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DRV110 ソソレレノノイイドド、、リリレレーー、、ババルルブブ用用のの120Vおおよよびび230V AC、、
6～～48V DC電電流流ココンントトロローーララ
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1 特特長長
1• 高電圧の動作用に、電源ピンにツェナー・ダイ

オードを内蔵
– 整流器およびRS抵抗経由で120Vおよび230V

AC電源を使用

– RS抵抗経由で24V、48V、およびより高電圧のDC
電源を使用

• PWMにより外付けMOSFETを駆動し、ソレノイ
ド電流を制御
– 外付けの検出抵抗によりソレノイド電流をレギュ

レート

• ソレノイド電流の高速なランプ・アップによりア
クティブ化を保証

• ホールド・モードでソレノイド電流を低減し、低
消費電力と熱放散を実現

• ランプ・ピーク電流、ピーク電流のキープ時間、
およびPWMクロック周波数を外部で設定可能。こ
れらは外付け部品なしでも通常の値で動作可能

• 保護
– サーマル・シャットダウン

– 低電圧誤動作防止(UVLO)
• オプションのSTATUS出力
• 動作温度範囲: -40℃～+125℃
• 8ピンおよび14ピンのTSSOPパッケージ・オプ

ション

2 アアププリリケケーーシショョンン
• 電気機械ドライバ: ソレノイド、バルブ、リ

レー、接触子、スイッチギア、空気圧
• 白物家電、太陽光、輸送機械、スマート・グリッ

ド、配電

3 概概要要
DRV110デバイスは、ソレノイド用のPWM電流コントローラ

です。このデバイスは、適切に制御された波形により電流

をレギュレートし、消費電力を減らすように設計されていま

す。ソレノイド電流は高速にランプ・アップされ、バルブやリ

レーが確実に開くようにします。最初のランプの後で、正し

い動作を保証するためソレノイド電流はピーク値に維持さ

れ、その後で熱による問題を回避し、消費電力を減らすた

め、電流は低い保持レベルまで引き下げられます。

ピーク電流の期間は、外付けのコンデンサにより設定され

ます。電流ランプのピークおよび保持レベルと、PWM
周波数は、外付けの抵抗で別々に設定できます。外付け

の設定抵抗は、対応するパラメータのデフォルト値がアプ

リケーションに適切なら、省略できます。

DRV110にはツェナー・ダイオードが内蔵されており、高

い電源電圧を必要とするアプリケーションで、VINの電源

電圧をVZENERに制限します。内蔵のツェナーを使用する

ことで、DRV110は整流器と電流制限抵抗を経由して

120Vおよび230V AC電源から電力の供給を受けることが

できます。この方法により、48Vなどの高いDC電圧も使用

できます。

製製品品情情報報(1)

型型番番 パパッッケケーージジ 本本体体ササイイズズ(公公称称)

DRV110
TSSOP (14) 5.00mm×4.40mm
TSSOP (8) 3.00mm×4.40mm

(1) 利用可能なすべてのパッケージについては、このデータシートの末
尾にある注文情報を参照してください。

電電源源ラライインン電電圧圧にによよるるDRV110へへのの給給電電

http://www-s.ti.com/sc/techlit/SLVSBA8.pdf
http://www.tij.co.jp/product/drv110?qgpn=drv110
http://www.tij.co.jp/product/jp/DRV110?dcmp=dsproject&hqs=pf
http://www.tij.co.jp/product/jp/DRV110?dcmp=dsproject&hqs=sandbuy&#samplebuy
http://www.tij.co.jp/product/jp/DRV110?dcmp=dsproject&hqs=td&#doctype2
http://www.tij.co.jp/product/jp/DRV110?dcmp=dsproject&hqs=sw&#desKit
http://www.tij.co.jp/product/jp/DRV110?dcmp=dsproject&hqs=support&#community
http://www.tij.co.jp/lit/ug/tidu584/tidu584.pdf?dcmp=dsproject&hqs=rd
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Absolute Maximum Ratings table ........................................................................................................................................... 5
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• Changed the Functional Block Diagram ................................................................................................................................. 8
• Changed the IHOLD equation ................................................................................................................................................ 11
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• 「特長」および「アプリケーション」の一覧を修正 .......................................................................................................................... 1
• 表紙のグラフィックを回路図に 変更 ........................................................................................................................................... 1
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5 Pin Configuration and Functions

PW Package
8-Pin TSSOP

Top View

PW Package
14-Pin TSSOP

Top View

(1) In the 8-pin package, the HOLD pin is not bonded out. For this package, the HOLD mode is configured to default (internal) settings.

