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3-Phase Brushless Motor Driver

Check for Samples: DRV3202-Q1

FEATURES
* 3-Phase Pre-drivers for N-channel MOS Field
Effect Transistors (MOSFETS)

e Pulse Width Modulation (PWM) Frequency up
to 20 kHz

e Fault Diagnostics

e Charge Pump

e Phase Comparators

e Phase Monitoring Sample and Hold Op-Amps

e Central Processing Unit (CPU) Reset
Generator

e Serial Port I/F (SPI)

* Motor Current Sense

e 80-pin HTQFP

e Controller Area Network (CAN)
e 5-V Regulator

APPLICATIONS
 Automotive

DESCRIPTION

The DRV3202-Q1 device is a field effect transistor
(FET) pre-driver designed for 3-phase motor control
and its application such as an oil pump or a water
pump. It is equipped with three high-side pre-FET
drivers and three low-side drivers which are
controlled by an external microcontroller (MCU). The
power for the high side is supplied by a charge pump
and no bootstrap cap is needed. For commutation,
this integrated circuit (IC) sends a conditional motor
drive signal and output to the MCU. Diagnostics
provide undervoltage, overvoltage, overcurrent,
overtemperature and power bridge faults. The motor
current can be measured using an integrated current
sense amplifier and comparator in a battery common-
mode range, which allows the motor current to be
used in a high-side current sense application. Gain is
attained by external resistors. If the MCU does not
have enough bandwidth, the phase monitoring
sample and hold amplifiers can hold phase
information until the MCU is ready to process it. The
interfaces include SPI and CAN. The pre-driver and
other internal settings can be configured through the
SPI. The CAN is used to communicate with other
electronic control units (ECUS).

PIN OUT
- N ™ <
> 00060a23>55FFO0CF 22555533
o e o oo e ] ] ] e )
AOUT[ 1| 60 | veeT
PHTM [ 2] 59 | VLVD
PHIM [ 3 | 8 | NiC
PH2M 4| 57 | ALP
PH3M [ 5 | 56 | ALM
AR 55 | ALFB
PMv2 [ 7 | 54 | AREF
PMV3[ 8 | 53 | ALV
GND[ 9| 52 | AMPG
PHLT [ 1 51 | ADTH
DRV3202-Q1

Psc1[ 11 0 | GND
AMPG [ 12 49 |'S_GND
PH2T [ 13 8 | CAN_TX
psc2[ 14 47 | CAN_RX
PH3T [ 15 6 |N/C
Psc3[ 1 45 | CAN_L
PTVL[ 17 44 | CAN_H
PTV2 [ 1 43| CAN_M
PTV3 [ 1 42 | CAN_PW
GND [ 2 41 ] OVCR

pss1[ R |
Pss2[ R |
Pss3[ 3 |
S[E]
DOUT[ & |
sck[§ |
voD[ |
DIN[ ]|
DGND [ |
CTLEN[ & |
cTLwL [ & |
CTLWH[ G |
cTvL[ & |
CTLVH[ € |
CTLUL[ & ]
CTLUH[ ]

REs [

WDEN

PRN[ & |
(8]
FAULT[ & |

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

PRODUCTION DATA information is current as of publication date.
Products conform to specifications per the terms of the Texas
Instruments standard warranty. Production processing does not
necessarily include testing of all parameters.
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This integrated circuit can be damaged by ESD. Texas Instruments recommends that all integrated circuits be handled with
appropriate precautions. Failure to observe proper handling and installation procedures can cause damage.

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.

PIN FUNCTIONS

NO. N:I\IIINE TYPE MAX RATING FUNCTION
1 AOUT (0] -0.3-6 V Test mode output
2 PHTM | -1-40 V Phase comparator reference input
3 PH1M | -1-40 V Phase comparator input
4 PH2M | -1-40 V Phase comparator input
5 PH3M | -1-40 V Phase comparator input
6 PMV1 O -0.3-6V Phase comparator output
7 PMV2 O -0.3-6V Phase comparator output
8 PMV3 O -0.3-6V Phase comparator output
9, 20, 50 GND I -0.3-0.3V GND
10 PH1T | —-2-40 V Phase amplifier input
11 pPSC1 (0] -0.3-6V Sample and hold filter output
12 AMPG I -0.3-0.3V Quiet GND
13 PH2T | —-2-40 V Phase amplifier input
14 pPsSc2 (0] -0.3-6V Sample and hold filter output
15 PH3T | —-2-40 V Phase amplifier input
16 PSC3 (0] -0.3-6V Sample and hold filter output
17 PTV1 (0] -0.3-6V Phase amplifier output
18 PTV2 (0] -0.3-6V Phase amplifier output
19 PTV3 (0] -0.3-6V Phase amplifier output
21 pPSsS1 | -0.3-6V Sample and hold control signal input
22 pPSS2 | -0.3-6V Sample and hold control signal input
23 PSS3 | -0.3-6V Sample and hold control signal input
24 [ I -0.3-6V SPI chip select
25 DOUT (0] -0.3-6V SPI data output
26 SCK I -0.3-6 V SPI clock
27 VDD (0] -0.3-3.6V Digital supply output
28 DIN | -0.3-6V SPI data input
29 DGND I -0.3-0.3V Digital GND
30 CTLEN | -0.3-6V Pre-driver parallel enable input
31 CTLWL | -0.3-6V Pre-driver parallel input
32 CTLWH | -0.3-6V Pre-driver parallel input
33 CTLVL | -0.3-6V Pre-driver parallel input
34 CTLVH | -0.3-6V Pre-driver parallel input
35 CTLUL | -0.3-6V Pre-driver parallel input
36 CTLUH | -0.3-6V Pre-driver parallel input
37 RES o} -0.3-6V Reset output
38 PRN | -0.3-6V Pulse input
39 WDEN I -0.3-6V Reset generator enable input
40 FAULT (0] -0.3-6V Diagnosis output
41 OVCR I -0.3-6V Over current reset input
42 CAN_PW | -0.3-6V CAN supply input
43 CAN_M (0] -27-40 V CAN transceiver middle point terminal
2 Submit Documentation Feedback Copyright © 2012, Texas Instruments Incorporated
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PIN FUNCTIONS (continued)

NO. N:I\IANE TYPE MAX RATING FUNCTION
44 CAN_H 10 -27-40 V CAN transceiver positive terminal
45 CAN_L 10 -27-40 V CAN transceiver negative terminal
46, 58, 67 N/C — — Not connected
47 CAN_RX (@) -0.3-6V CAN digital output
48 CAN_TX | -0.3-6 V CAN digital input
49 S_GND | -0.3-0.3V CAN GND
51 ADTH | -0.3-6V Motor overcurrent threshold input
52 AMPG | -0.3-0.3V Quiet GND
53 ALV O —-0.3-6V Motor current sense amp output
54 AREF O —-0.3-40 vV Motor current sense reference output
55 ALFB (@) -0.3-40 V Motor current sense amp feedback
56 ALM | —-0.3-40 vV Motor current sense amp negative input
57 ALP | -0.3-40 V Motor current sense amp positive input
59 VLVD | -0.3-6V Vcc undervoltage threshold input
60 VCCT | -0.3-6V Ve supply input
61 VCCB (@) -0.3-40 V Vcc regulator base drive for PNP external transistor
62 VCFB | -0.3-40 V Vc regulator current sense input
63 VBPD | -0.3-40 vV VB input
64 UL (@) -0.3-20V Pre-driver output
65 VL (@) -0.3-20V Pre-driver output
66 WL (@) -0.3-20V Pre-driver output
68 TEST1 | -0.3-6 V Test input
69 GFB | -0.3-0.3V Power GND
70 TEST3 | -0.3-20V Test input
71 TEST2 | -0.3-6 V Test input
72 UH (@) -0.3-40 V Pre-driver output
73 VH (@) -0.3-40 V Pre-driver output
74 WH (@) -0.3-40 V Pre-driver output
75 PDCPV O —-0.3-40 vV Charge pump output
76 CPDR4 O —-0.3-40 vV Charge pump output
77 CPDR3 O —-0.3-40 vV Charge pump output
78 CPDR2 O —-0.3-40 vV Charge pump output
79 CPDR1 O —-0.3-40 vV Charge pump output
80 VBCP | -0.3-4 0V VB input
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Figure 1. Top Block Diagram
ABSOLUTE MAXIMUM RATINGS
over operating free-air temperature range (unless otherwise noted)
MIN MAX UNITS
ESD®W
ESD all ) ) HBM model —2 2 kv
- ESD performance of all pins to any other pin
pins CDM model -500 500 \Y
TEMPERATURE
Ta Operating temperature range -40 125| degree
T; Junction temperature -40 150 | degree
Ts Storage temperature -55 150 | degree
(1) ESD testing is performed according to the ACE-Q100 standard.
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THERMAL INFORMATION

1 DRV3202-Q1
THERMAL METRIC® UNIT
HTQP (80-PIN)
03a Junction-to-ambient thermal resistance 23.0
Bctop Junction-to-case (top) thermal resistance 7.5
038 Junction-to-board thermal resistance 7.6
°C/IW
Wit Junction-to-top characterization parameter 0.2
Wis Junction-to-board characterization parameter 7.4
B3chot Junction-to-case (bottom) thermal resistance 0.3

(1) For more information about traditional and new thermal metrics, see the IC Package Thermal Metrics application report, SPRA953.
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SUPPLY VOLTAGE AND CURRENT
VB =12V, T, =-40°C to 125°C (unless otherwise specified)

PARAMETER | CONDITIONS MIN TYP  MAX UNITS
SUPPLY INPUT
VB VB Supply voltage 5.3 12 18 Y
lve VB Operating current VB = 5.3 ~18 V, CAN_TX = High, No PWM 20 35 mA
WATCHDOG
Description

The watchdog monitors the PRN signal and V¢ supply level and generates a reset to the MCU through the RES
pin if the status of the PRN is not normal or the V¢ is lower than the specified threshold level. The watchdog
can be disabled if WDEN is set high.

