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DRV110A-Q1 120- and 230-V AC, 6- to 48-V DC Current Controller for
Solenoids, Relays, and Valves

1 Features

e AEC-Q100 Qualified for Automotive Applications:
— Device Temperature Grade 1: —40°C to
+125°C, Tp
» Internal Zener Diode on Supply Pin for High-
Voltage Operation
— 120- and 230-V AC Supply Through Rectifier
and Rg Resistor
— 24-V, 48-V, and Higher DC Supply Through Rg
Resistor
» Drives an External MOSFET With PWM to Control
Solenoid Current
— External Sense Resistor for Regulating
Solenoid Current
» Fast Ramp-Up of Solenoid Current to Ensure
Activation
* Solenoid Current is Reduced in Hold Mode for
Lower Power and Thermal Dissipation

 Ramp Peak Current, Keep Time at Peak Current,
Hold Current, and PWM Clock Frequency Can Be
Set Externally. They Can Also Be Operated at
Nominal Values Without External Components.

» Protection

— Thermal Shutdown

— Undervoltage Lockout (UVLO)
* Optional STATUS Output
* 14-Pin TSSOP Package

2 Applications

» Electromechanical Drivers: Solenoids, Valves,
Relays, Contactors, Switchgear, Pneumatics

» EV Charging Station Power Modules, On-Board
Chargers, Battery Management Systems

3 Description

The DRV110A-Q1 device is a PWM current controller
for solenoids. The device is designed to regulate the
current with a well-controlled waveform to reduce
power dissipation. The solenoid current is ramped up
fast to ensure opening of the valve or relay. After
initial ramping, the solenoid current is kept at a peak
value to ensure correct operation, after which the
current is reduced to a lower hold level to avoid
thermal problems and reduce power dissipation.

The peak current duration is set with an external
capacitor. The peak and hold levels of the current
ramp, as well as the PWM frequency, can
independently be set with external resistors. External
setting resistors can also be omitted if the default
values for the corresponding parameters are suitable
for the application.

The DRV110A-Q1 device has an internal Zener diode
that limits the supply at VIN to Vzgner fOr applications
that require a higher supply voltage. Using the
internal Zener, the DRV110A-Q1 can be powered
from 120-V and 230-V AC supplies through a rectifier
and current-limiting resistor. High DC voltages such
as 48-V can also be accommodated this way.

Device Information®
PACKAGE BODY SIZE (NOM)
TSSOP (14) 5.00 mm x 4.40 mm

PART NUMBER
DRV110A-Q1

(1) For all available packages, see the orderable addendum at
the end of the data sheet.

DRV110A-Q1 Supplied by Power Line Voltage

120 and 230 V AC
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5 Pin Configuration and Functions

PW Package
14-Pin TSSOP
Top View
O

1 14 NC

2 13 EN

3 12 STATUS

HOLD 4 11 ouT

5 10 NC

6 9 SENSE

7 8 GND

Pin Functions
PIN
1/0 DESCRIPTION

NAME NO.
EN 13 | Enable
GND 8 — Ground
HOLD 4 | Hold current set
KEEP 2 | Keep time set
NC 1 — No connect®
NC 6 — No connect®
NC 10 — No connect®
NC 14 — No connect®
OosC 5 | PWM frequency set
ouT 11 O Solenoid switch gate drive
PEAK | Peak current set
SENSE | Solenoid current sense
STATUS 12 O Open drain status indicator
VIN 7 | 6-V to 15-V supply

(1) Keep NC pins floating. Do not connect NC pins to GND or any other node.
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6 Specifications
6.1 Absolute Maximum Ratings
See Wand @
MIN MAX UNIT

VIN  Input voltage -0.3 20 \%

Voltage on EN, STATUS, PEAK, HOLD, OSC, SENSE, KEEP -0.3 7 \%

Voltage on OUT -0.3 20 \Y
T, Operating junction temperature -40 150 °C
Tsg  Storage temperature -65 150 °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) All voltage values are with respect to network ground terminal.

6.2 ESD Ratings

VALUE UNIT

Human-body model (HBM), per AEC Q100-002M 42000

Vieso) Elsgég%t:tlc HBM ESD leatssmcatlon Level 2 . v
Charged-device model (CDM), per AEC Q100-011 | All pins +500
CDM ESD Classification Level C4B Corner pins (1, 7, 8, and 14) +750

(1) AEC Q100-002 indicates that HBM stressing shall be in accordance with the ANSI/ESDA/JEDEC JS-001 specification.

