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Table 1 lists the order information.
Table 1. Order Information

OPEN
ORDER NUMBER® PART NUMBER pke. | YMMAX|\\TERFACE | BRIDGE toap | OPTEMP | o6, opTION
V) perect | (O
DR704QAQFN32 DR704Q QFN-32 55 SPI H-bridge Yes -40-125 T/R-4000
Table 2. Family Selection Guide
OPEN
ORDER NUMBER® |  PART NUMBER k. | YMMAX! \\TERFACE | BRIDGE toap | OPJEMP | pie. opTioN
M peect | €O
DR702QAQFN32® DR702Q QFN-32 55 Hardware H-bridge No -40-125 T/R-4000
DR703QAQFN32® DR703Q QFN-32 55 SPI H-bridge No -40-125 T/R-4000
Devices can be ordered via the following two ways:
1. Place orders directly on our website (www.analogysemi.com), or;
2. Contact our sales team by mailing to sales@analogysemi.com.
Note 1:
Order Number
DR70x@-Package Code
\ I |
Device Q
Automotive Grade 1 L Package Code

Note 2: Available in the future.
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4. PIN CONFIGURATION AND FUNCTIONS

Figure 1 illustrates the pin configuration of the DR704Q.

e 585 & 2 ¢ § 3
(O T T T T A T A O )
eNo [ T 241" | e2
INTPH [ T2 OO T N 231 7| s2
|
IN2eN | T 13 } } 217 7 sN
L _ ! _
soo | la } } 2117 7] s
- — | Thermal } -
nscs [ 15 | Pad ! 201" | en
ol [ le i i 1917 s
s [ 17 “\; 777777777777 //1 181" | em
nsieep [ 18 171~ | enp
\g‘ \:‘ \:‘ \:‘ \:‘ \:‘ \:‘ \:‘
k TN T AN ST T T T AT | j
Figure 1. Pin Configuration
Table 3 lists the pin functions
Table 3. Pin Functions
POSITION NAME TYPE DESCRIPTION
1 GND Power Device ground. Connect this pin to the system ground.
Input control pins. The logic of this pin is dependent on the MODE pin. This
2 IN1/PH Input . . .
pin is connected to an internal pulldown resistor.
Input control pins. The logic of this pin is dependent on the MODE pin. This
3 IN2/EN Input o . .
pin is connected to an internal pulldown resistor.
Open-Drain | SPI output. This pin is for the SPI output signal. This pin is an open-drain
4 SDO . )
Output output that requires an external pullup resistor.
5 nSCS Input ISCI:\INcmp select. This pin is the select and enable for SPI. This pin is active
SPI input. This pin is for the SPI input signal. This pin is connected to an
6 SDI Input . \
internal pulldown resistor.
7 SCLK Input §PI clock. This pin is fc?r the SPI clock signal. This pin is connected to an
internal pulldown resistor.
Device sleep mode. Pull this pin to logic low to put device into a low-
8 nSLEEP Input power sleep mode with the FETs in high impedance (Hi-Z). This pin is
connected to an internal pulldown resistor.
Opben-Drain Watchdog fault indication pin. This pin is pulled logic low when a
9 NWDFLT %ut ut watchdog fault condition occurs. This pin is an open-drain output that
P requires an external pullup resistor.
Opben-Drain Fault indication pin. This pin is pulled logic low when a fault condition
10 nFAULT %ut ut occurs. This pin is an open-drain output that requires an external pullup
P resistor.
Mode control pin. Pull this pin to logic low to use PH/EN operation. Pull this
pin to logic high for independent half-bridge operation. Leave this pin Hi-Z
1 MODE Inout to use standard PWM operation. This pin is connected to an internal
P resistor divider. Operation of this pin is latched on power-up or when
exiting sleep mode. This pin is connected to an internal pullup and
pulldown resistors.
12 DVDD Power Lo_glc_ regulator. Thls_ pin is the regulator fc_>r the 3.3\_/ logic supply. Bypass
this pin o ground with a 6.3V, TuF ceramic capacitor.
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POSITION NAME TYPE DESCRIPTION

13 GND Power Device ground. Connect this pin to the system ground.

14 AVDD Power A_nolog regulotqr. This pin is the 5V c:rlmlog supply regulator. Bypass this
pin to ground with a 6.3V, 1uF ceramic capacitor.

15 VREF Input CurrenT set reference input. The voltage on this pin sets the driver
chopping current.
Shunt amplifier output. The voltage on this pin is equal to the SP voltage

16 SO Output ) . 73
times Ay plus an offset. Place no more than 1nF of capacitance on this pin.

17 GND Power Device ground. Connect this pin to the system ground.

18 GHI1 Output High-side gate. Connect this pin to the high-side FET gate.

19 SH1 Input High-side source. Connect this pin to the high-side FET source.

20 GL1 Output Low-side gate. Connect this pin to the low-side FET gate.

21 SP Input Shunt amplifier positive input. Connect this pin to the current-sense resistor.

29 SN Input Shgnt amplifier negative input. Connect this pin to the current-sense
resistor.

23 SL2 Input Low-side source. Connect this pin to the low-side FET source.

24 GL2 Output Low-side gate. Connect this pin to the low-side FET gate.

25 SH2 Input High-side source. Connect this pin to the high-side FET source

26 GH2 Output High-side gate. Connect this pin to the high-side FET gate.

27 VDRAIN Input High-side FET drain connection. This pin is common for the two H-bridges.
Power supply. Connect this pin to the motor supply voltage. Bypass this pin

28 VM Power ; . L .
to ground with a 0.1uF ceramic plus a 10pF (minimum) capacitor.

29 VCP Power C'hqrge-pump oquut. Connect a 16V, 1yF ceramic capacitor between this
pin and the VM pin.

30 CPH Power Charge-pump switching node. Connect a 0.1uF X7R capacitor rated for
the supply voltage (VM) between the CPH and CPL pins.

31 CPL Power Charge-pump switching node. Connect a 0.1uF X7R capacitor rated for
the supply voltage (VM) between the CPH and CPL pins.

32 NC No Connect |No connect. No internal connection.
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5. SPECIFICATIONS
5.1 ABSOLUTE MAXIMUM RATINGS
Table 4 lists the absolute maximum ratings of the DR704Q.
Table 4. Absolute Maximum Ratings
PARAMETER DESCRIPTION MIN MAX UNITS
Power supply VM -0.3 55
Charge pump VCP, CPH -0.3 Vym + 12
Charge pump negative switching pin CPL -0.3 Vvm
Internal logic regulator DVDD -0.3 3.8
Internal analog regulator AVDD -0.3 5.75
Drain pin VDRAIN -0.3 55
Difference between supply and VDRAIN VM - VDRAIN -10 10
INT, IN2, nSLEEP, nFAULT,
Control pin VREF, IDRIVE, VDS, MODE, -0.3 5.75
Voltage nSCS, SCLK, SDI, SDO, nWDFLT v
High-side gate pin GH1, GH2 -0.3 Vym + 12
Low-side gate pin GL1, GL2 -0.3 12
Continuous phase-node pin SH1, SH2 -1.2 Vym + 1.2
Pulsed 10us phase-node pin SH1, SH2 -2 Vvm + 2
Continuous shunt ampilifier input pin SP, Si2 ~0.5 1.2
SN -0.3 0.3
Pulsed 10us shunt amplifier input pin SP, SL2 -1 1.2
Shunt amplifier output pin voltage SO -0.3 5.75
Shunt ampilifier output pin SO 0 5
Maximum, limit with external series resistor | VDRAIN -2 2
Current Open-drain output NFAULT, SDO, nWDFLT 0 10 mA
Gate pin source GHI1, GL1, GH2, GL2 0 250
Gate pin sink GH1, GL1, GH2, GL2 0 500
Temperature Junction, T, -40 150 oc
Storage, Tsg -65 150

Note: Stresses beyond those listed under Table 4 may cause permanent damage to the device. These are
stress ratings only, which do not imply functional operation of the device at these or any other
conditions beyond those indicated under Table 6. Exposure to absolute-maximum-rated conditions
for extended periods may affect device reliability.

5.2 €SD RATINGS
Table 5 lists the ESD ratings of the DR704Q.
Table 5. ESD Ratings

PARAMETER | SYMBOL DESCRIPTION VALUE | UNITS
Electrostatic y Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001(™ +5000V y

. ESD
Discharge I Charged-device model (CDM), per JEDEC specification JESD22-C101@ | 2000V

Note 1: The JEDEC document JEP155 indicates that 500V HBM allows safe manufacturing with a standard
ESD control process.

Note 2: The JEDEC document JEP157 indicates that 250V CDM allows safe manufacturing with a standard
ESD control process.

© 2023 AnalogySemi Ltd. All Rights Reserved. Public www.analogysemi.com | Page 5 of 50
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5.3 RECOMMENDED OPERATING CONDITIONS

Table 6 lists the recommended operating conditions for the DR704Q.
Table 6. Recommended Operating Conditions

PARAMETER SYMBOL MIN MAX UNITS
Power Supply Voltage, VM Vvm 5.5 45 \%
Logic-Level Input Voltage Vce 0 5.25 \
Current Shunt Amplifier Reference Voltage, VREF Vvrer 0.3M 3.6 \
Applied PWM Signal (IN1/IN2), IN1, IN2 firwm) 100 kHz
AVDD External Load Current lavbD 30® mA
DVDD External Load Current Ipvop 30® mA
Shunt Ampilifier Output-Current Loading, SO lso 5 mA
Operating Ambient Temperature Ta -40 125 °C

Note 1: Operational at Vyrer = 0 to approximately 0.3V, but accuracy is degraded.
Note 2: Power dissipation and thermal limits must be observed.

5.4 THERMAL INFORMATION

Table 7 lists the thermal information for the DR704Q.
Table 7. Thermal Information

PARAMETER SYMBOL QFN-32 UNITS
Junction-to-Ambient Thermal Resistance Resa 29.7 °C/W
Junction-to-Board Thermal Resistance Ress 7.3 °C/W
Junction-to-Top Characterization Parameter Wyr 0.3 °C/W
Junction-to-Board Characterization Parameter Ws 7.3 °C/W
Junction-to-Case (Top) Thermal Resistance ReJcop) 28.7 °C/W
Junction-to-Case (Bottom) Thermal Resistance ReJc ot - °C/W
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5.5 ELECTRICAL CHARACTERISTICS

Table 8 lists the electrical characteristics of the DR704Q. Over recommended operating conditions unless
otherwise noted. Typical limits apply for Ta = 25°C and Vym = 13.5V.

