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5 Pin Configuration and Functions

PWP PowerPAD™ Package
24-Pin HTSSOP

WRGE Package
24-Pin VQFN With Exposed Thermal Pad
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Pin Functions
PIN
NO. I/0 TYPE DESCRIPTION
NAME
HTSSOP VQFN
AOUT1 6 3 (0] Output | Winding A output. Connect to stepper motor winding.
AOUT2 7 4 (0] Output | Winding A output. Connect to stepper motor winding.
Power ground. Both PGND pins are shorted internally. Connect to system
PGND 5,10 2,7 — Power ground on PCB.
BOUT1 9 (0] Output | Winding B output. Connect to stepper motor winding
BOUT2 8 (0] Output | Winding B output. Connect to stepper motor winding
CPH 2 23 . power | Charge pump switching node. Connect a X7R, 0.022-pF, VM-rated ceramic
CPL 1 22 capacitor from CPH to CPL.
DIR 29 19 | Input Dir(_ection input. Logic level sets the direction of stepping; internal pulldown
resistor.
DRVOFF 23 20 | Input Logic high to disable device outputs; logic low to enable; internal pullup to
DVDD.
Logic supply voltage. Connect a X7R, 0.47-uF, 6.3-V or 10-V rated ceramic
DvbD 13 10 Power capacitor to GND.
GND 12 9 — Power Device ground. Connect to system ground.
Current set reference input. Maximum value 3.3 V. DVDD can be used to
VREF 15 12 ! Input provide VREF through a resistor divider.
Serial clock input. Serial data is shifted out and captured on the corresponding
SCLK 20 1 ! Input rising and falling edge on this pin.
SDI 19 16 | Input Serial data input. Data is captured on the falling edge of the SCLK pin
SDO 18 15 (0] Push Pull | Serial data output. Data is shifted out on the rising edge of the SCLK pin.
STEP 21 18 | Input Step input. A rising edge causes the indexer to advance one step; internal
pulldown resistor.

Copyright © 2019-2020, Texas Instruments Incorporated
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Pin Functions (continued)

PIN
NO. I/0 TYPE DESCRIPTION
NAME
HTSSOP VQFN

VCP 3 24 — Power Charge pump output. Connect a X7R, 0.22-pF, 16-V ceramic capacitor to VM.
Power supply. Connect to motor supply voltage and bypass to GND with two

VM 4,11 1,8 — Power 0.01-pF ceramic capacitors (one for each pin) plus a bulk capacitor rated for
VM.

VSDO 17 14 Power Supply pin for SDO output. Connect to 5-V or 3.3-V depending on the desired
logic level.

AEAULT 14 11 o Open Faul; indication. Pulled logic onv with fault condition; open-drain output

Drain requires an external pullup resistor.

Serial chip select. An active low on this pin enables the serial interface

nSCS 16 13 ! Input communications. Internal pullup to DVDD.

nSLEEP 2 21 | Input Sleep modg input. Logic high to e_nable device; logic low to enter low-power
sleep mode; internal pulldown resistor.

PAD - - - - Thermal pad. Connect to system ground.

4 Copyright © 2019-2020, Texas Instruments Incorporated
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6 Specifications
6.1 Absolute Maximum Ratings
over operating free-air temperature range (unless otherwise noted)®
MIN MAX UNIT
Power supply voltage (VM) -0.3 50 \%
Charge pump voltage (VCP, CPH) -0.3 VM +7 \%
Charge pump negative switching pin (CPL) -0.3 VM \%
Charge pump negative switching pin (nSLEEP) -0.3 VM \%
Internal regulator voltage (DVDD) -0.3 5.75 \%
SDO output reference voltage (VSDO) -0.3 5.75 \%
Control pin voltage (STEP, DIR, DRVOFF, nFAULT, SDI, SDO, SCLK, nSCS) -0.3 5.75 \%
Open drain output current (nFAULT) 0 10 mA
Reference input pin voltage (VREF) -0.3 5.75 \%
Continuous phase node pin voltage (AOUT1, AOUT2, BOUT1, BOUT2) -1.0 VM + 1.0 \%
Transient 100 ns phase node pin voltage (AOUT1, AOUT2, BOUT1, BOUT?2) -3.0 VM + 3.0 \%
Peak drive current (AOUT1, AOUT2, BOUT1, BOUT2) Internally Limited A
Operating ambient temperature, T -40 125 °C
Operating junction temperature, T, -40 150 °C
Storage temperature, Tgyg —65 150 °C

(1) Stresses beyond those listed under Absolute Maximum Ratings 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 Recommended
Operating Conditions. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

6.2 ESD Ratings

VALUE UNIT
Human body model (HBM), per AEC Q100-002® +2000
Vieso) Eilseccrt:aorStatic . Corner pins for PWP (1, +750 v
ge Charged device model (CDM), per AEC Q100-011 | 12,13, and 24)
Other pins +500

(1) AECQ100-002 indicates that HBM stressing shall be in accordance with the ANSI/ESDA/JEDEC JS—001specification.

Copyright © 2019-2020, Texas Instruments Incorporated 5
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6.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)
MIN MAX UNIT
Vym Supply voltage range for normal (DC) operation 4.5 45 \Y,
\ Logic level input voltage 0 5.5 \Y,
Vspo SDO buffer supply voltage 2.9 5.5 \Y,
VVREFE VREF voltage 0.05 3.3 \%
fstep Applied STEP signal (STEP) 0 100®W kHz
Ies Motor full-scale current (xOUTX) 0 150 A
Irms Motor RMS current (xOUTX) 0 110 A
Ta Operating ambient temperature —-40 125 °C
T, Operating junction temperature —-40 150 °C
(1) STEP input can operate up to 500 kHz, but system bandwidth is limited by the motor load
(2) Power dissipation and thermal limits must be observed
6.4 Thermal Information
DRV8889-Q1
THERMAL METRIC® PWP (HTSSOP) RGE (VQFN) UNIT
24 PINS 24 PINS

Rosa Junction-to-ambient thermal resistance 30.9 40.7 °C/W
Rojctop) Junction-to-case (top) thermal resistance 25.2 31.1 °C/W
Ross Junction-to-board thermal resistance 11.3 17.9 °C/W
var Junction-to-top characterization parameter 0.4 0.6 °C/W
ViB Junction-to-board characterization parameter 11.3 17.8 °C/W
Roc(bot) Junction-to-case (bottom) thermal resistance 3.1 4.3 °C/W

(1) For more information about traditional and new thermalmetrics, see the Semiconductor and IC Package Thermal Metrics application
report.

6 Copyright © 2019-2020, Texas Instruments Incorporated
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6.5 Electrical Characteristics
Over recommended operating conditions unless otherwise noted. Typical limits apply for T; = 25°C and Vyy = 13.5V

PARAMETER | TEST CONDITIONS ‘ MIN TYP MAX UNIT
POWER SUPPLIES (VM, DVDD, VSDO)
lym VM operating supply current DRVOFF = 0, nSLEEP = 1, No output 5 7 mA
lvmg VM sleep mode supply current | nSLEEP =0 2 4 pA
tsLEEP Sleep time NSLEEP = 0 to sleep-mode 75 us
tRESET NSLEEP reset pulse ?(i]ftgrlz-, low to only clear fault 18 35 us
twake Wake-up time NSLEEP = 1 to output transition 0.6 0.9 ms
ton Turn-on time VM > UVLO to output transition 0.6 0.9 ms
Vpvop Internal regulator voltage No external load, 6 V < Vyy <45V 4.5 5 5.5 \%
CHARGE PUMP (VCP, CPH, CPL)
Vvep VCP operating voltage VM + 5 \%
fvep) ggg&%igyump switching Vym > UVLO; nSLEEP = 1 400 kHz
LOGIC-LEVEL INPUTS (STEP, DIR, nSLEEP, nSCS, SCLK, SDI, DRVOFF)
VL Input logic-low voltage 0 0.6
\im Input logic-high voltage 15 5.5 \Y
Vhys Input logic hysteresis 150 mV
it Input logic-low current VIN =0 V (nSCS, DRVOFF) 8 12 pA
liLo Input logic-low current VIN=0V -1 1 pA
liH1 Input logic-high current VIN = DVDD (nSCS, DRVOFF) 500 nA
k2 Input logic-high current VIN=5V 50 pA
PUSH-PULL OUTPUT (SDO)
Rpp,spo Internal pull-down resistance 5mA load, with respect to GND 40 75 Q
Rpu,spo Internal pull-up resistance 5mA load, with respect to VSDO 30 60 Q
Ispo SDO Leakage Current SDO = VSDO and 0V -1 1 pA
CONTROL OUTPUTS (nFAULT)
VoL Output logic-low voltage lo=5mA 0.4 \Y
loH Output logic-high leakage Vym =135V -1 pA

Copyright © 2019-2020, Texas Instruments Incorporated 7
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Electrical Characteristics (continued)

Over recommended operating conditions unless otherwise noted. Typical limits apply for T, = 25°C and V, = 13.5V

PARAMETER ‘ TEST CONDITIONS ’ MIN TYP MAX UNIT
MOTOR DRIVER OUTPUTS (AOUT1, AOUT2, BOUT1, BOUT2)
VM =135V, T;=25°C, lp=-1A 450 550 mQ
Rps(onH) High-side FET on resistance VM =135V, T;=125°C, lp=-1A 700 850 mQ
VM =135V, T;=150°C, Iog=-1A 780 950 mQ
VM =135V, T;=25°C,Ip=1A 450 550 mQ
Rps(on) Low-side FET on resistance VM =135V, T;=125°C, Ip=1A 700 850 mQ
VM =135V, T;=150°C, Iop=1A 780 950 mQ
SR =00b, VM =135V, o =05A 10
SR =01b,VM =135V, I =05A 35
tsr Output slew rate V/us
SR =10b, VM =135V, o =05A 50
SR =11b,VM =135V, I =05A 105
PWM CURRENT CONTROL (VREF)
Ky Transimpedance gain 2.2 VIA
TOFF = 00b 7
. TOFF = 01b 16
torr PWM off-time TOFF = 10b o us
TOFF = 11b 32
!soet:tinlés A, 10% to 20% current _13 10
Altgip Current trip accuracy Is%t=tinlg.5 A, 20% to 67% current -8 8 %
!soet:tinlés A, 67% to 100% current 75 75

AOUT and BOUT current

= — 0
lo,cH matching lo=15A 2.5 25 %
PROTECTION CIRCUITS

VM falling, UVLO falling 4.15 4.25 4.35
Vuvio VM UVLO lockout . . \%
VM rising, UVLO rising 4.25 4.35 4.45
VuvioHys  Undervoltage hysteresis Rising to falling threshold 100 mV

VM falling, device reset, no SPI

VRsT VM UVLO reset communications 3.9 \%
Vepuv Charge pump undervoltage VCP falling; CPUV report VM + 2 \%
locp Overcurrent protection Current through any FET 2.4 A
o Vym <37V 3
tocp Overcurrent deglitch time us
Vym 237V 0.5
tRETRY Overcurrent retry time OCP_MODE = 1b 4 ms
toL Open load detection time EN_OL =1b 200 ms
loL Open load current threshold 30 mA
Totw Overtemperature warning Die temperature T; 135 150 165 °C
Tutw Undertemperature warning Die temperature T, -25 -10 5 °C
ToTsp Thermal shutdown Die temperature T, 150 165 180 °C
Thvs_orsp  Thermal shutdown hysteresis | Die temperature T, 20 °C
Thys_otw ﬁ;sigreergips erature warning Die temperature T 20 °C
Tivs. uTw Undertemperature warning Die temperature T, 10 oc

hysteresis

8 Copyright © 2019-2020, Texas Instruments Incorporated
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6.6 SPI Timing Requirements

MIN NOM MAX| UNIT

tREADY) SPI ready, VM > Vgst 1 ms
tcLk) SCLK minimum period 100 ns
tcLKH) SCLK minimum high time 50 ns
tcLk) SCLK minimum low time 50 ns
tsu(spr) SDI input setup time 20 ns
th(spl) SDI input hold time 30 ns
ta(spo) SDO output delay time, SCLK high to SDO valid, C, = 20 pF 30 ns
tsumscs) nSCS input setup time 50 ns
thinscs) nSCS input hold time 50 ns
tHi nscs)y  NSCS minimum high time before active low 2 ps
tyis(nscs) nSCS disable time, nSCS high to SDO high impedance 10 ns

Copyright © 2019-2020, Texas Instruments Incorporated 9
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6.7 Indexer Timing Requirements

Over recommended operating conditions unless otherwise noted. Typical limits apply for T; = 25°C and Vyy = 13.5V

NO. MIN MAX UNIT
1 |fstep Step frequency 500 kHz
2 | twHsTEP) Pulse duration, STEP high 970 ns
3 | twisTEP) Pulse duration, STEP low 970 ns
4 |tsupR, Mx) Setup time, DIR to STEP rising 200 ns
5 | tHpIRr, Mx) Hold time, DIR to STEP rising 200 ns

(1) STEP input can operate up to 500 kHz, but system bandwidth islimited by the motor load.

