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DRV8809/10 Combination Motor Drivers With DC-DC Converters
1 Features 2 Applications

» Configurable to Eight Modes of Combination
Motor Driver

— Bipolar Stepper Motor Driver
— 16-Step Current-Mode Control

— 800-mA Average Output Current as
Stepper Motor Drive

— DC Motor Driver

— 800-mA Maximum Continuous Current and
8-A/500-ns or 3-A/100-ms Peak Current for
Each DC Motor Drive

— Low ON resistance Ryson) = 0.55 Q at
T;=25°C (Typ)
e Three Integrated DC-DC Converters

— On/Off Selectable Using C_SELECT Pin and
Serial Interface

— Outputs Programmable With External Resistor
Network From 1.5 V to VDIN x 0.8

— 1.5-A Output Capability for All Three Channels

e 7-V to 40-V Operating Voltage Range for DC-DC
Converters

*« Two Serial Interfaces for Communications

¢ Thermally Enhanced Surface-Mount 64-Pin QFP
PowerPAD™ Package
(Eco-Friendly — RoHS and No Sb/Br)

« Power-Down Function (Deep-Sleep Mode)
* Reset Signal Output (Active Low)
¢ Reset (All Clear) Control Input

Block Diagram

¢ Printers

e Document Scanners
« POS

« Copiers

3 Description

The DRV8809/DRV8810 provides an integrated
motor driver solution. The chip has four H-bridges
internally and is configurable to eight different modes
of combination motor driver control.

The output driver block for each H-bridge consists of
N-channel power MOSFETs configured as full H-
bridges to drive the motor windings. The stepper
motor control has a 16-step mode programmable
through the 3-wire serial interface (SPI). The SPI
input pins are 3.3-V compatible and 5-V tolerant.

The DRV8809/DRV8810 has three DC-DC switch-
mode buck converters to generate a programmable
output voltage from 1.5 V to 80% of VDIN (channel A)
or up to 10 V (for channel B and channel C), with up
to 1.5-A load current capability. The outputs are
selected using the C_SELECT terminal at start-up or
using serial interface during operation.

An internal shutdown function is provided for
overcurrent protection (OCP), short-circuit protection,
overvoltage/undervoltage lockout (UVLO), and
thermal shutdown (TSD). Also, the device has a reset
function that operates at power on and at input to the
In-Reset pin.

Device Information®

PART NUMBER PACKAGE BODY SIZE (NOM)
DRV8809

HTQFP (64) 10.00 mm x 10.00 mm
DRV8810

(1) For all available packages, see the orderable addendum at
the end of the datasheet.
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5 Pin Configuration and Functions

PAP Package

64 Pins
Top View
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Pin Functions
PIN PULLUP/ SHUNT
NO NAME IN NAME IN VO | puLLDOWN RESISTOR R
: SETUP MODE OPERATION
1 Test-LGND Test-LGND - Low power or analog ground
2 MGND MGND - Power ground for motor
3 OUTA- OUTA- O Motor-drive output for winding A—
4 RSA RSA | Channel A current-sense resistor
5 RSA RSA | Channel A current-sense resistor
6 OUTA+ OUTA+ O Motor-drive output for winding A+
7 MGND MGND - Power ground for motor
8 MGND MGND - Power ground for motor
9 ouTB+ OUTB+ O Motor-drive output for winding B+
10 RSB RSB | Channel B current-sense resistor
11 RSB RSB | Channel B current-sense resistor
12 OuUTB- OUTB- O Motor-drive output for winding B—
13 MGND MGND - Power ground for motor
14 LGND LGND - Low-power or analog ground
15 DCDC_MODE | DCDC_MODE | Up 200 kQ DC-DC Ch-B/Ch-C operation mode select
16 FBC FBC | Feedback signal for DC-DC converter C
17 OoD_C OoD_C O Output for DC-DC switch mode regulator C
18 ob_C OoD_C O Output for DC-DC switch mode regulator C
19 OD_B OD_B O Output for DC-DC switch mode regulator B
20 OD_B OD_B (@) Output for DC-DC switch mode regulator B
21 FBB FBB | Feedback signal for DC-DC converter B

Copyright © 2008-2014, Texas Instruments Incorporated
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Pin Functions (continued)
PIN
vo. | _NAVEIN T NAMEIN | 10 | pliinown | ReSISTOR DESCRIPTION
SETUP MODE | OPERATION
22 VCP VCP - Charge pump capacitor
23 OSCD_mon OSCD_mon (0] OSCD clock monitoring
24 CP2 CP2 - Charge-pump bucket capacitor (high side)
25 CP1 CP1 - Charge-pump bucket capacitor (low side)
26 VDIN VDIN Voltage supply for DC-DC converter
27 VDIN VDIN Voltage supply for DC-DC converter
28 VDIN VDIN Voltage supply for DC-DC converter
29 VM VM - Voltage supply for motors
© | veeFAs | weerss | B e o T PP Mo
3L | VREFCD | VREFCD | | current through G and b bridges.
32 FBA FBA | Feedback signal for DC-DC converter A
33 OD_A OD_A (0] Output for DC-DC switch mode regulator A
34 OD_A OD_A (0] Output for DC-DC switch mode regulator A
35 LGND LGND - Low-power or analog ground
36 MGND MGND - Power ground for motor
37 OouUTC- ouTC- (0] Motor-drive output for winding C—
38 RSC RSC | Channel C current-sense resistor
39 RSC RSC | Channel C current-sense resistor
40 OUTC+ OUTC+ (0] Motor-drive output for winding C+
41 MGND MGND - Power ground for motor
42 MGND MGND - Power ground for motor
43 OUTD+ OUTD+ (0] Motor-drive output for winding D+
44 RSD RSD | Channel D current-sense resistor
45 RSD RSD | Channel D current-sense resistor
46 OUTD- OuUTD- (0] Motor drive output for winding D—
47 MGND MGND - Power ground for motor
48 GND GND - Must be grounded
49 C_SELECT C_SELECT | Up 200 kQ DC-DC converter selector
50 - ENABLE_SD | Down 100 kQ Enable input for DC motor D control
50 - Reserved | Down 100 kQ Reserved for DC motor operation
51 STROBE_CD ENABLE_SC | Down 100 kQ Enable for DC motor C control
51 STROBE_CD | ENABLE_LCD | Down 100 kQ Enable for large DC motor CD control
51 | STROBE CD | STROBE.CD | | Down 100 kQ ;‘Zg‘;'ei:“rﬁg;cre d‘r’s;a(fgigﬁ%;":i;'r'gggge)c' D
52 TH_OUT TH_OUT (0] Open drain Temperature-sensing output
53 LOGIC OUT LOGIC OUT (0] Open drain Protection-monitoring output
54 - Reserved | Down 100 kQ Reserved for four DC motor operation
54 - ENABLE_SB | Down 100 kQ Enable for DC motor B control
55 | STROBE_AB | STROBE_AB | | Down 100 kQ ;‘Zg%'eiptrﬁggcre dﬂi;a (IS;;’E%;O;S;]Z rfgge')“' B
55 STROBE_AB ENABLE_LAB | Down 100 kQ Enable for large DC motor AB control
55 STROBE_AB ENABLE_SA | Down 100 kQ Enable for DC motor A control
56 nORT nORT (0] Open drain Reset output (open drain)
57 LGND LGND - Low power or analog ground
58 OSCM_mon OSCM_mon (0] Open drain OSCM clock monitoring
4 Submit Documentation Feedback Copyright © 2008-2014, Texas Instruments Incorporated
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Pin Functions (continued)
PIN PULLUP/ SHUNT
5 NAME IN NAME IN YO | pULLDOWN | RESISTOR DESCRIPTION
" | SETUP MODE | OPERATION
59 DATA_CD PHASE_SD | Down 100 kQ Serial input data for H-bridge C and D control
59 DATA_CD DATA_CD | Down 100 kQ Serial input data for H-bridge C and D control
60 CLK_CD PHASE_SC | Down 100 kQ Phase input for DC motor C control
60 CLK_CD CLK_CD | Down 100 kQ Clock input synchronization for serial data CD
60 CLK_CD PHASE_LCD | Down 100 kQ Phase input for large DC motor CD control
61 DATA_AB DATA_AB | Down 100 kQ Serial input data for H-bridge A and B control
61 DATA_AB PHASE_SB | Down 100 kQ Phase input for DC motor B control
62 CLK_AB CLK_AB | Down 100 kQ Clock input synchronization for serial data AB
62 CLK_AB PHASE_LAB | Down 100 kQ Phase input for large DC motor AB control
62 CLK_AB PHASE_SA | Down 100 kQ Phase input for DC motor A control
63 NnSLEEP=L nSLEEP | Down 100 kQ Enable/disable (part can be in sleep state)
64 In-Reset In-Reset | Up 200 kQ Reset (L: Reset, H/open: Normal operation)
Alternate Functions of Select Pins By Operation Mode
PIN
CONFIG
50 51 54 55 59 60 61 62
Default Name | ENABLE_SD | ENABLE_SC | ENABLE_SB | STROBE_AB PHASE_ SD PHASE_SC DATA_AB CLK_AB
Dual Stepper - STROBE_CD - STROBE_AB DATA_CD CLK_CD DATA_AB CLK_AB
Stepper +
Large DC - ENABLE_LCD - STROBE_AB - PHASE_LCD DATA_AB CLK_AB
Stespr':glfD'g“a' ENABLE_SD | ENABLE_SC - STROBE_AB | PHASE_SD PHASE_SC DATA_AB CLK_AB
Large DC +
Dual Small bc | ENABLE_SD | ENABLE_SC - ENABLE_LAB | PHASE _SD PHASE_SC - PHASE_LAB
Dual Large DC - ENABLE_LCD - ENABLE_LAB - PHASE_LCD - PHASE_LAB
Q“a‘é)gma” ENABLE_SD | ENABLE_SC | ENABLE_SB | ENABLE_SA PHASE_SD PHASE_SC PHASE_SB PHASE_SA
Large Stepper - STROBE_CD - STROBE_AB DATA_CD CLK_CD DATA_AB CLK_AB
Ultra-Large DC - - - ENABLE_UL - - - PHASE_UL
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Internal
3.3v
supply
200k ohm
(+/- 40%)
1) Pin open ; 3.0 to 3.3v ; A/ON, B/ON, C /ON
—>
2) External R to GND ( 200k0 +/-10% ); Soft start
# C_SELECT rf 1.3 to 2.0v ; DC_MODE Dependant [ Control
3) GND; 0.0 to 0.3v ; All off —
GND
Internal
3.3v
supply
200k ohm
(+1- 40%)
# DCDC-MODE Hysteresis
# In-Reset L v Reset
Deglitch Control
Deglitch is for In-Reset only
GND
# nSLEEP
# ENABLE_x
# STROBE_CD/ENABLE )
# STROBE_AB/ENABLE [ } Hysteresi ’_, Serial
# DATA_CD/PHASE Interface
# CLK_CD/PHASE
# DATA_AB/ENABLE AN
Y 100k ohm
# CLK_AB/ENABLE (+1- 30%)
GND GND
External
3.3v
supply
1k ohm
(external )
#Th_OUT
#LOGIC_OUT
# nORT
# OSCM_mon }7
# OSCD_mon
GND
Figure 1. Input Pin Configurations
External
3.3v
supply
# Th_out
# Logic_out 1 kQ
(external)
# nORT A
# OSCM_mon
# OSCD_mon []
S (—
GND
Figure 2. Open-Drain Output Pin Configurations
6 Submit Documentation Feedback Copyright © 2008-2014, 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
Vy | Supply voltage® 50 \Y
Logic input voltage range, serial I/F inputs, and reset -0.3 55 \%
Continuous total power dissipation (835 = 20°C/W) 4 W
Continuous motor-drive output current for each H-bridge (100 ms) A
Peak motor-drive output current for each H-bridge (500 ns) A
Continuous DC-DC converter output current 15 A
Continuous DC-DC converter output current ODB, C in parallel mode 3.0 A
T; Operating junction temperature range (1 h) 0 150 °C
Lead temperature 1.6 mm (1/16 in) from case for 10 s 260 °C

(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings
only and functional operation of the device at these or any other conditions beyond those indicated under Recommended Operating
Conditions is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

(2) The negative spike less than -5 V and narrower than 50-ns duration should not cause any problem.