Table 8. Electrical Characteristics

PARAMETER

| sYMBOL |

CONDITIONS

| MIN | TYP | MAX |UNITS

POWER SUPPLIES (VM, AVDD, DVDD)

Gate drivers functional

5.5

45

VM Operating Voltage Vw ogic functional 45 5 | Y
VM Operating Supply Current lvm Vvm = 13.5V; nSLEEP = 1 5 55 7 mA
NSLEEP = 0, Vym = 13.5V, Ta = 25°C 3.4 4.6
VM Sleep Mode Supply Current I(sLeer) NSLEEP = 0. Vuw = 13.6V, Ta = 125°C() 2 WA
. 2mA load 3 3.3 3.5
Internal Logic Regulator Voltage Vbvop 30mA l0ad, Vum = 13.5V 29 3.2 35 \'%
. 2mA load 4.7 5 5.3
Internal Logic Regulator Voltage Vavop 30mA 0ad, Vym = 13.5V 16 5 53 \
CHARGE PUMP (VCP, CPH, CPL)
Vvm = ]3.5V; lvep = OmA to 12mA 225 23.6 25
VCP Operating Voltage Vvep Vvm = 8V; lvcp = OmA to 10mA 13.4 13.7 15 \
Vwm = 5.5V; lvcp = OmA to 8mA 8.7 8.8 10.5
VVM > ]3.5V ]2
Charge-Pump Current Capacity lyep 8V < Vym < 13.5V 10 mA
5.5V < Vv|v| < 8V 8
CONTROL INPUTS (IN1/PH, IN2/EN, nSLEEP, MODE, nSCS, SCLK, SDI)
Input Logic-Low Voltage ViL 0 0.8 \
Input Logic-High Voltage ViH 1.5 5.25 \
Input Logic Hysteresis Vhys 100 mV
Input Logic-Low Current I Vin =0V -1 1 A
Input Logic-High Current Iu Vin =5V 65 A
Pulldown Resistance Rep IS'\IID]I/ PH, IN2/EN, nSLEEP, nSCS, SCLK, 64 | 100 | 173 | KkQ
Pulldown Resistance Rep MODE 65 kQ
Pullup Resistance Ry MODE 26 kQ
CONTROL OUTPUTS (nFAULT, WDFAULT, SDO)
Output Logic-Low Voltage VoL lo=2mA 0.15 \
t)etgsg'rgggh-lmpedonce loz 5V pullup voltage -1 1 bA
FET GATE DRIVERS (GH1, GH2, SH1, SH2, GL1, GL2)
) ) ) Vwm > 13.5V; Vesu with respect to SHx 10.2 11
:"o'%'gj'ri‘:)\/“ Gate Drive (Gate- |y [Vum = 8V; Vs with respect fo SHx 57 | 65 | 68 | V
Vvm = 5.5V; Vesu with respect to SHx 3.4 4 4.5
Low-Side Ves Gate Drive (Gate- v Vym > 10.5V 10.2 Vv
to-Source) St Ivym < 105V Vywm - 2
© 2023 AnalogySemi Ltd. All Rights Reserved. Public www.analogysemi.com | Page 7 of 50
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PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
IDRIVE = 3'b000 6
IDRIVE = 3’b001 12
IDRIVE = 3’'b010 30
<H\i/gh-Skge5 \F/’)eok Source Current IoRVEGRC ey IDRIVE = 3’'b011 42 A
VM = 9. - IDRIVE = 3’'b100 60
IDRIVE = 3'b101 100
IDRIVE =3'b110 130
IDRIVE = 3’'b111 160
IDRIVE = 3’'b000 14
IDRIVE = 3'b001 28
IDRIVE = 3'b010 72
High-Side Peak Sink Current (Vym IoRVEGK ) IDRIVE = 3'b011 100 mA
=5.5V) - IDRIVE = 3’'b100 140
IDRIVE = 3’b101 180
IDRIVE =3'b110 250
IDRIVE = 3'b111 320
IDRIVE = 3’'b000 8
IDRIVE = 3’b001 16
IDRIVE = 3’'b010 39
Low-Side Peak Source Current IDRIVE = 3'b011 54
(Vvm = 5.5V) IoRVESRCL9) IDRIVE = 375100 77 mA
IDRIVE = 3'b101 100
IDRIVE = 3’'b110 139
IDRIVE = 3’'b111 178
IDRIVE = 3’'b000 17
IDRIVE = 3'b001 35
IDRIVE = 3’'b010 75
Low-Side Peak Sink Current (Vym Ioave IDRIVE = 3'b011 108 mA
= 5.5V) GV T IDRIVE = 36100 158
IDRIVE = 3’b101 204
IDRIVE = 3'b110 280
IDRIVE = 3'b111 360
IDRIVE = 3’b000 10
IDRIVE = 3’'b001 20
IDRIVE = 3'b010 48
:l\ilgh-Si?g gs;:k Source Current IoRVERC 1) :EE:XE = 22?:}; (9)57, mA
vm = 193. - =3
IDRIVE = 3’b101 152
IDRIVE =3'b110 199
IDRIVE = 3'b111 245
IDRIVE = 3’'b000 20
IDRIVE = 3’b001 40
IDRIVE = 3’'b010 100
High-Side Peak Sink Current (Vvm IoRVEGK S, IDRIVE = 3'b011 140 A
=13.5V) - IDRIVE = 3’b100 200
IDRIVE = 3’'b101 253
IDRIVE =3'b110 354
IDRIVE = 3'b111 454
Page 8 of 50 | www.analogysemi.com Public © 2023 AnalogySemi Ltd. All Rights Reserved.
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PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
IDRIVE = 3'b000 10
IDRIVE = 3'b001 20
IDRIVE = 3'b010 50
Low-Side Peak Source Current IoRvERC L5, IDRIVE = 3'b011 70 mA
(Vvm = 13.5V) " | IDRIVE = 3'b100 100
IDRIVE = 3'b101 120
IDRIVE = 3’'b110 170
IDRIVE = 3'b111 220
IDRIVE = 3'b000 20
IDRIVE = 3'b001 40
IDRIVE = 3'b010 87
Low-Side Peak Sink Current (Vym IoRVEGNK L5, IDRIVE = 3'b011 125 mA
=13.5V) —’ | IDRIVE = 3'b100 184
IDRIVE = 3'b101 240
IDRIVE = 3'b110 325
IDRIVE = 3'b111 422
. Source current after tprive 10
FET Holding Current lhoLp Sink current after fomve 20 mA
FET Holdoff Strong Pulldown IstRoNG Gix 750 mA
GLx 1000
. Pulldown GHx to SHx 200
FET Gate Holdoff Resistor Rorr Pulldown GLx fo GND 150 kQ
CURRENT SHUNT AMPLIFIER AND PWM CURRENT CONTROL (SP, SN, SO, VREF)
VREF Input rms Voltage VvRer For current internal chopping 0.3®@ 3.6 \Y
VREF_SCL = 00 (100%) 1 MQ
VREF Input Impedance RVt [V/REF_SCL = 201, 2610 or 2b 11 200 kQ
GAIN_CS = 2’b00; 10mV < Vs <
450mV; Vsy = GND i 8.6 9 9:5
GAIN_C_:S =2'b01; 60mV < Vsp < 18 18.8 19.8
Ampilifier Gain A, [225mV; Vsn= GND VIV
GAIN_CS =2’b10; 10mV < Vsp < 37 38.4 40
112mV; Vsn = GND
GAIN_CS =2’b11; 10mV < Vs < 56mV;
Vau = GND sP 73 77 80
VREFCM_SCL = 2’b00 AVDD / 2 \"
Input Common-mode voltage \ Y VREFCM_SCL = 2'00] AVDD /4 v
- VREFCM_SCL = 2’'b10 AVDD / 8 \"
VREFCM_SCL = 2’b11 AVDD / 16 \"
SP Input Current lsp Vse = 100mV; Veny = GND, VDS = 0.96V | 20 | YA
SO Pin Output Voltage Range Vso Vinem+ Av x Vi \
Allowable SO Pin Capacitance Cso) 1 nF
L”(fﬁ‘g Common Mode Rejection | ~\ipp [DC, AV = 18.8V/V 90 dB
PROTECTION CIRCUITS
VM falling; UVLO2 report 5.25
VM Undervoltage Lockout V(uvLo2) — \
VM rising; UVLO2 recovery 54 5.65
Logic Undervoltage Lockout Vvion 4.5 \
VM Undervoltage Hysteresis Vhysvioy | Rising to falling threshold 100 mV
VM Overvoltage Lockout Voovioy | VM rising; OVLO report 36 \
VM Overvoltage Hysteresis Vhysovioy | Rising to falling threshold 1 \
VM Overvoltage Deglitch Time tvmovioy | Trip threshold to fault report 4 us
Charge Pump Undervoltage Veruyy | VCP falling; CPUV report Vvm + 1.5 \

© 2023 AnalogySemi Ltd. All Rights Reserved.
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PARAMETER SYMBOL CONDITIONS MIN | TYP ‘ MAX | UNITS
VCP rising; CPUV recovery Vym + 1.55
CP Undervoltage Hysteresis Vhyscp_uyvy | Rising to falling threshold 50 mV
CP Undervoltage Deglitch Time tcr_uvy Trip threshold to fault report 10 Ms
VDS_LEVEL = 3’b000 0.06
VDS_LEVEL = 3’b001 0.145
Overcurrent Protection Trip VDS_LEVEL = 3'b010 0.17
Lgvel, st of Each External FET Vos VDS_LEVEL = 3’'b011 0.2 y
High-Side FETs: VDRAIN SHx ©P VDS _LEVEL = 3'b100 0.12
Low-Side FETs: SHx SP/SL2 VDS LEVEL = 3'b101 0.24
VDS_LEVEL = 3'b110 0.48
VDS_LEVEL = 3'b111 0.96
Overcurrent Protection Trip
Level, Measured by Sense Vspocry | Vs With respect to GND 0.7 1 1.4 \
Amplifier
Thermal Warning Temperature(® Totw) Die temperature T, 135 °C
12;";;33:23)0 wn Tsp Die temperature T, 153 °C
Thermal Shutdown Hysteresis() Thys Die temperature T, 20 °C
Gate-Drive Clamping Voltage Ves Posmv.e clomplng voltage 14 14.7 16 v
Negative clamping voltage -1.1 -0.85 -0.6
Gate Voltage Monitor Threshold | V(s onorr VGH/Lx - VSH/lx, Sg o off 1:5 v
B VGH/Lx - VSH/Lx, Off to On 1.5 \"
VDS_DG = 2’b00 2 us
, , i VDS_DG = 2’b01 4 ys
VDS Fault Monitor Deglitch Time | tvbs_onorr VDS DG = 2'b10 8 s
VDS_DG = 2'b11 16 us
Pullup Current for OLSC Detect I(pu_otsc) 0.5 mA
Pulldown Current for OLSC I 0150 9 mA
Detect -

Note 1: Ensured by design and characterization data.
Note 2: Operational at Vyrer = 0 to approximately 0.3V, but accuracy is degraded.