Vpp Undervoltage
Detection

Vogr = 2.325 V Vee
(+0.75V/-0.25V)
Vee Band Gap[yHs = 0.1V Vee Low
Regulator | (10.75 v / - 0.05 V) .| Voltage Detection R_RES
R1 | (NMmI) Reset Logic 3kQ
VLVD »
¥| | | RES .I * >
Clock o I oen
Monitor d Option

WDEN Watch Dog Timer
K

WDEN .l PRN ||
Open: Enable From CPU
High: Disable Disable During
Power On Reset
Power On Reset VNMI: Lower Threshold Voltage
VHS: Hysteresis Voltage
Figure 2. Watchdog Block Diagram
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Do not switch to RES LOW
when the Vcc LOW time
is less than tres.

L=}

L

VNMI+VHS _v N
Vi tres |
cc ST RES i l—|
t,
v | Ignore transient voltage falling | —> (e
Y
. NMI Switch to NMI-LOW after tges delay thes — W
(Internal slgn_al)__ when Vcc is lower than VNMIL
RES is HIGH after ton from NMI-HIGH
if internal clock is not generated
(In case of malfunction).
RES signal should remain in low voltage
(<-0.4 V) and in this case, controlled CPU 'RES is HIGH after to from of NMI-HIGH.
should be in trr
>l V v
RES H
— 1 1
>—e i
470: tr < RES is LOW at NMI-LOW. ton Pt RES is LOW at NMI-LOW.
torr
N
PRN
2
Detecting only rising edge of PRN signal| If WDEN is LOW (or OPEN),

level.

Switch to RES LOW if PRN stays at a High or LOW |

WDEN

VNMI

and there is abnormal PRN:
RES is active.

If WDEN is HIGH,
and there is abnormal PRN:

no operation.

NOTE: WDEN = High, Vcc undervoltage condition sets RES = Low

Figure 3. Watchdog Timing Chart

WATCHDOG ELECTRICAL CHARACTERISTICS®
VB =12 V,T, = -40°C to 125°C (unless otherwise specified)

PARAMETER® ] CONDITIONS MIN TYP MAX | UNITS

WATCHDOG

VSTN  Function start V¢ voltage RES - 0.8 1.3 \Y;
ton Power-on time RES 32 40 48 ms
torr Clock off reset time RES 64 80 96 ms
trL Reset pulse low time RES Refer to Figure 3 16 20 24 ms
try Reset pulse high time RES 64 80 96 ms
tres Reset delay time RES 30 715 90 s
Puth Pulse width PRN 200 - -l ns

(1) The watchdog function is disabled and the timing parameters are invalid when the WDEN is at a high level.

(2) Specified by design
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SERIAL PORT I/F

Description

The SPI is used to receive an input byte from CPU and to transmit an output byte to CPU. Four signals are
utilized according to the timing chart of Figure 4.

DIN
MSB First — 1] Serial input

SCK —t+—¥»| >CK

LSB MSB

cs +>>CK

Register Parallel Output

Parallel Input

/16

Parallel Output

Shift Register

(16 bits) Serial Output f=——p> DOUT

MSB First

Parallel Input

116

Parallel Output

Internal
Diagnosis Register

Output Latch Parallel Input

(Transparent if EN = High)

LSB MSB
Figure 4. Block Diagram of SPI

« CS - Chip Select

This input signal is utilized to select this IC by CPU.

This input signal is normally high and the communication is possible only when it is forced low.
When this input signal falls, the communication between this IC and the CPU starts.
Transmitted data is latched and the DOUT pin comes out of high impedance.

When this input signal rises, the communication stops.

The DOUT pin goes into high impedance. Then, the internal input register updates with the received bits
(only if the clock pulse numbers are right and the key bit of the DIN signals is correct).

The next falling edge starts another communication.
There is a minimum waiting time between two communications (T,it)-
The pin has an internal pullup.

» SCK - Synchronization Serial Clock

This input signal is utilized to synchronize the communication by CPU.
It is normally high and the correct clock pulse number is 16.

At each falling edge, the CPU writes a new bit on the DIN input and this IC writes a new bit on the DOUT
pin. At each rising edge, this IC reads the new bit on the DIN pin and the CPU reads the new bit on the
DOUT pin.

The maximum clock frequency is 4 MHz.
The pin has an internal pullup.

* DIN - Serial Input Data
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— This input signal is used to receive 16-bit data.

— The bits are received in order from the MSB (first) to the LSB (last).

— The pin has an internal pullup.
 DOUT - Serial Output Data
— This output signal is used to transmit 16-bit data.

— ltis a 3-state output and it is in high impedance mode when CS is high.

— The serial data bits are transmitted in order from the MSB (first) to the LSB (last).

SPI ELECTRICAL CHARACTERISTICS
VB =12V, T, = —40°C to 125°C (unless otherwise specified)

PARAMETER® ‘ CONDITIONS MIN  TYP MAX| UNITS

SPI

Fop Operating frequency DC - 4 MHz
Tiead Enable lead time 100 - - ns
Tonit Wait time_: be_tween two successive 5 _ _ us

communications

Tiag Enable lag time Refer to Figure 6 100 - - ns
Tow SCLK pulse width 100 - - ns
Tsu Data setup time 80 - - ns
Th Data hold time 80 - - ns
Tyis Disable time - - 80 ns
Tgel Data delay time (SCK to DOUT) C, = 50 pF, Refer to Figure 6 - - 80 ns

(1) Specified by design

DIN _( b15~b10 X
P

Waiting Time From b9 Through b8

\

\

v

Select Diagnosis or Command Register
From b15 Through b10

DOUT _(

| Command Input or Diagnosis Result Output From b7 Through b0

A

Echo Back of b14~b9 |

Figure 5. SPI Bit Sequence
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Figure 6. SPI AC Timing Definition
Table 1. SPI Bit Map (DIN)

ITEM B15 B14 B13 B12 B11 B10 B9 B8 B7 B6 B5 B4 B3 B2 B1 BO
COMMAND1 0 0 0 0 0 1 - - SHM SRT - - - - - -
COMMAND2 0 0 0 0 1 0 - - AG1 AGO - - - - - -
COMMAND3 0 0 0 0 1 1 - - - - - — — — — —
DIAG_READ1 0 0 1 0 0 0 - - - - - - - - - —
DIAG_READ2 0 1 0 0 0 0 - - - - - — — - — —
DIAG_READ3 0 1 1 0 0 0 - - - - - — — — — —

In Table 1, the B15-B10 are the control bits, so the each command depends on them (listed below).
1. B15-B10=000001
These are the commands:
1) Phase AMP Sampling Hold Mode (B7 bit)
0: OFF (through) (INITIAL VALUE)
1: ON (use sample hold mode)
2) Phase AMP Short Mode [Short_Mode] (B6 bit)
0: OFF (no calibration) (INITIAL VALUE)
1: ON (use calibration mode)
2. B15-B10=000010
These are the commands:
1) Phase AMP Gain (B7 bit and B6 bit)
B7:0 B6:0; Gain x1 (INITIAL VALUE)
B7:0 B6:1; Gain x2
B7:1 B6:0; Gain x3
B7:1 B6:1; Gain x4
3. B15-B10=000011
Not used
4. B15-B10=001000
This command is to read the diagnosis of the current regulator,
SPI communication, overvoltage detection, and input diagnosis.
5. B15-B10=010000
This command is to read the diagnosis of SPI communication.
6. B15-B10=011000
Not used

10 Submit Documentation Feedback Copyright © 2012, Texas Instruments Incorporated
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7.

B15-B10 = Other command

This command sets the SPI-NG (DOUT, B7) bit.