STEP

|
D>
I |

i

DIR

-

@

1. STEP and DIR Timing Diagram

t{HI_rE»CE'g- t;,_(rscs}

)

X

I tisnscs) 1

2. SPI Slave-Mode Timing Definition
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6.8 Typical Characteristics

Over recommended operating conditions (unless otherwise noted)
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Typical Characteristics (T X)

Over recommended operating conditions (unless otherwise noted)

LK o7
— Ta= 40°C N
i — Ta=0°C — VM=
0.7% T, = 25°G 065 | — WM = 13.5V
— T.=85°C — VM =18V
0.7 T. = 125°C —— WM =2y
06 VM = 45V
- —
& 085 == = =) /
E e Z 055 ]
i 0E o L
= |
o —— — e —l— % /
= 058 o 05 =
S = /
3 s = i
—t 0.45
0.45 //
e N ISP E— R S Sy bt o.4 /
0.4 f/
B Rt PR P P e
0.35 02l
5 10 15 0 5 a0 5 40 45 -40 20 a .Zt':' 40 it ) ] 10 120
Supply Voltage (V) Ambient Temperature (*C)
7. Low-Side Rpg(on) over VM 8. Low-Side Rpg(on) Over Temperature
oe 0.85 - -
— T.=-40°C — ::J = fr;;-‘-' 4
0.75 — Ta=0°C — YMEE
. — T.= 250 06| — VM=135¢ .
o7 — Ta=85°C — VM= 18V /
' — T.=i25C — WM =24y /
0es 0.55 VM = 45V -
: 08 E os /‘f/
- = /
ﬁ = B A i il i’ AV SR, STy S et % .45 /
[ e
E-. 0.5 JE:_l .-f
5 2 i
0.45 il = — - 0.4 i
0.4 ﬁ
0.35 f
0.3 0.3
5 10 i5 i) 25 0 a5 40 45 -4 =20 1] .Zt':' 40 4] ) &0 100 120
Supphy Voltage (V) Ambient Temperature (“C)
9. High-Side Rpg(on) over VM 10. High-Side Rps(on) over Temperature

12

MY © 2019-2020, Texas Instruments Incorporated



13 TEXAS
INSTRUMENTS
DRV8889-Q1

www.ti.com.cn ZHCSJO5B —NOVEMBER 2019—REVISED JANUARY 2020

7 Detailed Description

7.1 Overview

The DRV8889-Q1 device is an integrated motor-driver solution for bipolar stepper motors. The device integrates
two N-channel power MOSFET H-bridges, integrated current sense and regulation circuitry, and a microstepping
indexer. The DRV8889-Q1 device can be powered with a supply voltage from 4.5 to 45 V and is capable of
providing an output current up to 2.4-A peak, 1.5-A full-scale, or 1.1-A root mean square (rms). The actual full-
scale and rms current depends on the ambient temperature, supply voltage, and PCB thermal capability.

The device uses an integrated current-sense architecture which eliminates the need for two external power
sense resistors. This architecture removes the power dissipated in the sense resistors by using a current mirror
approach and using the internal power MOSFETS for current sensing. The current regulation set point is adjusted
by the voltage at the VREF pin. These features reduces external component cost, board PCB size, and system
power consumption.

A simple STEP/DIR interface allows for an external controller to manage the direction and step rate of the
stepper motor. The internal indexer can execute high-accuracy microstepping without requiring the external
controller to manage the winding current level. The indexer is capable of full step, half step, and 1/4, 1/8, 1/16,
1/32, 1/64, 1/128 and 1/256 microstepping. In addition to a standard half stepping mode, a noncircular half
stepping mode is available for increased torque output at higher motor RPM.

The current regulation is configurable between several decay modes. The decay mode can be selected as a
slow-mixed, mixed decay, smart tune Ripple Control, or smart tune Dynamic Decay current regulation scheme.
The slow-mixed decay mode uses slow decay on increasing steps and mixed decay on decreasing steps. The
smart tune decay modes automatically adjust for optimal current regulation performance and compensate for
motor variation and aging effects. Smart tune Ripple Control uses a variable off-time, ripple control scheme to
minimize distortion of the motor winding current. Smart tune Dynamic Decay uses a fixed off-time, dynamic
decay percentage scheme to minimize distortion of the motor winding current while also minimizing frequency
content. In smart tune Ripple Control mode, the device can detect a motor overload stall condition or an end-of-
line travel, by detecting back-emf phase shift between rising and falling current quadrants of the motor current.

The device integrates a spread spectrum clocking feature for both the internal digital oscillator and internal
charge pump. This feature combined with output slew rate control minimizes the radiated emissions from the
device.

A torque DAC feature allows the controller to scale the output current without needing to scale the VREF voltage
reference. The torque DAC is accessed using a digital input pin which allows the controller to save system power
by decreasing the motor current consumption when high output torque is not required.

A low-power sleep mode is included which allows the system to save power when not actively driving the motor.

AR © 2019-2020, Texas Instruments Incorporated 13
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7.2 Functional Block Diagram
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7.3 Feature Description
% 1 lists the recommended external components for the DRV8889-Q1 device.
#z 1. DRV8889-Q1 External Components
COMPONENT PIN 1 PIN 2 RECOMMENDED
Cym1 VM GND Two X7R, 0.01-uF, VM-rated ceramic capacitors
Cym2 VM GND Bulk, VM-rated capacitor
Cyvcp VCP VM X7R, 0.22-uF, 16-V ceramic capacitor
Csw CPH CPL X7R, 0.022-uF, VM-rated ceramic capacitor
Cbvpd DVDD GND X7R, 0.47-uF to 1-uF, 6.3-V ceramic capacitor
RnFAULT vce @ NFAULT >4.7-kQ resistor
RRrer1 VREF VCC Resistor to limit chopping current. It is recommended that the value of parallel
Rrer (Optional) VREF GND combination of Rggr; and Rgero should be less than 50-kQ.

(1) VCC is not a pin on the DRV8889-Q1 device, but a VCC supply voltage pullup is required for open-drain output NFAULT; nFAULT may
be pulled up to DVDD

7.3.1 Stepper Motor Driver Current Ratings

Stepper motor drivers can be classified using three different numbers to describe the output current: peak, rms,
and full-scale.

7.3.1.1 Peak Current Rating

The peak current in a stepper driver is limited by the overcurrent protection trip threshold Iocp. The peak current
describes any transient duration current pulse, for example when charging capacitance, when the overall duty
cycle is very low. In general the minimum value of Iocp specifies the peak current rating of the stepper motor
driver.

For the DRV8889-QL1 device, the peak current rating is 2.4 A per bridge.

7.3.1.2 rms Current Rating

The rms (average) current is determined by the thermal considerations of the IC. The rms current is calculated
based on the Rpgpon) rise and fall time, PWM frequency, device quiescent current, and package thermal
performance in a typical system at 25°C. The actual operating rms current may be higher or lower depending on
heatsinking and ambient temperature.

For the DRV8889-Q1 device, the rms current rating is 1.1 A per bridge.

7.3.1.3 Full-Scale Current Rating

The full-scale current describes the top of the sinusoid current waveform while microstepping. Because the
sinusoid amplitude is related to the rms current, the full-scale current is also determined by the thermal
considerations of the device. The full-scale current rating is approximately V2 x Igys.

For the DRV8889-QL1 device, the full-scale current rating is 1.5 A per bridge.

Full-scale current

Output Current

Step Input

11. Full-Scale and RMS Current
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7.3.2 PWM Motor Drivers

The device has drivers for two full H-bridges to drive the two windings of a bipolar stepper motor. ¥ 12 shows a
block diagram of the circuitry.

VM
&
'_ r:|xOUT1
L L
<+ X
'_
A
M Current e
Sense
Microstepping a_nd Gate VM
Current Regulation Dri
. rivers
Logic
&
— r]xoum
,_ L
<+ &
'_
A
| Current e
Sense
r:| PGND
L

12. PWM Motor Driver Block Diagram

7.3.3 Microstepping Indexer

Built-in indexer logic in the device allows a number of different step modes. The MICROSTEP_MODE bits in the
SPI register are used to configure the step mode as shown in & 2.

Fz 2. Microstepping Settings

MICROSTEP_MODE STEP MODE

0000b Full step (2-phase excitation) with 100%
current

0001b Full step (2-phase excitation) with 71% current

0010b Non-circular 1/2 step

0011b 1/2 step

0100b 1/4 step

0101b 1/8 step

0110b 1/16 step

0111b 1/32 step

1000b 1/64 step

1001b 1/128 step

1010b 1/256 step
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#z 3 shows the relative current and step directions for full-step (71% current), 1/2 step, 1/4 step and 1/8 step
operation. Higher microstepping resolutions follow the same pattern. The AOUT current is the sine of the
electrical angle and the BOUT current is the cosine of the electrical angle. Positive current is defined as current
flowing from the xOUT1 pin to the xOUT2 pin while driving.

At each rising edge of the STEP input the indexer travels to the next state in the table. The direction is shown
with the DIR pin logic high. If the DIR pin is logic low, the sequence is reversed.

If the step mode is changed on the fly while stepping, the indexer advances to the next
valid state for the new step mode setting at the rising edge of STEP.

While DIR = 0 and the electrical angle is at a full step angle (45, 135, 225, or 315
degrees), two rising edge pulses on the STEP pin are required in order to advance the
indexer after changing from any microstep mode to the full step mode. The first pulse will
induce no change in the electrical angle, the second pulse will move the indexer to the
next full step angle.

The home state is an electrical angle of 45°. This state is entered after power-up, after exiting logic undervoltage
lockout, or after exiting sleep mode.

% 3. Relative Current and Step Directions

wotee | westee | uzsTee | s | AOUTCURENT  BouTeURmENT |ELECTRIOM
1 1 1 0 100 0
2 20 98 11
3 2 38 92 23
4 56 83 34
5 3 2 1 71 71 45
6 83 56 56
7 4 92 38 68
8 98 20 79
9 5 3 100 0 90
10 98 -20 101
11 6 92 -38 113
12 83 -56 124
13 7 4 2 71 —71 135
14 56 -83 146
15 8 38 -92 158
16 20 —-98 169
17 9 5 0 -100 180
18 -20 -98 191
19 10 -38 -92 203
20 —-56 -83 214
21 11 6 3 —71 —71 225
22 -83 -56 236
23 12 -92 -38 248
24 -98 -20 259
25 13 7 -100 0 270
26 -98 20 281

MR © 2019-2020, Texas Instruments Incorporated
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5% 3. Relative Current and Step Directions (# T 1)

ysTep | w4sTEP | ipsTep | STER |AOUTCURRENT |BourcumeNT  ELECTROM
27 14 -92 38 293
28 -83 56 304
29 15 8 4 —-71 71 315
30 -56 83 326
31 16 -38 92 338
32 -20 98 349

5= 4 shows the full step operation with 100% full-scale current.

full-step mode with 71% current, but provides a higher torque at high motor RPM.

This stepping mode consumes more power than

F= 4. Full Step with 100% Current

FULL AOUT CURRENT BOUT CURRENT ELECTRICAL ANGLE
STEP (% FULL-SCALE) (% FULL-SCALE) (DEGREES)
100%

1 100 100 45

2 -100 100 135

3 -100 -100 225

4 100 ~100 315

#% 5 shows the noncircular 1/2—step operation. This stepping mode consumes more power than circular 1/2-step
operation, but provides a higher torque at high motor RPM.

£k 5. Non-Circular 1/2-Stepping Current

NON-CIRCULAR 1/2-STEP AOUT CURRENT BOUT CURRENT ELECTRICAL ANGLE
(% FULL-SCALE) (% FULL-SCALE) (DEGREES)

1 0 100 0

2 100 100 45
3 100 0 90
4 100 ~100 135
5 0 -100 180
6 ~100 ~100 225
7 ~100 0 270
8 ~100 100 315

7.3.4 Controlling VREF with an MCU DAC

In some cases, the full-scale output current may need to be changed between many different values, depending
on motor speed and loading. The voltage of the VREF pin can be adjusted in the system to change the full-scale

current.

In this mode of operation, as the DAC voltage increases, the full-scale regulation current increases as well. For
proper operation, the output of the DAC should not rise above 3.3 V.

18
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Controller

\ VREF VREF
DAC Analog
4 Input

13. Controlling VREF with a DAC Resource

The VREF pin can also be adjusted using a PWM signal and low-pass filter. The R-C time constant for the low-
pass filter should be longer than 10 times the period of the PWM signal.

Controller

PWIM

R1
% VREF VREF
' Analag

14. Controlling VREF With a PWM Resource
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7.3.5 Current Regulation

The current through the motor windings is regulated by a PWM current-regulation circuit. When an H-bridge is
enabled, current rises through the winding at a rate dependent on the DC voltage, inductance of the winding, and
the magnitude of the back EMF present. When the current hits the current regulation threshold, the bridge enters
a decay mode for a period of time determined by the TOFF register setting and the selected decay mode to
decrease the current. After the off-time expires, the bridge is re-enabled, starting another PWM cycle.

Motor Current (A)

torr

15. Current Chopping Waveform

The PWM regulation current is set by a comparator which monitors the voltage across the current sense
MOSFETs in parallel with the low-side power MOSFETs. The current sense MOSFETs are biased with a
reference current that is the output of a current-mode sine-weighted DAC whose full-scale reference current is
set by the voltage at the VREF pin. In addition, the TRQ_DAC register can further scale the reference current.

Use Ax 1 to calculate the full-scale regulation current.
Vo (V) V.. (V)< TRQ_DAC (%)

IFS{A}:W-TRQ_DAC{%}z 22(V/A)

@
The TRQ_DAC is adjusted via the SPI register. £ 6 lists the current scalar value for different inputs.

# 6. Torque DAC Settings

TRQ_DAC CURRENT SCALAR (TRQ)
0000b 100%
0001b 93.75%
0010b 87.5%
0011b 81.25%
0100b 75%
0101b 68.75%
0110b 62.5
0111b 56.25%
1000b 50%
1001b 43.75%
1010b 37.5%
1011b 31.25%
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% 6. Torque DAC Settings (3T R)

TRQ_DAC CURRENT SCALAR (TRQ)
1100b 25%
1101b 18.75%
1110b 12.5%
1111b 6.25%

MR © 2019-2020, Texas Instruments Incorporated
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7.3.6 Decay Modes

During PWM current chopping, the H-bridge is enabled to drive through the motor winding until the PWM current
chopping threshold is reached. This is shown in § 16, Item 1.