6.3 Recommended Operating Conditions

—40°C £ T, < 125°C (unless otherwise noted)

MIN NOM MAX | UNIT
lo Supply current (the device sinks additional current when Vy > VZENER(l)) 1 15 3| mA
ViN Voltage at the VIN pin®®) (see Detailed Description) v
Vs Voltage directly from the supply before clamped by the Zener diode 330 V
Cin Input capacitor between VIN and GND ) 4.7 UF
Ta Operating ambient temperature -40 125| °C

(1) The device regulates the supply with an internal Zener diode. The device sinks up to 3 mA with the added supply current. See
Equation 5 to find appropriate value for the Rg resistor.

(2) The maximum input voltage of the device depends on the clamping voltage of the internal Zener diode, which changes over
temperature. A current-limiting resistor is required to limit current to the Zener diode if the input voltage (V) is greater than Vzgner-

more information on resistor sizing see the Detailed Description section and Application and Implementation section.
(3) For Vg voltages less than Vzener, Vin = Vs. For Vg voltages greater than Vzener, Vin = VZENER-
(4) 4.7-pF input capacitor and full wave rectified 230-Vrms AC supply results in approximately 500-mV supply ripple.

6.4 Thermal Information

For

DRV110A-Q1
THERMAL METRIC® PW (TSSOP) UNIT
14 PINS
Roia Junction-to-ambient thermal resistance 122.6 °CIW
Roactop) Junction-to-case (top) thermal resistance y 51.2 °C/IW
RgiB Junction-to-board thermal resistance 64.3 °C/IW
LAl Junction-to-top characterization parameter 6.5 °CIW
AL} Junction-to-board characterization parameter 63.7 °C/IW
Roacmot) Junction-to-case (bottom) thermal resistance N/A °C/IW

(1) For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application
report.
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6.5 Electrical Characteristics

Viy =14V, —40°C £ T, < 125°C, over operating free-air temperature range (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
SUPPLY
Standby current EN =0, V|y = 14 V, bypass deactivated 200 250
| Quiescent current EN =1, V|y = 14V, bypass deactivated 360 570 hA
Q EN =0, Iy = 2 mA, bypass activated 10.5 15 19
Internally regulated supply - \%
EN =1, ly,y = 2 mA, bypass activated 145 15 155
GATE DRIVER
Vprv Gate drive voltage Supply voltage in regulation Vin \
IpRV_sINK Gate drive sink current Vour =15V; V|y=15V 8 15 mA
Iprv_source | Gate drive source current Voutr =GND; Viy =15V -15 -10 mA
fowm PWM clock frequency OSC = GND 15 20 27 kHz
Duiax Maximum PWM duty cycle 100%
Duin Minimum PWM duty cycle 7.5%
CURRENT CONTROLLER, INTERNAL SETTINGS
lpEAK Peak current Rsense = 1 Q, PEAK = GND 270 300 330 mA
InoLo Hold current Rsense = 1 Q, HOLD = GND 40 50 65 mA
CURRENT CONTROLLER, EXTERNAL SETTINGS
tkeep Externally set keep time at peak current | Cxggp = 1 UF 100 ms
Voltage of internal reference to which the | Rpgak = 50 kQ 900
Vpeak SENSE pin voltage is compared to for mV
IpEAK Rpeak = 200 kQ 300
o | vetaae s e o e [ 2001 m
HOLD | RyoLp = 200 kQ 50
Rosc = 160 kQ 25
fowm Externally set PWM clock frequency kHz
Rosc = 200 kQ 20
LOGIC INPUT LEVELS (EN)
Vi Input low level 1.3 \%
Viy Input high level 1.65 \%
Ren Input pullup resistance 350 500 kQ
Input pulldown resistance 250 kQ
LOGIC OUTPUT LEVELS (STATUS)
VoL Output low level Pulldown activated, Istatys = 2 mA 0.3 \%
I Output leakage current Pulldown deactivated, V(STATUS) =5V 2 HA
UNDERVOLTAGE LOCKOUT
Vyuvio Undervoltage lockout threshold 4.6 \%
THERMAL SHUTDOWN
Trsu Junction temperature start-up threshold 140 °C
Trep .t]#rr;(;trl]c())rlwdtemperature shutdown 160 oC
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6.6 Typical Characteristics

o | | it | o | [k | i | | e | i

Isolenoid

Figure 1. Solenoid Current, EN, and PWM vs Time
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7 Detailed Description

7.1 Overview

The DRV110A-Q1 device provides a PWM current controller for use with solenoids. The device provides a quick
ramp to a high peak current value in order to ensure opening of the valve or relay. The current is held for a
programmable time and then lowered to the hold current value to maintain the open state of the valve or relay
while reducing the total current consumption. Peak current duration, peak current amount, hold current amount,
and PWM frequency can all be controlled by external components or used at default levels by omitting these
components (except peak current duration).