6.2 Handling Ratings

MIN MAX UNIT
Tstg Storage temperature range -65 150 °C
Hum(%n body model (HBM), per ANSI/ESDA/JEDEC JS-001, all -2 2 KV
ins
VEespy | Electrostatic discharge P - —
Charged device model gCDM), per JEDEC specification -500 500 v
JESD22-C101, all pins®@

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

6.3 Recommended Operating Conditions

MIN NOM MAX UNIT
Supply voltage, V), for motor control 18 27 40 \%
Supply voltage for DC-DC converter (VDIN)® 7 27 40 \%
Average output current for motor driver for each H-bridge 800 mA
DC output current for DC-DC converter 1.2 A
DC output current for DC-DC in Ch-B/C parallel mode 2.4 A
Operating ambient temperature ? -40 50 °C
Operating junction temperature 0 120 °C

(1) VDIN should be connected to VM externally.
(2) If the total power is less than 4 W, then the operating ambient temperature range is -40°C to 60°C.

6.4 Thermal Information

DRV8809
THERMAL METRIC® HTQFP UNIT
64 PINS
Rgia Junction-to-ambient thermal resistance 26.2
Reac(op) Junction-to-case (top) thermal resistance 12.6
RgiB Junction-to-board thermal resistance 10.4 CAW
Wi Junction-to-top characterization parameter 0.3
Wi Junction-to-board characterization parameter 10.3
Reacot) Junction-to-case (bottom) thermal resistance 0.5

(1) For more information about traditional and new thermal metrics, see the IC Package Thermal Metrics application report, SPRA953.
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6.5 Electrical Characteristics
T;=0°C to 120°C, Vy, = 7 V to 40 V (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
SUPPLY (SLEEP) CURRENT
IsLEEPL Supply (sleep) current 1 NSLEEP =L, DC-DC all off 4 5 mA
IsLeEP2 Supply (sleep) current 2 NSLEEP =L, V\y =8V, Full duty cycle 10 mA
IsLEEP3 Supply (sleep) current 3 NSLEEP =L, V\y =40V, Full duty cycle 10 mA
DIGITAL INTERFACE CIRCUIT
Viy Digital high-level input voltage Digital inputs(l) 2 5 \%
m Digital high-level input current Digital inputs 100 uA
Vi Digital low-level input voltage Digital inputs 0.8 \
I Digital low-level input current Digital inputs 100 uA
Vhys Digital input hysteresis Digital inputs 0.3 045 0.6 \%
Tdegl Digital input deglitch time In-Reset 2.5 7.5 us
CHARGE-PUMP VCP (Cp = 0.1 WF to 0.47 uF, Cpy = 0.01 yF + 10%)
Vo(CP) Output voltage lLoap = 0 MA, Vv > VthVyo Vu + 10 Vy + 13 \%
fep) Switching frequency 1.6 MHz
tstart Start-up time CStorage = 0.1 pF, V216V 0.5 2 ms
INTERNAL CLOCK OSCI
fosci System clock frequency 5.76 6.4 7.04| MHz
VREF INPUT
VREr Reference voltage input 0.8 2.5 3.6 \%
lleak-vr Input leak current A
C_SELECT FOR DC-DC START-UP SELECTION (DCDC_MODE = L)
Ves0 DC-DC all off 0.3 \%
Vesl DC-DC all off Pull down by external 200-kQ resistor 1.3 \%
Ves2 ;géngSgDA then ODB As pin open 3 3.3 \%
C_SELECT FOR DC-DC START-UP SELECTION (DCDC_MODE = H OR OPEN, CH-B/C PARALLEL MODE)
Ves0 DC-DC all off 0 0.3 \%
Vesl Turn on ODB/C then ODA Pull down by external 200-kQ resistor 13 2 \%
Ves2 Turn on ODA then ODB/C As pin open 3 3.6 \%
THREE DC-DC CONVERTERS®
VpinOPE Operating supply voltage Ratio to Vout(DC) 1'25\’/2 \Y,
VoutA =15V -30V, 20V <VDIN<40V -3% Vo 3%
oDB Programmable with oigrmal | 09V SVOIN <20V % Vo o
one [(e{%?,’\‘ff o B (argesy | V- <VDIN<B5V, Vo33V 3% Vo 5%
Veg FBX feedback voltage For ODA/BIC 1.50 \Y,
lo obx ODx output current (dc) With external L and C 15 A
lo opee e e ohe With external L and C DCDC_MODE = H 3| A
lo opx2 Output current (dc) at low VDIN | VDIN =7V, Vo=5V 0.8 A
lo obx3 Output current (dc) at low VDIN |VDIN =7V, Vo=33V 15 A
foscp Switching (chopping frequency) | foscp = (0,0) 90 100 110| kHz
Rason (F)EDT)E)N resistance at 0.8 Afor | Ta= 25°C: 0.35 o
_ T;=120°C 0.50
(1) Absolute maximum rating for charge-pump circuit is 60 V.

(2) DCDC_MODE = H, Ch-B and Ch-C are in parallel driving mode.
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Electrical Characteristics (continued)

T;=0°C to 120°C, Vy, = 7 V to 40 V (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN  TYP MAX | UNIT
5.5-V Vg at VDIN = VthV_ 4 Y
5 V-Low Vo voltage 10 5.5 V VOIN = iV VIV__= 5V load (de) -30%
Vo voltage drop from VDIN 1 \%
Vo setting without kick UVP
Vo_min6 when VDIN = VthVy, VthVy, = 6-V load (DC) = 0.5 A¥ 6 Y
(Vo setting at VDIN = 10 V)
THREE DC-DC CONVERTER PROTECTION
lo bb obx Overcurrent detect for OD_x Peak current in each ON cycle 1.8 3 A
source
tFILTocp OCP filtering time By OSCi cycles 2 cycles
: ) Number of subsequent chopping cycles chop
tobsp DC-DC shutdown filter with OCP detection 4 cycles
Vovpx Overvoltage protection (OVP) \F/’Eg:entage of nominal Voutx detected at 25%  30% 35%
' Percentage of nominal Voutx detected at oos 200, Ao
Vuvpx Undervoltage protection (UVP) VFB (VFB decreasing) 25% -30% 35%
tVfilter OVP/UVP filtering time 3 8 13 us
tsst Start-up time with soft start 56 ms
Vstover Start-up overshoot Ratio to Vg 3%
Vy SUPERVISORY
VthVy,_ nORT for Vy low threshold V) decreasing 4.5 \%
VthVu+ nORT for V) high threshold V) increasing 5.5 \%
VthVyn nORT for V), detect hysteresis (VthV4) - (Vthv_) 0.5 \%
VthVy, For motor driver off ® 15| V
tym filt Vv monitor filtering time For V), threshold detect 10 30 us
THERMAL SHUTDOWN (TSD)
Ttsp Thermal shutdown set points 150 170 190 °C
TEMPERATURE SENSE, PRE TSD (See Extended Setup Register Definition)
Trspo Temperature sense point 0 E:sgésr:elggieclel_(':t;b_lm ouT 130 150 170 °C
Ttsp1 Temperature sense point 1 E:sg;:elggiecle}ft;b.ﬁ ouT 120 140 160 °C
TH_OUT (analog out) o h o
Tc_sens temperature coefficient Specified by design 6 mV/°C
RESET/NORT: OPEN-DRAIN OUTPUTS (NORT, LOGIC_OUT, TH_OUT)
VoH High-state voltage R . =1kQt03.3V 3 V
VoL Low-state voltage R .=1kQto 3.3V 0.3 Y
loL Low-state sink current Vo=04V 3 mA
tr Rise time 10% to 90% 1 us
t Fall time 90% to 10% 50 ns
RESET/NORT DELAY: START-UP SEQUENCE
Reset deassertion from VthVy, < VDIN for
tord1 nORT delay 1 DC-DC wake up falling 300 390 ms
From one DC-DC wake up to following
Loras DC-DC turnon delay DC-DC to go soft-start sequence 17 ms
toras nORT delay 4 LITpeset deassertion from 2nd DC-DC wake 120 180 ms

(3) Lower VDIN decrease gate drive and the voltage drop is increased. Specified by bench characterization only.

(4) Vour (at VDIN = VthV),) is lower than Vg setting. When VDIN is down to VthV),., undervoltage protection (UVP) shuts down the
device, in case the Vg is set as Vg > 7 V. Specified by design.

(5) No nORT assertion to VthV),, detection
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Electrical Characteristics (continued)
T;=0°C to 120°C, Vy, = 7 V to 40 V (unless otherwise noted)
PARAMETER | TEST CONDITIONS MIN  TYP MAX | UNIT
In-Reset
treset rs';?zg;?:;;ion to nORT In-Reset falling to NORT failing 5 10 us
H-BRIDGE DRIVERS (OUTX+ AND OUTX-)
louTt1(mMax) Peak output current 1 Less than 500-ns period 8 A
louT2(Max) Peak output current 2 Less than 100-ms period 3 A
lour(max) ?L\J/rer(r;%e continuous output 0.8
. T;=25°C 0.55
Rds(oN) FET ON resistance at 0.8 A Q
T;=120°C 1
lcex Output leakage current Voutx=0VorloV 10 UA
Irs Sense resistor supply current nORT = Low 15 uA
loc votor gﬂgﬁrﬁ\éerirgurr(%pt threshold for 3 5 A
-bridge
tilterm Motor overcurrent filter time 25 5 8.5 us
foscm Motor oscillator frequency F_OSCM = (0,0) 720 800 880 | kHz
fehop i"?wr °7§ppi”9 frequency F_OSCM = (0,0) 90 100 110| kHz
OSCM
STEPPER MOTOR DRIVE (PARAMETERS ARE TESTED WITHOUT MOTOR LOADING)
S TEPMOTORAVG foxie'fgrei:dsgeepper motor current Vy = 40V 800 mA
ISTEPMOTORPeak ]I%?a;_lr_z:‘iedpgpeer motor current V=40V 13 A
VL;6 , Phase angle = 90° 100%
VL5, Phase angle = 84° 100%
VLy4 , Phase angle = 79° 98%
VL3, Phase angle = 73° 96%
VL;, , Phase angle = 68° 92%
VL, , Phase angle = 62° 88%
VL;0 , Phase angle = 56° 83%
Stepper motor current limit VLo , Phase angle = 51° 1%
threshold VLg , Phase angle = 45° 71%
(internal reference) VL, , Phase angle = 40° 63%
VLg , Phase angle = 34° 56%
VLs , Phase angle = 28° 47%
VL4 , Phase angle = 23° 38%
VL3, Phase angle = 17° 29%
VL, , Phase angle = 11° 20%
VL; , Phase angle = 6° 10%
VLq , Phase angle = 0° 0%
lour (S)eut:irl)qut(%urrent accuracy at 100% | Excludes \(/7I§I(58I): and RSENS errors, 5% 5%
9 loutr>1A
ISW_eakage fl\;\;lrtggt(dnver MOSFET) leakage Outputs off _10 10 A
tab Stepper motor blanking time By OSCi cycles 8 9| cycles

(6) When the overcurrent is detected, all H-bridges are shut down and assert nORT pulse (40 ms).
(7) This is not measured directly, checked by Itrip amplifier gain without motor loading
(8) This device may show current setting error when motor current is less than 1 A, due to noise filter delay at the Itrip comparator.
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Electrical Characteristics (continued)