Once the chopping current threshold is reached, the H-bridge can operate in two different states, fast decay or
slow decay. In fast decay mode, once the PWM chopping current level has been reached, the H-bridge reverses
state to allow winding current to flow in a reverse direction. The opposite FETs are turned on; as the winding
current approaches zero, the bridge is disabled to prevent any reverse current flow. Fast decay mode is shown in
16, item 2. In slow decay mode, winding current is re-circulated by enabling both of the low-side FETs in the
bridge. This is shown in B 16, Iltem 3.

VM

' I ] PWM
PWM OFF

______*h_____**———

Slow Decay |-~

r 1
T ] ] L
Edlr F 3 F 3 f ._...1|_
T ]
| |
Iy
1
1

ON
@ Drive Current /
<OUT2 (2)Fast decay (reverse)

Fast Decay
@ Slow decay (brake) /

Mixed Decay

r &
!I_ |_4
EHHE Jiiiril'ﬂl_
P L

- .;....r:.... -
Lot
—»{ ja— =TDECA
TBLANK
1 TOFF
Itrip
16. Decay Modes
The decay mode is selected by the DECAY register as shown in 3 7.
% 7. Decay Mode Settings
DECAY INCREASING STEPS DECREASING STEPS
000b Slow decay Slow decay
001b Slow decay Mixed decay: 30% fast
010b Slow decay Mixed decay: 60% fast
011b Slow decay Fast decay
100b Mixed decay: 30% fast Mixed decay: 30% fast
101b Mixed decay: 60% fast Mixed decay: 60% fast
110b Smart tune Dynamic Decay Smart tune Dynamic Decay
111b (default) Smart tune Ripple Control Smart tune Ripple Control
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B 17 defines increasing and decreasing current. For the slow-mixed decay mode, the decay mode is set as slow
during increasing current steps and mixed decay during decreasing current steps. In full step and noncircular 1/2-
step operation, the decay mode corresponding to decreasing steps is always used.

=)
o , :
c Increasing  Decreasing
S : ;
5 Increasing  Decreasing
o
< L

STEP Input
=)
c
(] . o
g Decreasing Increasing
o
5 Increasing  Decreasing
o
[+2]

STEP Input

17. Definition of Increasing and Decreasing Steps
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7.3.6.1 Slow Decay for Increasing and Decreasing Current

Increasing Phase Current (A)

[tgank > torr > tp Ak - torr >

R A

< tprive —> B torive

Decreasing Phase Current (A)

[t kP torr >t ANk P torr >t ank P

<— tprive —> & tprive P & tprive P

18. Slow/Slow Decay Mode

During slow decay, both of the low-side FETs of the H-bridge are turned on, allowing the current to be
recirculated.

Slow decay exhibits the least current ripple of the decay modes for a given toer. However on decreasing current
steps, slow decay will take a long time to settle to the new Iygp level because the current decreases very slowly.
If the current at the end of the off time is above the ITRIP level, slow decay will be extended for another off time
duration and so on, till the current at the end of the off time is below ITRIP level.

In cases where current is held for a long time (no input in the STEP pin) or at very low stepping speeds, slow
decay may not properly regulate current because no back-EMF is present across the motor windings. In this
state, motor current can rise very quickly, and may require a large off-time. In some cases this may cause a loss
of current regulation, and a more aggressive decay mode is recommended.
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7.3.6.2 Slow Decay for Increasing Current, Mixed Decay for Decreasing Current

Increasing Phase Current (A)
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Decreasing Phase Current (A)
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19. Slow-Mixed Decay Mode

Mixed decay begins as fast decay for a time, followed by slow decay for the remainder of the torr time. In this
mode, mixed decay only occurs during decreasing current. Slow decay is used for increasing current.

This mode exhibits the same current ripple as slow decay for increasing current, because for increasing current,
only slow decay is used. For decreasing current, the ripple is larger than slow decay, but smaller than fast decay.
On decreasing current steps, mixed decay settles to the new I1gp level faster than slow decay.
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7.3.6.3 Mode 4: Slow Decay for Increasing Current, Fast Decay for Decreasing current

Increasing Phase Current (A)

l€tp ank P ——————————————  top —*'tBLANK'H : torr :‘*tBLANK"E

“* tprve P B torive > “* tprve P

Please note that these graphs are not the same scale; torr is the same

Decreasing Phase Current (A)

[€ taLank > '<_ torr _" ?"tBLANK"?<_ torr —>' §<-tBLANK—>§<— torr —)-

<— tprive —> = tprive P & tprive P>

20. Slow/Fast Decay Mode

During fast decay, the polarity of the H-bridge is reversed. The H-bridge will be turned off as current approaches
zero in order to prevent current flow in the reverse direction. In this mode, fast decay only occurs during
decreasing current. Slow decay is used for increasing current.

Fast decay exhibits the highest current ripple of the decay modes for a given toer. Transition time on decreasing
current steps is much faster than slow decay since the current is allowed to decrease much faster.

26 MRAX © 2019-2020, Texas Instruments Incorporated



13 TEXAS
INSTRUMENTS
DRV8889-Q1

www.ti.com.cn ZHCSJO5B —NOVEMBER 2019—REVISED JANUARY 2020

7.3.6.4 Mixed Decay for Increasing and Decreasing Current
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21. Mixed-Mixed Decay Mode

Mixed decay begins as fast decay for a time, followed by slow decay for the remainder of toer. In this mode,
mixed decay occurs for both increasing and decreasing current steps.

This mode exhibits ripple larger than slow decay, but smaller than fast decay. On decreasing current steps,
mixed decay settles to the new Igp level faster than slow decay.

In cases where current is held for a long time (no input in the STEP pin) or at very low stepping speeds, slow
decay may not properly regulate current because no back-EMF is present across the motor windings. In this
state, motor current can rise very quickly, and requires an excessively large off-time. Increasing or decreasing
mixed decay mode allows the current level to stay in regulation when no back-EMF is present across the motor
windings.
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7.3.6.5 Smart tune Dynamic Decay

The smart tune current regulation schemes are advanced current-regulation control methods compared to
traditional fixed off-time current regulation schemes. Smart tune current regulation schemes help the stepper
motor driver adjust the decay scheme based on operating factors such as the ones listed as follows:

* Motor winding resistance and inductance

* Motor aging effects

* Motor dynamic speed and load

» Motor supply voltage variation

» Motor back-EMF difference on rising and falling steps

e Step transitions

» Low-current versus high-current di/dt

The device provides two different smart tune current regulation modes, named smart tune Dynamic Decay and
smart tune Ripple Control.
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22. Smart tune Dynamic Decay Mode

Smart tune Dynamic Decay greatly simplifies the decay mode selection by automatically configuring the decay
mode between slow, mixed, and fast decay. In mixed decay, smart tune dynamically adjusts the fast decay
percentage of the total mixed decay time. This feature eliminates motor tuning by automatically determining the
best decay setting that results in the lowest ripple for the motor.

The decay mode setting is optimized iteratively each PWM cycle. If the motor current overshoots the target trip
level, then the decay mode becomes more aggressive (add fast decay percentage) on the next cycle to prevent
regulation loss. If a long drive time must occur to reach the target trip level, the decay mode becomes less
aggressive (remove fast decay percentage) on the next cycle to operate with less ripple and more efficiently. On
falling steps, smart tune Dynamic Decay automatically switches to fast decay to reach the next step quickly.

Smart tune Dynamic Decay is optimal for applications that require minimal current ripple but want to maintain a
fixed frequency in the current regulation scheme.
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7.3.6.6 Smart tune Ripple Control

Increasing Phase Current (A)
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23. Smart tune Ripple Control Decay Mode

Smart tune Ripple Control operates by setting an lya gy level alongside the Itgp level. When the current level
reaches ltgp, instead of entering slow decay until the toer time expires, the driver enters slow decay until lya gy
is reached. Slow decay operates similar to mode 1 in which both low-side MOSFETs are turned on allowing the
current to recirculate. In this mode, tore varies depending on the current level and operating conditions.

This method allows much tighter regulation of the current level increasing motor efficiency and system
performance. Smart tune Ripple Control can be used in systems that can tolerate a variable off-time regulation
scheme to achieve small current ripple in the current regulation.
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7.3.7 Blanking Time

After the current is enabled (start of drive phase) in an H-bridge, the current sense comparator is ignored for a
period of time (tg ank) Defore enabling the current-sense circuitry. The blanking time also sets the minimum drive
time of the PWM. When the device goes into a drive phase at the end of a slow-decay phase, the blanking time
is roughly 500 ns. If the device goes into drive phase at the end of a fast-decay phase, the approximate blanking

time is as shown in the following table -

% 8. Blanking Time

SLEW_RATE Blanking Time (tg| ank)
00b 5.6 us
01b 2 ps
10b 1.5 ps
11b 860 ns

7.3.8 Charge Pump

A charge pump is integrated to supply a high-side N-channel MOSFET gate-drive voltage. The charge pump
requires a capacitor between the VM and VCP pins to act as the storage capacitor. Additionally a ceramic
capacitor is required between the CPH and CPL pins to act as the flying capacitor.

VM
VM :|
0.22 uF
—|— VeP
L1
CPHMT %
L1 -
__0.022 uF VM Charge
T Pump
Control
CPL r
L1 {E

24. Charge Pump Block Diagram
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7.3.9 Linear Voltage Regulators

A linear voltage regulator is integrated into the device. The DVDD regulator can be used to provide a reference
voltage. DVDD can supply a maximum of 2 mA load. For proper operation, bypass the DVDD pin to GND using a
ceramic capacitor.

The DVDD output is nominally 5-V. When the DVDD LDO current load exceeds 2 mA, the output voltage drops
significantly.

W

Y

DwvDD SV, TmA

— 04T uF

: L
; -

25. Linear Voltage Regulator Block Diagram

If logic level inputs must be tied permanently high, tying the input to the DVDD pin instead of an external
regulator is preferred. This method saves power when the VM pin is not applied or in sleep mode: the DVDD
regulator is disabled and current does not flow through the input pulldown resistors. For reference, logic level
inputs have a typical pulldown of 200 kQ.

The nSLEEP pin cannot be tied to DVDD, else the device will never exit sleep mode.

7.3.10 Logic Level Pin Diagrams
26 shows the input structure for the logic-level pins STEP, DIR, nSLEEP, SDI, and SCLK.

DwvDD

=

26. Logic-Level Input Pin Diagram

& 27 shows the input structure for the logic-level pins DRVOFF, and nSCS.
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OVDD

§

27. Logic-Level with Internal Pull-up Input Pin Diagram

DVDD
10pA

7.3.10.1 nFAULT Pin

The nFAULT pin has an open-drain output and should be pulled up to a 5-V or 3.3-V supply. When a fault is
detected, the nFAULT pin is logic low. nFAULT pin will be high after power-up. For a 5-V pullup, the nFAULT pin
can be tied to the DVDD pin with a resistor. For a 3.3-V pullup, an external 3.3-V supply must be used.

FAULT r Output
=

28. NnFAULT Pin

7.3.11 Protection Circuits

The device is fully protected against supply undervoltage, charge pump undervoltage, output overcurrent, device
overtemperature, and open load events.

It provides additional diagnostics in the form of stall detection.
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7.3.11.1 VM Undervoltage Lockout (UVLO)

VM Voltage |
Vivio rising

Vo falling

Vaer UVLO reset

|
|
|
|
l -
SP| available : SP| available SPI available
Digital Alive | Digital Alive o nD::Qtltal A!Itvi_
- Outputs switching ' Oufputs Hi-Z uiputs switching
Device Status CP enabled : CP disabled CcP ena_bllelci*
UVLO, FAULT bits ‘0% | UVLO, FAULT bits “1° UVLO bit 1
nFAULT high : NEAULT low FAULT bit ‘0
1 nFAULT high
* FAULT bit will be ‘0’ if no fault is present Time

= UVLO bitwill be "1°1ill cleared by CLE_FLT or nSLEEP pulse

29. Supply Voltage Ramp Profile

VM Voltage |,
Vuveo i Sing

Vo falllng

Vrer UVLO reset

|

|

|

|

d -
SPI available | SPlavailable SPI unavailable SDF_*' _T\flaﬁble SP| available
Digital Alive | Digital Alive Digital Reset OI%I at '_:Y; Digital Alive

. Outputs switching | Outputs Hi-Z Outputs HI-Z utputs ni- Outputs switching
Device Status CP enabled | CP disabled CP disabled CP disabled CP enabled
UVLO, FAULT bits 0" 1UVLO, FAULT bits '1'|  UVLO, FAULT bits ‘0’ UVLO bit ‘0 UVLO. FAULT bits 0™
NFAULT high ' nFAULT low NFAULT High FAULT bit 1" NEAULT high
J I NFAULT low g R

Time
* FAULT bit will be '0" if no fault is present

30. Supply Voltage Ramp Profile

If at any time the voltage on the VM pin falls below the UVLO falling threshold voltage, all the outputs are
disabled (High-Z) and the charge pump (CP) is disabled. Normal operation resumes (motor driver and charge
pump) when the VM voltage recovers above the UVLO rising threshold voltage.
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When the voltage on the VM pin falls below the UVLO falling threshold voltage (4.25 V typical), but is above the
VM UVLO reset voltage (Vrst, 3.9 V maximum), SPI communication is available, the digital core of the device is
alive, the FAULT and UVLO bits are made high in the SPI registers and the nFAULT pin is driven low, as shown
in 29. From this condition, if the VM voltage recovers above the UVLO rising threshold voltage (4.35 V
typical), NFAULT pin is released (is pulled-up to the external voltage), and the FAULT bit is reset, but the UVLO
bit remains latched high until cleared through the CLR_FLT bit or an nSLEEP reset pulse.