Table 2. SPI Bit Map (DOUT)

ITEM B15 B14 B13

B12

B11

B10

B9

B8

B7

ON/OFF COMMAND
ECHO BACK

0

DIAG_READ1

VvCC

DIAG_READ2

SPI

DIAG_READ3

olo|lo|lo|o|oO
olo|o|lo|o|oO
|l |lOlO|lO|O

r|lO|Rr | O|lO|O

olo|o|lo|o|oO

o|lo|O || ]|O

oO|lo|O | |[O]|F

olo|o|lo|o| O

1.

B14-B9=001000

This flag is cleared after the register is read by the CPU.

1) Ve Current Detection (B7)
0: NORMAL
1: Fail (Short to GND or open)
2) Overcurrent Detection (B6)
0: NORMAL
1: Fail (Overcurrent)
3) CAN Current Detection (B5)
0: NORMAL
1: Fail (Overcurrent)
4) Vcc Overvoltage Detection (B4)
0: NORMAL
1: Fail (Vcc overvoltage)
5) Vpp Overvoltage Detection (B3)
0: NORMAL
1: Fail (Vpp overvoltage)
6) CPV Low Voltage Detection (B2)
0: NORMAL
1: Fail (CPV low voltage)
7) Thermal Detection (B1)
0: NORMAL
1: Fail (Overtemperature)

8) EEPROM* Data Consistency Check (BO0)

0: NORMAL

1: Fail (EEPROM DATA CRC error)

*ASIC calibration EEPROM

NOTE

Just after power-on of the IC, some of the bits listed above may be set depending on the
apply sequence of VB. It is recommended to issue a DIAG_READ1 to clear these bits
prior to all S/W sequences.

B14-B9=010000

This flag is cleared after the register is read by the CPU.

1) SPI-NG (B7)
0: NORMAL

1: Fail (SPI read and write command is wrong)
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Diag happen!
Twa\l >5 Hs

< »!
| |

=]

r

|
1
CLK :
1
| ! I R I !
Imssl ~ |b|tld bitg! bitg! bit7 11 ~ 1 pito! | IMSB| ~ |bit10y bit9 | bit8 | bit7| ~ |bit0 |
! ! ! Lo : :. ! : I [ I
! ! [ N ) .
: : :DOUT Command Data for Diagn ? : | | |DOUT Command Data for Diagnosis
[ L P [
DIN ¥ i <

Internal Diagnosis
Shadow Register

During bit7 ~ bit0

|

I

I

1

v

X New Diagnosis Data
T

I

I

I

Internal Diagnosis
Status Register

I
|
|
!
iagnosis Data Against DIN CDmmandX New Diagnos|s Data

> T
:| 1 1

______>T<____ .
-

DouT DIN ECHO Hi-Z

|

|

|
Diagnosis DIN ECHO | New
T '

[ [
Don’t care Don't care

Figure 7. DIAG_READ

Internal Diagnosis Register (Status Register and Shadow Register)
If the diagnosis happens during the SPI communication, the function follows this protocol:

The diagnosis information is stored in the shadow register when the diagnosis happens.

After the output of the previous information a new diagnosis is sent from the shadow to the status register,
and both registers are output through the DOUT pin.

In this case, a FAULT signal continues to be output until a new diagnosis is read by the CPU.

All diagnosis bits read by the DIAG_READ1 command happen before the CS falling edge. So, all the diagnosis
events that happen right after the CS falling edge are not read by the current DIAG_READ1 command, instead
they are read by the next DIAG_READ1 command.
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CAN

CANH_OC
FAULT_OC D—[>_L

CANL_OC

™

: TX_Drive

lCAN_PW ~

r

P

r

r

Split Control =

Description

CAN SPLIT

Figure 8.

CAN Block Diagram

r

%Y VCCT

R=0~-50,C=10pF
(Optional)

1
CAN R/XJ;

CAN_H

CAN_L

S_GND
CAN_TX

CAN_M

The CAN data from CAN control logic is transmitted to other systems through the CAN bus. The receiver
compares the CAN_H-CAN_L voltage levels against an internally generated reference and the result is output
through CAN_TX. It has overcurrent protection, shown in Figure 12.

CAN ELECTRICAL CHARACTERISTICS
VB =12V, T, = —40°C to 125°C (unless otherwise specified)

PARAMETER ‘ CONDITIONS MIN TYP MAX UNITS
CAN (TRANSMITTER SECTION)
VCAN_H . 2 25 3 \Y
Bus voltage recessive
VCAN_L CAN_TX = V¢, leann = leant = 0, 25 3 Y
VDIEE = ] ] see Figure 9
(VCAN_H — VCAN_L) Differential output voltage -500 0 50 mV
VCAN_H Bus voltage recessive 2 CAN TX = VCCRL =60 Q between CAN H 2.25 2.5 2.75 \Y
VCAN_L Bus voltage recessive 2 and CAN_L, see Figure 9 and Figure 10 2.25 25 2.75 \%
VCANH_D Dominant state CAN_H output voltage CAN_TX = 0V, R_= 60 Q between CAN_H 2.75 3.5 4.5 \
VCANL_D Dominant state CAN_L output voltage and CAN_L, see Figure 9 0.5 1.5 2.25 \Y
VDIFF = . . CAN_TX =0V, R_ =60 Q between CAN_H
(VCANH_D — VCANL_D) Differential output voltage and CAN_L 15 2 3 \%
IA_CANH CAN_H short circuit threshold current CAN_TX =0V 70 - 160 mA
IA_CANL CAN_L short circuit threshold current CAN_TX=0V 70 - 160 mA
fovcan Overcurrent to output switch-off delay Refer to Figure 12 200 ns
TrESCAN Self recovery time Refer to Figure 12 8 25 50 us
CAN (RECEIVER SECTION)
Differential input voltage for dominant
Voom state VCAN_L =-12Vto 12 V, CAN_TX = V¢ 900 mv
(VDIFF = VCAN_H — VCAN_L)
Differential input voltage for recessive
VRec state VCAN_L =12V to 12 V, CAN_TX = V¢ 500 mv
(VDIFF = VCAN_H — VCAN_L)
Vhys Differential input hysteresis 80 150 - mV
Veom = (VCAN_H - N _
VCAN_L)/ 2 Input common mode voltage range 12 12 \Y,
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CAN ELECTRICAL CHARACTERISTICS (continued)
VB =12V, T, =-40°C to 125°C (unless otherwise specified)

PARAMETER CONDITIONS MIN  TYP MAX | UNITS
Rin Input resistance CAN_H, CAN_L CAN_TX = Ve 5 - 50 kQ
Rpirr Differential input resistance CAN_TX = V¢ 10 - 100 kQ
Cn® ICnK;t T_apacnance to ground CAN_H, CAN_TX = Ve _ 20 46 PF
Coire® Differential input capacitance to ground CAN_TX = Ve - 10 - pF
Cn® ICnKat tlc_apacnance between CAN_H and CAN_TX = Ve _ ) 26 pF
CAN (AC CHARACTERISTIC)
Delay time from CAN_TX to VDIFF = .
trohHs VCAN_H - VCAN_L Refer to Figure 9 - - 100 ns
troHs Refer to Figure 9 - - 100 ns
Delay time from VDIFF = VCAN_H - .
tbRHS VCAN_L to CAN_RX Refer to Figure 9 - - 150 ns
trRIHS Delay time from CAN_TX to CAN_RX Refer to Figure 9 - - 300 ns
trRhHS Refer to Figure 9 - - 300 ns
SRHS_R Slew rate, CAN_H, rise Threshold set to 20%—-80% 20 85 ns
SRHS_F Slew rate, CAN_H, fall Threshold set to 80%—20% 20 85 ns
SRLS R Slew rate, CAN_L, rise Threshold set to 20%-80% 20 85 ns
SRLS_F Slew rate, CAN_L, fall Threshold set to 80%—20% 20 85 ns
CAN (SPLIT, OPTIONAL)
VCAN_M_| Output voltage Isources lsink = 500 HA 0.3 0.5 0.7 Vee
VCAN_M_u Output voltage, unloaded condition Rmeasure > 1 MQ 0.45 0.5 0.55 Vee
CAN (POWER OFF CONDITION)
Rin Input resistance CAN_H, CAN_L VB=0V 10 - 100 kQ
(1) Specified by design
| |
CAN_TX \ 0.5 Vce f 0.5 Vce
| |
| |
| |
| |
| VCANH_D 1|
|
| / |
| |
CAN_H ! |
CAN_L 25V | :
| VCANL_D 1
| .
| |
| |
| |
| . T
= | |
VDIFF | 09V |
VCAN_H - VCAN_L | | | 05V
oV : | ! I
|
|< P troks I‘ >| trons
' | I I
| | ' | |
CAN_RX ! | S 05Vee | ! 0.5 Vee
| ! | | | :
| : | I | |
| < P fores | < ’I torHs
| | |
P tres Pt
Figure 9. CAN Timing Chart
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IA_CANH
—
CAN_H
300 CAN_M
RL
30 Q
10 nF
«—
IA CANL

Test circuit for measurement of AC characteristics and slew rate.
NOTE: If CAN_L is shorted to GND, try to keep transmission (no overcurrent event).