T;=0°C to 120°C, Vy, = 7 V to 40 V (unless otherwise noted)

PARAMETER | TEST CONDITIONS MIN  TYP MAX | UNIT
STEPPER AND DC MOTOR DRIVERS
t Rise time V=27V 100 300 ns
t Fall time 20% to 80% 100 300 ns
Enable or strobe detection to
tppOFF sink or source gate off delay 50 150 400 ns
Crossover delay time, to prevent
tcop shoot through 100 600 1000 ns
t Enable or strobe detection to 750 ns
PDON sink or source gate on delay
DC MOTOR DRIVERS
I TBLNK = (0,0) for Min, (1,1) for Max,
thlank Blanking time ferop = 100 kHz 1.6 5.65 us
twPminp Minimum pulse duration (phase) us
twPmine Minimum pulse duration (enable) us
SERIAL INTERFACE
few Clock frequency 1 25| MHz
twh(cLK) Minimum high-level pulse width 10 ns
twicLK) Minimum low-level pulse width 10 ns
tsu Setup time, data to CLK| 10 ns
th Hold time, CLK| to data 10 ns
tes CLK| to STROBE? 10 ns
tsc STROBE| to CLK? 10 ns
tw(STRB) Minimum strobe pulse duration 20 ns
tss_min Strobe mask time from nSLEEP 15 4 us
SERIAL INTERFACE: ID MONITOR FUNCTION AT LOGIC_OUT, EXTENDED SETUP MODE
t 0 data output delay bit 3 to bit 0 | From strobe rise to LOGIC_OUT, 4000 ns
ODL (ext-setup) = (1100) 1 kQ to external 3.3 V
t 1 data output delay bit 3 to bit 0 | From strobe rise to LOGIC_OUT, 4000 ns
ODH (ext-setup) = (1111) 1 kQ to external 3.3 V
6.6 Typical Characteristics
11 2.6
— T,=120°C - Unit
— T)=70°C &8 Linear
! T,=25°C 24 /
S v
0.9 S
c g 2.2
c = 2
= 08 S
3 El
) 0.7 'g 2 Y
06 — | 5 /
. 2]
F s /
05 /
w
0.4 1.6
0 05 1 15 2 25 3 35 0 30 60 90 120 150 180
Idrain (A) Temperature (°C)
Figure 3. RdsON vs Idrain Figure 4. Tsens (Analog Out) Temperature Coefficient
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7 Detailed Description

7.1 Overview

The DRV8809/DRV8810 provides an integrated motor driver solution. The chip has four H-bridges internally and
is configurable to eight different modes of combination motor driver control. The output driver block for each H-
bridge consists of N-channel power MOSFETs configured as full H-bridges to drive the motor windings. Their
Rdson is low, 0.55 ohm at Tj = 25 C, it allows 800 mA maximum continuous current and 3 A @ 100 ms peak
current. The stepper motor control has a 16-step mode programmable through the three-wire serial interface
(SPI). The SPI input pins are 3.3-V compatible and 5-V tolerant. The DRV8809/DRV8810 has three DC-DC
switch-mode buck converters to generate a programmable output voltage from 1.5 V to 80% of VDIN (Channel
A) or up to 10 V (for Channel B and Channel C), with up to 1.5-A load current capability. Their Rdson is low, 0.35
ohm only at Tj = 25 C. The outputs are selected using the C_SELECT terminal at start-up or using serial
interface during operation. An internal shutdown function is provided for overcurrent protection (OCP), short-
circuit protection, overvoltage/undervoltage lockout (UVLO), and thermal shutdown (TSD). Also, the device has a
reset function that operates at power on and at input to the In-Reset pin.
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7.2 Functional Block Diagram
VM
Cstorage 0.01 |.::Fbk VDIN
t
0.1uF M
oy L { P~ ~ ]
C_SELECT
= Temperature o To To
Sens : To Highside DC/DC  H-bridges
ate drive
oD A Pre-TSD or Voltage | 9
Vout 1 — Tsens (analog) charge —» OUTA+
DC/DC [ pump
convertor Motor Drive VM
Ch-A Thermal Output [ ]
“ Shut down Control A RSA
L oo
< N MGND
OD_B
Vout 2 Ty N OUTB +
| DC/DC
convertor < > Motor Drive VM S;:;zfr
; Ch-8 VM Output .
v Control B RSB
FBB
Regulator
Voltage Internal  —>» . OUTB -
| Supervisory supply
[ N
Vout 3 oD_C - > Pre-Drive, Latch OUTC +
] DC/DC Registgrs & . .
convertor |« control circuitry Motor Drive
; L Ch-C ” Output .
:I Control C
FBC . L
> ouTC-
In-Reset __| Freqdivider | . MGND
for DC/DC
OSCD_mon I > OUTD+
OSCi % ] =
6.4 MHz g
OSCM_mon | f=====mmemy > Motor Drive
I Output .
LOGIC_OUT __| Freq divider | | —> Control D
Motor PWM L]
nORT | . OUTD-
nSLEEP
VREF_AB
[ v/ ] RN
LGND Setup/ ex-SeUp o g4 o nterface A-B Serial Interface C-D . VREF_CD
registers H
L L L L L L L
ENABLE_SD NC STROBE_AB DATA_AB CLK_AB ENABLE_SC PHASE_SD PHASE_SC
MTR Config ; Pin # 50 Pin # 54 Pin # 55 Pin # 61 Pin # 62 Pin #51 Pin # 59 Pin # 60
Stepper x 2 (NC) (NC) STROBE_AB Data_AB CLK_AB STROBE_CD Data_CD CLK_CD
Stepper +LDC  (NC) (NC) STROBE_AB Data_AB CLK_AB ENABLE_LCD (NC) PHASE_LCD
Step + SDCx2 ~ ENABLE_SD  (NC) STROBE_AB Data_AB CLK_AB ENABLE_SC PHASE_SD  PHASE_SC
LDC+SDCx2  ENABLE_SD  (NC) ENABLE_LAB (NC) PHASE_LAB ENABLE_SC PHASE_SD  PHASE_SC
LDCx 2 (NC) (NC) ENABLE_LAB (NC) PHASE_LAB ENABLE_LCD (NC) PHASE_LCD
SDC x 4 ENABLE_SD ENABLE_SB ENABLE SA PHASE_SB  PHASE_ SA ENABLE_SC PHASE_SD  PHASE_SC
Large Stepper  (NC) (NC) STROBE_AB Data_AB CLK_AB STROBE_CD Data_CD CLK_CD
UltraLarge DC  (NC) (NC) ENABLE_UL  (NC) PHASE_ UL  (NC) (NC) (NC)
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7.3 Feature Description

7.3.1 Serial Interface

The device has two serial interface circuit blocks for stepper motor driving control. These two serial interfaces
provide controls to each motor driver independently.

CLKAB Serial clock for H-bridge A, B
DATAAB Serial data for H-bridge A, B
STROBEAB Strobe input for H-bridge A, B
CLKCD Serial clock for H-bridge C, D
DATACD Serial data for H-bridge C, D
STROBECD Strobe signal for H-bridge C, D

Sixteen bits serial data is shifted into the least significant bit (LSB) of the serial data input (DATA) shift register
on the falling edge of the serial clock (CLK). After 16 bits of data transfer, the strobe signal (Strobe) rising edge
latches all the shifted data. During data transfer, Strobe voltage level is acceptable high or low.

oama. X 1 X2 X3 X4 X5 X8 X7 X8 X0 X0 X 11 X2 X3 X 14 X5 )6
e VPV PIVPL APV PV L e i e

Strobe T—L

Figure 5. Serial Interface

7.3.1.1 Setup Mode/Power-Down Mode

The motor output mode is configured through serial interface (DATA AB, CLK AB and STROBEAB) when
NSLEEP = L. After setup, the nSLEEP pin must be pulled high for normal motor drive control. The condition that
the device requires for setup (initialization) is after the nORT (Reset) output goes to high from the low level
(power on, recovery from Vy, < 7 V). While nSLEEP is low, all the motor drive functions are shut down and their
outputs are high-impedance state. Also the stepper parameters in the register are all reset to 0. This device
forces motor driver functions to shut down for the power-down mode, and it is not damaged even if nNSLEEP is
asserted during motor driving. At the Strobe pulse rising edge, the DATA signal level must be low for normal
setup mode (see the Extended Setup Mode section for another option).

7.3.1.2 Extended Setup Mode

While nSLEEP = L, if the DATA signal level is set high when the Strobe pulse is set, the serial interface
recognizes the input data to set the extended setup mode. This extended setup register enables monitoring and
controlling the fault condition of this chip. One of the internal protection control signals is selected and provided
to LOGIC OUT pin. Also, this enables the application to ignore the protection control and/or suppress the reset
signal generation. This device has device ID (3-bit ROM) and vendor ID (1-bit ROM), which can be read out from
LOGIC OUT. Four bits are assigned to select the LOGIC OUT signal, including the ID ROM bit readout.
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Serial Interface A-B: Set A-B motor operating parameters and access to setup/extended setup register

Data [}
Clock [}

Strobe [ ——
nSLEEP IZI—\

16-bit shift register

16-bit latch (A-B drivers) Torque, Decay, Current

Motor configuration,
Latch | | 16-bit latch (setup) Blanking time,
select DC/DC on/off

| Protection monitor select,
16-bit latch (extended setup) Protection control,

Motor chopping control

Protection detect

Revision ID 2—

Revision ID 0— signal selector ] LOGIC out
Revision ID 1— or
Device ID/Vendor ID
Vender ID — (ROM)

frrrrrrrem

DC/DC OCP, OVP, UVP
Motor OCP, TSD

A. A-B register at EXT-setup mode has device/vendor ID ROM. The ID must be read out at LOGIC OUT pin.

Figure 6. Serial Interface A-B

Serial interface C-D: Set C-D motor operating parameters

Data [] 16-bit shift register
Clock [}—
Strobe [ — 16-bit latch (C-D drivers)

Figure 7. Serial Interface C-D
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7.3.1.3 Serial Interface Timing

<
¥

Data Bit 0 Bit 1 < Bit 14>< Bit 15 ><
¥

twl(clk)  twh(clk) tcs
Strobe 7

WA

tw(strb)

MR

nSleep 7(

Figure 8. nSLEEP = H: Set Stepper Motor Operating Parameters

«
R4
Data Bit 0 Bit 1 X Bit 15 \ Bit16 =L
%
tsu th
< »< >
Clock S| w
gl
twl(clk) twh(clk) tcs

Strobe c Y,

P
\ tss min tw(strb)
nSleep (Don't care) (

5

Figure 9. nSLEEP =L (Bit 16 = L): Setup Mode

T
P
Data Bit 0 Bit 1 >< Bit 15 / Bit16 = H
5
, tsu | th
I
Clock \
< >
twi(clk)  twh(clk) tcs
Strobe c 7
P
\ tss_min tw(strb)
nSleep (Don't care) Q( >
5

A. For initial setup, nSLEEP state can be don't care before the tss_min timing prior to the strobe.

Figure 10. nSLEEP =L (Bit 16 = H): Extended Setup Mode

7.3.1.4 Bipolar Current Regulated Stepper Motor Drive

The following functionality is common to all the H-bridge drives. A crossover delay is inherent to the control
circuitry to prevent cross conduction of the upper and lower switches on the same side of the H-bridge. A

blanking (deglitch) time is incorporated to prevent false triggering due to initial current spikes at turnon with a
discharged capacitive load.

