue programming is made entirely by the host, because the
BQ2022A is not able to determine if the 8-bit CRC calculated by the host agrees with the 8-bit CRC calculated
by the BQ2022A.

Prior to programming, bits in the 1024-bit EPROM data field appear as logical 1 s.
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Selected Write Memory Selected

State Command? State
(OFh)

Bus Master Transmits Low Byte Address
(LSB First) ADO to AD7

v

Bus Master Transmits High Byte Address
(LSB First) AD8 to AD15

v

bq2022A
Loads Address Into Address Counter

v

bg2022A Transmits CRC of Write Command
and Address, then Clears CRC Register

v

bg2022A Receives 8 Bytes of Data and
Stores in RAM Buffer

v

bg2022A Transmits
CRC of Previous Received 8 Bytes of Data

Code 5Ah
Received

Voltage on Data
Pin = VPP

Contents of RAM buffer AND’ed with contents of
data memory offset by
address counter and stored in data
memory offset by address counter.
programming time required to be at
least tEPROGWhen VPP Vdc on data pin

v

bg2022A
Transmits 1 Byte of Data Memory
at Address Counter

bq2022A
Increments Address
Counter and Transmits 1
Byte of Data Memory
Indexed by Address Counter

A

8th Byte
Transmitted

bg2022A Waits for Reset
(No Further Response)

NOTE: Individual bytes of address and data are transmitted LSB first

& 7-5. WRITE MEMORY Command Flow

7.5.7 READ STATUS Command

The READ STATUS command is used to read data from the EPROM status data field. After issuing a SKIP ROM
command, the host issues the READ STATUS command, AAh, followed by the address low byte and then the
address high byte.
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&1

An 8-bit CRC of the command byte and address bytes is computed by the BQ2022A and read back by
the host to confirm that the correct command word and starting address were received.

If the CRC read by the host is incorrect, a reset pulse must be issued and the entire sequence must be repeated.
If the CRC received by the host is correct, the host issues read time slots and receives data from the BQ2022A
starting at the supplied address and continuing until the end of the EPROM Status data field is reached. At that
point, the host receives an 8-bit CRC that is the result of shifting into the CRC generator all of the data bytes
from the initial starting byte through the final factory-programmed byte that contains the 00h value.

This feature is provided because the EPROM status information may change over time making it impossible to
program the data once and include an accompanying CRC that is always valid. Therefore, the READ status
command supplies an 8-bit CRC that is based on (and always is consistent with) the current data stored in the
EPROM status data field.

After the 8-bit CRC is read, the host receives logical 1s from the BQ2022A until a reset pulse is issued. The
READ STATUS command sequence can be ended at any point by issuing a reset pulse.

i 7-6. READ STATUS Command

Read STATUS
READ MEMORY Command | Address Low | Address High | Read and | Memory Until End Read and

AAh Byte Byte Verify CRC of STATUS Verify CRC
Memory

Initialization and SKIP
ROM Command
Sequence

A0 A7 |A8 A15

7.5.8 WRITE STATUS Command

The WRITE STATUS command is used to program the EPROM Status data field after the BQ2022A has been
issued SKIP ROM command.

The flow chart in & 7-7 illustrates that the host issues the WRITE STATUS command, 55h, followed by the
address low byte and then the address high byte the followed by the byte of data to be programmed.
HIE

Individual bytes of address and data are transmitted LSB first. An 8-bit CRC of the command byte,
address bytes, and data byte is computed by the BQ2022A and read back by the host to confirm that
the correct command word, starting address, and data byte were received.

If the CRC read by the host is incorrect, a reset pulse must be issued and the entire sequence must be repeated.
If the CRC received by the host is correct, the program command (5Ah) is issued. After the program command is
issued, then the programming voltage, Vpp is applied to the DATA pin for period tprpg. Prior to programming, the
first seven bytes of the EPROM STATUS data field appear as logical 1s. For each bit in the data byte provided
by the host that is set to a logical 0, the corresponding bit in the selected byte of the EPROM STATUS data field
is programmed to a logical 0 after the programming pulse has been applied at the byte location. The eighth byte
of the EPROM STATUS byte data field is factory-programmed to contain 00h.
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Write Status