Figure 10. CAN Testing Condition

: bt
| | |
| | |
: b
| | f
_ ! ! I
RES | | !
Signal : : :
I | | : I
| | | | |
| | | | |
| | | | |
| | | | |
_______________ a4 b |
35V ! V ! ! !
CAN_H [ |
CAN_L
R . !
15V ——==—=——=—————~ A== | | I
! o :
| | | | |
Figure 11. CAN Reset Function
CAN_TX

Current of CAN_H, CAN_L

|-
>
TRESCAN
CAN_H_CAN_L ,‘
The CANOC in CANFLAG is set high if overcurrent condition exists.
Figure 12. Overcurrent Event
Copyright © 2012, Texas Instruments Incorporated Submit Documentation Feedback 15

Product Folder Links: DRV3202-Q1


http://www.ti.com/product/drv3202-q1 ?qgpn=drv3202-q1 
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLVSBJ4A &partnum=DRV3202-Q1 
http://www.ti.com/product/drv3202-q1 ?qgpn=drv3202-q1 

i3 Ti
DRV3202-Q1 INSTRUMENTS

SLVSBJ4A —OCTOBER 2012—REVISED DECEMBER 2012 www.ti.com

CHARGE PUMP

Description

The charge pump block generates the supply for high-side and low-side pre-drivers to maintain the gate voltage
on the external FETs. External storage cap (CCP) and bucket caps (C1, C2) are used to support pre-driver slope
and switching frequency requirements. R1 and R2 can reduce switching current if required. The charge pump
has a voltage supervisor for over and undervoltage, and a selectable stop condition for pre-drivers.

VB
{}
CP CP Logic
Supervisor
PDCPV — P PICPL4 cpeik |'> >\ s2
P MAX Y VF
uv L CcPDR2
i [} J_
C2
i L cpor1]
» S1
L
ST
GFB cc
L PDCPV | P
{} i
L »\ s4
Y VF & VF
1 cPDR4
J_ C1
8 CPDR3 |
» \ s3
ST
GFB
Figure 13. Charge Pump Block Diagram
16 Submit Documentation Feedback Copyright © 2012, Texas Instruments Incorporated

Product Folder Links: DRV3202-Q1


http://www.ti.com/product/drv3202-q1 ?qgpn=drv3202-q1 
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLVSBJ4A &partnum=DRV3202-Q1 
http://www.ti.com/product/drv3202-q1 ?qgpn=drv3202-q1 

13 TEXAS

INSTRUMENTS DRV3202-Q1
www.ti.com SLVSBJ4A —OCTOBER 2012-REVISED DECEMBER 2012
CHARGE PUMP ELECTRICAL CHARACTERISTICS®
VB =12V, T, =-40°C to 125°C (unless otherwise specified)

PARAMETER ‘ CONDITIONS MIN TYP MAX | UNITS

CHARGE PUMP

Veni o VB = 5.3V, ljgag = 0 MA, C1 = C2 = 47 nF, VB + 7 VB+8 VB+9 \Y;
CCP =22 F

Ve 1 VB = 5.3V, ljgag =5 MA, C1 = C2 = 47 nF, VB + 6 VB+7 VB+8 \Y

- CCP=22uF

Veni 2 VB =5.3V, ljgag = 8 MA, C1 = C2 = 47 nF, VB +5 VB+6 VB+7 \Y
CCP=22F

Venz o VB =12V, ligag = 0 MA, C1 = C2 = 47 nF, VB+13 VB+14 VB+15 \Y
CCP=22uF

Venwz 1 VB =12V, ligag = 11 mA, C1 = C2 = 47 nF, VB+13 VB+14 VB+15 \Y

— Output voltage CCP = 2.2 F

Venvz 2 VB =12V, ligag = 18 mA, C1 = C2 = 47 nF, VB+ VB+135 VB+15 \Y
CCP=22uF 12,5

Vens o VB =18V, lipag = 0 MA, C1 = C2 = 47 nF, VB+13 VB+14 VB+15 \Y;
CCP=22F

Vena 1 VB =18V, ligag = 13 mA, C1 = C2 = 47 nF, VB+13 VB+14 VB+15 \Y
CCP=22uF

Vehva_2 VB =18V, lijgag = 22 mA, C1 = C2 = 47 nF, VB+13 VB+14 VB+15 \Y;
CCP =22 uF

Vchvmax Maximum voltage 35 375 40 \%

Vehvuv Undervoltage detection VB+4 VB+45 VB +5 \Y

threshold

Te @ Rise time VB =5.3V, Cl=C2=47nF, CCP =22 pF, 1 2 ms
Venvuy released

Ron On resistance S1~S4 8 Q

(1) No variation of the external components
(2) Specified by design
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PRE-DRIVER

Description

The pre-driver block provides three high-side pre-drivers and three low-side pre-drivers to drive external N-
channel MOSFETSs. The turn on side of the high-side pre-drivers supply the large N-channel transistor current to
quickly charge and PMOS support output voltage up to PDCPV. The turn off side supplies the large N-channel
transistor current to quickly discharge, while the low-side pre-drivers supply the large N-channel transistor current
for charge and discharge. The output voltage of the low-side pre-driver is controlled by VB and it has VGS
protection to make less than 18 V. The pre-driver has a stop condition in some fault conditions ($16 Error
Detection).

High-Side Pre-Driver
——————— {1 PDCPV

CTLxH O— It

H: PU on PD CTRL j UH/

L: PDon VH/
WH

CL

y |
——f—

L 11 GFB

Low-Side Pre-Driver —é] VB

CTLxL gy .| uL
H: PU on c Il: VL
L: PD on VGS
. WL R
Protection
CTLEN GND {1 NV l
| Co
L,
—[IJ GFB
Figure 14. Pre-driver Block Diagram
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PRE-DRIVER ELECTRICAL CHARACTERISTICS
VB =12V, T, =-40°C to 125°C (unless otherwise specified)

Figure 15

PARAMETER ‘ CONDITIONS MIN TYP MAX | UNITS
HIGH SIDE PRE-DRIVER
VOH_H Output Voltage hlgh lsink = 10 MA, U(V/W)H — GFB Vehy — 2.7 V(::Lh\ég \
VoL H Output voltage low Isource = 10 mA, U(V/W)H — GFB 60 120 mVv
RoNH_HP ON resistance pull up (Pch) U(VIW)H = PDCPV - 1V 135 270 Q
RonH_HN ON resistance pull up (Nch) U(VIW)H = PDCPV - 25V 8 16 Q
RonL_H ON resistance pull down 6 12 Q
Ton n™ Turn-on time X(?m:;dg’/&olgaf% CL=11nF R =00 100 300 500| ns
Torn®  Tum-off time B oy L MR RL=0Q 100 300 500 ns
VB=53~18V,C . =11nF,R . =0Qto
Theondly™? Output delay time 20%, 100 200 400 ns
see Figure 15
VB=53~18V,C =11nF, Rp=0Qto
Theofraly™? Output delay time 80%, 100 200 400 ns
see Figure 15
LOW SIDE PRE-DRIVER
VoH L Output voltage high lsink = 10 mA, U(V/IW)L — GFB VB -0.14 VB-0.07 \%
VoL L Output voltage low lsource = 10 mA, U(V/W)L — GFB 70 140 mV
RonH L ON resistance pull up 14 Q
RonL L ON resistance pull down 14 Q
Ton1 @ Turn-on time X(?m:;dg’/&olgaf% CL=22nF R =00 100 300 800| ns
Torr 1@ Turn-off time XE;;&;:%{% CL=22nF,R =00 100 300 800| ns
VB=53~18V,C, =22nF,Rp,=0Qto
Tr-ondty® Output delay time 20%, 100 200 400 ns
see Figure 15
VB=53~18V,C, =22nF, R, =0Qto
Trofaty ™ Output delay time 80%, 100 200 400 ns
see Figure 15
Veiamp VGS protection voltage 16 18 20 \%
Tt @ Differential time 1 \F/iiu:res.lSSN 18 V (Th-on)=(Ti-or), S€€ -300 300 ns
Tairy® Differential time 2 VB =5.3 ~ 18 V (Tion)(Th-ot). See -300 300 ns

(1) Specified by design
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CTLWH
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CTLUL |
CTLVL |
CTLWL !
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I
Y
80% 0%
v [ °
I
[ 20% 20%
WH !: : 0% 0% GFB
I
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UL | 80%
VL !
WL ! ... 20% GFB
—Pp —
T-otfdly | Ti-onaly
I
> b

I
Tr-oft(Tr-ofiaty + Toff)

|
Tl»on(TI-ondIy + Ton)

Figure 15. Delay Time from Input to Output
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PHASE COMPARATOR

Description

A 3-channel comparator module monitors the external FET by detecting voltage across the drain-source for high-
side and low-side FETs. PHTM is the threshold level of comparators usable for sensorless communication.
Figure 16 shows an example of the threshold level. There is no detection when CTLEN = Low.