The stepper motor current can be programmed to 16 different current levels using a 4-bit register. The average
current level for a particular angular rotation is shown in Table 1.
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Enable
or Phase reversal ><
or Itrip detection

tPDON
Sink or source < '/

gate off to on /

tPDOFF tcob

»lg
€ L)

>

Sink or source
gate on to off

tBLANK - DC motor blanking time
Current sense

blanking time : >
tab

Stepper blanking time

»
»

Figure 11. Crossover and Blanking Timing for H-Bridge

For stepper motor configured H-bridges, only tab (stepper blanking time) is set for current sensing. For DC

motor-configured H-bridges, tBLANK is included to ignore huge current spike due to rush current to varistor
capacitance.

7.3.1.5 Short/Open for Motor Outputs

When a short/open situation happens, the protection circuit prevents device damage under certain conditions
(short at start up, and so forth).
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VM
Charge
RSA VM
pump
ALYV
\ Rsens
OSCM_mon
— OSCM H H
1 (800kHz) |
T ll: ZX OUTA
OSCi
(6.4MHz) [ A
=
_____ | OUTA/
: 7
Control logic | g
DATA_AB & Pre-driver
Stepper
!
parameter LT 7}7
CLK_AB register Current MGND
CH— Torque > Sens
’ VM
Strobe_AB Decay, RSB
1 Current, Current {
& Phase R R N Rsens
limit :
—| =1 |
L = L)
OUTB
™7 Stepper
vwm b Motor
supervisor (3 turn on/off
(15v) —”: ~ L r
| ouTB/
L =
over i
current Protect | | | [
detect disable
h
Setup/ex-setup
register v
Protection
> control &
nORT assertion

Figure 12. Stepper Motor Driver

Table 1. Angular Rotation Setting for Stepping Motor Driver (Parameter Bit in Stepper Register)

= BIT 14 BIT 13 BIT 12 BIT 11 BIT 7 BIT 6 BIT 5 BIT 4
STEP ANGLE CURRENT CURRENT CURRENT CURRENT | CURRENT | CURRENT | CURRENT CURRENT

(deg) A A A A B B B B

©)3 ©)2 ©)1 ©)o (D) 3 (D) 2 (D) 1 (D) 0
16 90 H H H H L L L L
15 84.4 H H H H L L L H
14 78.8 H H H L L L H L
13 73.1 H H L H L L H H
12 67.5 H H L L L H L L
11 61.2 H L H H L H L H
10 56.3 H L H L L H H L
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Table 1. Angular Rotation Setting for Stepping Motor Driver (Parameter Bit in Stepper
Register) (continued)
SET BIT 14 BIT 13 BIT 12 BIT 11 BIT 7 BIT 6 BITS BIT 4
STEP | ANGLE | CURRENT | CURRENT | CURRENT | CURRENT | CURRENT | CURRENT | CURRENT | CURRENT
(deg) A A A A B B B B
()3 (€)2 (€)1 (©)o0 (D)3 (D) 2 (D)1 (D) 0
9 50.6 H L L H L H H H
8 45 H L L L H L L L
7 39.4 L H H H H L L H
6 33.8 L H H L H L H L
5 28.1 L H L H H L H H
4 225 L H L L H H L L
3 16.9 L L H H H H L H
2 11.3 L L H L H H H L
1 5.6 L L L H H H H H
0 0 L L L L H H H H
RdsON vs Idrain
1.0
- T,=120°C
0.8
g
& o7
3
- / TJ =70°C
0.6
0 . ——T=25C
04 I I I I I |
0.5 1 1.5 2 25 3 3.5
Idrain (A)

This plot includes both actual device characterization data and extrapolated data.

Actual device has self-heating effect to increase the junction temperature, with continuous loading current more than
1A

The device temperature is set to 70°C for the Rgs(on) test.

Figure 13. Typical Ryson) Value vs Drain Current (DMOS FET in H-Bridge)
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VM
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OSCM_mon 0OSCM
y (800kHz) [ ; | :
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osGi | | & Pre-driver OuTx
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Enable_x Current 4
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O Current I: ;
. ; i
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VM
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Protect
current Protect o
detect
N
Y
Protection
control &
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Figure 14. DC Motor Drive

The motor configuration setup bits in the setup register can select three types of DC motor driving: utilizing a
single H-bridge, utilizing two (A and B, or C and D) H-bridges in parallel, or utilizing four H-bridges in parallel.

For the setup register value (bit 2,1,0) = (1,0,1), the device configuration is 4x DC motor, which enables each H-
bridge to drive a DC motor independently. The ENABLEx and PHASEX input terminals are reassigned from the
serial interface pins and some reserved pins, after nSLEEP pin is set to H.

For the setup register value (bit 2,1,0) = (0,1,1), the device configuration is 1x large DC + 2x DC motor mode.
The large DC driving utilizes two H-bridges in parallel and controlled by ENABLE_AB and PHASE_AB pins. Two
Rsens Pins should be connected together.

The Vger inputs are used for the Rgense COMparator reference voltage. VREF_AB provides the voltage to both H-
bridge A and B, and VREF_CD provides the voltage for H-bridge C and D.

Table 2. DC Motor Drive Truth Table

COFI\";\I;JI'IF;I;)N nSLEEP ENABLEX PHASEX + HIGH SIDE + LOW SIDE - HIGH SIDE - LOW SIDE
0 0 X X OFF OFF OFF OFF
0 1 0 X OFF OFF OFF OFF
0 1 1 0 OFF ON ON OFF
0 1 1 1 ON OFF OFF ON
Motor OCP 1 X X OFF OFF OFF OFF
TSD X X X OFF OFF OFF OFF
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7.3.1.6 DCDC_MODE for Parallel-Mode Control

The DCDC_MODE pin selects the DC-DC converter parallel driving for Ch-B and Ch-C. The input is pulled up to

internal 3.3 V by a 200-kQ resistor. When the pin is H or left open, Ch-B and Ch-C are driven in parallel.

Table 3. C_SELECT for Start-Up

DC-DC Voutl, DC-DC Vout2, DC-DC Vout3,
C_SELECT PIN VOLTAGE ODA o
Gnd OVto 0.3V OFF OFF
Pull Down
(by external 200 kW) 13viwoz2Vv See Table 4
OPEN 3V1033V ON | ON

7.3.1.7 DCDC_MODE and C_SELECT Timing Delay and Start-Up Order

DCDC_MODE and C_SELECT play a role in the order of regulator enablement, as well as the time when the first
regulator is enabled to when the second is enabled. Regulators B and C are always enabled together, whether
they are working in parallel mode or not.

Table 4. DCDC_MODE and C_SELECT Timing Delay (DRV8809)

DCDC_MODE C_SELECT TIMING DELAY DESCRIPTION
L GND None No regulator is enabled.
L Pull down None No regulator is enabled.
L 3Vto33V 1.6 ms Ch-A followed by Ch-B and Ch-C
H GND None No regulator is enabled.
H Pull down 1.6 ms Ch-B and Ch-C followed by Ch-A
H 3Vto33V 1.6 ms Ch-A followed by Ch-B and Ch-C
Table 5. DCDC_MODE and C_SELECT Timing Delay (DRV8810)
DCDC_MODE C_SELECT TIMING DELAY DESCRIPTION
L GND None No regulator is enabled.
L Pull down None No regulator is enabled.
L 3Vto33V 1.6 ms Ch-A followed by Ch-B and Ch-C
H GND None No regulator is enabled.
H Pull down 20 ms to 40 ms Ch-B and Ch-C followed by Ch-A
H 3Vto33V 20 ms to 40 ms Ch-A followed by Ch-B and Ch-C

7.3.1.8 In-Reset: Input for System Reset

In-Reset pin assertion stops all the DC-DC converters and H-bridges. It also reset all the register contents to
default value. After deassertion of the input, the device follows the initial start-up sequence. The C_SELECT
state is captured after the In-Reset deassertion. The input is pulled up to internal 3.3 V by 200-kQ resistor. When
the pin = H or left open, reset function is asserted. Also it has deglitch filter of 2.5 pys to 7.5 ps.
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VM VthVM +
(CSELECT = Open) VM=6.0v

VthVM-
VM=5.0v

Capture C_select
/ then start
Charge Pump

C

>
VCP // CP start to
_— ] / DC/DC delay

- «
—> >
DC/DC_A 10 ms
(Note A)
DC/DC_B
DC/DC_C
S
Delay 120 ms
(Note B) (20 ms +
100 ms)
nORT (: L) «
>
Protection mask: (E»
OCP/OVP/UVP (= H)
for CH-A/B/C e

A. Charge-pump wake-up delay, from 10 ms to 20 ms, due to asynchronous event capture

B. For the DRV8809, delay is 1.6 ms for both DC_MODE high and low. For the DRV8810, delay is 20 ms to 40 ms for
DC_MODE high and 1.6 ms for DC_MODE low.

Figure 15. Power-Up Timing (Power Up With DC-DC Turn-On By C_SELECT)

NOTE
When V), crosses VthVy., (about 6 V), the C_select state is captured. If C_SELECT is
open (pulled up to internal 3.3 V), all DC-DC regulator channels (A, B, and C) are turned

on. The time of channels B and C to be turned on, with regards to channel A, depends on
the state of DC_MODE.
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VEhVM+
WM=6.0v
vm VthvM-
VM=5.0v _Z
( CSELECT ' 300 ms s
=GND)
DC/DC_A
( off) 5
DC/DC_B
( off ) 5
DC/DC_C
( off) 5
nORT (=L) ¢
Pl
protection

T
p]
mask (=H) |

Figure 16. Power-Up Timing (Power Up Without DC-DC Turn-On: C_SELECT = GND)

NOTE
When V), crosses VthVy., (about 6 V) with C_SELECT = GND, none of the three

regulators are turned on. The nORT output is released to H after 300 ms from the VthVy.
crossing.

VM /ﬁ

(CSELECT =GND) VthVM+
(nSleep=L ) VM=6.Ov

~
(VM+11y )
‘\1 VM-0.7v )

T
P

vCP

DC/DC_A

(off ->on ) —Ae Note B

DC/DC_B
( off)

L

DC/DC_C
{ off)

" S

Setup register Setup (9.8.7 120 ms
strobe [ =(1ﬁ.%i] ) y (See Note A)

o

oA

nORT (=H)

o

protection
mask

(=L}

A. 120 ms to 140 ms due to asynchronous event capture
B. After VM power up, DC-DC starts at the setup register strobe.

Figure 17. Power-Up Timing (DC-DC Regulator Wake Up by Setup Register)
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NOTE

The regulator is started from the strobe input, same as charge pump. There is no 10-ms
waiting period, because VCP pin already reached Vy — 0.7 V.

M /—

( CSELECT

VthVM+
=GND) VM=6.0v
I«
DC/DC_B >
(off ->o0n)
DC/DC_C 5
(off ->on ) Delay
(Note B) C
DC/DC_A »
(off ->on)
. See Note A 120 ms
Setup register [ Setup (9,8,7)
strobe =(0,0,0) ] A:l
5
<
>
nORT (=H)
&
protection (=L) L
mask I
A.  After VM power up, DC-DC starts at the setup register strobe.

B. For the DRV8809, delay is 1.6 ms for both DC_MODE high and low. For the DRV8810, delay is 20 ms to 40 ms for

DC_MODE high and 1.6 ms for DC_MODE low.

Figure 18. Power-Up Timing (DC-DC Regulator Wake Up by Setup Register, All Three Channels On)
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VthVM+
VM=5.0v  _k
VthVM-
( CSELECT
= OPEN)
DC/DC_B
10 ms (S;
DC/DC_C (Note A) /
B <,
D
120 ms
nORT

protection mask
(OVP,0CP)

protection mask
(UVP)

B.

A. Charge-pump wake-up delay, from 10 ms to 20 ms, due to asynchronous event capture

Start-up with V), glitch (not below VthV_). Only channels B and C are shown. Same applies to Channel A.