Page 10 of 50 | www.analogysemi.com
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5.6 SP1 TIMING REQUIREMENTS
Table 9 lists the SPI timing.
Table 9. SPI Timing
PARAMETER SYMBOL MIN NOM MAX UNITS
Minimum SPI Clock Period tcuo 125 ns
Clock High Time fcikm) 62.5 ns
Clock Low Time fciky 62.5 ns
SDI Input Data Setup Time t(su_sor 20 ns
SDI Input Data Hold Time t(Hp_sD1y 30 ns
SDO Oufput Hold Time f(HD_SDO) 50 ns
SCS Setup Time t(su_scs) 50 ns
SCS Hold Time tp_scs) 50 ns
SCS Minimum High Time Before SCS Active Low t(Hi_scs) 400 ns
5.7 SWITCHING CHARACTERISTICS
Table 10 lists the switching characteristics.
Table 10. Switching Characteristics
PARAMETER |SYMBOL| CONDITIONS | MIN | TYP | MAX | UNITS
POWER SUPPLIES (VM, AVDD, DVDD)
Sleep Time tisteepy | NSLEEP = Low to sleep mode 100 us
Wake-Up Time fowuy nSLEEP = High to output change 1 ms
Turn On Time fon VM > UVLO2 to output fransition 1 ms
CHARGE PUMP (VCP, CPH, CPL)
Charge-Pump Switching fsvery | VM > UVLO2, VCP_SSC_SEL = 2'b00 250 | 400 | 550 | KkHz
requency
CONTROL INPUTS (IN1, IN2, nSLEEP, MODE, nSCS, SCLK, SDI, PH, EN)
Propagation Delay ‘ tep ‘ INT, IN2 to GHx or GLx ‘ ‘ 300 | ‘ ns
FET GATE DRIVERS (GH1, GH2, SH1, SH2, GL1, GL2)
TDEAD = 2"b00; Observed fpeapy depends on 120
IDRIVE setting.
TDEAD = 2"b01; Observed fpeapy depends on 240
Output Dead Time toeap) IDRIVE sefting. ns
TDEAD = 2"b10; Observed fpeapy depends on 480
IDRIVE setting
TDEAD = 2"b1 1; Observed tpeapy depends on 960
IDRIVE setting.
VGS_TDRV = 2'b00 25
-\ VGS_TDRV = 2'b01 5
Gate Drive Time toRIVE) VGS_TDRV = 2010 10 Ms
VGS_TDRV = 2'b11 20
CURRENT SHUNT AMPLIFIER AND PWM CURRENT CONTROL (SP, SN, SO, VREF)
Vsp = Vsn = GND to Vsp = 240mV, Vsy = GND, 0.5
Av = ]0; C(so) = 200pF
Xsp =2\(/JSNC= GND2LOOVEP = 120mV, VSN = GND, 1
. . o v=2U; Csoy = P
Settling Time to £1%M ts Ver = Ven = GND 10 Vep = 60mV, Ve = GND, Ay , Ms
= 40; C(soy = 200pF
Vsp = VSN = GND tfo Vsp = 30mV, VSN = GND, Av 4
= 80; C(soy = 200pF

© 2023 AnalogySemi Ltd. All Rights Reserved. Public www.analogysemi.com | Page 11 of 50
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PARAMETER SYMBOL CONDITIONS MIN TYP | MAX | UNITS
tort = 00 25
forf = 01 50
PWM Off-Time f S
! o Tior=10 100 H
for = 11 200
PWM Blanking Time teLanK) 2 us
TBLK = 000, % of tprivey period 0
TBLK = 00], % of f(DRIVE) period 20
TBLK = 0]0, % of f(DRIVE) period 40
Sense Amplifier Output ; TBLK = 011, % of torivey period 60 o
; ‘ (BLANK) - °
Blanking Time TBLK = 100, % of torivey period 70
TBLK = ]0], % of f(DRIVE) period 80
TBLK = 1 ]0, % of f(DRIVE) period 90
TBLK =111, % of f(DRIVE) period 100
PROTECTION CIRCUITS
}/imeUVLO Falling Deglitch twvioy | VM falling; UVLO report 10 us
Overcurrent Deglitch Time tocry 4 us
Overcurrent Retry Time t(RETRY) 2.8 3 3.2 ms
WD_DLY = 2'b00 10
Watchdog Time Out t WD_DLY = 2601 20 ms
9 WD) [\WD_DLY = 2'b10 50
WD_DLY =2'b11 100
Watchdog Timer Reset
Period 9 t(ReseT) 64 us
SPI
SPI Read After Power On f(SPLREADY) VM > VUVLOI1 10 ms
SDO Output Data Delay 94
Time, CLK High to SDO Valid | faeeo | CL=20pF 50 ns
SCS Access Time, SCS Low fo i 100 ns
SDO Out of High Impedance a
SCS Disable Time, SCS High to 50 ns
to SDO High Impedance e
Note: Ensured by design.
L tesesy t(su_scs) feip_scsy
5 | o " N
| N | |
| : | |
: . e o
i % ' L
SCLK : : : ! ﬁ \'\ |
X I - o [ I
: e > e » : :
| : fecikny ! : [T ! :
! | | |

MSB in
SDl (must be valid) >< 158

I
| I tsu_sony 1t soiy! |
|

|
SDO z >< MSB out (is valid) >< >< LsB
|

| | | i | |

|
I | | i
fa I asoo) ! f(Hp_spo) Tais

X
X

Figure 2. SPI Slave Mode Timing Diagram
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6. TYPICAL CHARACTERISTICS

Vvm = 13.5V and Ta = 25°C, unless otherwise noted.

6.4 6.4
6.2 6.2
—-//— /
~ |t ~ /
= el | z | % —
g & " —
[ 5.8 3 5.8 /
(@] O /
> >
T 56 o 2 56 |-—
3 3
——TA =-40°C ——VVM = 5.5V
54 —TA=25cC | 54 —— VWM =135V
——TA =125°C ——VVM = 45V
5.2 L L L 52 L L L
5 10 15 20 25 30 35 40 45 50 25 0 25 50 75 100 125
SUPPLY VOLTAGE (V) TEMPERATURE (°C)
Figure 3. Supply Current vs. Supply Voltage (VM) Figure 4. Supply Current vs. Temperature
10 10 i i i
——VVM = 5.5V
9 O —wm=-1ssy
8 g | —Vvm=asv
<
2 < L—
= 7 3 7 /
s 2
& 6 / / E 6 —
S &
0 L 5
O
3 4 e & 4
3 1 ; 3 _——/“"'—/
/ ——TA=-40°C _—
2 —TA=25C | 2 b——T""1
—TA =125°C
1 [ 1
5 10 15 20 25 30 35 40 45 50 25 0 25 50 75 100 125
SUPPLY VOLTAGE (V) TEMPERATURE (°C)
Figure 5. Sleep Current vs. Supply Voltage (VM) Figure 6. Sleep Current vs. Temperature
33 33
3.28 3.28
o 326 S 326 —
q L g ]
<) |
3 324 0 324 — 1
3.22 ——TA=-40°C _| 3.22 —TA=-40°C —]
—TA =25°C 30mA Load —TA =25°C
2mA Load —TA=125°C ——TA =125°C
3.2 | | | L L L 3.2 ‘ ‘ ‘ ‘ ‘
5 10 15 20 25 30 35 40 45 5 10 15 20 25 30 35 40 45
SUPPLY VOLTAGE (V) SUPPLY VOLTAGE (V)
Figure 7. DVDD Regulator Figure 8. AvDD Regulator
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4.98

4.96

AVDD (V)

4.94

—TA =-40°C
2mA Load —TA =25°C
e TA = 125°C
| L
20 25 30 35 40

Supply Voltage (V)

4.92

5 10 15 45

Figure 9. AVDD Regulator (2mA Load)

8.94

8.8V/V gain

8.92

/

\\

8.9

Amplifier Gain (V/V)

——VVM =55V
——VVM =135V
——VVM =45V
8.86 L L L
50 -25 0 25 50 75

Temperature (°C)

100 125

Figure 11. Amplifier Gain vs. Temperature, 10V/V Gain

5.2
5 y—
4.8
S
4.6
a
I V4
< 44 /
42
/ ——TA =-40°C
4 ] 30mA Lload — ] ——TA=28C  —
‘ ‘ ——TA = 125°C
3.8 |
5 10 15 20 25 30 35 40 45
Supply Voltage (V)
Figure 10. AVDD Regulator (30mA Load)
18.84 | | |
18.82 \ 18.8V/V gain ]
~
>
g A
£18.78
O
[0)
3 18.76 \\
[ Ny
: %
< 18.74
1872 |— —VVM=55v
—VVM = 13.5V
e VVM = 45V
18.7 ! ! !
-50 -25 0 25 50 75 100 125

Temperature (°C)

Figure 12. Amplifier Gain vs. Temperature, 19.8V/V Gain

77.6
775 [ [ [
77.4 77V/V gain
77.3
772
77.1
77
76.9
76.8
76.7
76.6
765

Amplifier Gain (V/V)

385 ‘ ‘ ‘
38.4V/V gain
38.45 \\ 9
N
384 ~
S 38.35
S N
< 383
£ I~
O
& 38.25
& 382
g 3815
< -
281 | ——Vwm=ssv
—VVM = 13.5V
38.05 |— ——vvm=45v
38 \ \
50 25 0 25 50 75 100 125

Figure 13. Amplifier Gain vs. Temperature, 39.4V/V Gain

Temperature (°C)

76.4
76.3
76.2
76.1

——VVM = 5.5V
—VVM = 13.5V
——VVM = 45V

-50

-25 0 25 50 75
Temperature (°C)

100 125

Figure 14. Amplifier Gain vs. Temperature, 78V/V Gain
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0.06

VDS SETTING (V)

0.05

0.04

Figure 15. OCP Threshold Voltage vs. Temperature,

0.19

VDS SETTING (V)

0.15

0.14

Figure 17. OCP Threshold Voltage vs. Temperature,

0.5

0.49

VDS SETTING (V)

0.45

Figure 19. OCP Threshold Voltage vs. Temperature,

——VVM = 5.5V
|~ ——VVM =135V

——VVM = 45V

Vpsiocry = 0.06V
| | |

50 -25 0 25 50

TEMPERATURE (°C)

75

VDs(ocp) = 0.06V

100

125

\ \
——VVM =55V
——VWM =135V
| ——vvm=asv
‘\
I S——
Vosiocpy = 0.17V
| | |
50 -25 0 25 50 75 100 125

TEMPERATURE (°C)

Vbscocpy = 0.17V

\ \ \
——VWWM=55V
—— VWM =135V
| —vwm=asv
\\
——
Vbscocpy = 0.48V
50 -25 0 25 50 75 100 125

TEMPERATURE (°C)

Vbs(oce) = 0.48V

0.13

0.12

VDS SETTING (V)

——VVM = 5.5V
——VVM = 13.5V
——VVM = 45V

Vosiocpy = 0.12V
| | |

50 25 0 25

50

75 100

TEMPERATURE (°C)

125

Figure 16. OCP Threshold Voltage vs. Temperature,
Vbscocpy = 0.12V

0.26

VDS SETTING (V)

0.22

I
———VVM = 5.5V

—— VM= 135V
| ——VVM =45V

B e e N N
S
Vosocp = 0.24V
50 25 0 25 50 75 100 125
TEMPERATURE (°C)

Figure 18. OCP Threshold Voltage vs. Temperature,
Vbs(ocp) = 0.24V

0.98

VDS SETTING (V)

——VVM = 5.5V
—VVM = 13.5V
| ——VVM =45V

/[

\\\
\§

R
T~
\\

——
I

Vbscocr = 0.96V

50 -25 0 25

50

75 100

125

TEMPERATURE (°C)

Figure 20. OCP Threshold Voltage vs. Temperature,

Vbscocpy = 0.96V

© 2023 AnalogySemi Ltd. All Rights Reserved.

Public

www.analogysemi.com | Page 15 of 50



DR704Q
A% H R IR Eh s

7. ¥405EH

7.1 iR

DR704Q R T RENARIERE H HIkEh2s, AJIREHEY- IR N 738 MOSFET LURE N @A R B L. DR704Q Sc¥f
SPI ECE# O, H¥#F PH/EN. 3 H-Bridge SATE PWM ##0, AIKIER. K. 18R, BITSHSMHBIIES,
DR704Q FILUEIIRI F MR UL SSRGS NIRFEHIR BB EREREN . XL a5 5.5V E 45V BYE
REE, RAEIRBESE 55V, Ibsh, XL AHF 1B nSLEEP 5|/#E AREIhERERIET, HFESEMMBERE:
£F 100%HY & == tefa o

AT RFISHRARANEIRER, DR704Q £ T BARIFINAZE, HESMEAEEXIYE PWM BRHTEFIET
5R4H BRI TN BE o 12 FRUMSKAF MUK 2R B LASZ 53R @ R il , 7 BN ESE R AT LUBIE Al kRT 4 B HAR O#TECE . DR704Q
HYEB R RAE TR 2852455 9/18.8/38.4/77 UG &k H%,

DR704Q i@ £l E REMR IR THASARIR AT LAGRIFINER FET, MEFEIMEMEMSNBMARAM, WNEBEBMFTH_IRE
%, DR704Q ML E 7 RIFTIREMMR RN ECE 4, MBIt FHRENRKNE sl A2 — MBIk, B4,
AR B X B E s e B, BIR/TIR T, HBLlk dv/dt MitkE%nh; AIRIEEMREFITEIERE EMI FEEHR T
REM4. DR704Q F&ER T &M RIFIIEE—UVLO. OVLO. CPUV. OCP. TSD. GDF. & JHENEEE, TRELTLM
#EE, DR704Q IRMEBLNEIZMT, FJUFBTHIEREEIR, ERIM, FREFIR, BIHRARENELZTEER,

DR704Q & N ABM M FHRH RN EB BRI REM 7 ¥ SNBIFhIhRE LIN X &4t EMC Bk, FHERMBIPOIIRE M ME
SR

Page 16 of 50 | www.analogysemi.com Public © 2023 AnalogySemi Ltd. All Rights Reserved.