When the voltage on the VM pin falls below the VM UVLO reset voltage (Vgst, 3.9 V maximum), SPI
communication is unavailable, the digital core is shutdown, the FAULT and UVLO bits are low and the nFAULT
pin is high. During the subsequent power-up, when the VM voltage exceeds the Vgt Voltage, the digital core
comes alive, UVLO bit stays low but the FAULT bit is made high; and the nFAULT pin is pulled low, as shown in
® 30. When the VM voltage exceeds the VM UVLO rising threshold, FAULT bit is reset, UVLO bit stays low and
the nFAULT pin is pulled high.

7.3.11.2 VCP Undervoltage Lockout (CPUV)

If at any time the voltage on the VCP pin falls below the CPUV voltage, all the outputs are disabled, and the
NFAULT pin is driven low. The charge pump remains active during this condition. The FAULT and CPUV bits are
made high in the SPI registers. Normal operation resumes (motor-driver operation and nFAULT released) when
the VCP undervoltage condition is removed. The CPUV bit remains set until it is cleared through the CLR_FLT
bit or an nSLEEP reset pulse.

7.3.11.3 Overcurrent Protection (OCP)

An analog current-limit circuit on each FET limits the current through the FET by removing the gate drive. If this
current limit persists for longer than the tocp time, the FETs in that particular H-bridge are disabled and the
NFAULT pin is driven low. The FAULT and OCP bits are latched high in the SPI registers. For xOUTx to VM
short, corresponding OCP_LSx_x bit goes high in the DIAG Status 1 register. Similarly, for xOUTx to ground
short, corresponding OCP_HSx_x bit goes high. For example, for AOUT1 to VM short, OCP_LS1 A hit goes
high; and for BOUT2 to ground short, the OCP_HS2_B bit goes high. The charge pump remains active during
this condition. The overcurrent protection can operate in two different modes: latched shutdown and automatic
retry.

7.3.11.3.1 Latched Shutdown (OCP_MODE = 0b)

In this mode, after an OCP event, the relevant outputs are disabled and the nFAULT pin is driven low. Normal
operation resumes after nSLEEP cycling or a power cycling. This is the default mode for an OCP event for the
device.

7.3.11.3.2 Automatic Retry (OCP_MODE = 1b)

In this mode, after an OCP event, the relevant outputs are disabled and the nFAULT pin is driven low. Normal
operation resumes automatically (motor-driver operation and nFAULT released) after the tzerry time has elapsed
and the fault condition is removed.

7.3.11.4 Open-Load Detection (OL)

If the winding current in any coil drops below the open load current threshold (Ig,) and the Itgp level set by the
indexer, and if this condition persists for more than the open load detection time (to, ), an open-load condition is
detected. The EN_OL bit must be '1' to enable open load detection. When an open load fault is detected, the OL
and FAULT bits are latched high in the SPI register and the nFAULT pin is driven low. If the OL_A bit is high, it
indicates an open load fault in winding A, between AOUT1 and AOUT2. Similarly, an open load fault between
BOUTL1 and BOUT2 causes the OL_B bit to go high. Normal operation resumes and the nFAULT line is released
when the open load condition is removed and a clear faults command has been issued either through the
CLR_FLT bit or an nSLEEP reset pulse. The fault also clears when the device is power cycled or comes out of
sleep mode.

If the motor is held at a position corresponding to 0°, 90°, 180° or 270° electrical angles, for more than the open
load detection time, open load fault will be flagged, as one of the coil current is zero. This situation does not arise
in full-step mode, because the coil currents are never zero.
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7.3.11.5 Stall Detection

Stepper motors have a distinct relation between the winding current, back-EMF, and mechanical torque load of
the motor, as shown in B 31. As motor load approaches the torque capability of the motor at a given winding
current, the back-EMF will move in phase with the winding current. By detecting back-emf phase shift between
rising and falling current quadrants of the motor current, the DRV8889-Q1 can detect a motor overload stall
condition or an end-of-line travel.

NI ).
ol R

Unloaded Steppar Motor

AN N
RN

Partially Loaded Stepper Motor

SN SN
S NS

Fully Loadad Stepper Mobor

Motor BEMF (W)
Winding Current [A)

Motor BEMF (V)
Winding Current {A)

BEMF (V)

Maotor

Winding Current (&)

31. Stall Detection by Monitoring Motor Back-EMF

The Stall Detection algorithm works only when the device is programmed to operate in the smart tune Ripple
Control decay mode. The EN_STL hit in CTRL5 register has to be '1' to enable stall detection. The algorithm
compares the back-EMF between the rising and falling current quadrants by monitoring PWM off time and
generates a value represented by the 8-bit register TRQ_COUNT. The comparison is done in such a way that
the TRQ_COUNT value is practically independent of motor current, motor winding resistance, ambient
temperature and supply voltage. Full step mode of operation is supported by this algorithm.

For a lightly loaded motor, the TRQ_COUNT will be a non-zero value. As the motor approaches stall condition,
TRQ_COUNT will approach zero and can be used to detect stall condition. If anytime TRQ_COUNT falls below
the stall threshold (represented by the 8-bit STALL_TH register), device will detect stall and the STALL, STL and
FAULT bits are latched high in the SPI register. To indicate stall detection fault on the nFAULT pin, the STL_REP
bit in CTRLS5 register has to be '1'. When the STL_REP bit is '1', the nFAULT pin will be driven low when stall is
detected. In stalled condition, the motor shaft does not spin. The motor starts to spin again when the stall
condition is removed and the motor is ramped from zero speed to its target speed. The nFAULT line is released
and the fault registers are cleared when a clear faults command has been issued either through the CLR_FLT bit
or an nSLEEP reset pulse.
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TRQ_CNT gets calculated as an average from the latest four electrical half-cycles. Once calculated, it gets
updated in the SPI register within 100 ns. After the latest TRQ_CNT is updated, it retains the value in the SPI
register for the next electrical half-cycle, after which the TRQ_CNT is updated with a new value. The duration of
the electrical half-cycle is dependent on microstepping and step-frequency. At the most, it takes two electrical
cycles to detect stall.

Stall threshold can be set in two ways — either user can write the STALL_TH bits, or let the algorithm learn the
stall threshold value itself through the stall learning process. The stall learning process requires that the
STL_LRN bit in CTRLS5 register is '1' and the motor is deliberately stalled for some time to allow the algorithm to
learn the ideal stall threshold. The process takes 16 electrical cycles and at the end of a successful learning,
loads the STALL_TH register with the proper stall threshold bits. Also, the STL_LRN_OK bit goes high at the end
of successful learning. It is recommended that users set the stall threshold using the stall learning process for
proper stall detection. A stall threshold at one speed may not work well for another speed - therefore it is
recommended to re-learn the stall threshold when the motor speed changes.

7.3.11.6 Thermal Shutdown (OTSD)

If the die temperature exceeds the thermal shutdown limit (To7gp) all MOSFETS in the H-bridge are disabled, and
the nFAULT pin is driven low. The charge pump is disabled in this condition. In addition, the FAULT, TF and
OTS bits are latched high. This protection feature cannot be disabled. The overtemperature protection can
operate in two different modes: latched shutdown and automatic recovery.

7.3.11.6.1 Latched Shutdown (OTSD_MODE = 0b)

In this mode, after a OTSD event all the outputs are disabled and the nFAULT pin is driven low. The FAULT, TF
and OTS bits are latched high in the SPI register. Normal operation resumes after nSLEEP cycling or a power
cycling. This mode is the default mode for a OTSD event.

7.3.11.6.2 Automatic Recovery (OTSD_MODE = 1b)

In this mode, after a OTSD event all the outputs are disabled and the nFAULT pin is driven low. The FAULT, TF
and OTS bits are latched high in the SPI register. Normal operation resumes (motor-driver operation and the
NFAULT line released) when the junction temperature falls below the overtemperature threshold limit minus the
hysteresis (Torsp — Thys otsp)- The FAULT, TF and OTS bits remains latched high indicating that a thermal
event occurred until a clear faults command is issued either through the CLR_FLT bit or an nSLEEP reset pulse.

7.3.11.7 Overtemperature Warning (OTW)

If the die temperature exceeds the trip point of the overtemperature warning (Tomy), the OTW and TF bits are set
in the SPI register. The device performs no additional action and continues to function. When the die temperature
falls below the hysteresis point (Thys orw) Of the overtemperature warning, the OTW and TF bits clear
automatically. The OTW bit can also be configured to report on the nFAULT pin, and set the FAULT bit in the
device, by setting the TW_REP bit to 1b through the SPI registers. The charge pump remains active during this
condition.

7.3.11.8 Undertemperature Warning (UTW)

If the die temperature falls below the trip point of the undertemperature warning (Tyrw), the UTW and TF bits are
set in the SPI register. The device performs no additional action and continues to function. When the die
temperature exceeds the hysteresis point (Tyys utw) Of the undertemperature warning, the UTW and TF bits
clear automatically. The UTW bit can also be configured to report on the nFAULT pin, and set the FAULT bit in
the device, by setting the TW_REP bit to 1b through the SPI registers. The charge pump remains active during
this condition.

% 9. Fault Condition Summary

FAULT CONDITION CONFIGU | ERROR |H-BRIDGE | CHARGE | INDEXER LOGIC RECOVERY
RATION | REPORT PUMP
Reset Automatic: VM >
E/UI\<I/ IL_ch)iervolta(;]e (\r/T'\'\gX<4VéJ':\-)/L\?) — anl}J:II_T / Disabled | Disabled | Disabled | (Vym < 3.9 VuvLo
’ V) (max 4.45 V)
VCP undervoltage VCP < Vcpyy . nFAULT / . . . . VCP > Vcpyy
(CPUV) (typ VM + 2.25 V) sp| Disabled | Operating | Operating | Operating (typ VM + 2.7 V)
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& 9. Fault Condition Summary (##TR)
FAULT CONDITION CONFIGU | ERROR |H-BRIDGE | CHARGE | INDEXER LOGIC RECOVERY
RATION | REPORT PUMP
OCP_—MO nFAULT / Disabled | Operating | Operating | Operating Latched: CLR_FLT
lotie > | DE = 0b SPI / NSLEEP
Overcurrent (OCP) ouT ~ 'ocP ;
(min 2.4 A) OCP_MO | nFAULT / . . . . Automatic retry:
= Disabled | Operating | Operating | Operating
DE = 1b SPI treTRY
Open Load (OL) No load detected ENECb)L = anL'ill‘T/ Operating | Operating | Operating | Operating Report only
. STI_‘—REP SPI Operating | Operating | Operating | Operating No action
Stall Detection I/ stuck =0b
(STALL) Stall /stuckmotor I~ ™ 2Ep | nFAULT/
-1b Spl Operating | Operating | Operating | Operating Report only
TV!—REP nFAULT / Operating | Operating | Operating | Operating No action
Overtemperature ST =1b SPI
Warning (OTW J7 oW ic:
9 ) TV!—REP SPI Operating | Operating | Operating | Operating Automatic: T, <
=0b Totw - THys oTtw
TV!—REP nFAULT / Operating | Operating | Operating | Operating No action
Undertemperature T<T =1b SPI
Warning (UTW I uTw ic:
9 ) TV!—REP SPI Operating | Operating | Operating | Operating Automatic: T, >
=0b Tutw + THys_utw
OTSD_MO | nFAULT / . . . ) Latched: CLR_FLT
— Disabled Disabled | Operatin Operatin >
Thermal Shutdown DE = 0b SPI P g r 9 [ nSLEEP
(OTSD) Ta>Torsp OTSD_MO Automatic: Ty <
— SPI Disabled Disabled | Operating | Operating u -
DE = 1b Totsb - THys oTsp

7.4 Device Functional Modes

7.4.1 Sleep Mode (nNSLEEP =0)

The device state is managed by the nSLEEP pin. When the nSLEEP pin is low, the device enters a low-power
sleep mode. In sleep mode, all the internal MOSFETs are disabled, the DVDD regulator is disabled, the charge
pump is disabled, and the SPI is disabled. The tg ggp time must elapse after a falling edge on the nSLEEP pin
before the device enters sleep mode. The device is brought out of sleep automatically if the nSLEEP pin is
brought high. The tyake time must elapse before the device is ready for inputs.

7.4.2 Disable Mode (nSLEEP = 1, DRVOFF = 1)

The DRVOFF pin is used to enable or disable the half bridges in the device. When the DRVOFF pin is high, the
output drivers are disabled in the Hi-Z state.

The DIS_OUT bit can also be used to disable the output drivers. When the DIS_OUT bit is '1', the output drivers
are disabled in the Hi-Z state. DIS_OUT is OR'ed with DRVOFF pin.

#k 10. Conditions to Enable or Disable Output Drivers

nSLEEP DRVOFF DIS_OUT H-BRIDGE
0 Don't Care Don't Care Disabled
1 0 0 Operating
1 0 1 Disabled
1 1 0 Disabled
1 1 1 Disabled
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7.4.3 Operating Mode (nSLEEP = 1, DRVOFF = 0)

When the nSLEEP pin is high, the DRVOFF pin is low, and VM > UVLO, the device enters the active mode. The
twaxe time must elapse before the device is ready for inputs.

7.4.4 nSLEEP Reset Pulse

In addition to the CLR_FLT bit in the SPI register, a latched fault can be cleared through a quick nSLEEP pulse.
This pulse width must be greater than 18 ps and shorter than 35 ps. If nSLEEP is low for longer than 35 ps but
less than 75 s, the faults are cleared and the device may or may not shutdown, as shown in the timing diagram
(see B 32). This reset pulse resets any SPI faults and does not affect the status of the charge pump or other
functional blocks.

nSLEEP
18 ps 35 us 75 us

] I
| 1

All fauts cleared, | i
B [ i i

- —pi4—All faults cleared, device may or may not shutdawn—bH—Dewce shuts down (goes into sleep mode,

—»
device stays active | | faults cleared by default)

32. nSLEEP Reset Pulse

lists a summary of the functional modes.