UHS,
VHS,
WHS CTLEN]
VCOM Vce
N " PHxM | A
\4 o
Clamp
PMVx
N " PHTM| j
N Clamp

Figure 16. Phase Comparator Block Diagram

PHASE COMPARATORS ELECTRICAL CHARACTERISTICS
VB =12V, T, = —40°C to 125°C (unless otherwise specified)

PARAMETER ‘ CONDITIONS | MIN TYP MAX| UNITS

PHASE COMPARATOR

Viofs Input offset voltage -15 - 15 mV
Vinp Input voltage range (PHTM) VB =5.3~18V 1.325 - 4.5 \%
Vinm Input voltage range (PHxM) -1 - VB \%
Vihys Input hysteresis voltage 100 200 400 mV
Von Output high voltage lsink = 2.5 mA 0.9 x Vce - - \%
VoL Output low voltage lsource = 2.5 MA - — 0.1 xVcc \%
Tres oV Response time (rising) C, =100 pF - 0.2 0.5 Hs
Tres ¢ Response time (falling) C, =100 pF - 0.4 1 Hs

(1) Specified by design
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MOTOR CURRENT SENSE

Description

The operational amplifier is operating with an external resistor network for higher flexibility to adjust the current
measurement to application requirements. The first stage amplifier is operating with the external resistor and the
output voltage up to VB at ALFB. The gain of the amplifier is adjustable by external resistors from x10 to x30.
The second stage amplifier is a buffer to MCU at ALV. Current sense has a comparator for motor overcurrent
(OVAD). ADTH is the overcurrent threshold level and sets the value by the external resistor as well. Figure 18
shows the curve of the detection level. ALFB is divided by 2, compare this value with ADTH. In the
recommended application, zero-point adjustment is required as a large error offset in the initial condition.

OVAD
Vee
R3
¥ ALFB ADTH |
CLAMP R4
CLAMP"": Vee
ALV
—11
SJ—’\/\/\/—o—’\/\/\,
VB
ALFB |
R22% L c1
] Battery
ALP R11
{1 NN
ALM I
b Rshunt g l Imotor
*R11, R12, R21, R22 £ 0.1% ?@2
*VGain Vee R21Z ™
X10: R11 =R12 =3 kQ, R21 =R22 =30 kQ 1V h AREF
X20: R11 =R12 =1.5kQ, R21 = R22 = 30 kQ {1
X30: R11 =R12 =1 kQ, R21 = R22 = 30 kQ
C2=10n~20nF = c2
Cl1=0~10pF
*ALV = VGain X (Rshunt X |motor) + AREF
*ADTH = {R4 / (R3 + R4)} X Vcc
*OVAD = (2 x ADTH — AREF) / (Renunt X Vaai) CLAMP <
Figure 17. Motor Current Sense Block Diagram
MOTOR CURRENT SENSE ELECTRICAL CHARACTERISTICS®W
VB =12V, T, =-40°C to 125°C (unless otherwise specified)
PARAMETER ‘ CONDITIONS MIN TYP MAX UNITS
MOTOR CURRENT® SENSE
Vors Input offset voltage -5 5 mV
Vo o Output voltage (ALV) YB - ?(3) ; 18V, 1 \%
B motor —
(1) No variation of the external components
(2) Motor current is converted to voltage in test
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MOTOR CURRENT SENSE ELECTRICAL CHARACTERISTICS® (continued)
VB =12V, T, =-40°C to 125°C (unless otherwise specified)

PARAMETER CONDITIONS MIN  TYP MAX | UNITS
VB=53~18YV,
Vline Linearity (ALV) Rshunt = 1 mQ, —2% 30 2% mV/A
R11 =R12 = 1 kQ, R21 = R22 = 30 kQ
VGain Gain 10 30
VB=53~18YV,
S . R =1mQ, C1=4.7 pF, C_ =100 pF,
0, shunt L _
Tset TR1 Settling time (Rise) ALV 1% R11=R12 = 1 kQ, R21 = R22 = 30 kQ, 1 25 us
Imotor =0 — 30 A, (ALV : 1-51.9V)
VB=53~18YV,
N . R =1mQ, C1=4.7pF, C_ =100 pF
0 shunt ) prE, G pr, _
Tset TR2 Settling time (Rise) ALV +1% R11 = R12 = 1 kQ, R21 = R22 = 30 kQ, 1 25 us
Imotor =0 — 100 A, (ALV : 1 — 4 V)
VB=53~18YV,
N R =1mQ, C1=4.7 pF, C_ =100 pF,
0, shunt L _
Tset TF1 Settling time (Fall) ALV £1% R11=R12 = 1 kQ, R21 = R22 = 30 kQ, 1 25 us
Imotor =30 > 0 A, (ALV:19 - 1V)
VB=53~18YV,
Teet T2 Settling time (Fall) ALV +1% Rspunt = 1 MQ, C1 = 4.7 pF, C, = 100 pF, - 1 25| s

R11 =R12 =1kQ, R21 = R22 = 30 kQ,
Imotor = 100 — 0 A, (ALV : 4 — 1 V)
150-A detection,

Rshunt = 1 mQ,

R11 =R12 =1 kQ, R21 = R22 = 30 kQ,
R3 =8.2kQ, R4 =10 kQ

TDEL_OVAD®  Propagation delay (Rise or fall) - - 15 us

OVAD Overcurrent threshold -10% 150 10% A

(3) Specified by design

ALV ALFB /2
A y
Vee
ADTH
I I
I I
Vo o I I
I I
I I > >
0A Imotor 0A OVAD Iimotor
*ALFB up to VB
Figure 18. Motor Current Sense and Overcurrent
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Motor
Overcurrent

OVAD

OVCR

Figure 19. Motor Overcurrent Event

Table 3. Motor Overcurrent Truth Table

RES OVCR MOTOR OVERCURRENT OVAD PRE-DRIVER ENABLE OR DISABLE
0 - - 0 (Clear) Disable®
1 0 - 0 (Clear)@® Enable
0 Keep Enable
1 (Set) Disable

(1) The CTLEN goes to Hi-Z because the external CPU will not drive it when RES = 0, then all the pre-drivers are turned off because
CTLEN is internally pulled down.

(2) The OVAD is not set, even if a motor overcurrent error is generated during OVCR = 0.
(3) The OVAD is cleared if OVCR = 0 even when the motor overcurrent error is generated.
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PHASE AMPLIFIER (Sample and Hold Mode and Through Mode)

Description

The 3-channel amplifier module monitors the drain-source for high-side and low-side FETs. Two modes (selected
by the SPI) are provided: sample and hold mode, and through mode. Sample and hold is controlled by PSSx at
the external pins and PSCx connects the charging capacitor. Through mode is real-time detection and the
amplifier has x1—x4 gain control.

SH_MODE
High: Sample and Hold Mode
Low: Through Mode

VB R2
CLAMP open
Vee v, Vee
i Slm L |
- b |
7 e —‘// smote | | PTVA
PH1T \ CAL_MODE o PTV2| PTVx =¥ x (R2/R1) x (PHXT-% x VB) + 2.5 V
PH2T PTV3
PH3T CLAMP PSC
V.
© R1 | E
AA PSC1
31 PSC2
PSC3
\ R2
CAL_MODE
Vee j L
77 PSS1
* PSS2
25 v/l PSS3)

Figure 20. Sample and Hold Mode Block Diagram

SHORT_MODE

High: Sample and Hold Mode
Low: Through Mode
VB R2
—— W\ ’

CLAMP
- i Veo Short Vee
7:1 b ~ R1 Vee >
L~ AV I~L_ Open —{1 PTVx = Vi#(R2 / RL*(PHXT - %*VB) + 2.5 V
1 > 110 PTV1

2 SHORT_MODE Disable PTV2
B3 E:g \ > PTV3

PH3T CLAMP

— \A\\—— PSC1
31 + PSC2
I PSC3

R2
SHORT_MODE %

Vee < |—[]
/7 PSS1

+ PSS2
25V PSS3

Figure 21. Through Mode Block Diagram
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SH_MODE
High: Sample and Hold Mode
Low: Through Mode

VB R2
! Openishort |
CLAMP Voo y pen/Shor Veo
> R1 ce >
- 25V \l\ A ’-\‘\ Short/Open —11 PTVX=25V
N + + .