DR7040Q

A% H AR IR Eh2s

7.2 ThREIRIRIEE

VM

:L: (minimum})

Logic

Gate Driver
vce

HS

VDRAIN

GH1

=

Veis

LS

SH1

14T
[y

| GL1

5

14T
Cot]

VM VM
i 1uF Power
VCP
CPH ChargePump [—e
0.1yF
CPL
DVvDD 3.3VLDO —e
L UF
-
- AVDD
5V LDO
L 1uF
T
- Veis LDO —_—
IN1/PH
IN2/EN
Control Inputs
NSLEEP
MODE R
Outputs
nFAULT
NWDFLT 3
SCLK SPI
SDI
SDO
nSCS

I
24

VM
Gate Driver A
Vver
—
GH2
—{> o
'—
SH2
VGLS 4
—
GL2
> <
'_
SL2
‘—
Current Regulation
SP
'
- | SN
So -
VREF

PAD PAD PAD

Figure 21. DR704Q Functional Block Diagram

% Resensey
L
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7.3 DR704Q VS DR7030Q

DR704Q 8Lt F DR703Q BUI FHIME, FMIFE TR

Table 10. DR704Q vs. DR703Q

Features DR703Q DR704Q
PWM Input Modes 3 modes 3 modes
Control Interface SPI SPI

8 settings 8 settings

Gate Drive Output Current, Idrive

High-Side & Low-Side Linked

High-Side & Low-Side Independent

Dead Time

4 settings: 120/240/480/960ns

4 settings: 120/240/480/960ns

VDS & VGS Blanking Time (Tdrive)

2.5us

4 settings: 2.5/5/10/20us

VDS Deglitch Time (OCP)

4us

4 settings: 2/4/8/16ps

Current Sense Amplifier Gain

10/19.8/39.4/78 V/V

9/18.8/38.4/77V/V

Bidriectional Current Sense and
CMRR Improved

4 Common: AVDD/2, AVDD/4,
AVDD/8, AVDD/16

VM Over-voltage Protection Not Supported Support with 4 modes
Offline Load Diagnostic Not Supported Support Short/Open Load Diagnostics
Spread Spectrum Modulation Fixed 4 seftings

Frequency

Charge Pump Frequency

Fixed 400kHz

4 settings: 200/250/300/400kHz

7.4 151EHHR

Table 11 # Table 12 A#EFINEBES o
Table 11. External Components

COMPONENT PIN 1 PIN 2 RECOMMENDED
Comy VM GND 0.1uF ceramic capacitor rated for VM
Com2) VM GND = 10uF electrolytic capacitor rated for VM
Cep VCP VM 16V, TuF ceramic capacitor
Cew) CPH CPL 0.1pF X7R capacitor rated for VM
C(ovop) DVDD GND 6.3V, 1yF ceramic capacitor
C(avbp) AVDD GND 6.3V, 14yF ceramic capacitor
Raorive) IDRIVE GND For jositor szing, see fhe TYPICAL
R(nFAULT) Vceom nFAULT = 10kQ

R(nWDFLT) Vceo NWDFLT = 10kQ
R sensE) SP SN or GND Optional low-side sense resistor
Rvoramy® VDRAIN VM 100Q2 series resistor

7 10 Vee 5IHIRZ DR704Q £RISIHI, BFRIL nFAULT RE Vec BBIREBE Lhi, XLE5(HIETLL EHIZE AVDD &

DVDD.,

E 2: WS ETE VDRAIN 51 fi0_ESSHEIMER FE I e 4R 4P, WINZ7E VDRAIN #1 VM 5B ZiB1E A RvoranyBBFE, &K

PR /A VDRAIN 5| BBV EE .
Table 12. External Gates

COMPONENT GATE DRAIN SOURCE RECOMMENDED
QHs1y GHI1 VM SH1 Supports FETs up to 200nC at
Qusy GL1 SH1 SP or GND 40kHz PWM
For more information, see the
Quusay GH2 M SH2 APPLICATION AND
Qusz GL2 SH2 SPor GND IMPLEMENTATION section.
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7.4.1 H i

DR704Q £ AR R BRI N O #1TiTH. LOGIC TABLES EB1RMH 7 5228 H IR, 1Z&RAKZ & DR704Q RAERY
BT, [ERME X SH1 B SH2 B975 1A, MODE 5|fili% BERIZEIR1FE L B EIR HERE N IR Bi7F.

| VM4 AVm
B Dl
i i \4—‘\‘ ',~—>f N
%—:j : ty p: g
J i Y f ﬂ L ® Forward drive J ﬁ ‘A Y 3 L @ Reverse drive
‘ ' ‘ d (@ slow decay (brake) 1 ‘ K > (@ slow decay (brake)
N — @——+—1—\\ (® HighZ (coast) /,1—4——@ —-—<—-—— (® Highz (coast)
SH1 /777>77f\"é’f37>71}\ i; SH2 SH1 =§/E,,<,T<‘g\,,<,,ﬁ\ » SH2
i e e @
[ | I i | .—4
J::M} i il = } ﬂmL
(e, et N e
D i s St i et e Sttt
1 é# v é:
Figure 22. Bridge Control
7.4.1.1 LOGIC TABLES
Table 13, Table 14 fl Table 15 At FZEER, HP XAREXBATHE KL,
Table 13. DR704Q PH and EN Control Interface (MODE = 0)
NSLEEP [INT/PH|IN2/EN| GHI1 GL1 SH1 GH2 GL2 SH2 |AvDD/DVDD DESCRIPTION
. . . Sleep mode H-bridge
0 X X X X Hi-Z X X Hi-Z Disabled disabled Hi-Z
1 X 0 0 1 L 0 1 L Enabled Brake low-side slow
decay
1 0 1 0 1 L 1 0 H Enabled gﬁ;’f’se (current SH2 to
1 1 1 1 0 H 0 1 L Enabled Forward (current SH1 to
SH2)
Table 14. DR704Q Independent PWM Control Interface (MODE = 1)
NSLEEP [INT/PH|IN2/EN| GHI1 GL1 SH1 GH2 GL2 SH2 |AvDD/DVDD DESCRIPTION
. . . Sleep mode H-bridge
0 X X X X Hi-Z X X Hi-Z Disabled disabled Hi-Z
1 X 0 X X X 0 1 L Enabled Half-bridge 2 low side on
1 X 1 X X X 1 0 H Enabled Half-bridge 2 high side on
1 0 X 0 1 L X X X Enabled Half-bridge 1 low side on
1 1 X 1 0 H X X X Enabled Half-bridge 1 high side on

Table 15. DR704Q Standard PWM Control Interface (MODE = Hi-Z)

NSLEEP [INT/PH|IN2/EN| GHI1 GL1 SH1 GH2 | GL2 SH2 |AvVDD/DVDD DESCRIPTION
i . . Sleep mode H-bridge

° X X X x| X X | HiZ | Disabled | yqhied Hiz

1 0 0 0 0 Hi-Z 0 0 Hi-Z Enabled |<_|3i<_>zdsf H-bridge disabled

1 0 1 0 1 L 1 0 H Enableg | Reverse (current SH2 to
SH1)

1 1 0 1 0 H 0 1 L Enabled Forward (current SH1 to
SH2)

1 1 1 0 1 L 0 1 L Enableq | Broke low-side slow
decay

© 2023 AnalogySemi Ltd. All Rights Reserved. Public www.analogysemi.com | Page 19 of 50
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7.4.2 nFAULT S| R

NFAULT 51 RARF ERSa M, N EHIZE 5V 5 3.3V BiR. ZHtNEMIEES, nFAULT JiZEREBEF, T+ 3.3V ki,
NFAULT 5| R BT LUEE BB fE 281542 DVDD 5|fl. 34F 5V i, R fERSMNER BV BiR. A1 nFAULT 5|fE#EE] AVDD
5B,

P % nFAULT Output

ST

Figure 23. nFAULT Block Diagram

7.4.3 BT

Ex‘i%ﬂé“éﬁﬂ’ﬂ%k%uuﬂmIﬁlmééli‘ﬁﬁ]“lEﬂ PWM j Ll_ /}lLEﬁ/EZI_‘?i"lﬂT‘o él H ﬁ?‘IEr']Y&r'ﬂEEBEPF'}ﬂET, EE:/}ILL
S5 FARRKREUR FRANBEMBEMBRK, HBMAEIBRITESEER, B ANSIsh(EM slow decay)iE=,
BE tor BT8R,

BEEENR, WREMAE, SP3IM EHRET AR AMK— R (euno), ARREAR TG,

PWM 37 BB L IRERIG B, LA E e E] SP 5| IRV BB A6 I B PR 23 PRI AV BB R e L Av A F 53R B VREF 5|HIHY

SEBEHITHER. R A BEBCNM ARG, T DR704Q 2314 /5 18.8V/V, XF DR704Q 254 rIECE H 9.
18.8. 38.43% 77V/V, iB1EM Equation 1 i+ EHKE T (IcHor)o

| _ Vrer-Vinewm M
(CHOP) = Ay x Regnse

HrA Veer /9 VREF 5B EEBE, Vin.om HERRRIFRASZRNLEBE(4 #40]%: AVDD / 2. AVDD / 4. AVDD / 8.
AVDD / 16), Av RIEHIEES, Rsense /9KAFEEFEFEIE,

NFEREN, BRBETATREEVNEEAEILER. WRAFEZERBETIINAE, A LUETR VREF 5| EZEREE)
AVDD S|HISREZRE., NREFMI PWM =H#Z R N(MODE 51179 1)#1T1R1E, Nz HIT PWM BRIETE
EEWTE 8
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7.4.4 K 2Eili(sO)

DR704Q 231 £8Y SO 5|fi4a th BIRINEBEF T NFAREBEN L SP 71 SN 51H EBYEBETRLL Ave B FHIAFIREEM
HeE]iE, Fit SO BER LR NMINEEF. A Equation 2 18 H FEVEIAE TR,

Vso -V
|= V50~ ViNCM @)

Av x Rsense

% SP #1 SN B OV B, SO S|l EBER IREMNRAEIREBEE, & SPEZE SN KT 0V BT, SO 5| EERN
MATEBESKMBEZ, FLAREFIEE, Vinem+ Vesense X Ave =3 SPBIZS SN /VF OV BY, SO 3|t BBIEN
MAREBESKNBEZZE, FTLIRKESEEE, Vinom - Vrsense x Avo

______________

SO (V)

Vin.cm = AVDD / 2, AVDD / 4, AVDD / 8, or AVDD / 16

>
SP-SN (V)

Figure 24. Current Sense Amplifier Output

gnZR SP #0 SN 3R ERYEBIERET 1V, M DR704Q AT RfRIF. dNR SO 5IFMEMER., |EWMRZSIHESHY
BAE, NSO MmbFAMFEERR, HhHBEERMTRIZKE T HFER.

lccror)

I T
| |
o | |
< | |
€ |
g I I
3 | |
O I I
2 b

5 Brake and Slow Decay | Drive | Brake and Slow Decay
| |
| |
|

torr —V:ﬂ-f(DRNE)ArI: forr

|
|
|
|

VI N_CM

SO (V)
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\

\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\

Figure 25. Current Sense Amplifier and Current Chopping Operation
EHIENE T (slow decay)HAia], @I AR FET &3f,. EpEm&EmSMeEE, PR SO IR RRENER.