% 11. Functional Modes Summary

CONDITION CONFIGURA H-BRIDGE DVDD CHARGE PUMP INDEXER Logic
TION Regulator

NSLEEP pin
=0
NSLEEP pin
=1
DRVOFF pin
=0
NSLEEP pin
=1
DRVOFF pin
=1

Sleep mode |45V <VM<45V Disabled Disbaled Disabled Disabled Disabled

Operating 45V <VM<45V Operating Operating Operating Operating Operating

Disabled 45V <VM<45V Disabled Operating Operating Operating Operating

7.5 Programming

7.5.1 Serial Peripheral Interface (SPl) Communication

The device SPI has full duplex, 4-wire synchronous communication. This section describes the SPI protocol, the
command structure, and the control and status registers. The device can be connected with the MCU in the
following configurations:

* One slave device
» Multiple slave devices in parallel connection
» Multiple slave devices in series (daisy chain) connection

7.5.1.1 SPI Format

The SDI input data word is 16 bits long and consists of the following format:
* 1 read or write bit, W (bit 14)

» 5 address bits, A (bits 13 through 9)

» 8 data bits, D (bits 7 through 0)
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Programming (3T R)

The SDO output-data word is 16 bits long and the first 8 bits make up the Status Register (S1). The Report word
(R1) is the content of the register being accessed.

For a write command (WO = 0), the response word on the SDO pin is the data currently in the register being
written to.

For a read command (WO = 1), the response word is the data currently in the register being read.

% 12. SDI Input Data Word Format

RIW ADDRESS P DATA
Bl5 B4 BI3 Bl2 BIl BIO BY B8 B7 B6 B5S B4 B3 B2 Bl  BO
o | wo | a [ a3 | A2 | At [ A | x [ o7 | b6 | ps | pa | p3 | p2 | b1 | Do
# 13. SDO Output Data Word Format
STATUS | REPORT
Bl5 Bl4 BI13 B2 Bl BIO B9 B8 B/ B6 B5S B4 B3 B2 Bl  BO
1 | 1 [uvio|cpuv| ocp | st | tTF [ oo | b7 | b6 | D5 | Da | D38 | b2 | p1 | DO

7.5.1.2 SPI for a Single Slave Device

The SPI is used to set device configurations, operating parameters, and read out diagnostic information. The SPI
operates in slave mode. The SPI input-data (SDI) word consists of a 16-bit word, with 8 bits command and 8 bits
of data. The SPI output data (SDO) word consists of 8 bits of status register with fault status indication and 8 bits
of register data. B 33 shows the data sequence between the MCU and the SPI slave driver.

nSCS

Al D1
SDI

St R1
SDO

33. SPI Transaction Between MCU and the device

A valid frame must meet the following conditions:

* The SCLK pin must be low when the nSCS pin goes low and when the nSCS pin goes high.

* The nSCS pin should be taken high for at least 500 ns between frames.

* When the nSCS pin is asserted high, any signals at the SCLK and SDI pins are ignored, and the SDO pin is
in the high-impedance state (Hi-Z).

e Full 16 SCLK cycles must occur.

« Data is captured on the falling edge of the clock and data is driven on the rising edge of the clock.

e The most-significant bit (MSB) is shifted in and out first.

« If the data word sent to SDI pin is less than 16 bits or more than 16 bits, a frame error occurs and the data
word is ignored.

» For a write command, the existing data in the register being written to is shifted out on the SDO pin following
the 8-bit command data.
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7.5.1.3 SPI for Multiple Slave Devices in Parallel Configuration

Microcontroller

M-CS1
M-CS52
M-C53
M-CLK

M-5DO
M-SDI

DRVB889-Q1
i

DRV8889-Q11
()

DRv8888-Q1
(3

nsSCs
SCLK

34. Three DRV8889-Q1 Devices Connected in Parallel Configuration

7.5.1.4 SPI for Multiple Slave Devices in Daisy Chain Configuration

The DRV8889-Q1 device can be connected in a daisy chain configuration to keep GPIO ports available when
multiple devices are communicating to the same MCU. 35 shows the topology when three devices are
connected in series.

Master

sSDN

M-SDO [}—»{]

DRV8889-Q1
(1)

| SDO1/SDI2

|

.
L

DRV8889-Q1
(2)

SDO1/SDI2

(F———0]

DRV8889-Q1
(3)

1

—(]

35. Three DRV8889-Q1 Devices Connected in Daisy Chain

The first device in the chain receives data from the MCU in the following format for 3-device configuration: 2
bytes of header (HDRX) followed by 3 bytes of address (Ax) followed by 3 bytes of data (Dx).
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nSCS
|
|
—|HDR1|HDR2| A3 | A2 | A1 | D3 | D2 | D1 |—l—
SDI |
|
|
—| st IHDR1IHDR2I A3 | A2 | Ri | D3 | D2 '—}7
SDO1/SDI2 .
|
|
S
|
|
|
|
|

—l S2 I S1 IHDR1IHDR2I A3 I R2 I R1 I D3
SDO2/ SDI3

—l S3 I S2 I S1 IHDR1IHDR2I R3 I R2 I R1
SDO3

=

All Address bytes All Data bytes
reach destination reach destination
Status response here Reads executed here Writes executed here

36. SPI Frame With Three Devices

After the data has been transmitted through the chain, the MCU receives the data string in the following format
for 3-device configuration: 3 bytes of status (Sx) followed by 2 bytes of header followed by 3 bytes of report (Rx).

nSCS | |
SDl—l HDR1 | HDR2 | A3 | A2 | Al | D3 | D2 | D1 |—
SDO—| s3 | s2 | S | HDR1 | HDR2 | R3 | R2 | R1 |—

37. SPI Data Sequence for Three Devices

The header bytes contain information of the number of devices connected in the chain, and a global clear fault
command that will clear the fault registers of all the devices on the rising edge of the chip select (nSCS) signal.
Header values N5 through NO are 6 bits dedicated to show the number of devices in the chain. Up to 63 devices
can be connected in series for each daisy chain connection.

The 5 LSBs of the HDR2 register are don't care bits that can be used by the MCU to determine integrity of the
daisy chain connection. Header bytes must start with 1 and 0 for the two MSBs.

HDR 1 HDR 2
|1|0|N5|N4|N3|N2|N1|N0||1|O|CLR|x|x|x|x|x|
I |
l I . |
v
No. of devices in the chain 1 = global FAULT clear Don’t care
(upt026—1=63) 0 =don’t care

38. Header Bytes

The status byte provides information about the fault status register for each device in the daisy chain so that the
MCU does not have to initiate a read command to read the fault status from any particular device. This keeps
additional read commands for the MCU and makes the system more efficient to determine fault conditions
flagged in a device. Status bytes must start with 1 and 1 for the two MSBs.
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Header Bytes

(HDRx)

Status Byte
(Sx)

Address Byte

(Ax)

Data Byte
(Dx)

1 0 N5 N4 N3 N2 N1 NO |
|
1 0 CLR X X X X X |
-_— - = |
1 1 UVLO CPUV ocp STL TF oL
0 RIW Ad A3 A2 A1 AO X
D7 D6 D5 D4 D3 D2 D1 DO

39. Contents of Header, Status, Address, and Data Bytes for DRV8889-Q1

When data passes through a device, it determines the position of itself in the chain by counting the number of
status bytes it receives followed by the first header byte. For example, in this 3-device configuration, device 2 in
the chain receives two status bytes before receiving the HDR1 byte which is then followed by the HDR2 byte.

From the two status bytes, the data can determine that its position is second in the chain. From the HDR2 byte,
the data can determine how many devices are connected in the chain. In this way, the data only loads the
relevant address and data byte in its buffer and bypasses the other bits. This protocol allows for faster

communication without adding latency to the system for up to 63 devices in the chain.

The address and data bytes remain the same with respect to a 1-device connection. The report bytes (R1
through R3), as shown in B 37, are the content of the register being accessed.

—

SDI

X

| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
SCLK | |
| |
| |
| |
| |
| |
| |

><LSB

SDO

X

><LSB

Capture
Point

Propagate
Point

40. SPI Transaction

42
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7.6 Register Maps

5= 14 lists the memory-mapped registers for the DRV8889-Q1 device. All register addresses not listed in & 14
should be considered as reserved locations and the register contents should not be modified.

Fk 14. Memory Map

R,‘f‘gi;‘:r 7 6 5 4 3 2 1 0 A%fszs Address
FAULT Status FAULT SPI_ERROR UVLO cPuV ocp STL F oL R 0x00
DIAG Status1 | OCP_LS2 B | OCP_HS2 B | OCP_LSL B | OCP_HSL B | OCP_LS2 A | OCP_HS2 A | OCP_LSL A | OCP_HSL A R 0x01
DIAG Status 2 uTW oTW oTs STL_LRN_OK STALL RSVD oL B oL A R 0x02

CTRLL TRQ_DAC [3.0] RSVD SLEW_RATE [L0] RW 0x03
CTRL2 DIS_OUT RSVD TOFF [L:0] DECAY [2:0] RW 0x04
CTRL3 DIR step [ spLDR SPI_STEP MICROSTEP_MODE [3:0] RW 0x05
CTRL4 CLR_FLT LOCK [2:0] EN_OL OCP_MODE | OTSD_MODE | TW_REP RW 0x06
CTRLS RSVD | STL_LRN EN_STL STL_REP RSVD RW 0x07
CTRLG STALL_TH [7:0] RW 0x08
CTRLY TRQ_COUNT [7:0] R 0x09
CTRLS RSVD [ REV_ID [3:0] R 0X0A

Complex bit access types are encoded to fit into small table cells. & 15 shows the codes that are used for
access types in this section.

% 15. Access Type Codes

Access Type ‘ Code ‘ Description

Read Type

R R | Read

Write Type

w |w | write

Reset or Default Value

-n Value after reset or the default
value
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7.6.1 Status Registers
The status registers are used to reporting warning and fault conditions. Status registers are read-only registers

7 16 lists the memory-mapped registers for the status registers. All register offset addresses not listed in & 16
should be considered as reserved locations and the register contents should not be modified.

F 16. Status Registers Summary Table

Address Register Name Section
0x00 FAULT status Go
0x01 DIAG status 1 Go
0x02 DIAG status 2 Go

7.6.1.1 FAULT Status Register Name (address = 0x00)
FAULT status is shown in B 41 and described in .

Read-only
41. FAULT Status Register
7 6 5 4 3 2 1 0
FAULT SPLERROR | uwvwo | cpuv |  ocp | STL TF oL
R-0Ob R-0b R-0Ob R-0b R-0Ob R-0b R-0Ob R-0b
Fk 17. FAULT Status Register Field Descriptions

Bit Field Type Default Description

7 FAULT R 0b When nFAULT pin is at 1, FAULT bit is 0. When nFAULT pin is
at 0, FAULT bit is 1.

6 SPI_ERROR R 0b Indicates SPI protocol errors, such as more SCLK pulses than
are required or SCLK is absent even though nSCS is low.
Becomes high in fault and the nFAULT pin is driven low. Normal
operation resumes when the protocol error is removed and a
clear faults command has been issued either through the
CLR_FLT bit or an nSLEEP reset pulse.

5 UVLO R 0b Indicates an undervoltage lockout fault condition.

4 CPUV R 0b Indicates charge pump undervoltage fault condition.

3 ocp R 0b Indicates overcurrent fault condition

2 STL R 0b Indicates motor stall condition.

1 TF R 0b Logic OR of the overtemperature warning, undertemperature
warning and overtemperature shutdown.

0 oL R 0b Indicates open-load condition.

7.6.1.2 DIAG Status 1 (address = 0x01)
DIAG Status 1 is shown in B 42 and described in % 18.

Read-only
42. DIAG Status 1 Register
7 6 5 4 3 2 1 0
OCP LS2 B | OCP HS2 B | OCP LS1 B | OCP HS1 B | OCP LS2 A | OCP HS2 A | OCP LS1L A | OCP HSL A
R-0b R-Ob R-0b R-Ob R-0b R-Ob R-0b R-Ob

44 MRAX © 2019-2020, Texas Instruments Incorporated



13 TEXAS
INSTRUMENTS

www.ti.com.cn

DRV8889-Q1
ZHCSJO5B —NOVEMBER 2019—REVISED JANUARY 2020

F< 18. DIAG Status 1 Register Field Descriptions

Bit Field Type Default Description

7 OCP_LS2 B R Ob Indicates overcurrent fault on the low-side FET of half bridge 2
in BOUT

6 OCP_HS2 B R Ob Indicates overcurrent fault on the high-side FET of half bridge 2
in BOUT

5 OCP_LS1 B R Ob Indicates overcurrent fault on the low-side FET of half bridge 1
in BOUT

4 OCP_HS1 B R Ob Indicates overcurrent fault on the high-side FET of half bridge 1
in BOUT

3 OCP_LS2_A R Ob Indicates overcurrent fault on the low-side FET of half bridge 2
in AOUT

2 OCP_HS2_A R Ob Indicates overcurrent fault on the high-side FET of half bridge 2
in AOUT

1 OCP_LS1_A R Ob Indicates overcurrent fault on the low-side FET of half bridge 1
in AOUT

0 OCP_HSI1 A R Ob Indicates overcurrent fault on the high-side FET of half bridge 1
in AOUT

7.6.1.3 DIAG Status 2 (address = 0x02)
DIAG Status 2 is shown in B 43 and described in % 19.

Read-only
43. DIAG Status 2 Register
7 6 5 3 2 1 0
uTW otw ofs | sTLirRNOK| staL | Rswo |  oLsB oL_A
R-0b R-0b R-0b R-0b R-0b R-0b R-0b R-0b
% 19. DIAG Status 2 Register Field Descriptions
Bit Field Type Default Description
7 uTw R 0b Indicates undertemperature warning.
6 oTW R 0b Indicates overtemperature warning.
5 oTs R 0b Indicates overtemperature shutdown.
4 STL_LRN_OK R 0b Indicates stall detection learning is successful
3 STALL R 0b Indicates motor stall condition
2 RSVD R 0b Reserved.
1 OL_B R 0b Indicates open-load detection on BOUT
0 OL_A R 0b Indicates open-load detection on AOUT

7.6.2 Control Registers

The IC control registers are used to configure the device. Status registers are read and write capable.