/I/ —‘*/|/ 10 PTV1

pHLT SHORT_MODE PTV2

T PHer ] PTV3

PH3T PSC
CLAMP

Vee o—| N
> R1 L I Q

31 25V . —\W\—4 pPsc1

: PSC2

PSC3

- z
SHORT_MODE T
R2
Vee 1
ul
2 ~J

77 ;‘> PSS1

N PSS2

25V ]; PSS3

Figure 22. Short Mode (Optional) Block Diagram
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PHASE AMPLIFIER ELECTRICAL CHARACTERISTICS®
VB =12V, T, =-40°C to 125°C (unless otherwise specified)

PARAMETER CONDITIONS MIN TYP  MAX|UNITS
PHASE AMPLIFIER
Vors s Output offset voltage, sample and hold | yg = 53 18 v, Gain = 1 50 - 50| mv
Vofs_TH Output offset voltage, through mode VB =5.3-18V, Gain=1 -50 - 50| mVv
Vin_em Common mode input range VB =5.3-18 V, Gain = 1-4 15 V?g \%
Vout_max Maximum output voltage VB =5.3-18 V, Gain = 1-4 45 - - Y
Vout_min Minimum output voltage VB =5.3-18 V, Gain = 1-4 - - 0.5 Y
1
. 2
Vgain® Gain - 3 -
4
Vout_sHo Output voltage, sample and hold mode | VB =5.3-18 V, Gain = 1-4, PHXT = VB /2 - 25 - \Y
Vout_ THO Output voltage, through mode VB =5.3-18 V, Gain = 1-4 PHXT = VB / 2 - 2.5 - \%
Vout_sH1 Output voltage, sample and hold mode | VB =12V, Gain = 1, PHXT = 1.5V - 1375 - \%
Vout TH1 Output voltage, through mode VB =12V, Gain=1, PHXxT =15V - 1375 - \%
Vout_sH2 Output voltage, sample and hold mode | VB =12V, Gain = 1, PHXT = 10.5 V - 3.625 - \%
Vout TH2 Output voltage, through mode VB =12V, Gain =1, PHXT =10.5V - 3.625 - \%
Settling i . | d hold VB =12V, Gain = 1, PSC = 470 pF,
STL_sHTR  Selting lime (fise), sample and ho PTVx = 100 pF, PHXT = 1.5 V2 10.5 V, 15 3| us
B (PTVx =1.375 V — 3.625 V), see Figure 25
Settling ti ) th h mod VB =12V, Gain =1, PTVx = 100 pF,
STL_THTR P.?V;”%lt',;:e (ise), through mode PHXT = 1.5V 2105V, 1.5 3| ps
B (PTVx =1.375 V — 3.625 V), see Figure 26
. . VB =12V, Gain = 1, PSC = 470 pF,
sTL_surF  Seting time (fal), sample and hold | pryy = 100 pF, PHXT =105 V215V, 15 3| ps
B (PTVx = 3.625 V — 1.375 V), see Figure 25
. . VB =12V, Gain = 1, PTVx = 100 pF,
STL_THTF ffg/tollng time (fall), through mode PTVx PHXT = 105V 2 1.5V, 15 3| us
- (PTVx = 3.625 V — 1.375 V), see Figure 26
SH Error . VB =5.3-18 V, PSC = 470 pF, TH = 1 mS, see
Voltage Falling voltage Figure 24 5 75| mV
(1) No variation of the external components.
(2) Vgain is an SPI setting
™ T
PHXT } oY }
| | |
| | | | |
| | | | |
| | | | |
| | | | |
pssx | _| _|
o e
Sampling Time
PTVX
Figure 23. Sampling Timing Chart
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PSSx ™

PTVx
SH Error Voltage

Figure 24. Holding Timing Chart
PHXT
PSSX 50% 50%

| |

| |

| |

| |

| |

- \
PTVX } } !

| | |

STL_SHTRx_XXX STL_SHTFx_XXX

Figure 25. Settling Time Timing Chart (Sample and Hold Mode)

PHXT / \
/ \

PTVx
- - -
STL _THTRx_ XXX STL THTFx XXX
Figure 26. Settling Time Timing Chart (Through Mode)
28 Submit Documentation Feedback Copyright © 2012, Texas Instruments Incorporated

Product Folder Links: DRV3202-Q1


http://www.ti.com/product/drv3202-q1 ?qgpn=drv3202-q1 
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLVSBJ4A &partnum=DRV3202-Q1 
http://www.ti.com/product/drv3202-q1 ?qgpn=drv3202-q1 

13 Ti
IIE)S(?fS{UMENTS DRV3202-Q1

www.ti.com SLVSBJ4A —OCTOBER 2012—-REVISED DECEMBER 2012

REGULATORS

Description

The regulator block offers a 5-V LDO and a 3.3-V LDO. The V¢ LDO regulates VB down to 5 V with an external
PNP controlled by the regulator block. The 5-V LDO is supplied to the MCU and other components. The 5-V LDO
is protected against a short to GND fault, and the external resistors R1 and R2 set the undervoltage. The Vpp
regulator regulates VB down to 3.3-V with an internal FET and a controller.

The regulators detect the overvoltage and undervoltage events of both supplies.

VB 5
oc — Current R
Limit sns
:’7,
VCF
B
BG +
AMP W{j—“/ PNP Tr
B cvce
Trim O H N
# VCCT(Vce) Q
AMPG
VLVD R1
Supervisor Supervisor ———
‘ R2
ov uv

* Rgns = 0.2V / ICLVCC
*\VCCUV =2.325 x {(R1+R2) / R2}

Figure 27. V¢ Block Diagram

VB 2
BG
Vb 1
CvDD
AMPG
ovV—]
Supervisor
UV —-
Figure 28. Vpp Block Diagram
Copyright © 2012, Texas Instruments Incorporated Submit Documentation Feedback 29

Product Folder Links: DRV3202-Q1


http://www.ti.com/product/drv3202-q1 ?qgpn=drv3202-q1 
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLVSBJ4A &partnum=DRV3202-Q1 
http://www.ti.com/product/drv3202-q1 ?qgpn=drv3202-q1 

13 Ti
DRV3202-Q1 INSTRUMENTS

SLVSBJ4A —OCTOBER 2012—-REVISED DECEMBER 2012 www.ti.com

Ve AND Vpp ELECTRICAL CHARACTERISTICS®
VB =12V, T, =-40°C to 125°C (unless otherwise specified)

PARAMETER | CONDITIONS MIN TYP  MAX| UNITS
Vec
Vee Output voltage VB =5.3-18 V, ljgag = 5-150 mA 4.9 5 51 \%
IBVCC Base current 15 mA
hfePNP DC current gain of external VCC 100
VLRVCC Load regulation VB =5.3-18 V, ljgqg = 5-150 mA -50 - 50| mVv
CvCC Load capacitance 22 100 uF
RVCC ESR of external capacitance 300, mQ
. R1=7.5kQ, R2 =10 kQ,
VCCUV Undervoltage detection threshold VCCUV > 4 V 3.97 4.07 4.17 \%
VCCUVHY Undervo!tage detection threshold 100 mv
S hysteresis
VCCOV Overvoltage detection threshold 6 6.5 7 \%
ICLVCC Current limit Rsns =0.51 Q 300 400 550 mA
TVCC1 Rise time Ve > UVVCC, CVCC =22 puF 0.3 0.5 ms
TVCC2 Rise time Ve > UVVCC, CVCC =100 pF 1 15 ms
Vbp
Vpp Output voltage VB =5.3-18 V, ljggg = 0-2 mA 3 3.3 3.6 \%
CvDD Load capacitance 1 uF
VDDUV Undervoltage detection threshold 2.2 2.3 2.4 \%
VDDOV Overvoltage detection threshold 4.1 4.3 4.5 \%
Tyaa® Rise time Vpp > VDDUV, CVDD = 1 uF 75 150| s
(1) No variation of the external components
(2) Specified by design
VB Monitor
Description
The block monitors VB overvoltage.
VB
+
VB_OV
BG — -
Figure 29. VB Monitor Block Diagram
VB MONITOR ELECTRICAL CHARACTERISTICS
VB =12V, T, = —40°C to 125°C (unless otherwise specified)
PARAMETER \ CONDITIONS | MIN TYP MAX|UNITS
VB MONITOR
Vetop Pre-driver stop VB voltage \ | 265 275 285 Vv
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THERMAL SHUTDOWN

Description

The device has temperature sensors that produce a pre-driver stop condition if the chip temperature exceeds
175°.

o
Figure 30. Thermal Shutdown Block Diagram

THERMAL SHUTDOWN ELECTRICAL CHARACTERISTICS
VB =12V, T, = —40°C to 125°C (unless otherwise specified)

PARAMETER | CONDITIONS | MIN TYP MAX|UNITS
THERMAL SHUT DOWN
TSD®  Thermal shut down threshold \ | 155 175 195 °C

(1) Specified by design
OSCILLATOR

Description

Oscillator block generates two 10-MHZ clock signals. OSC1 is the main clock used for internal logic
synchronization and timing control. OSC2 is the secondary clock which is used to monitor the status of OSC1.