Figure 19. V,, Start-Up/Power-Down and Glitch Condition
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VthVM+ /\ /
VM=6.0v ) VthVM+
VM
VM=5.0v N
4 VthVM-
Restart
Shutdpwn
DC/DC_B <T+ / Lol
10ms ) 10 ms
(Note A) (Note A)
DC/DC_C / \
[
P
t 120 ms
in case
t <120 ms
nORT =L
C
P
C
protection _ 2
=H
mask L

A. Charge-pump wake-up delay, from 10 ms to 20 ms, due to asynchronous event capture
B. Start-up with V), glitch (below VthV_). Only channels B and C are shown. Same applies to Channel A.

Figure 20. Vy Startup/Power-Down and Glitch Condition

VthVM+ N
VM VM=6.0v
_ A
\\/I|\t/|h=\5"gl\, Mask
Shutdown
DC/DC_B
DC/DC_C
nORT
protection
mask

A. Only channels B and C are shown. Same applies to Channel A.

Figure 21. Power Down (Normal)

26 Submit Documentation Feedback Copyright © 2008-2014, Texas Instruments Incorporated

Product Folder Links: DRV8809 DRV8810



|

Distributor of Texas Instruments: Excellent Integrated System Limited
Datasheet of DRV8809PAP - IC MOTOR DRIVER SPI 64HTQFP

g
III;;::l

Tectranic components Contact us: sales@integrated-circuit.com Website: www.integrated-circuit.com
I3 TExAs
INSTRUMENTS

DRV8809, DRV8810

www.ti.com SLVS854E —JULY 2008—REVISED DECEMBER 2014

VthVM+ N /
VM VM=6.0v v /
VthVM-
VM=5.0v Mask

DC/DC_B

DC/DC_C

nORT

protection | |
mask

A. Only channels B and C are shown. Same applies to Channel A.

Figure 22. Power Down (Glitch on V)

VthVM+ /\ /
VM=6.0v ) VthVM+
VM
VM=5.0v _}
/E VthVM-

; Reéstart
( CSELECT Shutdbwn
= OPEN )
DC/DC_B

) _}“
10 ms J 10 ms S
(Note A) (Note A)
DC/DC_C \ /

N &
p)
40 ms t 120 ms
in case
t <120 ms —
nORT =L
&
2
) <
protection _ 2
=H
mask L
A. Charge-pump wake-up delay, from 10 ms to 20 ms, due to asynchronous event capture
B. Only channels B and C are shown. Same applies to Channel A.
Figure 23. Power Down (Glitch on Vy, Below VthV_)
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InReset

nORT “

10 us

Figure 24. Shutdown by In-Reset

7.3.1.9 Blanking Time Insertion Timing for DC Motor Driving

For the DC motor driving H-bridge, tBlank is inserted at each phase reversal and also following each chopping
cycle (once every eight OSCM clocks).

For a large n number (5 or 6) tBlank setup may decrease the itrip detect window. The user must be careful to
optimize in the system.

Case A: Phase duty = 25%

Case A*1 for setup bit = (1,0)

Case A*2 for setup bit = (0,1)

OSCM

Phase

Resync | Resync Resync Resync

fChop

tBlank
(1,0) *1

tBlank
(0,1) =2

L. L. L

H N k N|
(n=6) n=6 T n=6 L (n=6) n=6

*1 : Setup register bit <4,3>=( 1,0): tBlank = OSCM clock x 3 (or bit <5,6> for H-bridge C,D channel )
*2 : Setup register bit <4,3>=(0,1) : tBlank = OSCM clock x 6 (or bit <5,6> for H-bridge C,D channel )

Figure 25. Blanking Time Insertion Timing, Case A
Case B: Phase duty = 40%

Case B*1 for setup bit =(1,0)
Case B*2 for setup bit =(0,1)
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OSCM

Phase

fChop

tBlank
(1,0) *1

Resync

Resync

| Resync

Resync

|

n=6

n=6

n=6

*1 : Setup register bit <4,3>=( 1,0): tBlank = OSCM clock x 3 (or bit <5,6> for H-bridge C,D channel )
*2 : Setup register bit <4,3>=(0,1) : tBlank = OSCM clock x 6 (or bit <5,6> for H-bridge C,D channel )

Figure 26. Blanking Time Insertion Timing, Case B

Table 6. Function Table nORT, Power Down, Vy < 4.5V Conditions

DEVICE STATUS CHARGE PUMP 0SCD 0SCM "OFSL%ES%ET) MODE SETTING
nSLEEP Active Active Active Inactive Available
nORT Inactive Active Active Active Depend on power
down
Vy < 6 V during power . . . - Depend on power
down Active Active Active See timing chart down
45V <Vy Inactive Inactive Inactive Active Unavailable
Table 7. Shutdown Functions
CASE OF SUPPLY
SHUTDOWN DC-DC Voutl DC-DC Vout2 DC-DC Vout3 MOTOR nORT (RESET)
pe-be (\)/3[#1 OCP, Shut down Shut down Shut down Shut down Reset ON (L out)
pe-be (\)/3?;2 OCP, Shut down Shut down Shut down Shut down Reset ON (L out)
pe-be (\)/SgS OCP, Shut down Shut down Shut down Shut down Reset ON (L out)
Motor OCP NA NA NA OFF Reset one pulse
(tow = 40 ms)
TSD Shut down Shut down Shut down Shut down Reset ON (L out)

¢ Shutdown of DC-DCs is released at V,, > VthV,,, when V,, is increasing. In case V\ decreases, DC-DCs are
shut down when Vy <VthV_. When V,, decreases and VthVy, > Vy, > VthV_, the DC-DC output voltage
supervisor is ignored.
¢ Motor shutdown is released by V\, < 4.5 V or nSLEEP rising edge.
¢ nORT (reset) ON/OFF time is 40 ms.

* The data in Table 21 is valid if the protection control bits in the EX-setup register are all 0.
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Table 8. Modes of Operation® @
POR | g0 ISD ovpP TSD | EXTERNAL PIN | IC BLOCK FUNCTIONS
VM | VM |Voutl | Vout2 | Voutd| MOTOR |Voutl | Vout2 | Vout3| MOTOR "E:;E CSEL N(')%T voutl | Vout2 | Vout3 | nORT
0 0 0 0 0 0 0 0 0 0 H N On On On On H
X X X X X X X X X X X off | off | off | off off L
1 X X X X X X X X X X o | on | off | onoff | oot | H
0 1 X X X X X X X X X p | sp|sp| so | sp L
0 1 X X X X X X X X e | sb| so| so | sp L
0 1 X X X X X X X r | s | so| so | sp L
0 1 X X X X X X a | of | on | on on LP
0 1 X X X X X t | so|sp| sp | sp L
0 1 X X X X I | so|so]| so | sp L
0 1 X X X o | so|sp| so | sp L
0 1 X X n|sp|sp| so | sp L
0 Low X s | of | on | on on H
High | All off X | off | off off L
200 k X | on | on off H
Open X Off On On H

(1) Valid only if the protection control bits (in EX-setup register) are all 0.

(2) N = Normal operation, S = Sleep mode, 0 = Off, 1 = On, X = Don't care, S/D = Shutdown, P = Pulse after fault occurs (retry), OFF =

Must toggle sleep terminal or power-on reset (nORT), S/D = Must do a power-on reset (NnORT)

7.3.2 Motor Driver Configuration

OUTA-
werse  [——— || |
Motor Drive M
Output
l:l Control A
e RSA
Pre Drive
STROBEAB [ |——ro and
Control
DATA_AB Di Motor Drive S:;gzir
Output
Control B
CLK_AB CF—-
ouTC-
vRercd [ }— —I_D
Motor Drive M
Output
NG l:l Control C RSC
Pre Drive ourer
STROBE_CD |7 and
Control
OUTD+
DATA_CD CH—— —
¥ . Stepper
|| Motor Drive VM Motor
Output
Control D
cLk oD ontrol RSD

OuTD-

Figure 27. Motor Configuration 0, Two Stepper
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_‘_D OUTA-
VREFAB El [ | Motor Drive m }
|| Output
NC I:l | | ControlA _\_D RSA
Pre Drive OUTA+
d
STROBE_AB Di . e
DATAAB D | Motor Drive _‘_D VM }
|| Output
| | ControlB RSB
CLK_AB Di _\—D
OUTB-
OUTLCD-
VREF_CD Di _[_D
| Motor Drive VM
Output
NG I:l 1 Co:tr‘:;llc {DD_ RSLB
Pre Drive ouTLeD+
ENABLELCD [ f—— o
Control
D ouTLCD
ne : Motor Drive _‘_D '
|| Output —D_RSLB
PHASE_LCD Di | | ControlD _\_D
ouTLCD-
Figure 28. Motor Configuration 1, One Stepper and One Large DC
_‘_D OUTA-
VREFAS D | Motor Drive l:l M }
| Output
Control A RSA
© O—
Pre Drive _\_D OUTA+
d
STROBE_AB Di o -
DATA_AB Di : Motor Drive _‘_D M }
— Output
CLK_AB I:l |1 Control B _\_D RSB
ouTB-
ouTsc-
vRerco [ —— _[_D -
| Motor Drive M 9 @
I Output
ENaBLE SD [ —— | contoic _\_D RSC
]
Pre Drive ouTse+
ENaBLESC [ F——  and
Control
oUTSD+
1
PHASE_SD : Motor Drive _‘_DD M f
I Output
PHASE_SC I:l |1 Control D _\_D RSD -
ouTSD-
Figure 29. Motor Configuration 2, One Stepper and Two Small DCs
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_‘_D OUTLAB-
VREFAS D || Motor Drive VM
| Output —D—
NG I:l Control A _\_D RSLAB
Pre Drive OUTLAB+
ENABLE_LAB |7 d
- con _‘_D OUTLAB+
Ne I:l Motor Drive
— Output —D—
PHASE_LAB I:l |1 Control B RSLAB
OUTLAB-
_‘_D ouTsC-
VREF_CD |7 =
| Motor Drive l:l VM }
Output
enaBLEsD [ —— [ | controlC _\_D RSC
Pre Drive ouTsc+
enaBlEsc [ F——  ana
Control
PHASE_SD El Motor Drive
Output
Control D
PHASE_SC Di —
Figure 30. Motor Configuration 3, One Large DC and Two Small DCs
_‘_D OUTLAB-
VREF.AB D || Motor Drive M
1 Output —D—
NG I:l || ControlA _\_D RSLAB
Pre Drive OUTLAB+
d
ENABLE_LAB Di o _‘_D I
Ne Di | Motor Drive
Output —| '—
1 conrole RSLAB
PHASE_LAB Di _\—D
OUTLAB-
OUTLCD-
VREF_CD Di _[_D
: Motor Drive VM
1 output —| |—
NC Di 1 commic RSLCD
Pre Drive _\_D ouTLCD+
ENABLE_LCD F———— and
Control
OUTLCD+
Ne El : Motor Drive _‘_D
] outeut —D_RSLCD
PHASE_LCD — — ControlD _\_D
OUTLCD-
Figure 31. Motor Configuration 4, Two Large DCs
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_‘_DOUTSA-
VREF_AB D || Motor Drive m 9 -
1 Output
ENABLE_SB |7 | ControlA _\—D RSA -
Pre Drive OUTSA+
ENABLESA [ |—— and
Control OUTSB+
PHASE_SB I:l | Motor Drive _‘_D 0 9 @
|| Output
| Control B RSB
pHasE s [ F—— -
_\_DOUTSB-
ouTsc-
VREF_CD Di _[_D =
| Motor Drive l:l VM } @
|| Output
ENABLE_SD Di | Control C _\_D RSC
]
) ouTsC+
ENABLESC [ |—— P
Control
OUTSD+
PHASE_SD D | Motor Drive _‘_DI:l VM} »
|| Output
PHASE_SC Di | | Control D _\_D RSD _
ouTsD-
Figure 32. Motor Configuration 5, Four Small DCs
_I_D OUTA-
VREFAB D Motor Drive VM
Output 1 K/\/\/J
| ControlA = RSA
“ B/ g
Pre Drive OUTA+
STROBE_AB Di and
Control _I_D oUTB+
DATA_AB D Motor Drive
Output D
Control B RSB
CLK_AB Di _\—D
OuTB-
ouTe. \ANAN
VREF CD [ }——H] _I_D VM
Motor Drive
Output D \/\/\/J
NC Control C RSC
St r
i e
Pre Drive ouTc+
STROBECD [ ——— and
Control
OUTD+
patAcD [ — L _I_D
Motor Drive
Output D
| Control D RSD
CLK_CD Di _\—D
OuUTD-
Figure 33. Motor Configuration 6, Single Large Stepper Motor
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VREF_AB