Enable and disable of the switch is controlled by the EN pin. The EN pin contains an internal resistor network to
set the pin to logic HIGH when the EN pin is floating. This feature can be used for situations where a control
signal is not required and the solenoid is only energized when a supply voltage is present. Such applications
could be valves or contactors.

The DRV110A-Q1 also features a wide VIN range with an internal bypass regulator to maintain VIN at an
acceptable level. Finally, the device features an open-drain pull-down path on the STATUS pin which is enabled
as long as undervoltage lockout or thermal shutdown has not triggered.

7.2 Functional Block Diagram

%)
>
'_
<
o
[
L
Rosc osC
|
— Vs
T Rs VIN
Vs Thermal
LDO |—¥» UVLO Shutdown osC
Cl 500 kQ
(\E Ls D1
EN T1kQ —]
r pp—
250 kQ Vin
vV [\I\ out |I-<- M1
1 —
1pA ——
- PWM L 1
Control = SENSE
1 L
REF > MUX
[a)
z
o Rsense
F{HOLD
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7.3 Feature Description

The DRV110A-Q1 controls the current through the solenoid as shown in Figure 2. Activation starts when EN pin
voltage is pulled high either by an external driver or internal pullup. In the beginning of activation, DRV110A-Q1
allows the solenoid current to ramp up to the peak value Ipgak and it regulates it at the peak value for the time,
tveep, before reducing it to Iy, p. The solenoid current is regulated at the hold value as long as the EN pin is kept
high. The initial current ramp-up time depends on the inductance and resistance of the solenoid. Once EN pin is
driven to GND, DRV110A-Q1 allows the solenoid current to decay to zero.

ISOLENOID “

IPEAK

IHOLD

v

tieer
EN

Figure 2. Typical Current Waveform Through the Solenoid

7.3.1 Keep Time

The keep time, tceep, is set externally by connecting a capacitor to the KEEP pin. A constant current is sourced
from the KEEP pin that is driven into an external capacitor resulting in a linear voltage ramp. When the KEEP pin
voltage reaches 100 mV, the current regulation reference voltage, Vger, is switched from Vpgax t0 Vyoip- The
internal current source is switched off, and the capacitor is grounded for discharge. The dependency of txgep
from the external capacitor size can be calculated with Equation 1.

- 10518
txeep [3] = Ckeep [F] 10 [F} O

7.3.2 PWM Current Control

The current control loop regulates, cycle-by-cycle, the solenoid current by sensing voltage at the SENSE pin and
controlling the external switching device gate through the OUT pin. During the ON-cycle, the OUT pin voltage is
driven and kept high (equal to VIN voltage) allowing current to flow through the external switch as long as the
voltage at the SENSE pin is less than Vggr. As soon as the voltage at the SENSE pin is above Vggg, the OUT
pin voltage is immediately driven low and kept low until the next ON-cycle is triggered by the internal PWM clock
signal. In the beginning of each ON-cycle, the OUT pin voltage is driven high and kept high for at least the time
determined by the minimum PWM signal duty cycle, Dy

Because the current sense is done by comparing the voltage at the SENSE pin to a reference voltage, the
DRV110A-Q1 device acts like a hysteresis controller. When the device acts like a hysteresis controller, it can
make the PWM frequency and duty cycle appear uneven for some solenoids (see Figure 3).

8 Submit Documentation Feedback Copyright © 2018, Texas Instruments Incorporated
Product Folder Links: DRV110A-Q1


http://www.ti.com/product/drv110a-q1?qgpn=drv110a-q1
http://www.ti.com
http://www.ti.com/product/drv110a-q1?qgpn=drv110a-q1
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLVSES6&partnum=DRV110A-Q1

13 TEXAS
INSTRUMENTS
DRV110A-Q1

www.ti.com SLVSES6 —AUGUST 2018

Feature Description (continued)

| ‘

OSC ICOIL

| |
— | |
ouT | |
A4
[\L I Vowl{; ML L
\ | I Vour
| |
L Toows . 4
- V
SENSE‘\>-< | | | | | Virer
| |
| | | | | | | Vsense
| | | | | | |
| | | | | | |
| | | | | | |
1 92% | 8% 1 100% | )
| | | | | |
| | | | | |