0SC1(0SC2)

VREF

L
o
i

Figure 31. Oscillator Block Diagram
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OSCILLATOR ELECTRICAL CHARACTERISTICS
VB =12V, T, =-40°C to 125°C (unless otherwise specified)

PARAMETER | CONDITIONS | MIN TYP MAX|UNITS
OSCILLATOR
0osC OSC frequency ‘ ‘ 9 10 11| MHz
I/0
Vee Voo Vee Vee Vop
PSS1 CTLEN —|_ —|_ Voo —|_ —|_ Voo
PSS2 CTLUH BveR
PSS3 CTLUL CAN TX R
PRN_ CTLVH Level Shit - Level Shit
WDEN CTLVL e | = gLNK e | =
TEST1 CTLWH Ra cs

TEST2 CTLWL

Figure 32. Input Buffer 1 Block Diagram

VDD VCC
TT
——| Level Shift g FAULT

| CAN_RX

Figure 33. Output Buffer 1 Block Diagram
VDD VCC

Tf
>—— Level Shift 0 DOUT
eve [ EN

Figure 34. Output Buffer 2 Block Diagram

Vce
Voo Ve R_RES
Vee
RES
—>—| Level Shift >
Figure 35. Output Buffer 3 Block Diagram
32 Submit Documentation Feedback Copyright © 2012, Texas Instruments Incorporated

Product Folder Links: DRV3202-Q1


http://www.ti.com/product/drv3202-q1 ?qgpn=drv3202-q1 
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLVSBJ4A &partnum=DRV3202-Q1 
http://www.ti.com/product/drv3202-q1 ?qgpn=drv3202-q1 

13 TEXAS
INSTRUMENTS

www.ti.com

DRV3202-Q1

SLVSBJ4A —OCTOBER 2012—-REVISED DECEMBER 2012

ELECTRICAL CHARACTERISTICS
VB =12V, T, =-40°C to 125°C (unless otherwise specified)

PARAMETER ‘ CONDITIONS MIN  TYP MAX | UNITS
INPUT BUFFER 1
\m Input threshold logic high 0.7 x Ve \%
VL Input threshold logic low 0.3 x Ve \%
Ry Input pullup resistance 50 100 150 kQ
Ry (CAN_TX) Input pullup resistance 125 25 375 kQ
Ry Input pulldown resistance 50 100 150 kQ
OUTPUT BUFFER 1 AND 2
VoH Output level logic high Isink = 2.5 mA 0.9 x Ve \%
VoL Output level logic low Isource = 2.5 MA 0.1 x Ve \%
OUTPUT BUFFER 3
R_RES Pullup resistor 15 3 4.5 kQ
VoL Output level logic low Isource = 2 MA 0.1 x Ve \%
ERROR DETECTION
Table 4. Error Detection

ITEMS SPI PRE-DRIVER FAULT SIGNAL RES

VB — Overvoltage - STOP L H

CP - Overvoltage - STOP L H

CP - Undervoltage Error Bit (CPLV) - L H

Ve — Overvoltage Error Bit (VCO) - L H

Ve — Undervoltage - STOP L L

Ve — Overcurrent Error Bit (Vcc) - H H

Motor — Overcurrent Error Bit (OVAD) STOP H H

Vpp — Overvoltage Error Bit (VDO) - L H

Vpp — Undervoltage - STOP L L

Thermal Shut Down Error Bit (TD) STOP H H

Watchdog - - L L

EEPROM Data Check Error Bit (EEP) - L H

Clock Monitor - - L L

CAN Overcurrent Error Bit (CCD) - L H

SPI Error Bit (SPI) - L H
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REVISION HISTORY

Changes from Original (October, 2012) to Revision A Page
¢ Changed max rating for PHTM, PH1M, PH2M, and PH3M from -2 —40 V 10 -1—40 V. ...ccciiiiiiiiiiie e 2
L Ot F-TaTo 1= To IO I (o N (O I (o) g o1 IR =V o To [ L S SRR EPR 3
e Deleted Table 1 Pin EQUIVAIENT CIFCUITS. .....oi..eiieiiiiiiiiie ettt ettt e ettt e e e e ettt e e e e e bbbt e e e e e aanbb e e e e e s abbeeeeeeaannateeeeeeanneneeeas 3
e Changed max lyg frOM 40 10 35 MA. .ottt e st e e s b e e e e st e e e bt e e be e e e e b e e e abn e e e nnr e e e e n e e e e e e nnnes 6
¢« Changed CANH and CANL to CAN_H and CAN_L in description section; changed CANH, CANL, and CANM to

CAN_H, CAN_L, and CAN_M in BIOCK GIAGIAM. ....coiuiiiiiiiieitiee ettt ettt e s e et e e e ante e e 13
¢« Changed VCANH and VCANL to VCAN_H and VCAN_L in CAN reCeiver SECHON. ........ccccvveeeiiiiiriieeeeiiiieieeeeesinnee e e e s 13
¢ Changed VCANH and VCANL to VCAN_H and VCAN_L in CAN AC characteristic SECtION. .........ccceeveiuiiieeeeiiiieeeee s 14
e Changed CANH_D to VCANH_D, CANL_D to VCANL_D, and VCANH - VCANL to VCAN_H - VCAN_L in CAN

LT 4T o ol g - 1 PO OO PP PT R PPPRTPRION 14
¢« Changed ICANH to IA_CANH and ICANL to IA_CANL in CAN testing condition image. .........ccccccvvreeiiiiiiieeeeeiiiienee e 15
¢ Changed CANTX to CAN_TX and CANH and CANL to CAN_H and CAN_L in CAN reset function image. .................... 15
e Changed charge pUMP AESCIIPLION. ....eciiiiiiiiieeiir ettt e et e et e e e s e e e s r et e e s et esar e e e s ne e e e asre e e naneeesnnneeeanreeenane 16
* Changed Veng 12 10 Venva 15 Ve 20 10 Ve 20 Vervz 12 10 Venz_ 15 Vervz 20 10 Ve 25 Venva 12 10 Vens 15 Venva 20 tO

VGhUB 2+ +sessemseseestestes et et ettt h et et h e h e E L LR R R R R R LR R R R R R LR R e R R R R R AR R R R R R bt 17
e Added min and typ Values t0 Vpymax PAIFAMELET. .....eiiiiiiiiiiiieitit ettt ettt ettt sttt e e sen et e sn e nbe e b e e nne e e 17
» Changed min, typ and max values for Vg, o through V5 5, changed typ R, value from 10 t0 8. ..., 17
¢ Changed pre-driver description and updated DIOCK dIagram. ...........ooiuiiiiiiieiiii e 18
* Removed Rony y row, removed cross-references from Royy_yp @and Rony_yn, @dded conditions to Royy e and

Ronn_nne €hanged typ and max values fOr Ronp HN: «eeererrerereeiiiiiiii s 19
* Removed "side” from Vo, | and Vg description, changed high side and low side to pull up and pull down

respectively for Rony . and Roy (- Changed values for Roy | from 10 typ to 7 typ and from 20 max to 14 max in

pre-driver electrical CharaCteriStiCS taDIE. ..........ccuiiiiiii e e s a e e a e e e 19
» Changed Turn-off time from Tog 10 Tt | cvereeeeieiie e 19
e Changed all min, typ and max values in pre-driver electrical characteristics table, changed all ps units to ns.

Removed side from VOH_H and VOL_H, changed RONH_H from ON resistance high side to ON resistance pull up,

changed RONL_H from ON resistance low side to ON resistance pull down. Added two new parameters for

RONH_HP @n0 RONH_HN. ..otttk sae e b e e e ae e e b e e e et e eb et e s bt e ebe e e bt e sbn e e nbeene bt e nbeesaneeneees 19
e Updated phase cOmMPArator AESCIPLION. ......coiiuuuieieeiieieee ettt e e e ettt e e e e et et eaeeaasaeeeeaeaaanaseeeeaaaabaeeeaaeaannsseeaeaaannseeeaaeaanses 21
e Changed min value for Vinm frOM =2 10 L. ..ot ettt e e st e e bb e e e et e e sbr e e e aabeeenaee 21
» Changed min, typ, and max values for Vi, Vinys, Tres 1 @Nd Tres ¢ Changed unit for Vip,s fromViomV. ... 21
« Changed motor current sense description and motor current sense block diagram. ..........cccccoiiiiiiie i 22
* Added C1 = 4.7 pF t0 Tee tr1> Tset TR2: Tset Tr1, @Nd Tee 1, CONditions in motor current sense electrical