= 20 lists the memory-mapped registers for the control registers. All register offset addresses not listed in % 20
should be considered as reserved locations and the register contents should not be modified.
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Fz 20. Control Registers Summary Table

Address Register Name Section
0x03 CTRL1 Go
0x04 CTRL2 Go
0x05 CTRL3 Go
0x06 CTRL4 Go
0x07 CTRL5 Go
0x08 CTRL6 Go
0x09 CTRL7 Go

7.6.2.1 CTRL1 Control Register (address = 0x03)

CTRL1 control is shown in B 44 and described in & 21.

Read/Write

44, CTRL1 Control Register
7 6 5 4 3 2 1 0
TRQ_DAC [3:0] | RSVD SLEW_RATE [1:0]
R/W-0000b R/W-00b R/W-00b
#k 21. CTRL1 Control Register Field Descriptions
Bit Field Type Default Description
0001b = 93.75%
0010b = 87.5%
0011b = 81.25%
0100b = 75%
0101b = 68.75%
0110b = 62.5%
0111b = 56.25%
1000b = 50%
1001b = 43.75%
1010b = 37.5%
1011b = 31.25%
1100b = 25%
1101b = 18.75%
1110b = 12.5%
1111b = 6.25%
32 |RSVD RIW 00b Reserved

01b = 35-V/us
10b = 50-V/us
11b = 105-V/us

7.6.2.2 CTRL2 Control Register (address = 0x04)
CTRL2 is shown in B 45 and described in & 22.
Read/Write
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45. CTRL2 Control Register

7 6 5 4 3 2 1 0
DIS_OUT RSVD | TOFF [1:0] | DECAY [2:0]
R/W-0b R/W-00b R/W-01b R/W-111b
Fk 22. CTRL2 Control Register Field Descriptions
Bit Field Type Default Description
7 DIS_OUT RIW Ob

Write '1' to Hi-Z all outputs. OR'ed with DRVOFF pin. Ensure OL
fault detection is disabled by writing '0' to EN_OL bit, before
making the outputs Hi-Z by writing '1' to DIS_OUT.

65 |RSVD RIW 00b Reserved

4-3 | TOFF [L:0] RIW 01b 00b = 7 s

01b =16 ps
10b = 24 ps
11b =32 ps

2-0 DECAY [2:0] R/IW 111b

000b = Increasing SLOW, decreasing SLOW

001b = Increasing SLOW, decreasing MIXED 30%
010b = Increasing SLOW, decreasing MIXED 60%
011b = Increasing SLOW, decreasing FAST

100b = Increasing MIXED 30%, decreasing MIXED 30%
101b = Increasing MIXED 60%, decreasing MIXED 60%
110b = Smart tune Dynamic Decay

111b = Smart tune Ripple Control

7.6.2.3 CTRL3 Control Register (address = 0x05)
CTRL3 is shown in B 46 and described in & 23.

Read/Write
46. CTRL3 Control Register
7 6 5 4 8 2 1 0
DIR STEP | SPILDR | SPILSTEP | MICROSTEP_MODE [3:0]
R/W-0b R/W-0b R/W-0b R/W-0b R/W-0000b
Fz 23. CTRL3 Control Register Field Descriptions
Bit Field Type Default Description
7 DIR RW 0b Direction input. Logic '1' sets the direction of stepping, when
SPI_DIR = 1.
6 STEP RIW 0b Step input. Logic '1' causes the indexer to advance one step,
when SPI_STEP = 1. This bit is self-clearing, automatically
becomes '0' after writing '1".
5 SPI_DIR RIW 0b Ob = Outputs follow input pin for DIR
1b = Outputs follow SPI registers DIR
4 SPI_STEP RIW 0b Ob = Outputs follow input pin for STEP
1b = Outputs follow SPI registers STEP
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Fz 23. CTRL3 Control Register Field Descriptions (# T R)
Bit Field Type Default Description
30 MICROSTEP_MODE [3:0] RIW 0000b 0000b = Full step (2-phase excitation) with 100% current

0001b = Full step (2-phase excitation) with 71% current
0010b = Non-circular 1/2 step
0011b = 1/2 step

0100b = 1/4 step

0101b = 1/8 step

0110b = 1/16 step

0111b = 1/32 step

1000b = 1/64 step

1001b = 1/128 step

1010b = 1/256 step

1011b to 1111b = Reserved

7.6.2.4 CTRL4 Control Register (address = 0x06)
CTRL4 is shown in B 47 and described in & 24.

Read/Write
47. CTRL4 Control Register
7 6 5 4 3 2 1 0
CLR_FLT LOCK [2:0] | ENoOL | ocP MODE | OTSD MODE | Tw REP
R/W-0b R/W-011b R/W-0b R/W-0b R/W-0b R/W-0b
£k 24. CTRL4 Control Register Field Descriptions
Bit Field Type Default Description
7 CLR_FLT RIW 0b Write '1' to this bit to clear all latched fault bits. This bit
automatically resets after being written.

6-4 LOCK [2:0] RIW 011b Write 110b to lock the settings by ignoring further register writes
except to these bits and address 0x06h bit 7 (CLR_FLT). Writing
any sequence other than 110b has no effect when unlocked.
Write 011b to this register to unlock all registers. Writing any
sequence other than 011b has no effect when locked.

3 EN_OL RIW 0b Write '1' to enable open load detection

2 OCP_MODE RIW 0b Ob = Overcurrent condition causes a latched fault
1b = Overcurrent condition causes an automatic retrying fault

1 OTSD_MODE RW 0b Ob = Overtemperature condition will cause latched fault
1b = Overtemperature condition will cause automatic recovery
fault

0 TW_REP RIW 0b Ob = Overtemperature or undertemperature warning is not
reported on the nFAULT line
1b = Overtemperature or undertemperature warning is reported
on the nFAULT line

7.6.2.5 CTRL5 Control Register (address = 0x07)
CTRL5 control is shown in B 48 and described in & 25.
Read/Write
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48. CTRL5 Control Register
7 6 5 4 3 2 1 0
RSVD | STLIRN | ENSTL | STLREP | RSVD
R/W-00b R/W-0b R/W-0b R/W-1b R/W-000b
Fz 25. CTRLS5 Control Register Field Descriptions

Bit Field Type Default Description

7-6 RSVD RW 00b Reserved. Should always be '00'".

5 STL_LRN RIW 0b Write '1l' to learn stall count for stall detection. This bit
automatically returns to '0' when the stall learning process is
complete.

4 EN_STL RIW 0b Ob = Stall detection is disabled
1b = Stall detection is enabled

3 STL_REP RW 1b Ob = Stall detection is not reported on nFAULT
1b = Stall detection is reported on nFAULT

20 RSVD RIW 000b Reserved. Should always be '000'".

7.6.2.6 CTRL6 Control Register (address = 0x08)
CTRLS6 is shown in B 49 and described in & 26.

Read/Write
49. CTRL6 Control Register
7 6 5 4 3 2 1 0
STALL_TH [7:0]
R/W-00001111b
Fz 26. CTRL6 Control Register Field Descriptions
Bit Field Type Default Description
7-0 STALL_TH [7:0] RIW 00001111 | 350000000b = 0 count
b
XXXXXXXXb = 1 to 254 counts
11111111b = 255 counts
7.6.2.7 CTRL7 Control Register (address = 0x09)
CTRL7 is shown in B 50 and described in & 27.
Read-only
50. CTRL7 Control Register
7 6 5 4 3 2 1 0
TRQ_COUNT [7:0]
R-11111111b
Fk 27. CTRL7 Control Register Field Descriptions
Bit Field Type Default Description
7-0 | TRQ_COUNT [7:0] R 11111111 | 00000000b = 0 count
b
XXXXXXXXb = 1 to 254 counts
11111111b = 255 counts
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7.6.2.8 CTRLS8 Control Register (address = 0x0A)

CTRLS is shown in B 51 and described in & 28.

Read-only
51. CTRLS Control Register
7 5 4 3 2 1 0
RSVD \ REV_ID [3:0]
R-0000b R-0010b
Fz 28. CTRLS8 Control Register Field Descriptions
Bit Field Type Default Description
7-4 RSVD R 0000b Reserved
30 REV_ID R 0010b

Silicon Revision Identification.

0000b indicates 15 Prototype Revision.
0001b indicates 2" Prototype Revision.
0010b indicates Production Revision.

50
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8 Application and Implementation

x

Information in the following applications sections is not part of the TI component
specification, and Tl does not warrant its accuracy or completeness. TI's customers are
responsible for determining suitability of components for their purposes. Customers should
validate and test their design implementation to confirm system functionality.

8.1 Application Information

The DRV8889-Q1 device is used in bipolar stepper control.

8.2 Typical Application

The following design procedure can be used to configure the DRV8889-Q1 device.

1 24
N e NSLEEP |j¢—
0.022 uF 2 23
L lcrn DRVOFF |¢&———
3 22
VM ——|Vvep DIR [¢——
l 0.22 UF 4 21
t i WM STEP |¢——
0.01 pyF 3 20
PGND SCLK {¢—
%7 5 19
AQUT1 SDI f4—
MSL?F* é* 7 DRV8889-Q1 18
or
' AOUT2 SDO [—* vee
8 17
9 16 VCC
BOUTA nscs [¢——
10 15
VM PGHND VREF Rrers
%7 11 14
9 VI nEAULT My —— DA1pF
12 13 10kQ
GHND DVDD Rrerz
100 pF |+  0.01pF 0.47 pF
p— N

<

—

52. Typical Application Schematic (HTSSOP package)
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Typical Application (3T }R)
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VCC
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6 ' 0.1 uF
BOUT1 nscs fe—— UH
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6 = 2 2 & ¢
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- oo (6] [} — (At
VM ' hoka
g'\/\/\/—"—“\."\ﬂ'— VCC
100pF|, 001UF| 047 pF Rrer Rrgr:
R

53. Typical Application Schematic (VQFN package)

8.2.1 Design Requirements

# 29 lists the design input parameters for a typical adaptive headlight application.

& 29. Design Parameters

DESIGN PARAMETER REFERENCE EXAMPLE VALUE
Supply voltage VM 9Vto1l6V, 135V
Nominal
Motor winding resistance R 7.7 Qlphase
Motor full step angle Ostep 15°/step
Target microstepping level Nm 1/8 step

52
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£ 29. Design Parameters (3T R)
DESIGN PARAMETER REFERENCE EXAMPLE VALUE
Target motor speed \ 300 rpm
Target full-scale current Irs 500 mA

8.2.2 Detailed Design Procedure

8.2.2.1 Stepper Motor Speed

The first step in configuring the device requires the desired motor speed and microstepping level. If the target
application requires a constant speed, then a square wave with frequency f e, must be applied to the STEP pin.
If the target motor speed is too high, the motor does not spin. Make sure that the motor can support the target
speed. Use 23 2 to calculate fsiep for a desired motor speed (v), microstepping level (ny,), and motor full step
angle (Osep)

X o
fstep (steps /s) = v (rpm) x 360 (°/rot)

Ostep (°/ Step) xny, (steps / microstep) x 60 (s /min)

@
The value of 0, can be found in the stepper motor data sheet, or written on the motor.

For example, the motor in this adaptive headlight application is required to rotate at 15°/step for a target of 300
rom at 1/8 microstep mode. Using 23 2, f step CaN be calculated as 960 Hz.

For the DRV8889-Q1 device, the microstepping level is set by the MICROSTEP_MODE bits in the SPI register
and can be any of the settings listed in ¥ 30. Higher microstepping results in a smoother motor motion and less
audible noise, but increases switching losses and requires a higher f, to achieve the same motor speed.

#z 30. Microstepping Indexer Settings

MICROSTEP_MODE STEP MODE

0000b Full step (2-phase excitation) with 100%
current

0001b Full step (2-phase excitation) with 71% current

0010b Non-circular 1/2 step

0011b 1/2 step

0100b 1/4 step

0101b 1/8 step

0110b 1/16 step

0111b 1/32 step

1000b 1/64 step

1001b 1/128 step

1010b 1/256 step

8.2.2.2 Current Regulation

In a stepper motor, the full-scale current (Ics) is the maximum current driven through either winding. This quantity
depends on the VREF voltage and the TRQ_DAC setting.

The maximum allowable voltage on the VREF pin is 3.3 V. DVDD can be used to provide VREF through a
resistor divider.

During stepping, |5 defines the current chopping threshold (lygp) for the maximum current step.

v V A V)« TRQ _DAC(%
Ve (V) «TRQ_DAC(%)= rer (V) DACLH)
KU{V/A} 2.2{V/A}

I (A )=

©)
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8.2.2.3 Decay Modes

The device supports eight different decay modes, as shown in ¥ 7. The current through the motor windings is
regulated using an adjustable fixed-time-off scheme which means that after any drive phase, when a motor
winding current has hit the current chopping threshold (lygp), the device places the winding in one of the eight

decay modes for toee. After toeg, a Nnew drive phase starts.

8.2.3 Application Curves

LSULANAARAARARAARLANAANAARLARAN AN AARAALANLARTA

"-.L“
AL m_ -
w o S %H

Tbase 0.0 mel Tigger
128its

54. 1/8 Microstepping With Mixed30-Mixed30 Decay
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55. 1/8 Microstepping With Slow-Slow Decay
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57. 1/8 Microstepping With smart tune Dynamic Decay
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8.2.4 Thermal Application
This section presents the power dissipation calculation and junction temperature estimation of the DRV8889-Q1.