ENABLE_SB

ENABLE_SA

PHASE_SB

PHASE_SA

VREF_CD

ENABLE_SD

ENABLE_SC

PHASE_SD

PHASE_SC

s

_I_D OUTSA-
|:| Motor Drive
Output D
|:| Control A RSA
Pre Drive OUTSA+
Control OUTSB+
D Motor Drive
Output ]
—— L
|:| || ControlB
_\_D OUTSB-
_I—D OUTSC-
Motor Drive
Output ]
— L1
Control C
Pre Drive outsc+
[F—— ana
Control oUTSD
] i
Motor Drive
Output ]
1 L
|:| | Control D

Figure 34. Motor Configuration 7, Ultra-Large DC

7.3.3 Charge Pump

The charge-pump voltage-generator circuit utilizes external storage and bucket capacitors. It provides the
necessary voltage to drive the high-side switches for both DC-DC regulators and motor drivers. The charge-
pump circuit is driven at a frequency of 1.6 MHz (nom). Recommended bucket capacitance is 10 nF, 16 V (min),
and storage capacitance is 0.1 pyF, 60 V (min). The charge-pump storage capacitor, Cstage, should be
connected from the VCP output, pin 22, to V).

For power-saving purposes in sleep mode, the charge pump is stopped when n_sleep = L and all three
regulators are turned OFF. When the part is powered up, the charge pump is started first after the C_select
capture, and 10 ms after the CP startup, the first regulator is started up.

Table 9. Charge Pump

FAULT CONDITION DC-DC Ch-A DC-DC Ch-B DC-DC Ch-C nSLEEP CHARGE PUMP

0 OFF OFF OFF 0 OFF

0 ON X X X ON

0 X ON X X ON

0 X X ON X ON

0 X X X 1 ON

Motor OCP X X X 1 ON

TSD X X X X OFF
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vM
[ S F———
pump

(100 kHz) Overcurrent
5 sense —| =

OSCi OD_x
(6.4 MHz) c .
ontrol logic ]
and predriver e fm\ T =
Vref 1
1.5V g ZAN ;I/;
Current limit § ol
A
Output > 4 FBx
voltage < Over < LT
supervisor current Protect
Disablel detect disable
(mask) r
UVP OVP
(-30%) (+30%) A 777
> Soft start,
Protection control, and
C_SELECT > nORT assertion
Setup/
Extended Setup
register

Figure 35. DC-DC Converter

This is a switch-mode regulator with integrated switches, to provide a programmed output set by the feedback
terminal. The DC-DC converter has a fixed frequency variable duty cycle topology with a switching frequency of
100 kHz (nom). External filtering (inductor and capacitor) and external catch diode are required. The output
voltage is short-circuit protected. If the system has a high input voltage and a very light load on the output, the
converter may not provide energy to the inductor (skip) until the load line or the minimum voltage threshold is
reached.

The regulator has a soft-start function to limit the rush current during start up. It is achieved by using VFB ramp
during soft start.

For unused DC-DC converter channels, the external components can be removed if the channel is set to inactive
by the C_SELECT pin and register bits. Also, the VFB pin can be left open or connected to ground.

DCDC_MODE selector can operate channel B and C in parallel mode to handle 2x output driving capability.
VFB_B pin is active for feedback, and VFB_C pin must be pulled down internally.

7.4 Device Functional Modes

7.4.1 Operation With 7V <V and Vp)y <18V

The devices starts operating with input voltages above 6.0 V typ. Between 7 V and 18 V, DC-DC converters can
operate. Enabling motors in not allowed.

7.4.2 Operation With 18 V £V and Vp 40V

The device can operate with full function. Both DC-DC converter and motor drivers can be enabled.
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7.5 Register Maps

7.5.1 Setup Register Bit Assignment

Setup register bits are assigned for motor configuration, blanking time, gain, and DC-DC switches. This register
can be accessed only in Setup mode (hNSLEEP =L and bit 16 data=1L) .

Table 10. Setup Register
BIT NO. NAME DEFAULT DESCRIPTION

0 Motor select 0 0 Motor configuration, < 2,1,0 > (0,0,0): Stepper x 2 (default)
(0,0,1): Stepper + LDC, (0,1,0): Stepper + 2 x sDCs

1 Motor select 1 0 (0,1,1): DCL + 2 x sDC, (1,0,0): DCL x 2 (1,0,1): 4 x sDC

2 Motor select 2 0 (1,1,0): Large stepper (1,1,1): Ultra-large DC

3 TBLNK ABO 0 Tblank for DC motor driving, Tblank is inserted at any phase change
and beginning of each chopping cycle.

4 TBLNK AB1 0 AB1 ABO: Blanking time for A/B side drivers,

5 TBLNK CDO 0 CD1 CDO: Blanking time for C/D side drivers,
00: (1 + fcpop) + 8 x 5 (= 6.25 ps) (default)
01: (1 - fCHOP) +8x6 (= 7.50 HS)

6 TBLNK CD1 0 10: (1 + fepop) + 8 x 3 (= 3.75 ps)
11: (1 - fCHOF’) +8x4 (= 5.00 HS)
For stepper motor driving, only the fixed blanking time is applied.

DC/DC_A SW DC-DC ODA control, 0: ON (default), 1: OFF
DC/DC_B SW DC-DC ODB control, 0: ON (default), 1: OFF

DC-DC ODC control, 0: ON (default), 1: OFF

° pe/be_c sw 0 This bit is ignored when DCDC_MODE = H or open

10 Motor_AB gain 0: 1/10 (default), 1: 0

11 Motor_CD gain 0 0: 1/10 (default), 1: 0

12 OSCD frequency 0 0 <1,0> = (0,0) 100 kHz (default)
(0,1) 50 kHz
(1,0) 200 kHz

13 OSCD frequency 1 0 (1,1) 132.5 kHz _
These setup bits can be changed when the DC-DC regulators are in
operation.

14 OSCM frequency 0 0 <1,0> = (0,0) 800 kHz (default)
(0,1) 400 kHz

15 OSCM frequency 1 0 (1,0) 1.06 MHz
(1,1) 1.6 MHz

The device can be configured to one out of eight different motor control combination modes. When the device is
powered on or is recovering from reset, the mode can be selected by writing to the setup register through the

serial interface AB, during Setup mode (nSLEEP = L).

Table 11. DC and Stepper Motor Configuration

SETUP REGISTER H-BRIDGE AND MOTOR CONFIGURATION
BIT 2 BIT 1 BIT O OUTA+, OUTA- | OUTB+, OUTB— OUTC+, OUTC- OUTD+, OUTD—
0 0 0 Stepper motor drive Stepper motor drive
0 0 1 Stepper motor drive Large DC motor drive
0 1 0 Stepper motor drive DC motor drive DC motor drive
0 1 1 Large DC motor drive DC motor drive DC motor drive
1 0 0 Large DC motor drive Large DC motor drive
1 0 1 DC motor drive DC motor drive DC motor drive DC motor drive
1 1 0 Large stepper motor drive: A + B for first winding, C + D for second winding
1 1 1 Ultra-large DC motor drive
Default setting is (MO, M1, M2) = (0, O,
0)
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Extended setup (EX-setup) register bits are assigned for protection control, pre TSD, and multiplexer test mode
selection. This register can be accessed only in Setup mode (nSLEEP = L and bit 16 data = H).

Table 12. Extended Setup Register (EX-Setup) Bit Assignment

BIT NO. NAME DEFAULT DESCRIPTION
0 Signal select 0 0 Signal selector monitored on LOGIC_OUT
1 Signal select 1 0 DC-DC OCP detection,
- DC-DC voltage supervisor (OVP or UVP),
2 Signal select 2 0 Motor overcurrent (four H-bridges),
3 Signal select 3 0 TSD, and so forth [shutdown (protection) signals must be latched]
4 Ignore SD 0 0 0 = Normal operation, 1 = Ignore DC-DC OCP
5 Ignore SD 1 0 0 = Normal operation, 1 = Ignore DC-DC voltage supervisor
6 Ignore SD 2 0 0 = Normal operation, 1 = Ignore motor OCP
7 Ignore SD 3 0 0 = Normal operation, 1 = Ignore thermal shutdown
0 = Normal operation
. 1 = Disable nORT assertion but shut down DC-DC Ch-C, in case of DC-DC Ch-C
Disable nORT 0 fault condition
8 (selelgtcl:v_%éhgtg_o(\:/\)m for 0 Ch-C shutdown is released by nSLEEP rise edge. If fault condition is on the other
channels (with bit = 0), assert NORT and shut down all three DC-DC channels.
This bit is ignored when DCDC_MODE = H or open
0 = Normal operation
Disable nORT 1 1 = Disable nORT assertion but shut down DC-DC channel B, in case of DC-DC
9 (Selective shutdown for 0 Ch-B fault condition
DC-DC Ch-B) Ch-B shutdown is released by nSLEEP rise edge. If fault condition on the other
channels (with bit = 0), assert NnORT and shut down all three DC-DC channels.
Disable nNORT 2 0 = Normal operation, 1 = Disable nORT assertion but shutdown the DC-DC Ch-
10 (Selective shutdown for 0 A, in case of DC-DC Ch-A fault condition.
DC-DC Ch-A) Ch-A shutdown is released by nSLEEP rise edge. If fault condition on the other
channels (with bit is 0), assert nORT and shut down all three DC-DC channels .
11 Pre TSD 0 0 0 = Ttsd0 = Ttsd - 20°C, 1 = Ttsd1= Ttsd - 30°C
12 Pre TSD 1 0 0 = Pre-TSD (logic) output, 1 = TH_OUT Analog output
13 Test mux 0 0 Test mode selection, < 2,1,0 > = (0,0,0) Normal operation
14 Test mux 1 0 (0,0,1) TSD control — 1,
15 Test mux 2 0 (0,1,0) TSD control — 2, (0,1,1) OSC monitor enable,
Table 13. LOGIC OUT Selection
EX-setup
SIGNAL SELECTION MONITORED ON LOGIC OUT
el NEETIER (LISTED SIGNALS TO BE MUXED BY OR) SUENAL [Fely
(BITS 3-0)
0 0000 (default) | DC-DC OCP_A DC-DC OVP_A DC-DC UVP_A Latched out
0001 DC-DC OCP_B DC-DC OVP_B DC-DC UVP_B Latched out
’ 0010 DC-DC OCP_C DC-DC OVP_C DC-DC UVP_C Latched out
This bit is ignored when DCDC_MODE pin = H or open.
3 0011 DC-DC OCP_A DC-DC OCP_B DC-DC OCP_C Latched out
4 0100 DC-DC OVP_A DC-DC OVP_B DC-DC OVP_C Latched out
5 0101 DC-DC UVP_A DC-DC UVP_B DC-DC UVP_C Latched out
6 0110 Motor OCP Latched out
7 0111 TSD Latched out
8 1000 Revision <0> = 1: For this device <2,1,0> =(1,0,1) =5 ROM
9 1001 Revision <1> = 0: For this device ROM
10 1010 Revision <2> = 1: For this device ROM
11 1011 Vendor <0> = 0: For Tl <1,0> =TI (0,0), NG (1,0) ROM
12 1100 Vendor <1> = 0: For Tl <1,0> = Reserve (0,1), (1,1) ROM
13 1101 Internal oscillator clock (as divided by 32 = 200 kHz)
14 1110 Fixed value as 1 (open-drain output buffer off)
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Table 13. LOGIC OUT Selection (continued)
EX-setup
SIGNAL SELECTION MONITORED ON LOGIC OUT
MEL | el (LISTED SIGNALS TO BE MUXED BY OR) SUENALL [l
(BITS 3-0)
15 1111 Fixed value as 1 (open-drain output buffer off)
Table 14. Test Mux Selection
NO. BITS 15, 14, 13 DESCRIPTION
0 0,0,0 Normal operation
At TSD event, shut down only motor driver part, DC-DC keep ON, keep setup register
1 0,01 TSD control 1 values, motor shutdown released by nSLEEP =L, no nORT assertion
5 0.1.0 TSD control 2 At TSD event, shut down only motor driver part, DC-DC keep ON, keep setup register
' values, motor shutdown released by nSLEEP = L, nORT assertion: 40-ms single pulse
3 0,1,1 S;%gnommr Provide clock to OSCD_mon and OSCM_mon pins