Command?
(55h)

bq2022A Receives Low Address Byte
(LSB First) ADO to AD7

A

bq2022A Receives High Address Byte
(LSB First) AD8 to AD15

A

bg2022A Loads Address into Address Counter

A

bq2022A Receives 1 Byte of Data
and Stores in RAM Buffer

A

bq2022A Transmits CRC of Write Status
Command, Address, and Data

bg2022A
Calculates and Transmits
CRC of Loaded Address and
Shifted Data

Code 5Ah
Received

VDATA = VPP’

J
Contents of RAM buffer AND’ed with contents of
data memory as pointed to by address counter.
Programming time required to be at least
tEPROG when VPP is applied to the data pin
bg2022A /
Receives Data Byte bg2022A
Transmits Data Byte of|
y Status Memory Pointed
to by Address Counter
bq2022A
Increments Address

End of Status
Memory?

bg2022A Waits for Reset

K| 7-7. WRITE STATUS Command Flow

Counter and Loads
New Address into CRC
Register

After the programming pulse is applied and the data line returns to Vpy, the host issues eight read time slots to
verify that the appropriate bits have been programmed. The BQ2022A responds with the data from the selected
EPROM STATUS address sent least significant bit first. This response should be checked to verify the
programmed byte. If the programmed byte is incorrect, then the host must reset the device and begin the write
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sequence again. If the BQ2022A EPROM data byte programming was successful, the BQ2022A automatically
increments its address counter to select the next byte in the STATUS MEMORY data field. The least significant
byte of the new two-byte address is also loaded into the 8-bit CRC generator as a starting value. The host issues
the next byte of data using eight write time slots.

As the BQ2022A receives this byte of data into the RAM buffer, it also shifts the data into the CRC generator that
has been preloaded with the LSB of the current address and the result is an 8-bit CRC of the new data byte and
the LSB of the new address. After supplying the data byte, the host reads this 8-bit CRC from the BQ2022A with
eight read time slots to confirm that the address incremented properly and the data byte was received correctly.
If the CRC is incorrect, a Reset Pulse must be issued and the Write Status command sequence must be
restarted. If the CRC is correct, the host issues a programming pulse and the selected byte in memory is
programmed.

&1

The initial write of the WRITE STATUS command, generates an 8-bit CRC value that is the result of
shifting the command byte into the CRC generator, followed by the two-address bytes, and finally the
data byte. Subsequent writes within this WRITE STATUS command due to the BQ2022A
automatically incrementing its address counter generates an 8-bit CRC that is the result of loading
(not shifting) the LSB of the new (incremented) address into the CRC generator and then shifting in
the new data byte.

For both of these cases, the decision to continue programming the EPROM Status registers is made entirely by
the host, because the BQ2022A is not able to determine if the 8-bit CRC calculated by the host agrees with the
8-bit CRC calculated by the BQ2022A. If an incorrect CRC is ignored and a program pulse is applied by the host,
incorrect programming could occur within the BQ2022A. Also note that the BQ2022A always increments its
internal address counter after the receipt of the eight read time slots used to confirm the programming of the
selected EPROM byte. The decision to continue is again made entirely by the host, therefore if the EPROM data
byte does not match the supplied data byte but the master continues with the WRITE STATUS command,
incorrect programming could occur within the BQ2022A. The WRITE STATUS command sequence can be
ended at any point by issuing a reset pulse.

% 7-3. Command Code Summary

co(mngND DESCRIPTION CATEGORY
33h Read Serialization ROM and
CRC ROM Commands Available in Command Level |
CCh Skip Serialization ROM
FOh Read Memory/Field CRC
AAh Read EPROM Status
C3h Read Memory/Page CRC Memory Function Commands
OFh Write Memory Available in Command Level Il
9%h Programming Profile
55h Write EPROM Status
oo o

7.5.9 PROGRAM PROFILE Byte

The PROGRAM PROFILE byte is read to determine the WRITE MEMORY programming sequence required by a
specific manufacturer. After issuing a ROM command, the host issues the PROGRAM PROFILE BYTE
command, 99h. | 7-8 shows the BQ2022A responds with 55h. This informs the host that the WRITE MEMORY
programming sequence is the one described in 7 7.5.6.
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7.5.10 SDQ Signaling