Rsense

|||—<

(1) The DRV110A-Q1 device measures the voltage at the SENSE node (Vsgnsg)- This voltage is compared against the
reference voltage (Vrer) each clock cycle. The voltage at the output node (Voyut) becomes low when Vgense 2 VRer-
The duty cycle (D) of the output voltage varies from 8% to 100%. In summary, the SENSE voltage is sampled after
each rising edge of the PWM CLK signal (PWMc¢ k) and goes low when Vggnse 2 Vger at a minimum duty cycle of
8%.

Figure 3. DRV110A-Q1 Current Control with Varying OUT Duty Cycle

7.3.3 Configuring Peak and Hold Currents

lpeak @nd lyop depend on fixed resistance values Rpgak and Rpygp as shown in Figure 4. If the PEAK pin or
HOLD pin is connected to ground or Rpgak OF Ryolp is less than 43.33 kQ (typical), then lpgak is at its default
value of 300 mA for Ipgak and 50 mA for lyo, p.

The lpgak value can alternatively be set by connecting an external resistor to ground from the PEAK pin. For
example, if a 60-kQ (= Rpgak) resistor is connected between PEAK and GND, and Rgense = 1 Q, then the
externally set Ipgak level will be 900 mA. If Rpgak = 200 kQ and Rgense = 1 Q, then the externally set Ipgax level
will be 300 mA. Tl does not recommend using a resistor from 30 kQ and 55 kQ to avoid the Ipgak OF lyoLp current
slipping from the maximum current setting to the default setting.

In case Rgense = 2 Q instead of 1 Q, then lpgak = 450 mA (when Rpgax = 55 kQ) and lpgak = 150 mA (when
Rpeak = 200 kQ). The external setting of the HOLD current, l,,o.p, Works in the same way as the external setting
for Ipgak but the current levels are 1/6 of the Ipgak levels for the same resistor setting.

External settings for lpgak and lyo p are independent of each other. If Rpgak Or RyoLp is decreased below 33.33
kQ (typical value), then the reference is clamped to the internal setting of 300 mV for PEAK and 50 mV for
HOLD. Use Equation 2 and Equation 3 to calculate the values for lpgak and lop respectively.

The currents and resistor values should be chosen such that the voltage across the sense resistor is more than
30 mV.

v .
oy - VREE_10QXQ00MAXBBE7KR 1 gierio koMo

Rsense Rpeak Rsense )
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Feature Description (continued)
V, .
hoLp = —REE _1Qx1S0MAXBB67KRY 1 6q 6710 R0 <333k
RSENSE RHOLD RSENSE (3)

1000

~ o
800

700 \
600
500
400
300
200

lhoLomeak (MA)

100

0 50 100 150 200 250
RuoLo/peak (KQ)

Figure 4. lpgak and lyop Settings for Rgense = 1 Q

7.3.4 Configuring the PWM Frequency

Frequency of the internal PWM clock signal, PWM¢, g, that triggers each OUT pin ON-cycle can be adjusted by
external resistor, Rosc, connected between OSC and GND. Frequency as a function of resistor value is shown in
Figure 5. Default frequency is used when OSC is connected to GND directly. Use Equation 4 to calculate the
PWM frequency as a function of the external fixed adjustment resistor value (greater than 160 kQ).

BOKHZ | 66.67 ka; 160 k2 < Rogg <2 MO
osc (4)

fPWM =

40

35

30

160 kQ, 25 kHz
25 2

20
of

10 L (0'to 100 €, 20 kHz)

fewm (kKHz)

5

0
0 100 200 300 400 500 600 700
Rosc (k)

Figure 5. PWM Clock Frequency Setting

7.3.5 Voltage Supply and Integrated Zener Diode

Voltage at the OUT pin, that is the gate voltage of an external switching device, is equal to VIN voltage during
the ON-cycle. The voltage is driven to ground during the OFF-cycle. VIN voltages below Vzgner Can be supplied
directly from an external voltage source. Supply voltages of at least 6 V are supported.

The DRV110A-Q1 is able to regulate VIN voltage from a higher external supply voltage, Vs, by an internal
bypass regulator that replicates the function of an ideal Zener diode. This requires that the supply current is
sufficiently limited by an external resistor between Vg and the VIN pin. An external capacitor connected to the
VIN pin is used to store enough energy to charge the external switch gate capacitance at the OUT pin. A range
of current limiting resistor sizes (Rs min and Rs max) can be calculated with Equation 5 and Equation 6. This range
keeps the VIN current within the recommended operating conditions.