Itk , DR704Q BYEBREIFER ARSIV N AR B E /] LA 15 4 #93i%$%: AVDD /2. AVDD /4. AVDD / 8 52 AVDD / 16,
ATLUET 0x07 7728 VREFCM_SCL #17EC &,
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7.4.4.1 SO FHE(RIF

DR704Q < # B RIFMA B RIFRIFINAE. BEAULET, 5@ SPI K SH_EN (IiREANBEF, EXMPENAT, R
BB LTHERN, DRBEABWEMSWERN HI-Z RS BINELS I ERE—MIMNEEBES,

lcHor)

Drive Current (A)

Brake and Slow Decay Drive
| |

| |
torr ——— P torver P

Brake and Slow Decay

VIN,:CM + VRSENdIE x Ay

Torr

v

SO (V)

SO Output Hi-Z

Figure 26. Sample and Hold Operation

7.4.5 PWM EBHNIBRIETHES

Figure 27 £/R'7 DR704Q FiXzhEB ERRVIEE],

Predrive

A

Logic
4‘ Reorry
Predrive

SP

b
GH1 |
[l
SH1
Vais
—1
GL1 |
3 &
VM
[e]
|
GH2 ‘M—
l—
SH2
—
GL2 {M

SN

Resensey

T

Figure 27. Predrive Block Diagram

\H—o—’\/\/\,
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DR704Q NERRI MR IXEhes B iEIXEhIREhEE AL EE AT N 7818 MOSFET, SMIMiiRIRsh R ERERIEMH, MASIRES~E
MR IE 5,
MR IR Th 2R A LS (B IXTHER 7 mli@id DR704Q 28149 IDRIVE ZH 1728 #1715, 115185 % ELECTRICAL CHARACTERISTICS
RAFIHEE, BEEERALYZEENERNRE, ARBEERRSRTHEFZIREK, XUEURT FET N B I MMR
BT,
RIFRIESTE VM F1 GND 5| =4SN E, HEZIRERNRARER, XMEIMIEE I gERREAEMIE
RENREMREREIHEMNIRIE, XUNTFEE. FXEEEUSSEHNFEL A, FAIMB FET B B XHBTEH K,
BT HIRERY, EBERR Iorve 27E torve B BIARGEI, LSHIREBRFEE, FIEEZE, HHRSEMIRE lnow il
IRRFFEFRRIRTE. NATRIIMEB FET IEZFMIRIRTIRER, FTEBRRNIAE B, LUEE torve Bk EHITR 25
EBFNRER, TN FET PSRN ZMIhE,
EEMSEERE, MRS R T A (lsrone ) HI{E. LtE TFHIAIRA LEEM FET Qos FEEBFH 1 FET RIFRARES, BMEETE
A0 HH i R A IR ER ) BT 2 Gtk
MR IXTh 2R BB B B ETE AR B B Fh R I AT AE X B (8], LARA LE S MMM FET EN S8, X FET @6, XFEFr]
B LES ISR FET S8, EZRIHERBY FET X,

_>: t(orIvE) :4_

| |

High-Side
Gate Drive
Current

|
|
|
|
[
|
|
|
4| | lsrrone
|
|
|
|
|
|
[
|

a

a

o

P4

®
(O¥s3IARAY |

|
f
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
R ———
|
|
|

<

High-Side
Ves

I

I

I

|

|

|

|

|

| |

| |

| |

I I

I I

I |

Low-Side : |
GateDrive — ——— — ] —— —— 5 poN, Sy g Sy g S

| |

| |

|

|

|

I

|

|

|

|

|

|

Current

Low-Side

|
Vs :

T

Figure 28. Gate Driver Output to Control External FETs
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7.4.5.1 KENHBFT(Qco)

Z FET it S1EAY, &z A FEERFTE:
o [ JREBTT, Qes

o MEREBTET, Qoo CKENERT)

s FR Qe

FET i = E7F Qop FTEBHAIE)4E R,

I 10 —— T ———2
D
Vens o 8 I\ l 20
- L £, | | 5
GHx g — 3o \ \ 3o
Predrive _| %—I::} ::ii g . % :/ 102 ;53’
SHx _ 3° , } } . g°
: R
s \ \
| 10 | 20 | 3 40 50
< Qs —Vﬂ—Q@D—V‘
i Gate Charge (nC)
Figure 29. FET Gate Charging Profile
7.4.6 FEEXE(E]

SEIX By 8] iR N BV ERFSEX B {a] A0 FET MR 4% 48R, DR704Q 234 2B 120ns. 240ns. 480ns 1 960ns HY ] 4RIZFEX
BYENED, FRTXMEFIEXESE, RE Glx 5|HIF#E] GHx 5IHIZ SHx 5IFIRYEBE/\F FET EERBE, ¥LRZE Hi-
Z

SIEXETEEUR T IDRIVE BFHIE, E FET MitkFI#(GHx A GLx 31H)M—&F 9 B35 A MR B RIFE X BT 8],

7.4.7 (SR
ERRBRIEIRBY Bl (tep) ME N MNIASRE T Z BIRIBTE, ZBY BRI AR WMAEERBORA £ L RE
B BINEERIDEIZSATRA LE5IN G | B _ERIng s 520 m % R 7S,

MR IR BN e R R B 2 R MMFEIRAY (B, 7 fEIE BIRIFRABAE MHURTS, E FeXiF—1 FETo FET #i1RAR4E IDRIVE
FEFRESERFIR TR, = FET iR EREREUTH, MREIEETERLER.
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7.4.8 i35 UDS i3

A AR O 5 EE RS 12 X B BE ARBY KT D 9MER FET BY VDS B[, & OCP fisklEBkd Y ial 45 R fe i M FIRY B £ K F OCP HfE
BBIE(Vosocry) BT, RHME OCP £, DR704Q 234@id1&E VDS FiFesteft VosocrhBER T,

AR 1 B FET BOTRAR

VM
(e)
VDRAIN
+ |« ]
High-Side GH1
VDS OCP H
Monitor 1 —
SH1
Gl |
e
'_
+ e
VDS OCP P
Monitor 1 + |«
—
—l¢ High-Side GH2 <
VDS OCP
Monitor 2 —
SH2
- <—T— 9
* GL2
Low-Side M}
VDS OCP [
Moni
onitor 2 1 s
Lo
\
Rysensey
C SN

Figure 30. Vbs(ocpy Block Diagram

=1 FET LAY VDS H[Ei@:d VDRAIN %= SHx 51BUNE, 347 1 LAYRM VDS s ME SH1 E SP 5|HIAY VDS B %,
F7 2 ERYRM VDS 828N E SH2 = SL2 5|f LAY VDS Bk, BIERERRIFRALE, MiFHHR SP 5|MInLEEE|
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7.4.9 BFER

SR EBER LUIREESM NMOS (Vesn) R IRTHEEE. BEIRFEE VM 1 VCP 5|l B iE— 1 B85, I, 1F
CPH #0 CPL 3|z [BJEEE— K ESR (AL R8s, I VM EB[E{KT 13.5V B, LtbEARAIEEIEE, HESHN~%
ETF 2 xVym - 1.5V B9 Vvcpo 3 VM BEET 13.5V B, BERIAT Vver FEHZETF Vum + 10.2V,

VM

\

{
\

TuF ——

VCP

BEEXR

VM

Charge
0.TMF —_— Pump
CPL |

O
%

{
A\

{
\

Figure 31. Charge Pump Block Diagram

7.4.10 HiRIEEhEH {1

THAL FB BT MR IX Th4a tH FBE PR/ Vees)BIE, LURIFINER FET £XHF, EBEHURER—R7IZREXKIA. K
EBIESHAI AR ERFRER Ehas FET AUR R E,

Vehs
(e} VM
— o
4| :}L I » |(REVERSE)
/ GHx |'_
\ 4 O | H‘}
A
L — T
— Ves > Ve
e ,
1 le
1 SHx
Predriver . O
Vais < Vgs hegative
(o]
—
»}L [
4 aY Glx ||.<_}
— |i
ﬁ} R(sense)
PGND
O
<~ <

Figure 32. Gate Drive Clamp
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7.4.11 {RIPERER

DR704Q 224 RIFHLE VM RE. BERKE. &, kIR @RI REH,

7.4.11.1 VM R[EFi(UVL02)

g0 VM 518 ERBERT VM RIEBESRERE(Vuvio2), H IFHBIFRE FET RKREEA, BRARFGKER, nFAULT 3|
BR RS AR EEF, DR704Q £&31FHY VM_UVFL KB, X VM %J_ﬂ:n; UVLO2 EfELA ERY, #RfFRE. nFAULT
SIMTEIRIEME G, {8 DR704Q &% LAY VM_UVFL (ifRFFIZENRE, BHE@EE N CLR_FLT iIRERR.

EnfEim L IR Thas 22 A, DR704Q %% LR SPI B ARALHKEME L. £ VM BERTFEEXEHE(Vuvio)Z
i, 12%1—:1%%?55W%EEH@%%EMKUO DR704Q £— X L, 7728 0x00 K% 2 =R VM REiKbE, 2
WE—x B EERRHE,

7.4.11.2 ;23R E(UVLOT)

403 VM 3R LRV ERTZEREREREV o), WASZEKEEN. 3 VM BEEFAE UVLOT BB LR, 1§
EME . nFAULT 5IRIFE RS HARINIZERE T, RNERE VM REBRERALIR. ¥ VM BERREIZREEE
UTSEE SPIIRE,

7.4.11.3 VCP ‘REF§(CPUV)

1R VCP 5|l EMBERTEERAE(CPUV)BIENRERE, HFPIFE FET K2R B nFAULT 5| BI#EIREH7D
{KEBF, DR704Q 284 EAY VCP_UVFL & i, Y VCP BB _EFFI CPUV FELL LR, #2ERE. nFAULT 5|#I7EiE
EME RTE, 1B DR704Q 28 EAY VCP_UVFL I RIFFIRERTS, HFEE S AN CLR_FLT fiI3EkR. DR704Q 55— Xt
BB, ZF1F28 0x00 195 3 [U=en VCP RIEMIE, BINFE— /)\tEE}:/ﬁ FRERPE,

7.4.11.4 VM 3 [EiA i

NR VM IR EREBES T VM ZEBEBERE(Vovio), HFBIFTE FETISREAA, BERKHEA, nFAULT 5|
B IREI AREBE T, AILUEE 0x06 FFEs iRt ERIFIR S, VM JEABTHEER L7Ei@EE VM_OV_MODE F#F
IR BRI AREE T HITRNARE

o BIFEIRRIU WNEIZERMGE, MRIREHEE TH nFAULT 5180, FAULT FHFs80M0 VM_OV FEHRUKE (L, I
ExHEERE, BERSEFREHIERT, EEIWE CLR_FLT,

 BEmmERIN: KWNEIERERGE, MRIREHEE T nFAULT 5180, FAULT FHFs:0M VM_OV FEHRUKE (L, I
BERFHRZIRE, nFAULT 5IRIF FAULT FESEMUBEHES, KohBRBREDNEHNER. B2 VM_OV FFEUR
FERE, EFUE CLR_FLT,

o BELIRIRIN: VM ZEFERE WARN A VM_OV R EFFERIRS. IREFIREEMTE. E&H CLR_FLT &1,
EERFRFUERS,

o XFARI: VM IEEIERRER, TN IERS.