Program
Profile Command?
99h

bq2022 Transmits
55h

v

Master Issues Reset

Other

isin

i 7-8. PROGRAM PROFILE Command Flow

Command
Codes

bq2022A

Reset State

All SDQ signaling begins with initializing the device, followed by the host driving the bus low to write a 1 or 0, or
to begin the start frame for a bit read. [&| 7-9 shows the initialization timing, whereas |5/ 7-10 and & 7-11 show
that the host initiates each bit by driving the DATA bus low for the start period, twstrs / trsTre- After the bit is
initiated, either the host continues controlling the bus during a WRITE, or the BQ2022A responds during a

READ.

7.5.11 RESET and PRESENCE PULSE

If the DATA bus is driven low for more than 120 v s, the BQ2022A may be reset. [¥| 7-9 shows that if the DATA
bus is driven low for more than 480 u s, the BQ2022A resets and indicates that it is ready by responding with a

PRESENCE PULSE.

Vpy (Sent by Host)

7.5.12 WRITE Bit

K 7-9. Reset Timing Diagram

‘ Presence Pulse
(Sent by bg2022A)

tRsTREC

The WRITE bit timing diagram in & 7-10 shows that the host initiates the transmission by issuing the tystrs
portion of the bit and then either driving the DATA bus low for a WRITE 0, or releasing the DATA bus for a

WRITE 1.

Write ”1”

A 7-10. WRITE Bit Timing Diagram
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7.5.13 READ Bit

The READ bit timing diagram in 7-11 shows that the host initiates the transmission of the bit by issuing the
trsTrB poOrtion of the bit. The BQ2022A then responds by either driving the DATA bus low to transmit a READ 0
or releasing the DATA bus to transmit a READ 1.

VP 7 — — —_—_ _
H N\ Read "0 ﬁ | N
Vi — e Jo[/lr —————— ‘ Z; ———————————— =
\ \
‘“—tRSTRB—’r \ \ E tREC >
“—topp— ™ 1
< tobHoO >
A 7-11. READ Bit Timing Diagram
7.5.14 PROGRAM PULSE
fffffff L I
Vep V% N |
Veu — — T —————— RIUN
tpsu »— tpre tpre W tPREC
y & teppoc — M
SS

A 7-12. PROGRAM PULSE Timing Diagram

7.5.15IDLE

If the bus is high, the bus is in the IDLE state. Bus transactions can be suspended by leaving the DATA bus in
IDLE. Bus transactions can resume at any time from the IDLE state.

7.5.16 CRC Generation

The BQ2022A has an 8-bit CRC stored in the most significant byte of the 64-bit ROM. The bus master can
compute a CRC value from the first 56 bits of the 64-bit ROM and compare it to the value stored within the
BQ2022A to determine if the ROM data has been received error-free by the bus master. The equivalent
polynomial function of this CRC is: X8 + X5 + X4 +1,

Under certain conditions, the BQ2022A also generates an 8-bit CRC value using the same polynomial function
just shown and provides this value to the bus master to validate the transfer of command, address, and data
bytes from the bus master to the BQ2022A. The BQ2022A computes an 8-bit CRC for the command, address,
and data bytes received for the WRITE MEMORY and the WRITE STATUS commands and then outputs this
value to the bus master to confirm proper transfer. Similarly, the BQ2022A computes an 8-bit CRC for the
command and address bytes received from the bus master for the READ MEMORY, READ STATUS, and READ
DATA/ GENERATE 8-BIT CRC commands to confirm that these bytes have been received correctly. The CRC
generator on the BQ2022A is also used to provide verification of error-free data transfer as each page of data
from the 1024-bit EPROM is sent to the bus master during a READ DATA/GENERATE 8-BIT CRC command,
and for the eight bytes of information in the status memory field.