10 Submit Documentation Feedback Copyright © 2018, Texas Instruments Incorporated
Product Folder Links: DRV110A-Q1


http://www.ti.com/product/drv110a-q1?qgpn=drv110a-q1
http://www.ti.com
http://www.ti.com/product/drv110a-q1?qgpn=drv110a-q1
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLVSES6&partnum=DRV110A-Q1

13 TEXAS

INSTRUMENTS
DRV110A-Q1
www.ti.com SLVSES6 —AUGUST 2018
Feature Description (continued)
R _ Vs minbc — VZENER
Smax — 1mA +1
MA +lgate, AVE
where
* lgateave iS the current flowing to the external switch. For a MOSFET, Igue ave is €qual to the external FET gate
charge multiplied by foym. 5)
R _ VS,maxDC - VZENER
Smin — 3 MA +1
MA +lgate AVE (6)

Ideally, the DRV110A-Q1 device clamps the input voltage to 15 V. For configurations that do not use the EN pin
(force the pin high or leave it floating), the DRV110A-Q1 device clamps at 15 V (Vzener = 15 V) across the
temperature range of the device. If the EN pin is set to 0, then refer to the values in Table 1 to find the Vzgner
used when calculating the value of Rg, based on the temperature range of the application. Because the Vzener
changes when the EN state changes, select a value for Rg that meets the current requirements at both Vzgner
voltages.

Table 1. Vzener Value

TEMPERATURE RANGE ENABLE STATE N ——
—40°C < Ty < 125°C 1 15V
—40°C < T4 < 35°C 0 15V
—40°C < Ty < 45°C 0 142V
—40°C < Tp £ 55°C 0 13.9V
—40°C < T4 < 65°C 0 135V
—40°C £ T < 75°C 0 131V
—40°C < T, < 85°C 0 12.7V
—40°C £ Tp £ 95°C 0 123V
—40°C < T < 105°C 0 12V
—40°C < Ty < 115°C 0 114V
—40°C < Ty < 125°C 0 11V

The open-drain pulldown path at the STATUS pin is deactivated if the undervoltage lockout or thermal shutdown
blocks have triggered or if the EN pin is low.
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7.4 Device Functional Modes

7.4.1 Normal Mode
The DRV110A-Q1 transitions through three different states in normal mode:
OFF state In the OFF state, the EN pin is low and the PWM output is off.

PEAK state The PEAK state begins when the EN pin is set high, and ends when the txgep time has been
reached. During this state, the PWM operates to reach the lpgak current set by the Rpgak resistor.

HOLD state In the HOLD state, the txgep time has been reached, and the PWM continues to operate but at the
lhoLp level. This continues until the EN pin is set low again and the PWM turns off.

7.4.2 Shutdown

The DRV110A-Q1 turns off the gate driver in undervoltage lockout (VIN < 4.6 V) or thermal shutdown (T; >
160°C). If temperature shutdown is activated, the DRV110A-Ql resumes operation when the junction
temperature is below 140°C. The shutdown conditions are expressed by the STATUS pin going to the high-
impedance state. A pullup resistor can be connected to the STATUS pin so these conditions may be observed by
a microcontroller. Table 2 provides an explanation of this operation.

Table 2. Shutdown Operation

CONDITIONS OUTPUT PINS
EN UVLO TSD STATUS ouT
0 X X Hi-Z LOW
1 0 0 Pulled down HIGH or PWM
1 X 1 Hi-Z LOW
1 1 X Hi-Z LOW
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8 Application and Implementation

NOTE
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 DRV110A-Q1 device is designed to operate a solenoid valve or relay. For detailed information on using the
DRV110A-Q1 with 230 V AC solenoids. A typical DC input design will be outlined in Typical Application.
Approximate resistor and capacitor values for the peak current, hold current, sense, and keep time will be
derived for a sample application.

8.2 Typical Application

120 and 230 V AC

© I T }
CZ:L: : DRV110
- :I VIN

[

Copyright © 2016, Texas Instruments Incorporated

Figure 6. DRV110A-Q1 Powered by a Rectified AC Power Source
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Typical Application (continued)

16 Vto 48V
O

D1

§ Ls
DRV110

Copyright © 2016, Texas Instruments Incorporated

Figure 7. DRV110A-Q1 Powered by a DC Power Source Greater than 15V

8.2.1 Design Requirements

The key elements to identify here are the system input voltage, peak current, hold current, and peak keep time
values required for the solenoid or relay being used. With these values, approximate Rs, Rpeak: Ruolp: Ckeeps
and Rgense Values can be determined and the proper FET and diode can be identified. Rogc can be varied in
order to tune the circuit to the chosen solenoid or relay.