7.4.11.5 ZR{FRIA(OCP)

T i ARSMEB FET LAY VDS ERERIGNIE . SNSRIXKED FET FiRAYEBEEIT Vosocr B TFRIETEHK T OCP HikIERk Y
i8], MIRFIH OCP H, FAf H #iHRBIFE FET EREEA, nFAULT 5IRI4RIREH A{REBF, DR704Q 23Ry OCP fi#
B, KEPEETE tremy) BT EEHB A, nFAULT 5IIEE XN BEEERXENSET,

NRBFEFHNAEE, WEAEE, IRBEFABET, WREESEREHE nFAULT 3IFIZ NS BT, DR704Q LAY
OCP {UfRFFIZERT, EEI@E B N CLR_FLT 3K 5FR. b T Itk FETVDS iafilg8 2 5h, WN5R SP 5|H_EAYEEEEET Vseiocr)
F B nFAULT 51 BI#RIREh AR T, M MEDTRIER. DR704Q 238y OCP 2 &,

7.4.11.6 RIBETH2EHPE(GDF)

GHx # GLx 5|1 2l iatz, WNRIMNER FET Mtk _ERYEBIETE torve Bt B @SB FHE MR, NSRRI R 5, f
40 GHx ¢ GLx 5|fi15 GND. SHx = VM 5IRIZEEE, MISREILHE, th5h, WNRFTER IDRIVE KB UFFEIMND
FET, M&&EMRIKENEZHIE, H HFPRIFRE FET &4 A, nFAULT 5|BIRIKEN /KT, DR704Q 254HY GDF i
WEL, £ OCP EiXAA(ireny)) T fE, KehiZFEHFEAH. nFAULT 5IFITEIRIEREEN, B DR704Q 254 LY GDF
URFHSEIRTS, HE@EIE N CLR_FLT KB
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7.4.11.7 $EBR(TSD)

MRCHRNENREBY Tso 'mE, N HRHEIFRE FET ZBWEEA, BRIRXMA, AVDD RRIESM®EA, nFAULT 5| R#EIKX
AR, DR704Q 23+8Y OTSD B E L. EETRERT To - Ty mEG, SF=BMEZEIT. NFAULT 5|
IR FME SN, 1B DR704Q 254 LAY OTSD {URIFEMRE, HEEIE N CLR_FLT (IREkR.

7.4.11.8 B 1HHIE({XPR WDFLT)

AILUS A MCU &I JaTh8E, LUffRIER DR704Q IR &SNP IEHIZR A FrashRSHA T ERRS. SPI &I apiui:d
SPI @) WD_EN SN\ 1 RERFAINER TR, WD_EN iy 0), HEI )RR, NEER 8 15EI1TETE] WD_DLY
& ERIAYE)E]FR. MCU @4J07E WD_DLY iIi& B RYAY[E)BIFR AIRENFFasitiit Ox00 IEEER ). MRAVFER 2

H3, N/SA nWDFLT 51ff, =2 nWDFLT 51f8Y, S&ELUTFER:
*  nWDFLT 5|HIZEAR 64pso

e NFAULT 5B
e WD_EN fu##&kR.
* HFHIERAE FET 2,
WDFLT iIRiFE3, HEREEL, BF CLRFLT SN 1, Table 16 5 T 28HEMPE R4 T HIKPEMRL,
Table 16. Fault Response

FAULT CONDITION H-BRIDGE | CHARGE PUMP| AvVDD DVDD RECOVERY
VM Undervol’rage Vvm < V(UVLOx) . . . . Vvm = V(UVLOx)
(UVLO) (5.45V, max) Disabled Disabled Disabled Operating (5.65V, max)
VM Overvoltage
(OVLO) Automatic \/3"2”\/2 TV ©ovL0) Disabled Disabled | Disabled | Operating V?:’g”vs TV Vo)
Recovery Mode ( - TyP) ( - TyP)
VCP Undervoltage |Vycp = V(cpﬁuv) (VVM . . . . Vvep 2 V(cpﬁuv)
(CPUV) + 15, typ) Disabled Operating Operating | Operating (Vuw + 1.5, yp)
External FET Vps = VDS(OCP) Vsp a . . .
Overload (OCP) Ven > 1V Disabled Operating Operating | Operating | trery)

. Gate voltage
?g;)Dnver Fault unchanged after Disabled Operating Operating | Operating | trery)

oRIVE)

Watchdog Fault Watchdog timer . . . ; :
(WDFLT) oXpires Disabled Operating Operating | Operating | CLR_FLT bit
Thermal Shutdown 0 . . . . . Ty < Tsp Thys (Thys is
(TSD) T, 2 Tsp (150°C, min) | Disabled Disabled Disabled Operating typically 20°C.)
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7.4.11.9 BiERIZFRIP

BILASEHE Figure 33 RBYEBEERABRIPRASRR R A EIRF IR N, ZERFEZUTHNAM:
* NMOS ZMZE

e NPN BJT
o IRE
e 10kQ EEFH
o 43kQ EME
VM
o
f »'—0
43kQ)
10kQ I
0.1uF Wy |:}
TuF
[ o o o
0_|| o F_T_ Bulk | *+
-1H g lOuF(min);
CP1 cP2 VCP VM
GHI |:}L
]
SH1
GLI |:}L
|
GH2 :}L
'_
SH2 '
GL2 :}L
'_
Sp
% R sense)
[ SN

Figure 33. Reverse Supply Protection
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7.4.12 B0 KRR

DR704Q % B ta#iZWiThae, BAEIE SHx FZERE] VM, SHx FZE& B AR A F P ER AL, IZALMIhEEES VDS 10
MEFMAFRIEFREIM, BAFESETE:

DR7040 DR7040

SH1 SH2
H —
H& gl
GLx—~< H — GlLy
[ PGND/SLx | _ | PGND/SLy |

Figure 34. Offline Load Diagnostic Diagram

FER, EHTHEZIRZAL, BSORIESH LIFEBLRES, Bl RIS T XEARS,
FEAPRERRALN, EORAEN:

1.

A

® N o

9.
10.
11.

fEREE A M EHIZMINAE: Configure 0x06, OL_SC_EN = 1'b1,

fFBE SHx RYEFRIR(0.5mA): Configure 0x07, PU_SH1 = 1'b1, PU_SH2 = 1'b1,
B2E VDS |]PR1E 0.96V: Configure 0x04, VDS = 3'b111,

Z£4F 100ms (KPRBRIBN B M BITRE).

KEFHFEE 0x01, H1_VDS, H2_VDS &N 0, MIRMEBRERS—1AN 0, AEELUHBRGOIER SRR
Ko

X7 SHx FEE IR configure 0x07, PU_SH1 = PU_SH2 = 1'b0,

fFBE SHx BRI ERR(2mA): configure 0x07, PD_SH1 =PD_SH2 = 1'b1,

Z1F 100ms.

K& EHTFEs 0x01, L1_VDS, L2 VDS &4 0, MIRWERER— TR 0, MWaUHMEnieREHRAL.,
X7 SHx HIEEJR: configure 0x07, PD_SH1 = PD_SH2 = 1'b0,

X IF B & 1 B2 WrIhEE: Configure 0x06, OL_SC_EN = 1’b0,

FERSFFRRAQN, EORAEN:

1.

o~ oeDd

6.
7.

fERER A& M EHIZMrINAE: Configure 0x06, OL_SC_EN = 1'b1,

fiF8E SH1 BYEERRIR(0.5mA) F SH2 FYHIEJR(2mA): Configure 0x07, PU_SH1 = 1'b1, PD_SH2=1'b1,
ECE VDS | JBR{EH 0.96V: Configure 0x04, VDS =3'b111,

17 100ms (EFRIBERIBN ALK 4 BITIRE).

LW W8 H1_VDS=1'bl1 7 H L2_VDS = 1'b0, MILHFEREH L4, 1R H1_VDS = 1'b0, FE L2_VDS = 1'b0,
M FFRRE AL,

S SH1 BOSEEB7E(0.5mA) 1 SH2 BRIEB7E(2mA): Configure 0x07, PU_SH1 = 1'b0, PD_SH2 = 1'b0,
*AB & HIiZ’iIhAE: Configure 0x06, OL_SC_EN = 1'b0,

B2 PD_SHx A PU_SHx RgE7E OL_SC_EN = 1'b1 UER FHREE, SN IRERS NRFRAEEZN.
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7.5 ZFTheEIET

DR704Q g3+ T ESHIRZSFFRIF NSLEEP 5B (R, EREIRIEINT, BERWKEA, H W FET WA AR HIi-Z R3S, AVDD
#1 DVDD R E28 2 M. TR HE NEIRIRTU Z /0, nSLEEP 5IHI_ ER TR Z FR e tsieerBtiEl. W1 nSLEEP 5|
fiIEZ=, DR704Q 3= BalBRHERRIN, EMEEEHHATREZ RS AET twakeg BT iE,

7£ DR704Q ig% £, SPIIKEEIRH UVLO SR MERRIIANEE, & nSLEEP 5IFIZ{EEY, PRAEIMER H 7 FET #R4REE
o SRS GHx #NE BRI ERE T < SHx, MRMIMRS I GLx Wi EH, Z>RKEI VM BEUKRE L
FBAYE](fon)HAIE], f£F GHx # SHx SIRMLAKR Glx #1 GND 5Ifil Z[8]f955 FHIFEEFRZAt. 1tksh, MODE 5|fizHl48
fUAGERE. JRIZF7EE PWM MINRIURI SR HZ IEIR(F. ZIRFE L BEUR H ERR U BifF,

7.6 RIE
7.6.1 BITIMZIECA(SPI)

SP AT L BISEACE. BITESEHMIRH 1ZH{E 8. DR704Q SPI TE MR TIE1T, SPI EAEIB(SDI)FEH—1 16 fiF.
— N5 iIap<L. 3 NEKRNAM 8 UHIEHM. SPI L EIE(SDO)FH 8 UFFEEIELM, Bl 8 iiLXo.
— PN ERBIREZRR IR B LA T 51+

o BEMRM(CPOL)IZE R 0o

o HEMBEAI(CPHA)YRTIZE N 1o

* 3 nSCS 5IMIT AMEEBEFH nSCS 5IHT NS HBFES, SCLK 5IHILAIEKEBF,

* 3 nSCS ES R FHEBIRSH, F2HM SCLKES,

e L nSCS 5IMIZT NEBFER, SCLK 5IHMAEET,

* nSCS 3R N Z BfRFEFE D 500ns BIZEBFo

* HnSCS5IMENZHBFE, SCLK# SDI 5| ERERIESERFGRZBEE, HE SDO 5L FEBEITRZE.
o MIHIMTEEERY 16 > SCLK A,

o BUBETEREYTEOOWIEIR, BUBTER R LA aHIRED.

s EEHAMM(MSB)LBEAB L,

 WTFE®<S, WMRAIXE SDISIMEIEF D THET 16 i, NEAEMERH BB IZEEF,

s WTFE@MS, EESANFFRTHIELUET 5 Um<HIEZEM SDO 315 e
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7.6.2 SPI }&xX

SDI INEIRFK 16 fiI, #&zLa0TF:
o 1 MEEXHENL, W (58 15 1iL)
o AMNHIHEAL, A(fI14F)11)
o 3MEXAI, X (10 E 8)
s 8 MHUEML, D (7:0)
SDO HtHEIEFK 16 i, Al 8 I ALK, HIBEFEEIARNFFRNAS.
XFE NS (W0 =0), SDO 5|f] LML FE S FiEEE NN EF 7 PaEIE.
X FIRENER (WO = 1), MO FE HaIETIRNN T F28 P aoEiE,
Table 17. SDI Input Data Word Format
R/W ADDRESS DON'T CARE DATA