8.2.4.1 Power Dissipation

The total power dissipation in the DRV8889-Q1 constitutes of three main components - conduction loss (Pconp)s
switching loss (Psy) and power loss due to quiescent current consumption (Pg).

8.2.4.1.1 Conduction Loss

The current path for a motor connected in full-bridge is through the high-side FET of one half-bridge and low-side
FET of the other half-bridge. The conduction loss (Pconp) depends on the motor rms current (Irps) and high-side
(Rps(onry) and low-side (Rpsioni)) On-state resistances as shown in N 4.

Pcono = 2 X (|RMS)2 X (RDS(ONH) + RDS(ONL)) 4)
The conduction loss for the typical application shown in Design Requirements is calculated in 23 5.
Pconp = 2 X (Irws)? X (Rosonm) *+ Rosionyy) = 2 X (500-mA / V2)? x (0.45-Q + 0.45-Q) = 225-mW (5)
x

This power calculation is highly dependent on the device temperature which significantly
effects the high-side and low-side on-resistance of the FETs. For more accurate
calculation, consider the dependency of on-resistance of FETs with device temperature.

8.2.4.1.2 Switching Loss

The power loss due to the PWM switching frequency depends on the slew rate (tsg), supply voltage, motor RMS
current and the PWM switching frequency. The switching losses during rise-time and fall-time are calculated as
shown in A= 6 and A= 7.
Psw_rise = 0.5 X Vyy X lrus X trise_pwm X fowm (6)
Psw_raiL = 0.5 X Vyym X lrms X teac_pwm X frwm (7
Both tgise pwm @nd tea pwm Can be approximated as Vyw/ tsg. After substituting the values of various

parameters, and assuming 105 V/us slew rate and 30-kHz PWM frequency, the switching losses are calculated
as shown below -

Psw_rise = 0.5 x 13.5-V x (500-mA / V2) x (13.5-V / 105 V/ps) x 30-kHz = 9.2-mW (8)
Psw rai = 0.5 x 13.5-V x (500-mA / V2) x (13.5-V / 105 V/us) x 30-kHz = 9.2-mW (9)

The total switching loss (Psy) is calculated as the sum of rise-time (Psy rise) switching loss and fall-time
(Psw_raLL) switching loss as shown below -

PSW = PSW_R|SE + PSW_FALL =9.2-mW + 9.2-mW = 18.4-mW (10)

=
The rise-time (tg;sg) and the fall-time (tpa ) are calculated based on typical values of the
slew rate (tsg). This parameter is expected to change based on the supply-voltage,
temperature and device to device variation.

The switching loss is inversely proportional to the output slew rate. 10 V/us slew rate will
result in approximately ten times higher switching loss than 105 V/us slew rate. However,
lower slew rates tend to result in better EMC performance of the driver. A careful trade-off
analysis needs to be performed to arrive at an appropriate slew rate for an application.

The switching loss is directly proportional to the PWM switching frequency. The PWM
frequency in an application will depend on the supply voltage, inductance of the motor caoil,
back emf voltage and OFF time or the ripple current (for smart tune ripple control decay
mode).

8.2.4.1.3 Power Dissipation Due to Quiescent Current

The power dissipation due to the quiescent current consumed by the power supply is calculated as shown below
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PQ = VVM X IVM (11)
Substituting the values, quiescent power loss can be calculated as shown below -
Pg = 13.5-V x 5-mA = 67.5-mW (12)

x
The quiescent power loss is calculated using the typical operating supply current (lyy)
which is dependent on supply-voltage, temperature and device to device variation.

8.2.4.1.4 Total Power Dissipation

The total power dissipation (Pto7) is calculated as the sum of conduction loss, switching loss and the quiescent
power loss as shown in 23 13.

PTOT = PCOND + PSW + PQ = 225-mW + 18.4-mW + 67.5-mW = 310.9-mW (13)

8.2.4.2 PCB Types

Thermal analysis in this section is focused for the 2-layer and 4-layer PCB with two different copper thickness (1-
oz and 2-0z) and six different copper areas (1-cm?, 2-cm?, 4-cm?, 8-cm?, 16-cm? and 32-cm?), for both HTSSOP
and VQFN packages.

62 and B 63 show the top-layer which is applicable for both 2/4-layer PCB, for HTSSOP and VQFN packages
respectively. The top-layer, mid-layer-1 and bottom-layer of the PCB is filled with ground plane, whereas, the
mid-layer-2 is filled with power plane.

For the HTSSOP, 4 x 3 array of thermal vias with 300 um drill diameter and 25 pm Cu plating were placed below
the device package. For the VQFN, 2 x 2 array of thermal vias with 300 um drill diameter and 25 pm Cu plating
were placed below the device package. Thermal vias contacted top-layer, bottom-layer, and mid-layer-1 (ground
plane) if applicable. The mid-layers and the bottom-layer were modeled with size A * A for both 2-layer and 4-
layer designs. For the VQFN package, there was no copper on top layer outside of device land area.

The thickness of copper for different PCB layers in different PCB types is summarized in & 31. The PCB
dimension (A) for different PCB copper area is summarized in & 32 for the HTSSOP package, and in ¥ 33 for
the VQFN package.

Fz 31. PCB Type and Copper Thickness

PCB Type Copper Thickness Top Layer Bottom Layer Mid-Layer 1 ‘ Mid-Layer 2
2-Layer 1-0z PCB 1l-0z 1l-0z
N/A
2-0z PCB 2-0z 2-0z
4-Layer 1-0z PCB 1-o0z 1-o0z 1-o0z 1-o0z
2-0z PCB 2-0z 2-0z l-o0z l-o0z
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Extra Cu Areas on
internal and
bottom layers only

2 x 2 Thermal Vias

4 x 3 Thermal Vias

62. PCB - Top Layer (4/2-Layer PCB) for 63. PCB - Top Layer (4/2-Layer PCB) for VQFN
HTSSOP Package Package

#k 32. PCB Dimension for HTSSOP package

COPPER AREA (cm?) DIMENSION (A) (mm)
1cm? 13.31 mm
2 cm? 17.64 mm
4 cm? 23.62 mm
8 cm? 31.98 mm
16 cm? 43.76 mm
32 cm? 60.36 mm

Fk 33. PCB Dimension for VQFN package

COPPER AREA (cm?) DIMENSION (A) (mm)
1 cm? 10.00 mm
2.cm? 14.14 mm
4 cm? 20.00 mm
8 cm? 28.28 mm
16 cm? 40.00 mm
32 cm? 56.57 mm

8.2.4.3 Thermal Parameters for HTSSOP Package

The variation of thermal parameters such as the Ry;a (Junction-to-Ambient Thermal Resistance) and Y5
(Junction-to-Board Characterization Parameter) is highly dependent on the PCB type, package type, copper
thickness and the copper pad area.

64 and B 65 show the variation of the Ry;4 (Junction-to-Ambient Thermal Resistance) and ¥;g (Junction-to-
Board Characterization Parameter) with copper-pad area for 2-layer PCB, for the HTSSOP package. As shown
in these curves, the thermal resistance is lower for the higher copper thickness PCB and the higher copper pad-
area.

Similarly, 66 and 67 show the variation of the Ry and W;g with copper-pad area for 4-layer PCB
respectively, for the HTSSOP package.
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Pz

/

The thermal parameters (Rg;a (Junction-to-Ambient Thermal Resistance) and Y5
(Junction-to-Board Characterization Parameter)) are calculated considering the ambient
temperature of 25°C and with 2-W power evenly dissipated between high-side and low-
side FET's. The thermal parameters calculated considering the power dissipation at the
actual location of the power-FETSs rather than an averaged estimation.

The thermal parameters are highly dependent on the external conditions such as altitude,
package geometry etc. Refer to Application Report for more details.

— 1-oz Copper — 1-oz Copper
—— Z-oz Copper —— Z-oz Copper
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5 \‘“&_ I .
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1] 5 10 15 20 25 30 35 1] 5 10 15 20 25 30 35
Copper Pad-Area {om’) Copper Pad-Area {om’)
64. 2-Layer PCB Junction-to-Ambient Thermal 65. 2-Layer PCB Junction-to-Board Characterization
Resistance (Rgja) VS Copper Area Parameter (¥;g) vs Copper Area
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66. 4-Layer PCB Junction-to-Ambient Thermal 67. 4-Layer PCB Junction-to-Board Characterization
Resistance (Rgja) VS Copper Area (¥,g) Parameter vs Copper Area

8.2.4.4 Thermal Parameters for VQFN Package

68 and & 69 show the variation of the Ry;4 (Junction-to-Ambient Thermal Resistance) and ¥,z (Junction-to-
Board Characterization Parameter) with copper-pad area for 2-layer PCB, for the VQFN package. As shown in
these curves, the thermal resistance is lower for the higher copper thickness PCB and the higher copper pad-
area.

Similarly, 70 and 71 show the variation of the Ry;a and ¥,z with copper-pad area for 4-layer PCB
respectively, for the VQFN package.

x

/.

The thermal parameters (Rgja (Junction-to-Ambient Thermal Resistance) and Y
(Junction-to-Board Characterization Parameter)) are calculated considering the ambient
temperature of 25°C and with 2-W power evenly dissipated between high-side and low-
side FET's. The thermal parameters calculated considering the power dissipation at the
actual location of the power-FETSs rather than an averaged estimation.

The thermal parameters are highly dependent on the external conditions such as altitude,
package geometry etc. Refer to Application Report for more details.
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Copper Pad-Area {cm’)

70. 4-Layer PCB Junction-to-Ambient Thermal
Resistance (Rgja) vs Copper Area
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68. 2-Layer PCB Junction-to-Ambient Thermal 69. 2-Layer PCB Junction-to-Board Characterization
Resistance (Rgja) VS Copper Area Parameter (¥;g) vs Copper Area
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71. 4-Layer PCB Junction-to-Board Characterization

Copper Pad-Area {cm’)

(¥;g) Parameter vs Copper Area

8.2.4.5 Device Junction Temperature Estimation

For an ambient temperature of T, and total power dissipation (Pto7), the junction temperature (T;) is calculated
as shown in 2% 14.

ConsideriTy; = Tp + (Pror X Rysa)

(14)

ng a JEDEC standard 4-layer PCB, the junction-to-ambient thermal resistance (Rg;s) is 30.9 °C/W for the

HTSSOP package and 40.7 °C/W for the VQFN package.

Assuming 25°C ambient temperature, the junction temperature for the HTSSOP package is calculated as shown
below -

MR © 2019-2020, Texas Instruments Incorporated
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T, = 25°C + (0.3109-W x 30.9°C/W) = 34.61 °C (15)
The junction temperature for the VQFN package is calculated as shown below -
T, = 25°C + (0.3109-W x 40.7°C/W) = 37.65 °C (16)
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9 Power Supply Recommendations

The device is designed to operate from an input voltage supply (VM) range from 4.5 V to 45 V. A 0.01-pF
ceramic capacitor rated for VM must be placed at each VM pin as close to the device as possible. In addition, a
bulk capacitor must be included on VM.

9.1 Bulk Capacitance

Having appropriate local bulk capacitance is an important factor in motor drive system design. It is generally
beneficial to have more bulk capacitance, while the disadvantages are increased cost and physical size.

The amount of local capacitance needed depends on a variety of factors, including:

* The highest current required by the motor system

» The power supply’s capacitance and ability to source current

» The amount of parasitic inductance between the power supply and motor system

» The acceptable voltage ripple

» The type of motor used (brushed DC, brushless DC, stepper)

» The motor braking method

The inductance between the power supply and motor drive system will limit the rate current can change from the
power supply. If the local bulk capacitance is too small, the system will respond to excessive current demands or

dumps from the motor with a change in voltage. When adequate bulk capacitance is used, the motor voltage
remains stable and high current can be quickly supplied.

The data sheet generally provides a recommended value, but system-level testing is required to determine the
appropriate sized bulk capacitor.

The voltage rating for bulk capacitors should be higher than the operating voltage, to provide margin for cases
when the motor transfers energy to the supply.

Parasitic Wire

Inductance
Power Supply * Motor Drive System

A8 v

@) L
r!m T N\ GND D

Local IC Bypass
\/ Bulk Capacitor Capacitor

Copyright © 2016, Texas Instruments Incorporated

72. Example Setup of Motor Drive System With External Power Supply
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10 Layout

10.1 Layout Guidelines

The VM pin should be bypassed to GND using a low-ESR ceramic bypass capacitor with a recommended value
of 0.01 pF rated for VM. This capacitor should be placed as close to the VM pin as possible with a thick trace or
ground plane connection to the device GND pin.

The VM pin must be bypassed to ground using a bulk capacitor rated for VM. This component can be an
electrolytic capacitor.

A low-ESR ceramic capacitor must be placed in between the CPL and CPH pins. A value of 0.022 pF rated for
VM is recommended. Place this component as close to the pins as possible.

A low-ESR ceramic capacitor must be placed in between the VM and VCP pins. A value of 0.22 pF rated for 16
V is recommended. Place this component as close to the pins as possible.

Bypass the DVDD pin to ground with a low-ESR ceramic capacitor. A value of 0.47 uF rated for 6.3 V is
recommended. Place this bypassing capacitor as close to the pin as possible.

The thermal PAD must be connected to system ground.
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10.2 Layout Example
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73. HTSSOP Layout Recommendation
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Layout Example (ET R)
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74. QFN Layout Recommendation
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11.3 #HX &G

Tl E2E™ support forums are an engineer's go-to source for fast, verified answers and design help — straight
from the experts. Search existing answers or ask your own question to get the quick design help you need.