8.2.2 Detailed Design Procedure

8.2.2.1 Current Limiting Resistor Selection

The temperature range, input voltage, and enable state must be considered when selecting the current limiting
resistor. These values must be considered because the Zener clamping voltage of the DRV110A-Q1 device
starts dropping from its ideal 15 V at temperatures greater than 45°C when the EN pin is pulled low. Applications
that leave the EN pin floating or pulled high at all times only require a current-limiting resistor when the input
voltage is greater than 15 V across all temperature.

While using a current-limiting resistor is not required when the supply voltage (Vs) is less than the Zener
clamping voltage, Vzener, Tl recommends populating a small resistor in case of possible input voltage transients
during operation. At the very least, TI recommends placing a resistor footprint jumped by a 0-Q resistor. Table 3
lists recommended resistor values for voltages close to Vzener @and common voltages greater than Vygner for
different enable states.
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Table 3. Recommended Resistor Values
—40°C £ T, £125°C

SUPPLY VOLTAGE “=MITING RESISTOR
EN Pulled High or Floating
<15V 500 Q
24V 9 kQ
48V 33 kQ
110 Vto 120 V 100 kQ
220 Vto 240V 200 kQ
EN Toggled Between 0 and 1
oV 510 Q
11V 510 Q
12V 1kQ
13V 2 kQ
14V 3kQ
15V 3.9kQ
24V 13 kQ
48V 36 kQ
110 Vto 120 V 100 kQ
220 Vto 240V 200 kQ

8.2.2.2 Passive Component Selection

With the selected peak current, hold current, and peak keep time values, the values of Rpgak, RuoLp, Ckeep, and
Rsense can be determined. Table 4 lists the example values and results from calculation.

Table 4. Example Application Values When Rggnse =1 Q

VARIABLE VALUE DEVICE VALUES CALCULATED FROM
Peak current 150 mA Rpeak = 400 kQ Equation 2
RyoLp = 200 kQ or .
Hold current 50 mA connect HOLD to ground Equation 3
Keep time 100 ms Ckeep = 1 pyF Equation 1
PWM frequency 20 kHz Rosc = Shorted to ground Equation 4

Use Equation 2 and Equation 3 to calculate the values of the Rpgak resistor and Ry p (if applicable) resistor. For
the sample values, the Rpgak resistor is set to 400 kQ and the Ry p resistor is shorted to GND. TI recommends
using a 0-Q resistor for prototyping in case changes to this value are desired.

Next, select the value of the Cxgep Capacitor based on Equation 1. For the sample value, the Cyeep capacitor is
set to 1 pF. The Rpgc resistor is initially be shorted to GND, but a 0-Q resistor is also recommended for
prototyping. Additionally, a low-pass filter on the SENSE line can be added in a high-noise environment and is
recommended for prototyping. The typical value for the low pass filter resistor is 1 kQ and the typical value for
the filter capacitor is 100 pF.

The value of sense resistor can be selected based on the preference of the designer. The only restriction is that
the voltage across the sense resistor (found by the Rggnse resistance times the lyo p current) must be greater
than 30 mV for reliable operation.

The external FET and current recirculation diode must be selected based on the current values defined in and
the supply voltage. The current recirculation diode should be a fast recovery diode.
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8.2.3 Application Curve

o | i e e e e[ s e e ™ mEm
C - -
/"/
EN
/
o /!
Isolenoid
o
e r—— T Fr e
o 2o o rree '
e o s - rren
ROSC =0Q RPEAK = 400 kQ RHOLD =0Q
Rsense =1 Q Ckeep =1 uF Ling=1H

Ring =50 Q Measured on the EVM

Figure 8. lsoLenops EN, and Vg vs Time

9 Power Supply Recommendations

The input supply range must be at least 6 V, and needs a current-limiting resistor above Vzgner- AN input
capacitor of 4.7 uF (typical) is required as well. o max is 3 mA, but additional current will be required to operate
the solenoid or relay.