B15 B14 B13 B12 B11 B10 B9 B8 B7 B6 BS B4 B3 B2 Bl BO
WO A3 A2 Al AO X X X D7 D6 D5 D4 D3 D2 D1 DO

Table 18. SDO Output Data Word Format
DON'T CARE DATA
B15 | B14 | B13 | B12 | B11 | BIO | B9 | B8 | B7 | B6 | B5 | B4 | B3 | B2 | BI BO
X X X X X X X X D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO

nSCS

SDI X >K MSB

SDO z >< MSB

Capture
Point

[
[
[
|
|
|
Propagate I
Point |

Figure 35. SPI Transaction

SCLK 5|B7E=8+ L BRSO F, LISKELAISERY SPI E355, 40R SCLK 5|RFRERIETEN RS AR, BINFEMEE
[EHITEESA SPIIRENE S (R AEFRM) BRI ENESREFES. MM EPIEZIES P IREREIEN Z K EFo
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8. REGISTER MAPS
Table 19. DR704Q Memory Map
REGISTER ACCESS ADDRESS
NAME 7 6 S 4 3 2 ] 0 TYPE (HEX)
FAULT Status FAULT WDFLT GDF OCP VM_UVFL | VCP_UVFL OTSD OoTW R 0
VDGSSFnd H2_GDF | L2_.GDF | H1_GDF | L1_GDF H2_VDS L2_VDS H1_VDS L1_VDS R 1
Main CHIP_ID LOCK INT/PH IN2/EN CLR_FLT R/W 2
Tdec\:\f’;nd TDEAD WD_EN WD_DLY RESERVED RIW 3
VDS SO_LIM | VDS DIS_H2_VDS | DIS_L2_VDS | DIS_H1_VDS | DIS_L1_VDS R/W 4
Config TOFF | CHOP_IDS VREF_SCL SH_EN GAIN_CS R/W 5
AP_CTRL | RESERVED | VCP_SSC_SEL WARN VM_OV VM_OVP_MODE OL_SC_EN R/W 6
OLD_CTRL RESERVED VREFCM_SCL PD_SH2 PU_SH2 PD_SH1 PU_SH1 R/W 7
DRV_CTRL SSC_STEP IDRIV_HS IDRIV_LS R/W 8
CSA_CITRL | RESERVED | TDRIVE | TOCP_DG R/W R/W 9
Table 20. Access Type Codes
ACCESS TYPE | CODE | DESCRIPTION
READ TYPE
R \ R \ Read
WRITE TYPE
W \ w \ Write

8.1 STATUS REGISTERS

The status registers are used to report warning and fault conditions. Status registers are read only registers.
Table 21 lists the memory-mapped registers for the status registers. All register offset addresses not listed in
Table 21 should be considered as reserved locations and the register contents should not be modified.

Table 21. Status Registers

ADDRESS REGISTER NAME
0x00h FAULT status
0x0Th VDS and GDF status
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8.1.1 FAULT STATUS REGISTER (ADDRESS = 0XOOH)

FAULT status is shown in Table 22 and described in Table 23. Return to Summary Table.

Read only. For the first power on, the register is read out to be 0x8C. It is normal as both VM and VCP will
goes through undervoltage threshold when digital is active. Hence, please clear faults just after the power

on.
Table 22. FAULT Status Register
7 6 5 4 3 2 1 0
FAULT WDFLT GDF OCP VM_UVFL | VCP_UVFL OT1SD oW
R-Ob R-Ob R-Ob R-Ob R-Ob R-Ob R-Ob R-Ob

Table 23. FAULT Status Field Descriptions

BIT FIELD TYPE DEFAULT DESCRIPTION

7 FAULT R Ob Logic OR of the FAULT status register, excluding the OTW bit
6 WDFLT R Ob Watchdog time-out fault

5 GDF R Ob Indicate gate drive fault condition

4 OCP R Ob Indicate VDS monitor overcurrent fault condition

3 VM_UVFL R Ob Indicate VM undervoltage lockout fault condition

2 VCP_UVFL R Ob Indicate charge-pump undervoltage fault condition

1 OTSD R Ob Indicate overtemperature shutdown

0 oW R Ob Indicate overtemperature warning

8.1.2 VDS AND GDF STATUS REGISTER NAME (ADDRESS = 0XO1H)

VDS and GDF status is shown in Table 24 and described in Table 25. Return to Summary Table.

Read only
Table 24.VDS and GDF Status Register
7 6 5 4 3 2 1 0
H2_GDF L2_GDF H1_GDF L1_GDF H2_VDS L2_VDS H1_VDS L1_VDS
R-0b R-0b R-Ob R-Ob R-Ob R-O0b R-Ob R-Ob

Table 25.VDS and GDF Status Field Descriptions

BIT FIELD TYPE |DEFAULT DESCRIPTION

7 H2_GDF R Ob Indicate gate drive fault on the high-side FET of half-bridge 2

6 L2_GDF R Ob Indicate gate drive fault on the low-side FET of half-bridge 2

5 H1_GDF R Ob Indicate gate drive fault on the high-side FET of half-bridge 1

4 L1_GDF R Ob Indicate gate drive fault on the low-side FET of half-bridge 1

3 H2_VDS R Ob Indicate VDS monitor overcurrent fault on the high-side FET of half-bridge 2
2 L2_VDS R Ob Indicate VDS monitor overcurrent fault on the low-side FET of half-bridge 2
1 H1_VDS R Ob Indicate VDS monitor overcurrent fault on the high-side FET of half-bridge 1
0 L1_VDS R Ob Indicate VDS monitor overcurrent fault on the low-side FET of half-bridge 1
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8.2 CONTROL REGISTERS

The control registers are used to configure the device. Control registers are read and write capable. Table
26 lists the memory-mapped registers for the status registers. All register offset addresses not listed in Table 26
should be considered as reserved locations and the register contents should not be modified.

Table 26. Control Registers

ADDRESS REGISTER NAME
0x02h Main control
0x03h TDEAD and WD control
0x04h VDS control
0x05h Config control
0x06h AP_CTRL
0x07h OLD_CTRL
0x08h DRV_CITRL
0x0%h CSA_CTRL

8.2.1 MAIN CONTROL REGISTER NAME (RDDRESS = 0XO02H)

Main control is shown in Table 27 and described in Table 28. Return to Summary Table.
Read and write

Table 27. Main Control Register

7 | 6 5 | 4 3 2 1 0
CHIP_ID LOCK INT/PH IN2/EN CLR_FLT
R/W-01b R/W-011b R/W-0b R/W-0b R/W-0b

Table 28. Main Control Field Descriptions
BIT FIELD TYPE | DEFAULT DESCRIPTION
7:6 CHIP_ID R/W Olb Reserved

Write 110b to lock the settings by ignoring further register changes except
to address 0x02h. Writing any sequence other than 110b has no effect

5:3 LOCK R/W 011b |when unlocked.

Write 011b to this register to unlock all registers. Writing any sequence
other than 011b has no effect when locked.

2 IN1/PH R/W 0Ob This bit is ORed with the IN1/PH pin.
1 IN2/EN R/W 0Ob This bit is ORed with the IN2/EN pin
0 CLR_FLT R/W 0Ob Write a 1 to this bit to clear the fault bits.
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8.2.2 TDEAD AND WD CONTROL REGISTER NAME (ADDRESS = 0XO3H)

TDEAD and WD control is shown in Table 29 and described in Table 30. Return to Summary Table.

Read and write

Table 29. TDEAD and WD Control Register

7 | 6 5 4 | 2 1 0
TDEAD WD_EN WD_DLY RESERVED
R/W-00b R/W-0b R/W-00b R/W-111b
Table 30. TDEAD and WD Control Field Descriptions
BIT FIELD TYPE |DEFAULT DESCRIPTION
Dead time
00b = 120ns
7:6 TDEAD R/W 00b |01b =240ns
10b = 480ns
11b = 960ns
5 WD_EN R/W Ob Enable or disable the watchdog time (disabled by default)
Watchdog timeout delay (if WD_EN =1)
00b = 10ms
43 | WD_DLY | R/W 00b |0Tb =20ms
10b = 50ms
11b = 100ms
2-0 |RESERVED R X Reserved and do not care.
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8.2.3 VDS CONTROL REGISTER NAME (ADDRESS = 0XO4H)
VDS control is shown in Table 31 and described in Table 32. Return to Summary Table.
Read and write
Table 31.VDS Control Register
7 6 | 5 3 2 1 0
SO_LIM VDS DIS_ H2_VDS | DIS_L2 vDS | DIS_H1_VDS | DIS_L1_VDS
R/W-0b R/W-111b R/W-0b R/W-0b R/W-0b R/W-0b
Table 32. VDS Control Field Descriptions
BIT FIELD TYPE | DEFAULT DESCRIPTION
Ob = Default operation
7 SO_LIM RIW 0b 1b = SO output is voltage-limited to 3.6V
Set the Vbsocpy monitor for each FET
000b = 0.06V
001b = 0.145V
010b =0.17V
64 VDS R/W 111b |011b =0.2V
100b = 0.12V
101b = 0.24V
110b = 0.48V
111b = 0.96V
3 DIS_H2 VDS | R/W ob Disable the VDS monitor on the high-side FET of half-bridge 2 (enabled by
default)
2 DIS_L2 VDS | R/W ob Disable the VDS monitor on the low-side FET of half-bridge 2 (enabled by
default)
1 DIS_H1 VDS | R/W ob Disable the VDS monitor on the high-side FET of half-bridge 1 (enabled by
default)
0 | pisL1.vDs | R/W Ob ngcc:’tl)‘llgthe VDS monitor on the low-side FET of half-bridge 1 (enabled by
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8.2.4 CONFIG CONTROL REGISTER NAME (RDDRESS = 0XO5H)
Config control is shown in Table 33 and described in Table 34. Return to Summary Table.
Read and write

Table 33. Config Control Register

7 | 6 5 4 3 2 1 0
TOFF CHOP_IDS VREF_SCL SH_EN GAIN_CS
R/W-00b R/W-0b R/W-00b R/W-0b R/W-01b

Table 34. Config Control Field Descriptions
BIT FIELD TYPE DEFAULT DESCRIPTION
Off time for PWM current chopping
00b = 25us
7:6 TOFF R/W 00b 01b = 50us
10b = 100ps
11b = 200us
5 CHOP_IDS R/W Ob Disable current regulation (enabled by default)
Scale factor for the VREF input
00b = 100%
4:3 | VREF_SCL R/W 00b 01b =75%
10b = 50%
11b = 25%
Enable sample and hold operation of the shunt amplifier (disabled by
default)
Shunt amplifier gain setting
00b =9V/V
1:0 | GAIN_CS R/W 01b 01b = 18.8V/V
10b = 38.4V/V
11b =77V/V

2 SH_EN R/W Ob
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8.2.5 ADVANCED PROTECTION CONTROL REGISTER NAME (ADDRESS = 0XOL6H)

Advanced Protection Control is shown in Table 35 and described in Table 36. Return to Summary Table.

Read and write
Table 35. Advanced Protection Control Register

7 6 | 5 4 3 2 1 0
RESERVED VCP_SSC_SEL WARN VM_OV VM_OVP_MODE OL_SC_EN
R-0b R/W-00b R-0b R-0b R/W-00b R/W-0b

Table 36. Advanced Protection Control Field Descriptions

BIT

FIELD

TYPE

DEFAULT

DESCRIPTION

7

RESERVED

R

Ob

Reserved

6:5

VCP_SSC_SEL

R/W

00b

00b: VCP SSC central frequency is 400kHz.
01b: VCP SSC central frequency is 300kHz.
10b: VCP SSC central frequency is 250kHz.
11b: VCP SSC central frequency is 200kHz.