In each case where a CRC is used for data transfer validation, the bus master must calculate a CRC value using
the polynomial function previously given and compare the calculated value to either the 8-bit CRC value stored
in the 64-bit ROM portion of the BQ2022A (for ROM reads) or the 8-bit CRC value computed within the
BQ2022A. The comparison of CRC values and decision to continue with an operation are determined entirely by
the bus master. No circuitry on the BQ2022A prevents a command sequence from proceeding if the CRC stored
in or calculated by the BQ2022A does not match the value generated by the bus master. Proper use of the CRC
can result in a communication channel with a high level of integrity.
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& 7-13. 8-Bit CRC Generator Circuit (X8 + X5 + X4 + 1)

8 Application and Implementation

#HiE
PAR BB R 1045 EANR T T1 8RS e L, TI AR AR ILHER MR s e . T1 1% P N f 5 i e
AR TIER T HR . &P REIE IR, DR R4

8.1 Application Information

A typical application consists of a microcontroller that is configured to be a SDQ communication host device and
the BQ2022A being the SDQ slave device. The host and slave have open drain functionality for which a pullup
resistor (typically 10 k Q) is required connected to a pullup voltage in the range of 2.65V t0 5.5 V.

8.2 Typical Application

No additional capacitance is needed on the SDQ line and may result in a communication failure.

VPU
bq2022 A
sbDQ
soal 1] . >
Communications
Controller L cPU
—
[ —
sDQo QH T\—
VSS VSS HOST
& 8-1. Typical Application Circuit
8.2.1 Design Requirements
# 8-1. Design Parameters
DESIGN PARAMETER EXAMPLE VALUE
Pullup voltage 265Vto55V
Operating free-air temperature -20°Cto 70°C
Pullup resistor 10kQ typ
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8.2.2 Detailed Design Procedure
8.2.2.1 Programming Circuit Example

The BQ2022A requires a 12-V maximum pulse signal to program the OTP memory. It is necessary to have a
programming test setup for production. ¥ 8-2 shows an example of what the circuit could be for such setup. The
Programming Module contains the microcontroller that acts as SDQ master and also controls the time of the
programming pulse and its width. The 12-V supply is the source for the programming pulse. Only SDQ and VSS
signals need to exit the test setup as the Application Circuit containing the BQ2022A under test is connected
only for programming and verifying data.

The Programming Module typically will connect to a PC using interface such as USB. The diagram in ¥ 8-2
does not include the interface to a PC which can vary depending on the system designer's choice.

Programming Module

2 10k0
— LB

12V Supply

15kQ

I

Application Circuit

10kQ L
— bq2022A
100Q 100Q
pController ,\%\’ 00 sDQ

- 1 VSS
5.6V
+

& 8-2. BQ2022A Programming Circuit Example

8.2.2.2 SDQ Master Best Practices

It may be necessary to “bit-bang” a GPIO on the host system to act as the SDQ master. In this case, some
additional error checking should be built into the code used to reset the BQ2022A to ensure that the slave is
operating as expected on the bus.

Whenever the host sends a reset, the BQ2022A responds with a presence pulse. The host should confirm,
before the presence pulse, that the bus has been released and returned to a high level, indicating that nothing is
holding the bus unexpectedly low. As the minimum t,o4 is 15 ps, having the host look for a logic high on the bus
10 ps after releasing the bus at the end of the reset is sufficient to confirm the bus is released for the BQ2022A
to respond.
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8.2.3 Application Curve

2.3
2.2 —
g 2 e
) /
o /
3 19
> /
Q.
(%_ 1.8 //
v 1.7
=
S16f—
= \/PU = 2.5V
15 - \/PU = 3.0V
VPU =5.0V
1.4
-40 -20 0 20 40 60 80 100

Temperature (°C)

K 8-3. Supply Current vs. Temperature

9 Power Supply Recommendations

The BQ2022A is a low-power device that only needs to be turned on when communicating. The device power
comes from the voltage supply that is used for digital 1/O in the system. A dedicated VCC pin does not exist in
the device for which there is not a requirement of a supply input bypass capacitor. The device obtains its power
from the SDQ communication input which can be sustained during normal communication activity.

The ramp time of the SDQ voltage when power is initially applied may be slow due to current limiting from the
source. Ramp times greater than 200 ys might cause undesired bouncing of the POR circuit and result in the
device not generating a presence pulse. To account for this undesired effect on the device a best practice for the
communication master would be to issue a “hard” reset to the device by pulling down the SDQ line for >5 ms
and then releasing the SDQ bus before issuing the reset pulse that is approximately 480 ps long.