10 Layout

10.1 Layout Guidelines

Routing for the SENSE pin should be careful to avoid noise sources. Routing for the output node and sense
node should be minimized. The trace for the solenoid or relay current should be wide in order to prevent any
unexpected voltage drop. Make sure that no connect (NC) pins are kept floating and are not connected to GND
or any other node.
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10.2 Layout Example

2: NetR16_2

1: NetR16_2

- 1
NetC8_1
I | 1 I

NetC8_1

DS O 0
TIDA-00284 poslit

The TIDA-00284 TI Design is shown as an example of good layout practices with the DRV110A-Q1. The TIDA-00284
design is not intended for automotive applications.

Figure 9. Layout Schematic
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11 Device and Documentation Support

11.1 Documentation Support

11.1.1 Related Documentation

For related documentation, see the following:
» Texas Instruments, DRV110 and DRV120 Evaluation Modules (EVM) user's guide

11.2 Receiving Notification of Documentation Updates

To receive notification of documentation updates, navigate to the device product folder on ti.com. In the upper
right corner, click on Alert me to register and receive a weekly digest of any product information that has
changed. For change details, review the revision history included in any revised document.

11.3 Community Resources

The following links connect to TI community resources. Linked contents are provided "AS IS" by the respective
contributors. They do not constitute Tl specifications and do not necessarily reflect TI's views; see TI's Terms of
Use.

TI E2E™ Online Community TI's Engineer-to-Engineer (E2E) Community. Created to foster collaboration
among engineers. At e2e.ti.com, you can ask questions, share knowledge, explore ideas and help
solve problems with fellow engineers.

Design Support TlI's Design Support Quickly find helpful E2E forums along with design support tools and
contact information for technical support.

11.4 Trademarks

E2E is a trademark of Texas Instruments.
All other trademarks are the property of their respective owners.

11.5 Electrostatic Discharge Caution

This integrated circuit can be damaged by ESD. Texas Instruments recommends that all integrated circuits be handled with
appropriate precautions. Failure to observe proper handling and installation procedures can cause damage.

m ESD damage can range from subtle performance degradation to complete device failure. Precision integrated circuits may be more
susceptible to damage because very small parametric changes could cause the device not to meet its published specifications.

11.6 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.
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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)
PDRV110AQPWRQ1 ACTIVE TSSOP PW 14 2000 TBD Call Tl Call TI -40to 125

@ The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

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

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

OBSOLETE: Tl has discontinued the production of the device.

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

® | 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 TlI's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information
provided by third parties, and makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and
continues to take reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals.
Tl and 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
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Al linear dimensions are in millimeters. Dimensioning and tolerancing per ASME Y14.5M—-1994.
This drawing is subject to change without notice.

Body length does not include mold flash, protrusions, or gate burrs.
not exceed 0,15 each side.

Body width does not include interlead flash.

Falls within JEDEC MO-183

Mold flash, protrusions, or gate burrs shall

Interlead flash shall not exceed 0,25 each side.
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IMPORTANT NOTICE

Texas Instruments Incorporated (TI) reserves the right to make corrections, enhancements, improvements and other changes to its
semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESDA48, latest issue. Buyers
should obtain the latest relevant information before placing orders and should verify that such information is current and complete.

TI's published terms of sale for semiconductor products (http://www.ti.com/sc/docs/stdterms.htm) apply to the sale of packaged integrated
circuit products that Tl has qualified and released to market. Additional terms may apply to the use or sale of other types of Tl products and
services.

Reproduction of significant portions of Tl information in Tl 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 reproduced
documentation. Information of third parties may be subject to additional restrictions. Resale of Tl products or services with statements
different from or beyond the parameters stated by Tl for that product or service voids all express and any implied warranties for the
associated TI product or service and is an unfair and deceptive business practice. Tl is not responsible or liable for any such statements.

Buyers and others who are developing systems that incorporate Tl products (collectively, “Designers”) understand and agree that Designers
remain responsible for using their independent analysis, evaluation and judgment in designing their applications and that Designers have
full and exclusive responsibility to assure the safety of Designers' applications and compliance of their applications (and of all Tl products
used in or for Designers’ applications) with all applicable regulations, laws and other applicable requirements. Designer represents that, with
respect to their applications, Designer has all the necessary expertise to create and implement safeguards that (1) anticipate dangerous
consequences of failures, (2) monitor failures and their consequences, and (3) lessen the likelihood of failures that might cause harm and
take appropriate actions. Designer agrees that prior to using or distributing any applications that include TI products, Designer will
thoroughly test such applications and the functionality of such Tl products as used in such applications.