The serial interfaces communicate to the stepper parameter registers during nSLEEP = H . When nSLEEP = L,
all register values are cleared.® @

Table 15. Register Settings for Stepper Motor Driving Parameter

BIT NO. NAME DEFAULT VALUE DESCRIPTION
0 Torque O 0 Torque control, b1 b0
00 equates to 50%
01 equates to 70 %
1 Torque 1 0 10 equates to 85%
11 equates to 100%
Specified by design
2 Decay B(D)0 0 Decay mode control?)
B(D)1, B(D)0: 00 equates to 12.5 % (do not use)
01 equates to 37.5 % (do not use)
3 Decay B(D)1 0 10 equates to 75%
11 equates to fast decay
Specified by design
4 Current B(D)0 0
5 Current B(D)1 0 -
Phase B(D) current level setting™®
6 Current B(D)2 0
7 Current B(D)3 0
Control direction of current flow through winding B(D). A logic 1 allows
8 Phase B(D) 0 conventional current flow from OUTB(D)+ to OUTB(D)-.
9 Decay A(C)0 0 Decay mode control®
A(C)1, A(C)0: 00 equates to 12.5 % (do not use)
01 equates to 37.5 % (do not use)
10 Decay A(C)1 0 10 equates to 75%
11 equates to fast decay
11 Current A(C)0 0
12 Current A(C)1 0 o
Phase A current level setting®
13 Current A(C)2 0
14 Current A(C)3 0
Control direction of current flow through winding A(C). A logic 1 allows
15 Phase A(C) 0 conventional current flow from OUTA(C)+ to OUTA(C)-.

1)
)
())

This device has issues with stepper motor current setting accuracy.
Decay mode should be 75% or fast decay (do not use mode 00 and 01) in this device.
Decay mode should be 75% or fast decay (do not use mode 00 and 01) in this device.

38

Submit Documentation Feedback

Copyright © 2008-2014, Texas Instruments Incorporated
Product Folder Links: DRV8809 DRV8810



"I

—_
'm"..lf

Distributor of Texas Instruments: Excellent Integrated System Limited
Datasheet of DRV8809PAP - IC MOTOR DRIVER SPI 64HTQFP

lectoric oo el Contact us: sales@integrated-circuit.com Website: www.integrated-circuit.com
13 TEXAS
INSTRUMENTS
DRV8809, DRV8810
www.ti.com SLVS854E —JULY 2008—REVISED DECEMBER 2014
Table 16. Torque Control Bit
VREF INPUT CONTROL MOTOR TORQUE
BIT VALUE ROUGH OUTPUT CURRENT SETTING
Torque 0,1=0,0 50% high power consumption, I(max) = VREF * gain/RSense
Torque 0,1=0,1 70% power
Torque 0,1=1,0 85% power
Torque 0,1=1,1 100% power
Table 17. Decay Mode Control Bit
BIT VALUE DECAY MODE SETTING
Decay x0,x1=0, 0 12.5% decay mode (do not use)
Decay x0,x1 =0, 1 37.5% decay mode (do not use)
Decay x0,x1=1,0 75% decay mode
Decay x0,x1=1,1 100% fast decay mode
Table 18. Current Flow Direction Bit
BIT VALUE CURRENT DIRECTION
Phase X =0 OUTx+ =L, OUTx—=H
Phase X = 1 OUTx+ = H, OUTx- =
Table 19. Revision Code/Vendor Code ROM Readout at LOGIC OUT
NO. 2D NSRS SIGNAL SELECTION MONITORED ON LOGIC OUT
(BITS 3-0)
1000 Revision <0> = 1: For this device * <2,1,0> =(1,0,1) =5
1001 Revision <1> = 0: For this device
10 1010 Revision <2> = 1: For this device
11 1011 Vendor <0> = 0: For Tl <1,0> = Tl (0,0), NG(1,0)
12 1100 Vendor <1> = 0: For Tl <1,0> = Reserve (0,1), (1,1)

Table 20. Different Motor Drive Configuration Pinouts (Selected By Setup Register Bits 0 to 3)
<setup> 0(0,0,0) 1(0,0,1) 2(0,1,0) 3(0,1,1) 4 (1,0,0) 5(1,0,1) 6 (1,1,0) 7(1,1,2)
SETUP STEPPER M?;T,\TDERDC STE/_{D,\TDE%(’;"TR Di%\gga DC (LARGE) | DC (SMALL) | LARGE ULTRA-

MTR x2 x2 x4 STEPPER LARGE DC
(LARGE) (SMALL) x2 (SMALL) x2

1 Test-LGND
2 MGND
3 OUTA- OUTA- OUTA- OUTA- OUTLAB- OUTLAB— OUTSA- OUTLAB- | OUTULABCD-
4 RSAL RSAL RSAL RSA1L RSLAB1 RSLAB1 RSA1L RSLAB1 RSULABCD1
5 RSA2 RSA2 RSA2 RSA2 RSLAB2 RSLAB2 RSA2 RSLAB2 RSULABCD1
6 OUTA+ OUTA+ OUTA+ OUTA+ OUTLAB+ OUTLAB+ OUTSA+ OUTLAB+ | OUTULABCD+
7 MGND
8 MGND
9 OUTB+ OouUTB+ OoUTB+ ouTB+ OUTLAB+ OUTLAB+ OUTSB+ OUTLAB+ | OUTULABCD+
10 RSB2 RSB2 RSB2 RSB2 RSLAB2 RSLAB2 RSB2 RSLAB2 RSULABCD1
11 RSB1 RSB1 RSB1 RSB1 RSLAB1 RSLAB1 RSB1 RSLAB1 RSULABCD1
12 ouTB- ouTB- ouTB- ouTB- OUTLAB— OUTLAB- OUTSB- OUTLAB- | OUTULABCD-
13 MGND
14 LGND
15 DCDC_MODE
16 FBC
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Table 20. Different Motor Drive Configuration Pinouts (Selected By Setup Register Bits 0 to 3) (continued)

<setup> 0(0,0,0) 1(0,0,1) 2(0,1,0) 3(0,1,1) 4(1,0,0) 5 (1,0,1) 6 (1,1,0) 71,1
sETUP STEPPER | oD bC | ANDDC | ANDDG | DC(ARGE) | DC(SWALL) | LARGE | ULTRA-_

(LARGE) (SMALL) x2 (SMALL) x2

17 oD_C

18 oD_C

19 oD_B

20 oD_B

21 FBB

22 VCP

23 OSCD_mon

24 cP2

25 cP1

26 VDIN

27 VDIN

28 VDIN

29 VM

30 VREF_AB

31 VREF_CD

32 FBA

33 ODA

34 ODA

35 LGND

36 MGND

37 ouTC- ouTC- OUTLCD- ouTSC— oUTSC— OUTLCD- | OUTSC- | OUTLCD- | OUTULABCD-

38 RSC1 RSC1 RSLCD1 RSC1 RSC1 RSLCD1 RSC1 RSLCD1 | RSULABCD1

39 RSC2 RSC2 RSLCD2 RSC2 RSC2 RSLCD2 RSC2 RSLCD2 | RSULABCD1

40 ouTC+ ouTC+ OUTLCD+ ouTSC+ ouTsC+ OUTLCD+ | OUTSC+ | OUTLCD+ | OUTLABCD+

41 MGND

42 MGND

43 oUTD+ oUTD+ OUTLCD+ OUTSD+ OUTSD+ OUTLCD+ | OuTsD+ OUTSD+ | OUTULABCD+

44 RSD2 RSD2 RSLCD2 RSD2 RSD2 RSLCD2 RSD2 RSD2 RSULABCD1

45 RSD1 RSD1 RSLCD1 RSD1 RSD1 RSLCD1 RSD1 RSD1 RSULABCD1

46 oUTD- OUTD- OUTLCD- OUTSD- OUTSD- OUTLCD- | OUTSD- OUTSD- | OUTULABCD-

47 MGND

48 GND

49 C_SELECT

50 - - ; ENABLE_SD | ENABLE SD ; ENABLE_SD }

51 | STROBE_CD | STROBE_CD | ENABLE_LCD | ENABLE_SC | ENABLE_SC ENLACB'E;E— ENABLE_SC ENLACB'D'E—

52 TH_OUT

53 LOGIC oUT

54 ; ; - ; ; - ENABLE_SB ;

55 | STROBEAB | STROBEAB | STROBEAB | STROBEAB | ENABLE_LAB | SNABLE. | Enaple sa | ENABLE. E'XQBCLDE—

56 nORT

57 LGND

58 | OSCM_mon

50 | DATA.CD | DATACD } PHASE SD PHASE SD ] PHASE SD }

60 | CLK CD CLK_CD | PHASE_LCD | PHASE SC PHASE SC | PHASE_LCD | PHASE SC | PHASE_LCD

61 | DATAAB | DATA AB DATA_AB DATA_AB } ] PHASE SB ;

62 | CLK_AB CLK_AB CLK_AB CLK_AB PHASE_LAB | PHASE_LAB | PHASE SA | PHASE_LAB | PHASE_ABCD

63 | nSLEEP=L | nSLEEP=H

64 In-Reset
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8 Application and Implementation

NOTE
Information in the following applications sections is not part of the Tl 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 DRV8809/DRV8810 provides an integrated motor driver solution. The chip has four H-bridges internally and
is configurable to eight different modes of combination motor driver control.
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8.2 Typical Application
0.1uF 0.01uF M A
DCDC_MODE Cstrage Cbkt
C_SELECT 100uF
ﬂ_‘ T"[E‘:UT ;}; VCP CP1 _[CP2 VDIN VM
200 k ‘T—‘ ‘—r‘ L L] L]
Temperature e To To
Sens : To T'gdh§'de bc/bc Hbridges
330uH Pre-TSD or Voltage | 9ate drive
Vout 1 " _OD.A Tsens (analog) charge —» OUTA+
5.0v DC/DC I pump
(12.0v) ¢ 4uF convertor Motor Drive M
- Ch-A sEhfLmHI Output | ] 0.2 ohm
utaown
(9.1k) Y Control A RSA
. OUTA-
4 ] MGND
Vout 2 330uH op B g -
DC/DC .
convertor < > Motor Drive RSB S':Aeptper
Ch-B VM Output . otor
v Control B 0.2 ohm
L] Regulator
Voltage Internal  —» . OuUTB-
| Supervisory supply Avm
Vout 3 oD_C [ > Pre-Drive, Latch ouTC+
3.3v DC/DC Regist(_ers & . =
convertor control circuitry Motor Drive 0.2 ohm
0.1uF — |l | chc Output .
Control C RSC
]
g N ouTc-
In-Reset Freq divider MGND
rese | forbc/DC [ ] .
1
OSCD_Mon
- 0SCi ] ouTb+
6.4MH. g [
OSCM_Mon | fee=s=s=s I ‘ > Motor Drive 0.2 ohm
Output .
LOGIC OUT - Freq divider [ —| Control D RSD
- Motor PWM [
nORT ] L ouTD-
nSLEEP VREF_AB 25
oV
[ . [ 1 ] 1 1 VREF_SCD J;
LGND Setup / ex-SelUp i goial Interface A-B Serial Interface C-D — I
registers m
L L L L L LI
ENABLE_SD (reserved) STROBE_AB DATA_AB CLK_AB ENABLE_SC PHASE_SD PHASE_SC
Figure 36. Application Schematic
8.2.1 Design Requirements
To begin the design process, determine the following:
1. Output voltage for each DC-DC converters
2. Output voltage start up sequence
3. Motor configuration (DC motors or stepping motors)
4. External Rsense-motor current setting for stepping motor
For one stepper and two DC motor configuration:
e« DC-DCCh-A=5V (12V)
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Typical Application (continued)
« DC-DCCh-B=15V
« DC-DCCh-C=33V

If start-up from Ch-B (1.5 V) = Ch-A (5 V), Ch-C 3.3 V should be turned on by the setup register (200 kQ
between C_SELECT pin and GND).