(ol 0 F= T = Toa (T ] PP SPPP 23
¢ Updated Sample and Hold Mode BIOCK DIAQIam. ..........coiiiiiiiiiiieiiiiiiies e ettt e s e stee e e e e s st e e e e e s stbae e e e e sesassaeaeeesntaeeaeesannes 25
» Changed typ and max values for Vs gy @and SH Error Voltage. ... 27
LI O g F=TgTo T=To I e = (o Tod [ B =T | =T £ TSP RP PP PRSP PPRPN 29
¢ Changed max current limit from 500 t0 550. ......uiiiiiiiiiiiiiie et e e e e e e e e e e e e e s e e e aaa——reaeeaanrraraaeeaane 30
* Added 3 new parameters to VCC and VDD Electrical Characteristics table. Changed min, typ, and max values

VLRVCC, CVCC, TVCC1, TVCC2, VDDOV, TVDD. Added table NOtE. .........ccceiiiiiiiiiiiiiiieiieeieesie e 30
LI ®1 o F=ToTo T=To IAVA SNV o] o1 (o] fe (=2 ox ¢ o) o] o AN STUOUUPRRPN 30
¢ Added typ and max values to VB monitor electrical characteristics table. ..........cocoiiiiiiiiiiiie e 30
¢ Changed thermal SNULAOWN AESCIIPHION. ....ciuuiiiiiiie ittt et e e et e e sat e e ss b e e e bb e e e sateeesabe e e ettt e e anbeeesbeeeennbeeenaes 31
e Changed location Of EN IN FIQUIE 34 ...ttt ettt e e e e ettt e e e e et b et e aaeaanaeeeeaeeeanbeeeeaeaansaeeeeaeaansseeeaaeaannes 32
« Changed MCU RESET column to RES column; Changed VAIUES. ..........cccc.ovrruevereeeeeeeereseseeesessesenesesessessessssssessssssssessnenes 33
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PACKAGE OPTION ADDENDUM

PACKAGING INFORMATION

Orderable Device Status Package Type Package Pins Package Qty Eco Plan Lead/Ball Finish  MSL Peak Temp Samples
o)) Drawing %) (3) (Requires Login)
DRV3202QPFPQ1 ACTIVE HTQFP PFP 80 1 Green (RoOHS  CU NIPDAU Level-3-260C-168 HR
& no Sh/Br)

@ 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.

@ Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS), Pb-Free (RoHS Exempt), or Green (RoHS & no Sh/Br) - please check http://www.ti.com/productcontent for the latest availability
information and additional product content details.

TBD: The Pb-Free/Green conversion plan has not been defined.

Pb-Free (RoHS): TlI's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements for all 6 substances, including the requirement that
lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, Tl Pb-Free products are suitable for use in specified lead-free processes.
Pb-Free (RoHS Exempt): This component has a RoHS exemption for either 1) lead-based flip-chip solder bumps used between the die and package, or 2) lead-based die adhesive used between
the die and leadframe. The component is otherwise considered Pb-Free (RoHS compatible) as defined above.

Green (RoHS & no Sh/Br): Tl defines "Green" to mean Pb-Free (RoHS compatible), and free of Bromine (Br) and Antimony (Sb) based flame retardants (Br or Sb do not exceed 0.1% by weight
in homogeneous material)

® MSL, Peak Temp. -- The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.

Important Information and Disclaimer: The information provided on this page represents TI's knowledge and belief as of the date that it is provided. TI 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.

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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MECHANICAL DATA

PFP (S—PQFP—-G&0) PowerPAD ™ PLASTIC QUAD FLATPACK
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NOTES:  A. Al linear dimensions are in millimeters.
B. This drawing is subject to change without notice.
C. Body dimensions do not include mold flash or protrusion
D. This package is designed to be soldered to a thermal pad on the board. Refer to Technical Brief, PowerPad
Thermally Enhanced Package, Texas Instruments Literature No. SLMAQO2 for information regarding
recommended board layout. This document is available at www.ti.com <http: //www.ti.com>.
E. See the additional figure in the Product Data Sheet for details regarding the exposed thermal pad features and dimensions.

F. Falls within JEDEC MS-026

PowerPAD is a trademark of Texas Instruments.
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THERMAL PAD MECHANICAL DATA

PFP (S—PQFP-G80) PowerPAD™ PLASTIC QUAD FLATPACK
THERMAL INFORMATION

This PowerPAD ™ package incorporates an exposed thermal pad that is designed to be attached to a printed
circuit board (PCB). The thermal pad must be soldered directly to the PCB. After soldering, the PCB can
be used as a heatsink. In addition, through the use of thermal vias, the thermal pad can be attached
directly to the appropriate copper plane shown in the electrical schematic for the device, or alternatively,
can be attached to a special heatsink structure designed into the PCB. This design optimizes the heat
transfer from the integrated circuit (IC).

For additional information on the PowerPAD package and how to take advantage of its heat dissipating
abilities, refer to Technical Brief, PowerPAD Thermally Enhanced Package, Texas Instruments Literature

No. SLMAQQ2 and Application Brief, PowerPAD Made Easy, Texas Instruments Literature No. SLMAQO4.

Both documents are available at www.ti.com.

The exposed thermal pad dimensions for this package are shown in the following illustration.
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NOTE: A. All linear dimensions are in millimeters
PowerPAD is a trademark of Texas Instruments
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LAND PATTERN DATA

PFP (S—PQFP—-GBR0) PowerPAD™ PLASTIC QUAD FLATPACK

Example Board Layout Stencil Openings
Via pattern and copper area under solder mask Based on a stencil thickness

may vary depending on layout constraints of .127mm (.005inch).
Reference table below for other

solder stencil thicknesses
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NOTES:  A. All linear dimensions are in millimeters.

B. This drawing is subject to change without notice.

C. Customers should place a note on the circuit board fabrication drawing not to alter the center solder mask defined pad.

D. This package is designed to be soldered to a thermal pad on the board. Refer to Technical Brief, PowerPad
Thermally Enhanced Package, Texas Instruments Literature No. SLMAQQ?, W and also the Product Data Sheets
for specific thermal information, via requirements, and recommended board layout. These documents are available at
www.ti.com <http: //www.ti.com>. Publication IPC-7351 is recommended for dlternate designs.

E. Laser cutting apertures with trapezoidal walls and also rounding corners will offer better paste release. Customers should
contact their board assembly site for stencil design recommendations. Example stencil design based on a 50% volumetric
metal load solder paste. Refer to IPC-7525 for other stencil recommendations.

F. Customers should contact their board fabrication site for solder mask tolerances between and around signal pads.

PowerPAD is a trademark of Texas Instruments.
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, enhancements, improvements and other
changes to its semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESDA48, latest
issue. Buyers should obtain the latest relevant information before placing orders and should verify that such information is current and
complete. All semiconductor products (also referred to herein as “components”) are sold subject to TI's terms and conditions of sale
supplied at the time of order acknowledgment.

Tl warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI's terms
and conditions of sale of semiconductor products. Testing and other quality control techniques are used to the extent Tl deems necessary
to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not necessarily
performed.

Tl assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
applications using TI components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
adequate design and operating safeguards.

Tl does not warrant or represent that any license, either express or implied, is granted under any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI components or services are used. Information
published by TI regarding third-party products or services does not constitute a license to use such products or services or a warranty or
endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual property of the
third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of significant portions of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration
and is accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for such altered
documentation. Information of third parties may be subject to additional restrictions.

Resale of TI components or services with statements different from or beyond the parameters stated by Tl for that component or service
voids all express and any implied warranties for the associated TI component or service and is an unfair and deceptive business practice.
Tl is not responsible or liable for any such statements.

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of Tl components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use
of any Tl components in safety-critical applications.

In some cases, Tl components may be promoted specifically to facilitate safety-related applications. With such components, TI's goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No TI components are authorized for use in FDA Class Il (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.

Only those Tl components which Tl has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.

Tl has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, Tl will not be responsible for any failure to meet ISO/TS16949.

Products Applications
Audio www.ti.com/audio Automotive and Transportation —www.ti.com/automotive
Amplifiers amplifier.ti.com Communications and Telecom  www.ti.com/communications

Data Converters
DLP® Products

DSP

Clocks and Timers
Interface

Logic

Power Mgmt
Microcontrollers
RFID

OMAP Applications Processors
Wireless Connectivity

dataconverter.ti.com

www.dlp.com

dsp.ti.com
www.ti.com/clocks

interface.ti.com

logic.ti.com

power.ti.com
microcontroller.ti.com

www.ti-rfid.com
www.ti.com/omap

Computers and Peripherals
Consumer Electronics
Energy and Lighting
Industrial

Medical

Security

Space, Avionics and Defense
Video and Imaging

Tl E2E Community

www.ti.com/wirelessconnectivity

www.ti.com/computers

www.ti.com/consumer-apps

www.ti.com/energy
www.ti.com/industrial

www.ti.com/medical

www.ti.com/security
www.ti.com/space-avionics-defense

www.ti.com/video
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