TI's provision of technical, application or other design advice, quality characterization, reliability data or other services or information,
including, but not limited to, reference designs and materials relating to evaluation modules, (collectively, “TI Resources”) are intended to
assist designers who are developing applications that incorporate Tl products; by downloading, accessing or using Tl Resources in any
way, Designer (individually or, if Designer is acting on behalf of a company, Designer's company) agrees to use any particular TI Resource
solely for this purpose and subject to the terms of this Notice.

TI's provision of Tl Resources does not expand or otherwise alter TI's applicable published warranties or warranty disclaimers for Tl
products, and no additional obligations or liabilities arise from TI providing such Tl Resources. Tl reserves the right to make corrections,
enhancements, improvements and other changes to its Tl Resources. Tl has not conducted any testing other than that specifically
described in the published documentation for a particular TI Resource.

Designer is authorized to use, copy and modify any individual Tl Resource only in connection with the development of applications that
include the TI product(s) identified in such TI Resource. NO OTHER LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL OR OTHERWISE
TO ANY OTHER TI INTELLECTUAL PROPERTY RIGHT, AND NO LICENSE TO ANY TECHNOLOGY OR INTELLECTUAL PROPERTY
RIGHT OF TI OR ANY THIRD PARTY IS GRANTED HEREIN, including but not limited to any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI products or services are used. Information
regarding or referencing third-party products or services does not constitute a license to use such products or services, or a warranty or
endorsement thereof. Use of TI Resources 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.

TI RESOURCES ARE PROVIDED “AS I1S” AND WITH ALL FAULTS. TI DISCLAIMS ALL OTHER WARRANTIES OR
REPRESENTATIONS, EXPRESS OR IMPLIED, REGARDING RESOURCES OR USE THEREOF, INCLUDING BUT NOT LIMITED TO
ACCURACY OR COMPLETENESS, TITLE, ANY EPIDEMIC FAILURE WARRANTY AND ANY IMPLIED WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, AND NON-INFRINGEMENT OF ANY THIRD PARTY INTELLECTUAL
PROPERTY RIGHTS. TI SHALL NOT BE LIABLE FOR AND SHALL NOT DEFEND OR INDEMNIFY DESIGNER AGAINST ANY CLAIM,
INCLUDING BUT NOT LIMITED TO ANY INFRINGEMENT CLAIM THAT RELATES TO OR IS BASED ON ANY COMBINATION OF
PRODUCTS EVEN IF DESCRIBED IN TI RESOURCES OR OTHERWISE. IN NO EVENT SHALL Tl BE LIABLE FOR ANY ACTUAL,
DIRECT, SPECIAL, COLLATERAL, INDIRECT, PUNITIVE, INCIDENTAL, CONSEQUENTIAL OR EXEMPLARY DAMAGES IN
CONNECTION WITH OR ARISING OUT OF TI RESOURCES OR USE THEREOF, AND REGARDLESS OF WHETHER Tl HAS BEEN
ADVISED OF THE POSSIBILITY OF SUCH DAMAGES.

Unless Tl has explicitly designated an individual product as meeting the requirements of a particular industry standard (e.g., ISO/TS 16949
and ISO 26262), Tl is not responsible for any failure to meet such industry standard requirements.

Where TI specifically promotes products as facilitating functional safety or as compliant with industry functional safety standards, such
products are intended to help enable customers to design and create their own applications that meet applicable functional safety standards
and requirements. Using products in an application does not by itself establish any safety features in the application. Designers must
ensure compliance with safety-related requirements and standards applicable to their applications. Designer may not use any Tl products in
life-critical medical equipment unless authorized officers of the parties have executed a special contract specifically governing such use.
Life-critical medical equipment is medical equipment where failure of such equipment would cause serious bodily injury or death (e.qg., life
support, pacemakers, defibrillators, heart pumps, neurostimulators, and implantables). Such equipment includes, without limitation, all
medical devices identified by the U.S. Food and Drug Administration as Class Ill devices and equivalent classifications outside the U.S.

Tl may expressly designate certain products as completing a particular qualification (e.g., Q100, Military Grade, or Enhanced Product).
Designers agree that it has the necessary expertise to select the product with the appropriate qualification designation for their applications
and that proper product selection is at Designers’ own risk. Designers are solely responsible for compliance with all legal and regulatory
reguirements in connection with such selection.

Designer will fully indemnify Tl and its representatives against any damages, costs, losses, and/or liabilities arising out of Designer’s non-
compliance with the terms and provisions of this Notice.
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