WARN

Ob

VM supply overvoltage warning

VM_OV

Ob

VM supply overvoltage flag

2:1

VM_OVP_MODE

R/W

00b

00b: Latched Fault mode

Driver off, nFAULT pulled down, FAULT and VM_OV registers
asserted. The condition is latched after OV release.

01b: Automatic Recovery mode

Driver off, nFAULT pulled down, FAULT and VM_OV registers
asserted. The device recovers after OV release.

10b: Warning Report Only mode

Driver kept on, nFAULT pulled down, FAULT and VM_QV registers
asserted.

11b: Disabled mode

VM overvoltage monitor is disabled.

OL_SC_EN

R/W

Ob

Set 1 to disable driver for open load and short circuit detection.

© 2023 AnalogySemi Ltd. All Rights Reserved.
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8.2.6 OFFLINE LOAD DIAGNOSITC CONTROL REGISTER NAME (ADDRESS = 0XO7H)
Offline Load Diagnostic Control is shown in Table 37 and described in Table 38. Return to Summary Table.
Read and write

Table 37. Offline Load Diagnostic Control Register

7 | 6 5 | 4 3 2 1 0
Reserved VREFCM_SCL PD_SH2 PU_SH2 PD_SH1 PU_SH1
R-0b R/W-00b R/W-0b R/W-0b R/W-0b R/W-0b

Table 38. Offline Load Diagnostic Control Descriptions

BIT FIELD TYPE DEFAULT DESCRIPTION

7:6 RSV R Ob

VREF for SO common mode voltage setting
Customer register control

00=AVDD /2

01=AVDD /4

10=AVDD / 8

11=AVDD / 16

5.4 | VREFCM_SCL| R/W 00b

Set high to enable 2mA current source pull down SH2 for OL and SC
detect

Can only be written and active once OL_SC_EN is set to 1. This bit is
cleared when OL_SC_EN is written 0.

3 PD_SH2 R/W Ob

Set high to enable 0.5mA current source pullup SH2 for OL and SC
detect

Can only be written and activated once OL_SC_EN is set to 1. This bit is
cleared when OL_SC_EN is written 0.

2 PU_SH2 R/W Ob

Set high to enable 2mA current source pulldown SH1 for OL and SC
detect

Can only be written and activated once OL_SC_EN is set to 1. This bit is
cleared when OL_SC_EN is written 0.

1 PD_SH1 R/W Ob

Set high to enable 0.5mA current source pullup SH1 for OL and SC
0 PU_SH1 R/W Ob detect Can only be written and activated once OL_SC_EN is set to 1.
This bit is cleared when OL_SC_EN is written 0.
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8.2.7 DRIVE CONTROL REGISTER NAME (ADDRESS = 0XO8H)

Drive control is shown in Table 39 and described in Table 40. Return to Summary Table.

Read and write

Table 39. Drive Control Register

7 | 6 5 4 3 2 1 0
SSC_STEP IDRIV_HS IDRIV_LS
R/W-01b R/W-111b R/W-111b

Table 40. Drive Control Field Descriptions

BIT FIELD TYPE DEFAULT DESCRIPTION
Set the OSC spectrum spread step
00b =4

7:6 | SSC_STEP R/W 01b 0lb =8
10b =16
11b =32
Set high side the peak source current and peak sink current of the gate
drive

53 IDRIV_HS RIW b Table 41 lists the bit settings. Note that the high side is independent of
the low side.
Set low side the peak source current and peak sink current of the gate
drive

2:0 IDRIV_LS RIW b Table 41 lists the bit seftings. Note that the high side is independent of

the low side.

Table 41. IDRIVE Bit Settings

BIT VALUE SOURCE CURRENT SINK CURRENT
Vvm = 5.5V Vym = 13.5V Vym = 5.5V Vvm = 13.5V

000b High-side: 6mA High-side: 10mA High-side: 14mA High-side: 20mA
Low-side: 8mA Low-side: 10mA Low-side: 17mA Low-side: 20mA

001b High-side: 12mA High-side: 20mA High-side: 28mA High-side: 40mA
Low-side: 16mA Low-side: 20mA Low-side: 35mA Low-side: 40mA

010b High-side: 30mA High-side: 50mA High-side: 72mA High-side: 100mA
Low-side: 40mA Low-side: 50mA Low-side: 75mA Low-side: 95mA

011b High-side: 42mA High-side:70mA High-side: T00mA High-side: 140mA
Low-side: 55mA Low-side:60mA Low-side:110mA Low-side:125mA

1006 High-side: 60mA High-side:105mA High-side: 140mA High-side: 200mA
Low-side: 77mA Low-side:90mA Low-side: 160mA Low-side: 184mA

101b High-side: 100mA High-side: 155mA High-side: 180mA High-side: 265mA
Low-side: 110mA Low-side: 130mA Low-side: 210mA Low-side: 260mA

1106 High-side: 130mA High-side: 210mA High-side: 250mA High-side: 350mA
Low-side: 140mA Low-side: 180mA Low-side: 280mA Low-side: 350mA

Mib High-side: 160mA High-side: 260mA High-side: 320mA High-side: 440mA
Low-side: T90mA Low-side: 225mA Low-side: 360mA Low-side: 430mA
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8.2.8 CSA CONTROL REGISTER NAME (ADDRESS = 0XO2H)

CSA control is shown in Table 42 and described in Table 43. Return to Summary Table.
Read and write
Table 42. CSA Control Register

7 6 | 5 4 3 2 1 0
RESERVED TDRIVE TOCP_DG TBLK
R-Ob R/W-00b R/W-00b R/W-000b

Table 43. CSA Control Field Descriptions

BIT

FIELD

TYPE

DEFAULT

DESCRIPTION

7

RSV

R

Ob Disable current regulation (enabled by default)
VGS drive time and VDS monitor blanking time
00: 2.5pus

01: 5us

10: 10us

11: 20us

VDS overcurrent monitor deglitch time

00: 2us

01: 4us

10: 8us

11: 16pus

Current shunt amplifier blanking time, % of tprvy

6:5 TDRIVE R/W 00b

4:3 TOCP_DG R/W 01b

2:0

TBLK

R/W

101b

000:
001:
010:
011:
100:
101:
110:
111:

0%
20%
40%
60%
70%
80%
90%
100%
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Figure 36. DR704Q Typical Application Schematic
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92.1.1 It TR
9.1.1.1 M EB FeT IEF

DR704Q FET NiEEBETHARBEMN PWM MK, EPRITE FET IREhEEST, IKshFNIERI(slow decay)@EE
1B EEZLBYEA Equation 3,

|
Qg < VCP (3)
tewmy
Hrp:
o fpwm SN AT DR704Q M NKIRAFTE PWM SR YaTTRITER, LUIRAE N,

* herBRBERAIRABE, BURATF VM BE,
REFIOEMERZET PWM X, 80 Equation 4 Fixoe

1
f <— 4
PWW tor + f(BLANK) “@

B0, MRFARLKH VM BIES 7V (Iver = 8mA)FHEA 40kHz B9 A PWM 473, Ml DR704Q 2842 Qg &% 200nC
B9 FET,

RN A FERGIRERRE(EERDN R @R 2 B32E), A Equation 5 HE &K FET IRahaET T,

lvep
Qy<—fi— 5
97 2x fewm ®)

9.1.1.2 IDRIVE g E
DR704Q i@&;d SPI ECE IDRIVE, LA{E FET HRTE torve Bt BIRTE 2758, WRFTIERY IDRIVE BiAX F4aE R FET SRR
i€, M FET AlRETC AT T8, BINFERFTTRRIING FET MBHERARNBAEXLE, UREEAINANREIRE.
SFEE e M REBE(Qgu) P T _EFBTEI(H)EY FET, AJLARIE Equation 6 i%#F IDRIVE BB,
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£/ Equation 8 ITE &K IDRIVE (lprive2)o

IDRIVE] = 84nC/ ]00ns = 84mA (7)

IDRIVE2 = 84nC / 300ns = 28mA (8)

79 IDRIVE 3 —1 71 F 28mA 1 84mA Z BJRYE, T3 XMI1E T, BIEEFE AL 50mA BYREER IDRIVE E(X%9 100mA
RYERR). ZENEERFE— 200kQ AIEFEM IDRIVE 5| i,

92.1.1.3 VDS fig &

VDS 51T H{ERBE VosocrytRHE FET BIER K EBIR Ivos F1 Roson)BLE. MIRFEBIE Vosrer BERA M Ivos Feld FET B9 Rosonyo
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VDSFET = IVDS X RDS(on) = 100A x 1.8mQ = 180mV (10)
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Figure 37. Example Setup of Motor Drive System With External Power Supply
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12. PACKAGE INFORMATION
The DR704Q is available in the QFN-32 package. Figure 38 shows the package view.
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Figure 38. Package View
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Table 44 provides detailed information about the dimensions.
Table 44. Dimensions

DIMENSIONS IN MILLIMETERS
PARAMETER SYMBOL MIN NOM MAX
Total Thickness A 0.8 0.85 0.9
Stand Off Al 0 0.02 0.05
Mold Thickness A2 — 0.65 —
L/F Thickness A3 0.203 REF
Side Wettable Depth A4 0.075 — 0.2
Lead Width b 0.2 0.25 0.3
) X D 5 BSC
Body Size v £ 5 BSC
Lead Pitch e 0.5 BSC
) X D2 3.4 3.5 3.6
EP Size Y E2 3.4 35 36
L 0.3 0.4 0.5
Lead Length T 0.4 REF
Side Wettable Width L2 0 — 0.075
Lead Tip to Exposed Pad Edge K 0.35 REF
Package Edge Tolerance aaa 0.1
Mold Flatness cce 0.1
Coplanarity eee 0.08
Lead Offset bbb 0.1
Exposed Pad Offset fff 0.1
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13. TAPE AND REEL INFORMATION

Figure 39 illustrates the carrier tape.
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Notes:

1. Cover tape width: 9.3 + 0.10.
2. Cumulative tolerance of 10 sprocket hole pitch: £0.20 (max).
3. Camber. not to exceed Tmm in 250mm.

4. Mold#: QFN-32.
5. All dimensions: mm.

6. Direction of view: =1 ©

Table 45. Tape and Reel Information

-~ 9
2,

53+0.10

1.1+£0.10

Figure 39. Carrier Tape Drawing
Table 45 provides information about tape and reel.

0.3+£0.05

5.3+0.10

PACKAGE REEL/ | INNER BOX/ INNERBOX |  CARTON
TYPE REEL | QTY/REEL| \\NERBOX | CARTON | STY/CARTON| ‘gze vy | size vmy
e 13" 4000 1 8 32000 | 336*336*448 |  420*355+*365

Figure 40 shows the product loading orientation—pin 1 is assigned at Q2.

Pin 1

O O

O O

Q1 %t @2

Ql i Q2

Q3

Q4

Q3 i Q4

* Q: Pocket quadrant

Figure 40. Product Loading Orientation
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REVISION HISTORY

REVISION DATE DESCRIPTION
Rev A 07 April 2023 Rev A release.
1. Updated Section 1 and Table 2.

2. Updated the description of pin 11 in Table 3.
Rev B 12 May 2023 3. Added Figure 2 under Table 10.

4. Updated Section 7.4.3, Section 7.4.4, and Section 7.4.12.
5. Updated Table 38 and Table 40.
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