Kl 9-1. Power Up Best Practice

K 9-1 illustrates the best practice for dealing with initial power on ramps, shown as (1) in the figure, that may be
long in duration. The host should issue a “hard” reset, (2), of > 5 ms, which resets the device and generate a
presence delay and presence pulse, (3). After that, a “soft” reset of approximately 480 ps can be applied, (4),
which also generates a high presence delay and low presence pulse, (5).

10 Layout
10.1 Layout Guidelines

The BQ2022A only has one signal (SDQ). Best practice is to route the signal trace directly from the SDQ pin of
BQ2022A to the external connector of the application system or to host SDQ master device. Signal trace should
be shielded properly with a parallel ground plane. If possible use two vias per VSS pin to reach the ground plane
K 10-1. If a full ground plane is not available to the BQ2022A, then try to connect both VSS pins with a large
trace surrounding most of the device and have a trace leaving the VSS pin that is adjacent to SDQ pin so that it
follows the SDQ trace back to the SDQ master interface pins &/ 10-2.
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10.2 Layout Example

& 10-1. Board Layout Example with Ground Plane

Kl 10-2. Board Layout Example without Ground Plane
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11 Device and Documentation Support
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11.2 Documentation Support

11.2.1 Related Documentation

* BQ2022A Evaluation Software User's Guide (SLUU258)

11.2.2 FEHBOCRE E B
RSO EHNER |, 1 SHE ti.com BRGSO R sy 275 2R SATVENY |, B R G S S
B . ARERIVEAE R, W AR ST SR T S BT P il .
11.3 Trademarks
SDQ™ and TI E2E™ are trademarks of Texas Instruments.
P bR BN & E BT E Y7 .
1.4 XRFRIE
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BERN AR B TTIRE R Rt . XEENBIEAMEL T HRMNE |, I HA—E =B TI KR AL 1§ 5
TIH CRER KD«
11.5 Electrostatic Discharge Caution
This integrated circuit can be damaged by ESD. Texas Instruments recommends that all integrated circuits be handled

A with appropriate precautions. Failure to observe proper handling and installation procedures can cause damage.
‘EE‘ \ ESD damage can range from subtle performance degradation to complete device failure. Precision integrated circuits may
- be more susceptible to damage because very small parametric changes could cause the device not to meet its published
specifications.
11.6 RiER
TI RiE&E AARERII MR TARE . E - BE4n& i 1 5E .

12 Mechanical, Packaging, and Orderable Information

The following pages include mechanical, packaging, and orderable information. This information is the most
current data available for the designated devices. This data is subject to change without notice and revision of
this document. For browser-based versions of this data sheet, refer to the left-hand navigation.

Copyright © 2022 Texas Instruments Incorporated Submit Document Feedback
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PACKAGING INFORMATION

® The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ RoHS: TI defines "RoHS" to mean semiconductor products that are compliant with the current EU RoHS requirements for all 10 RoHS substances, including the requirement that RoHS substance
do not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, "RoHS" products are suitable for use in specified lead-free processes. Tl may
reference these types of products as "Pb-Free".

RoHS Exempt: Tl defines "RoHS Exempt" to mean products that contain lead but are compliant with EU RoHS pursuant to a specific EU RoHS exemption.

Green: Tl defines "Green" to mean the content of Chlorine (Cl) and Bromine (Br) based flame retardants meet JS709B low halogen requirements of <=1000ppm threshold. Antimony trioxide based
flame retardants must also meet the <=1000ppm threshold requirement.

® MSL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.
@ There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

® Multiple Device Markings will be inside parentheses. Only one Device Marking contained in parentheses and separated by a "~" will appear on a device. If a line is indented then it is a continuation
of the previous line and the two combined represent the entire Device Marking for that device.

® Lead finish/Ball material - Orderable Devices may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead finish/Ball material values may wrap to two
lines if the finish value exceeds the maximum column width.

Important Information and Disclaimer: The information provided on this page represents TlI's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information
provided by third parties, and makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and
continues to take reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals.
Tl and Tl suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.