Linked content is provided "AS IS" by the respective contributors. They do not constitute Tl specifications and do
not necessarily reflect Tl's views; see TI's Terms of Use.
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11.6 Glossary

SLYZ022 — TI Glossary.
This glossary lists and explains terms, acronyms, and definitions.
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PACKAGE OUTLINE

PWP0024N PowerPAD™ TSSOP - 1.2 mm max height
SMALL OUTLINE PACKAGE
6.6
D TYP
PIN 1 INDEX
AREA 22x[0.65]
2 |
10— ==
RN —+—=
—
— —
— — 2%
—] —
77— -
NOTE 3 — —
— —
— —
— —
=

=] |
FH
L

SEE DETAIL Aj7 o
[y \

[N l (0.15) TYP
s — G
N T
2X 1.25 MAX
NOTE 5
12— —113 2X 0.35 MAX
— — NOTE 5
— I | i
Ll I
— T
— — GAGE PLANE
4.02 — 25 —
312 — S~
— ———THERVMAL f *
PAD 1;
=
— | | = 0°-8°
— — DETAILA
Y — 124 TYPICAL
. 296 __|
2.06

E

4224477/A 08/2018

NOTES:

PowerPAD is a trademark of Texas Instruments.

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

per ASME Y14.5M.
2. This drawing is subject to change without notice.

3. This dimension does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall not

exceed 0.15 mm per side.
4. Reference JEDEC registration MO-153.
5. Features may differ or may not be present.
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EXAMPLE BOARD LAYOUT

PowerPAD " TSSOP - 1.2 mm max height
SMALL OUTLINE PACKAGE

PWP0024N

METAL COVERED
BY SOLDER MASK

g

SEE DETAILS

z

[
SYMM22X (065) m (0.6) @
= — 1 Ta
7777777 ~ NOTE 9
SOLDER MASK = (1.2)TvP
DEFINED PAD o

(@0.2) TYP
VIA

i

LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE: 8X

SOLDER MASK METAL METAL UNDER SOLDER MASK
OPENING\ SOLDER MASK‘\ /  OPENING
‘, ”””””” \
‘
EXPOSED METAL \ " ——EXPOSED METAL
0.05 MAX # 0.05 MIN
ALL AROUND ALL AROUND

NON-SOLDER MASK
DEFINED

SOLDER MASK

DEFINED

SOLDER MASK DETAILS

4224477/A 08/2018

NOTES: (continued)

6. Publication IPC-7351 may have alternate designs.
7. Solder mask tolerances between and around signal pads can vary based on board fabrication site.
8. This package is designed to be soldered to a thermal pad on the board. For more information, see Texas Instruments literature
numbers SLMAO002 (www.ti.com/lit/sima002) and SLMA004 (www.ti.com/lit/'sima004).
9. Size of metal pad may vary due to creepage requirement.
10. Vias are optional depending on application, refer to device data sheet. It is recommended that vias under paste be filled, plugged
or tented.

1) TEXAS
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PWP0024N

EXAMPLE STENCIL DESIGN
PowerPAD " TSSOP - 1.2 mm max height

SMALL OUTLINE PACKAGE

(2.96)

BASED ON METAL COVERED
0.125 THICK
T—" 425 THIC /BY SOLDER MASK

(4.02)
BASED ON
0.125 THICK

STENCIL

13

\ SYMM \ SEE TABLE FOR

| ¢ | DIFFERENT OPENINGS
| | FOR OTHER STENCIL
e (5.8) - THICKNESSES

SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL

SCALE: 8X

STENCIL SOLDER STENCIL
THICKNESS OPENING
0.1 3.31 X4.49
0.125 2.96 X 4.02 (SHOWN)
0.15 2.70 X 3.67
0.175 2.50 X 3.40

4224477/A 08/2018

NOTES: (continued)

11. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate

design recommendations.

12. Board assembly site may have different recommendations for stencil design.
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PACKAGE OUTLINE
VQFN - 1 mm max height

PLASTIC QUAD FLATPACK-NO LEAD

PIN 1 INDEX AREA J

wh
O

0.1 MIN

i
(0.13) »j j

SECTION A-A

TYPICAL

f
1 MAX
Pl e oo oo SEATING PLANE
o.osj
0.00 3 2x(2.5] |
le—012.45:0.1 —~
‘ | (02)TYP
7 ‘ 12 »‘ “
SRuJluay |
5y | ¢ 11 };
@ ! A@ A (0.16) )
2X DO !25 Cq symm D
et A N B ENA
=5 T q 5
—p> ‘ (@« D
]
R e S (e =
20x[0.5] ‘ [ 24% 03 g
0.1M[C|A|B
PIN 11D Q}WE@H_CH_H
(OPTIONAL) L

4224736/A 12/2018

NOTES:

per ASME Y14.5M.
This drawing is subject to change without notice.

@ N

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

The package thermal pad must be soldered to the printed circuit board for optimal thermal and mechanical performance.
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RGE0024N

EXAMPLE BOARD LAYOUT

VQFN - 1 mm max height

PLASTIC QUAD FLATPACK-NO LEAD

24X (0.6) m

24X (0.25) !
SR
20X (0.5) I *{E

}IJ
(R0.05) TYP

0.07 MAX
ALL AROUND ﬂ {*

OPENING

NON SOLDER MASK
DEFINED
(PREFERRED)

LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE: 18X

‘jr ALL AROUND
/ METAL - METAL UNDER
D/ ‘

™__ SOLDER MASK \j\ SOLDER MASK

SOLDER MASK
DEFINED

SOLDER MASK DETAILS

(@0.2) VIA
TYP

0.07 MIN
L/ SOLDER MASK

OPENING

4224736/A 12/2018

NOTES: (continued)

4. This package is designed to be soldered to a thermal pad on the board. For more information, see Texas Instruments literature

number SLUA271 (www.ti.com/lit/slua271).

5. Vias are optional depending on application, refer to device data sheet. If any vias are implemented, refer to their locations shown
on this view. It is recommended that vias under paste be filled, plugged or tented.

i3 Texas

INSTRUMENTS

www.ti.com

AL © 2019-2020, Texas Instruments Incorporated

73



DRV8889-Q1
ZHCSJO5B —NOVEMBER 2019—REVISED JANUARY 2020

13 TEXAS
INSTRUMENTS

www.ti.com.cn

RGE0024N

EXAMPLE STENCIL DESIGN
VQFN - 1 mm max height

PLASTIC QUAD FLATPACK-NO LEAD

2

24X (0.6) ;
24X (0.25) ‘
1

Iﬁ |
20X (0.5) ’*{E

4

| 2X (3.8)

i 2X (2.5) ;
‘ 4x ‘
| = (@1.08) !
| \
\

iy

L=
2X (0.64) [I]
i A 71, B
|
6l |
(R0.05) TYP
METAL
TYP

SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL

78% PRINTED COVERAGE BY AREA

EXPOSED PAD

SCALE: 18X

4224736/A 12/2018

NOTES: (continued)

6. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate

design recommendations.
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PACKAGING INFORMATION

Orderable Device Status Package Type Package Pins Package Eco Plan Lead finish/ MSL Peak Temp Op Temp (°C) Device Marking Samples
@ Drawing Qty @ Ball material ©) (415)
(6)
DRV8889AQPWPRQ1 ACTIVE HTSSOP PWP 24 2500 RoHS & Green NIPDAU Level-3-260C-168 HR ~ -40 to 125 DRV8889A Samples
DRV8889AQWRGERQL1 ACTIVE VQFN RGE 24 3000 RoOHS & Green NIPDAU Level-2-260C-1 YEAR  -40to 125 DRV m
8889A
DRV8889QPWPRQ1 ACTIVE HTSSOP PWP 24 2000 RoHS & Green NIPDAU Level-3-260C-168 HR ~ -40 to 125 DRV8889 Samples
DRV8889QWRGERQ1 ACTIVE VQFN RGE 24 3000 RoHS & Green NIPDAU Level-2-260C-1 YEAR  -40to 125 DRV Samples
8889

® The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

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

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

OBSOLETE: Tl has discontinued the production of the device.

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

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

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

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

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

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

Important Information and Disclaimer: The information provided on this page represents TlI's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information
provided by third parties, and makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and
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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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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
7'} |¢ KO
i |
& go W
Reel — ) l
Diameter
Cavity +‘ A0 M
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
\ 4 W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ 1
T Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
O O O O OO O O O QrSprocket Holes
|
T
Q1 : Q2
H4-—-—
Q3 1 Q4 User Direction of Feed
[ 4
T
=
Pocket Quadrants
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel AO BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) [ (mm) | (mm) | (mm) | (mm) |Quadrant
(mm) |W1(mm)
DRV8889AQPWPRQ1 [HTSSOP| PWP 24 2500 330.0 16.4 6.95 | 83 1.6 8.0 16.0 Q1
DRV8889AQWRGERQL | VQFN RGE 24 3000 330.0 12.4 425 | 425 | 1.15 | 8.0 12.0 Q2
DRV8889QPWPRQ1 |HTSSOP| PWP 24 2000 330.0 16.4 6.95 8.3 1.6 8.0 16.0 Q1
DRV8889QWRGERQ1 VQFN RGE 24 3000 330.0 12.4 425 | 425 | 1.15 8.0 12.0 Q2
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TAPE AND REEL BOX DIMENSIONS
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*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
DRV8889AQPWPRQ1 HTSSOP PWP 24 2500 853.0 449.0 35.0
DRV8889AQWRGERQ1 VQFN RGE 24 3000 367.0 367.0 35.0
DRV8889QPWPRQ1 HTSSOP PWP 24 2000 853.0 449.0 35.0
DRV8889QWRGERQ1 VQFN RGE 24 3000 367.0 367.0 35.0
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GENERIC PACKAGE VIEW
PWP 24 PowerPAD" TSSOP - 1.2 mm max height

4.4 x 7.6, 0.65 mm pitch PLASTIC SMALL OUTLINE

This image is a representation of the package family, actual package may vary.
Refer to the product data sheet for package details.
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PACKAGE OUTLINE

™ .
PWPO0024N PowerPAD™ TSSOP - 1.2 mm max height
SMALL OUTLINE PACKAGE
6.6
e 22 TYP
6.2
PIN 1 INDEX
/  AREA 22X
[ 24 f
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—] —1
—] —1
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NOTE3  — —]
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4.3 :
(& |0a@ [c[A[B]
SEE DETAIL A _
[\ \ (0.15) TYP
2X 1.25 MAX
NOTE 5
12— —18 5% 0.35MAX
—] —1 NOTE 5 -
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s
—
— — GAGE PLANE 1.2 MAX
4.02 —] 25 —1
312 — — P i
— ———THERMAL —
PAD X’ A—J L L
—1
M o o 0.75 0.15
—] — 0-8 0.50 0.05
— — DETAIL A
10— =124 TYPICAL
. 296 __|
2.06
4224477/A 08/2018
NOTES: PowerPAD is a trademark of Texas Instruments.

1. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing
per ASME Y14.5M.

. This drawing is subject to change without notice.

. This dimension does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall not
exceed 0.15 mm per side.

. Reference JEDEC registration MO-153.

. Features may differ or may not be present.
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EXAMPLE BOARD LAYOUT
PWPO0024N PowerPAD™ TSSOP - 1.2 mm max height
SMALL OUTLINE PACKAGE
(3.4)
NOTE 9
(2.96)
SQL“M /" BY SoLDER Mask

24X (1.5) —T———‘
p

24X (0.45)

*/,CD
(R0.05) TYP

CD/SEE DETAILS

==

o

SOLDER MASK:
DEFINED PAD

Hé

©@0.2) TYP
VIA

| ‘
| (
22X (0.65 |
i ) 0 % oo 1 |
: b el L1 NOTE 9

(1.2) TYP |
e ey

LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE: 8X

OPENING

SOLDER MASK: METAL METAL UNDER SOLDER MASK
‘\ SOLDER MASK\ / OPENING
*H‘* 0.05 MAX ~—j 0.05 MIN

EXPOSED METAL

ALL AROUND

NON-SOLDER MASK
DEFINED

SOLDER MASK DETAILS

ALL AROUND

SOLDER MASK
DEFINED

4224477/A 08/2018

NOTES: (continued)

6. Publication IPC-7351 may have alternate designs.

7. Solder mask tolerances between and around signal pads can vary based on board fabrication site.
8. This package is designed to be soldered to a thermal pad on the board. For more information, see Texas Instruments literature

numbers SLMA0O02 (www.ti.com/lit/sima002) and SLMA004 (www.ti.com/lit/sima004).
9. Size of metal pad may vary due to creepage requirement.

10. Vias are optional depending on application, refer to device data sheet. It is recommended that vias under paste be filled, plugged

or tented.
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PWP0O024N

EX

AMPLE STENCIL DESIGN

PowerPAD™ TSSOP - 1.2 mm max height

SMALL OUTLINE PACKAGE

24X (1.5)

N
T

24X (0.45)

(2.96)
BASED ON
0.125 THICK
STENCIL

METAL COVERED
BY SOLDER MASK

(R0.05) TYP

N
N

X

—

o

o)

al i

2

Hﬂﬁﬂﬂ

SYMM

ﬁ

(4.02)
BASED ON

[ 1) o125THICK

STENCIL

Jany
N

13

‘ SEE TABLE FOR

[ DIFFERENT OPENINGS
FOR OTHER STENCIL
THICKNESSES

SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL

SCALE: 8X

STENCIL SOLDER STENCIL
THICKNESS OPENING
0.1 3.31 X 4.49

0.125 2.96 X 4.02 (SHOWN)
0.15 2.70 X 3.67
0.175 2.50 X 3.40

NOTES: (continued)

11. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate

design recommendations.

12. Board assembly site may have different recommendations for stencil design.
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GENERIC PACKAGE VIEW
RGE 24 VQFN -1 mm max height

PLASTIC QUAD FLATPACK - NO LEAD

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

4204104/H
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