8.2.2 Detailed Design Procedure

8.2.2.1 Output Voltage for Each DC-DC Converter

Output voltage is set by external feedback resistor network. For example,
e 5.0V Output: 5.6 KQ and 2.4 KQ

e 1.5V Output: 0 Q and 3.0 KQ

e 3.3V Output: 1.2 KQand 1.0 KQ

8.2.2.2 Output Voltage Startup Sequence

DC-DC converters start up sequence is determined by CSELECT pin and DCDC_MODE combination. Refer to
the sections DCDC_MODE for Parallel-Mode Control and DCDC_MODE and C_SELECT Timing Delay and
Start-Up Order for details.

8.2.2.3 Motor Configuration

Motor configuration is set by SPI register setting. Ramp up device with nSLEEP = Low, then write Setup Register
Bits 0 to 3 for motor configuration. Refer to Table 11 for details.

I(max) = VREF * Gain / RSense @
VREF input is typically 2.5V. For example, if Rsense = 5 ohm and Torque (Bit O to 1) = 100%

I(max) = 2.5V * 100% / 5ohm ()
= 500mA

8.2.2.4 External Rsense-Motor Current Setting for Stepping Motor
Stepping motor current level is determined by external Rsense value.

8.2.3 Application Curves

Die temperature can be monitored at TH_OUT pin when register is set as Tsense(analog). This is used for
evaluation purposes only. Typical characteristics are shown in Figure 37.

2.6
<+ Unit
& Linear /l

24
S /
(9]
D
]
£ 22
>
=1
g
3 2 -
1%}
c
3 /
e (/

1.6

0 30 60 90 120 150 180
Temperature (°C)
Figure 37. Tsense (Analog Out) Voltage Plot Example
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9 Power Supply Recommendations

This device requires a single voltage supply only. Supply to VM and VDIN pins should be the same voltage.
VDIN and VM should be connected externally.

10 Layout

10.1 Layout Guidelines

¢ VDIN and VM should be connected externally

* Recommended to have GND plane layer for better thermal performance. Thermal pad directly going down to
GND layer just under the device is the best way.

VM is an analog sensing pin, not a power supply. Monitor the voltage between VM and RSx pin.

« Distance between Odx to Inductance should be as close as possible. This line has switching from 0 V to
VDIN.

FBx pin and external feedback resistor should be as close as possible. This is the analog sensing pin for the
DC-DC converter.
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10.2 Layout Example

4— DC/DC Cch Vout
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To Motor
o terminal 4—
7
eaye) )
To Motor
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Ower e,
GND A
To Motor
o terminal 4——
V_Supply
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o0 To Motor #—
terminal
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To33V
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To Motor
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Figure 38. Layout
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11 Device and Documentation Support

11.1 Device Support

11.1.1 Third-Party Products Disclaimer

TI'S PUBLICATION OF INFORMATION REGARDING THIRD-PARTY PRODUCTS OR SERVICES DOES NOT
CONSTITUTE AN ENDORSEMENT REGARDING THE SUITABILITY OF SUCH PRODUCTS OR SERVICES
OR A WARRANTY, REPRESENTATION OR ENDORSEMENT OF SUCH PRODUCTS OR SERVICES, EITHER
ALONE OR IN COMBINATION WITH ANY TI PRODUCT OR SERVICE.

11.2 Related Links

The table below lists quick access links. Categories include technical documents, support and community
resources, tools and software, and quick access to sample or buy.

Table 21. Related Links

TECHNICAL TOOLS & SUPPORT &

PARTS PRODUCT FOLDER SAMPLE & BUY DOCUMENTS SOFTWARE COMMUNITY
DRV8809 Click here Click here Click here Click here Click here
DRV8810 Click here Click here Click here Click here Click here

11.3 Trademarks

PowerPAD is a trademark of Texas Instruments Inc.
All other trademarks are the property of their respective owners.

11.4 Electrostatic Discharge Caution

A These devices have limited built-in ESD protection. The leads should be shorted together or the device placed in conductive foam
‘Y‘ '\ during storage or handling to prevent electrostatic damage to the MOS gates.
11.5 Glossary

SLYZ022 — Tl Glossary.
This glossary lists and explains terms, acronyms, and definitions.

12 Mechanical, Packaging, and Orderable Information
The following pages include mechanical, packaging, and orderable information. This information is the most

current data available for the designated devices. This data is subject to change without notice and revision of
this document. For browser-based versions of this data sheet, refer to the left-hand navigation.

46 Submit Documentation Feedback Copyright © 2008-2014, Texas Instruments Incorporated
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PACKAGING INFORMATION

Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Temp Op Temp (°C) Device Marking Samples
® Drawing Qty @ ® ® (@5)
DRV8809PAP ACTIVE HTQFP PAP 64 160 Green (RoHS CU NIPDAU Level-3-260C-168 HR -10 to 50 DRV8809 P ile
& no Sh/Br) 1

@ The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

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

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

OBSOLETE: Tl has discontinued the production of the device.

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

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

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

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

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

S 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.

© | ead/Ball Finish - Orderable Devices may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead/Ball Finish 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 Tl's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information
provided by third parties, and makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and
continues to take reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals.
Tl and TI suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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MECHANICAL DATA
PAP (S—PQFP-G64) PowerPAD ™ PLASTIC QUAD FLATPACK
0,27
o
48 33
_ OAAAAAAAAAAAARAR
e T T T T B2
g | | g Thermal Pad
== y(&ee Note D)
64% l_ — _l 217
\O V4
HHHHHHHHHHHHHHHH6 013 Now
1 1
|<— 7,50 TYP —>|
020 4 | ’_{\\W
12,20 —T_
—— T1.80 SQ ———» 0,15
0,05
105
0,95
y 0,45
v Vv _{Seating Plane
— 1,20 MAX
4147702/C 08/03

NOTES:  A. Al linear dimensions are in millimeters.

B. This drawing is subject to change without notice.

C. Body dimensions do not include mold flash or protrusion

D. This package is designed to be soldered to a thermal pad on the board. Refer to Technical Brief, PowerPad
Thermally Enhanced Package, Texas Instruments Literature No. SLMAOO2 for information regarding

recommended board layout. This document is available at www.ti.com <http: //www.ti.com>.
E. Falls within JEDEC MS-026

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

PAP (S—PQFP—-G64) PowerPAD™ PLASTIC QUAD FLATPACK
THERMAL INFORMATION

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

For additional information on the PowerPAD package and how to take advantage of its heat dissipating
abilities, refer to Technical Brief, PowerPAD Thermally Enhanced Package, Texas Instruments Literature
No. SLMAQO2 and Application Brief, PowerPAD Made Easy, Texas Instruments Literature No. SLMAQO4.
Both documents are available at www.ti.com.

The exposed thermal pad dimensions for this package are shown in the following illustration.

48 33
HAAHHARA
49 T —T1 3
——— ———
0,15—p |4—
——— I ¢—0,15 ———
c— . — T
—— ) r 1 ST poosed
——— i i — T ermal Pa
4,15 T o 4 L =
3,50 - — ] i T
- ! ! T
——— | | ———
——— — T
____________ N
——— — T
——— — T
Y — —T117

HHH%HHHH!HHHMHHQ

1

Top View
Exposed Thermal Pad Dimensions

4206326-2/P 05/14

NOTES: A. All linear dimensions are in millimeters

Tie strap features may not be present.
PowerPAD is a trademark of Texas Instruments
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LAND PATTERN DATA

PAP (S—PQFP-G64)

PowerPAD™ PLASTIC QUAD FLATPACK

36x90,2
Centered
on Pad

Solder Mask
Over Copper

Via pattern and copper area under solder mask

Stencil Openings
Based on a stencil thickness
of .125mm (.005inch).
Reference table below for other
solder stencil thicknesses

Example Board Layout

may vary depending on layout constraints

60x0,5 'ﬁr 64x1 5 60x0, 5'|jﬁ
4 D,
= X 2 ] Pin 1 == —
— 17 G % 2 < — — —
— — — —
— 7 ‘l © 7 I — —
— 1,3 = | — 1 —
— {47 B o C {4} — — —
= g3 == 41580 114 = 4,15 Y = 4
— 977» o o 7% —43 — —
— 2 o }\ — — 415 # —
— — — —
— (7 7 o 4 o — — —
— — — —
:DN 415 —=
! Solder Mask 1,4
18]'9 Defined Pad I

(See Note C, D)
(See Note E)

Example
Solder Mask Opening
(See Note F)

CENTER POWER PAD SOLDER STENCIL OPENING
STENCIL THICKNESS X Y
0.1mm 4.64 4.64
: | 0.125mm 415 415
|<— xamp'e 0.15mm 3.79 3.79
0,05 Pod Geometry 0.475mm 351 351
All Around

4208775-3/G 03/16

NOTES:

Al linear dimensions are in millimeters. PowerPAD is a trademark of Texas Instruments
This drawing is subject to change without notice.

Customers should place a note on the circuit board fabrication drawing not to alter the center solder mask defined pad.
This package is designed to be soldered to a thermal pad on the board. Refer to Technical Brief, PowerPad

Thermally Enhanced Package, Texas Instruments Literature No. SLMAOO2, SLMAOO4, and also the Product Data Sheets
for specific thermal information, via requirements, and recommended board layout. These documents are available at
www.ti.com <http: //www.ti.com>. Publication IPC—7351 is recommended for alternate designs.

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

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

3 Toxas
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, enhancements, improvements and other
changes to its semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESD48, latest
issue. Buyers should obtain the latest relevant information before placing orders and should verify that such information is current and
complete. All semiconductor products (also referred to herein as “components”) are sold subject to TI's terms and conditions of sale
supplied at the time of order acknowledgment.

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

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

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

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

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

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

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

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

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

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

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

Data Converters
DLP® Products

DSP

Clocks and Timers
Interface

Logic

Power Mgmt
Microcontrollers
RFID

OMAP Applications Processors
Wireless Connectivity

dataconverter.ti.com

www.dlp.com

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

interface.ti.com

logic.ti.com

power.ti.com
microcontroller.ti.com

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

Computers and Peripherals
Consumer Electronics
Energy and Lighting
Industrial

Medical

Security

Space, Avionics and Defense
Video and Imaging

TI E2E Community

www.ti.com/wirelessconnectivity

www.ti.com/computers

www.ti.com/consumer-apps

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

www.ti.com/medical

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

www.ti.com/video

e2e.ti.com
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Copyright © 2016, Texas Instruments Incorporated


http://www.tcpdf.org
http://www.tcpdf.org