Addendum-Page 1

Orderable Device Status Package Type Package Pins Package Eco Plan Lead finish/ MSL Peak Temp Op Temp (°C) Device Marking Samples
@ Drawing Qty @ Ball material ®3) (4/5)
(6)
BQ2022ADBZR ACTIVE SOT-23 DBZ 3 3000 RoHS & Green NIPDAU | NIPDAUAG  Level-1-260C-UNLIM -20to 70 BYCI
BQ2022ADBZRG4 ACTIVE SOT-23 DBz 3 3000 RoOHS & Green NIPDAU Level-1-260C-UNLIM -20to 70 BYCI
BQ2022ALPR ACTIVE TO-92 LP 3 2000 RoHS & Green SN N/ A for Pkg Type 0to 70 BYE



http://www.ti.com/product/BQ2022A?CMP=conv-poasamples#order-quality
http://www.ti.com/product/BQ2022A?CMP=conv-poasamples#order-quality
http://www.ti.com/product/BQ2022A?CMP=conv-poasamples#order-quality
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In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO
: |
© Bo W
Reel | | l
Diameter
Cavity +‘ A0 M
A0 | Dimension designed to accommodate the component width
BO | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
\ 4 W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ 1
T Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
O O O O OO O O O Qf Sprocket Holes
|
T
Q1 : Q2
H4-—-—
Q3 I Q4 User Direction of Feed
[ 8
T
A
Pocket Quadrants
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel AO BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) [ (mm) | (mm) | (mm) | (mm) |Quadrant
(mm) |W1(mm)
BQ2022ADBZR SOT-23| DBZ 3 3000 180.0 8.4 315 | 277 | 1.22 | 4.0 8.0 Q3
BQ2022ADBZR SOT-23| DBZ 3 3000 179.0 8.4 315 | 295 | 1.22 | 4.0 8.0 Q3

Pack Materials-Page 1



PACKAGE MATERIALS INFORMATION

1} TEXAS
INSTRUMENTS
www.ti.com 13-Mar-2022
TAPE AND REEL BOX DIMENSIONS
e
4
7
e S
/\g\‘ /}#\
e 7
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
BQ2022ADBZR SOT-23 DBz 3 3000 183.0 183.0 20.0
BQ2022ADBZR SOT-23 DBZ 3 3000 200.0 183.0 25.0

Pack Materials-Page 2



GENERIC PACKAGE VIEW
LP 3 TO-92 - 5.34 mm max height

TRANSISTOR QUTLINE

Images above are just a representation of the package family, actual package may vary.
Refer to the product data sheet for package details.

4040001-2/F

13 TEXAS
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LPOOO3A

5

»

PACKAGE OUTLINE
TO-92 - 5.34 mm max height

TO-92

O

T
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
il

|
|
|
|
] e

2X ‘
2.6+0.2 —f=—f

2X
4 MAX

‘KSEATING

PLANE

FORMED LEAD OPTION
OTHER DIMENSIONS IDENTICAL
TO STRAIGHT LEAD OPTION

0.43 L
3X .35

5.21
4.44
EJECTOR PIN
OPTIONAL
5.34
432
| — (L.5) TYP
2.54) xSEATING
NOTE3 | [J‘ [‘L —1 PLANE
0 i L(0.51)TYP
Il 6X
||~ l=—0.076 MAX
I
3X I I
12.7 MIN I
| |
Il
| |
Il
| |
Il
| |
- T T
0.55 oo
3X0.38 =
f—f—2X 1.27+0.13

STRAIGHT LEAD OPTION

NI

4215214/B 04/2017

NOTES:

=

per ASME Y14.5M.

abwnN

. Shipping method:

variation AA.

. This drawing is subject to change without notice.
. Lead dimensions are not controlled within this area.
. Reference JEDEC TO-226,

a. Straight lead option available in bulk pack only.
b. Formed lead option available in tape and reel or ammo pack.
c. Specific products can be offered in limited combinations of shipping medium and lead options.
d. Consult product folder for more information on available options.

. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing

i
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EXAMPLE BOARD LAYOUT

LPOOO3A TO-92 - 5.34 mm max height
TO-92
FULL R
0.05 MAX —={}=—(1.07) —~ TYP
ALL AROUND METAL 3X (¢ 0.85) HOLE
TYP / TYP
| —2x
METAL
(15 8 - — 2X (1.5)
~—2X
y ! SOLDER MASK
\ OPENING
1 2 3
(R0.05) TYP | ! |
L (1.27) —] : 2X (1.07)
SOLDER MASK
OPENING (2:54)
LAND PATTERN EXAMPLE
STRAIGHT LEAD OPTION
NON-SOLDER MASK DEFINED
SCALE:15X
0.05 MAX ﬁ le— (O 1.4) —= 2X (@ 1.4)
ALL AROUND METAL
TYP 3X (@ 0.9) HOLE
METAL{ I [ (AN S W R 5
(R0.05) TYP /7 1 3 SOLDER MASK

SOLDER MASK
OPENING

N

(2.6)

(5.2)

LAND PATTERN EXAMPLE

FORMED LEAD OPTION
NON-SOLDER MASK DEFINED
SCALE:15X

OPENING

4215214/B 04/2017
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TAPE SPECIFICATIONS

LPOOO3A TO-92 - 5.34 mm max height
TO-92
11.7

| |
| |
| |
| |
| |
| |
| |
| |
32 ) I ‘
23 [ |
| | | |

— (2.5) TYP \ \ \ \ T 0.5 MIN

— {1 i — l \
16.5
55 | 1| [l I 0 I 1
| |
11.0 ! ! 9.75
8.5 | | 8.50
| |
L I D o 7‘77‘777 77777 o _ Y 190

k @3.7-43 TYP

FOR FORMED LEAD OPTION PACKAGE

4215214/B 04/2017
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GENERIC PACKAGE VIEW
DBZ 3 SOT-23 - 1.12 mm max height

SMALL OUTLINE TRANSISTOR

Images above are just a representation of the package family, actual package may vary.
Refer to the product data sheet for package details.

4203227/C

13 TEXAS
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PACKAGE OUTLINE

DBZ0003A \ SOT-23 - 1.12 mm max height
SMALL OUTLINE TRANSISTOR
2.64
2.10
14 —= 1.12 MAX =
et [ Jo1[c]
PIN 1— .
INDEX AREA s //—\}-
il I
‘.—
0.95 ‘
3.04 :
] 7%*74%3 2.80 ‘
|
|
5 |
3ax 05 —
0.3 4 0.10
020 [c[A[B] ~—(0.95) 0.01"P

0.20

| \
GAGE PLANE
o e [
‘ ,,,,,,, e AN
W’ | 06 \
0°-8° TYP 02 1YP

\f

SEATING PLANE

4214838/C 04/2017

NOTES:

1. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing

per ASME Y14.5M.

2. This drawing is subject to change without notice.
3. Reference JEDEC registration TO-236, except minimum foot length.

INSTRUMENTS
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EXAMPLE BOARD LAYOUT
DBZ0003A SOT-23 - 1.12 mm max height

SMALL OUTLINE TRANSISTOR

LAND PATTERN EXAMPLE
SCALE:15X

SOLDER MASK METAL METAL UNDER SOEN R MASK
OPENING \ SOLDER MASK\\

*J L 0.07 MAX J L* 0.07 MIN
ALL AROUND

ALL AROUND
NON SOLDER MASK SOLDER MASK
DEFINED DEFINED
(PREFERRED)

SOLDER MASK DETAILS

4214838/C 04/2017

NOTES: (continued)

4. Publication IPC-7351 may have alternate designs.
5. Solder mask tolerances between and around signal pads can vary based on board fabrication site.

INSTRUMENTS
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EXAMPLE STENCIL DESIGN
DBZ0003A SOT-23 - 1.12 mm max height

SMALL OUTLINE TRANSISTOR

(R0.05) TYP

~— (2.1)

SOLDER PASTE EXAMPLE
BASED ON 0.125 THICK STENCIL
SCALE:15X

4214838/C 04/2017

NOTES: (continued)

6. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.
7. Board assembly site may have different recommendations for stencil design.

INSTRUMENTS
www.ti.com
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