Pin Functions
PIN

I/O DESCRIPTION
NAME

NO.
8 PINS 14 PINS

EN 8 13 I Enable
GND 5 8 — Ground
HOLD — 4 I Hold current set (1)

KEEP 1 2 I Keep time set
NC — 1 — No connect
NC — 6 — No connect
NC — 10 — No connect
NC — 14 — No connect
OSC 3 5 I PWM frequency set
OUT 7 11 O Solenoid switch gate drive
PEAK 2 3 I Peak current set
SENSE 6 9 I Solenoid current sense
STATUS — 12 O Open drain status indicator
VIN 4 7 I 6-V to 15-V supply

http://www.ti.com/product/drv110?qgpn=drv110
http://www.ti.com
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(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 Specifications

6.1 Absolute Maximum Ratings
See (1) and (2)

MIN MAX UNIT
VIN Input voltage –0.3 20 V

Voltage on EN, STATUS, PEAK, HOLD, OSC, SENSE, KEEP –0.3 7 V
Voltage on OUT –0.3 20 V

TJ Operating junction temperature –40 150 °C
Tstg Storage temperature –65 150 °C

(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.

6.2 ESD Ratings
VALUE UNIT

V(ESD) Electrostatic discharge
Human body model (HBM), per ANSI/ESDA/JEDEC JS-001 (1) ±2000

VCharged device model (CDM), per JEDEC specification JESD22-
C101 (2) ±500

(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 RS 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 (VIN) is greater than VZENER. For
more information on resistor sizing see the Detailed Description section and Application and Implementation section.

(3) For VS voltages less than VZENER, VIN = VS. For VS voltages greater than VZENER, VIN = VZENER.
(4) 4.7-µF input capacitor and full wave rectified 230-Vrms AC supply results in approximately 500-mV supply ripple.

6.3 Recommended Operating Conditions
–40°C ≤ TA ≤ 125°C (unless otherwise noted)

MIN NOM MAX UNIT
IQ Supply current (the device sinks additional current when VIN > VZENER

(1)) 1 1.5 3 mA
VIN Voltage at the VIN pin (2) (3) (see Detailed Description) 6 V
VS Voltage directly from the supply before clamped by the Zener diode 6 330 V
CIN Input capacitor between VIN and GND (4) 1 4.7 µF
TA Operating ambient temperature –40 125 °C

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

6.4 Thermal Information

THERMAL METRIC (1)
DRV110

UNITPW (TSSOP)
8 PINS 14 PINS

RθJA Junction-to-ambient thermal resistance 183.8 122.6 °C/W
RθJC(top) Junction-to-case (top) thermal resistance 69.2 51.2 °C/W
RθJB Junction-to-board thermal resistance 112.6 64.3 °C/W
ψJT Junction-to-top characterization parameter 10.4 6.5 °C/W
ψJB Junction-to-board characterization parameter 110.9 63.7 °C/W
RθJC(bot) Junction-to-case (bottom) thermal resistance N/A N/A °C/W

http://www.ti.com/product/drv110?qgpn=drv110
http://www.ti.com
http://www.ti.com/lit/pdf/spra953
http://www.ti.com/lit/pdf/spra953
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6.5 Electrical Characteristics
VIN = 14 V, –40°C ≤ TA ≤ 125°C, over operating free-air temperature range (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT

SUPPLY

IQ

Standby current EN = 0, VIN = 14 V, bypass deactivated 200 250
µA

Quiescent current EN = 1, VIN = 14 V, bypass deactivated 360 570

Internally regulated supply
EN = 0, IVIN = 2 mA, bypass activated 10.5 15 19

V
EN = 1, IVIN = 2 mA, bypass activated 14.5 15 15.5

GATE DRIVER

VDRV Gate drive voltage Supply voltage in regulation VIN V

IDRV_SINK Gate drive sink current VOUT = 15 V; VIN = 15 V 8 15 mA

IDRV_SOURCE Gate drive source current VOUT = GND; VIN = 15 V –15 –10 mA

fPWM PWM clock frequency OSC = GND 15 20 27 kHz

DMAX Maximum PWM duty cycle 100%

DMIN Minimum PWM duty cycle 7.5%

tD Start-up delay Delay between EN going high until gate driver
starts switching, fPWM = 20 kHz 50 µs

CURRENT CONTROLLER, INTERNAL SETTINGS

IPEAK Peak current RSENSE = 1 Ω, PEAK = GND 270 300 330 mA

IHOLD Hold current RSENSE = 1 Ω, HOLD = GND 40 50 65 mA

CURRENT CONTROLLER, EXTERNAL SETTINGS

tKEEP Externally set keep time at peak current CKEEP = 1 µF 100 ms

VPEAK

Voltage of internal reference to which the
SENSE pin voltage is compared to for
IPEAK

RPEAK = 50 kΩ 900
mV

RPEAK = 200 kΩ 300

VHOLD
Voltage of internal reference to which the
SENSE pin voltage is compared for IHOLD

RHOLD = 50 kΩ 150
mV

RHOLD = 200 kΩ 50

fPWM Externally set PWM clock frequency
ROSC = 160 kΩ 25

kHz
ROSC = 200 kΩ 20

LOGIC INPUT LEVELS (EN)

VIL Input low level 1.3 V

VIH Input high level 1.65 V

REN
Input pullup resistance 350 500 kΩ

Input pulldown resistance 250 kΩ

LOGIC OUTPUT LEVELS (STATUS)

VOL Output low level Pulldown activated, ISTATUS = 2 mA 0.3 V

IIL Output leakage current Pulldown deactivated, V(STATUS) = 5 V 2 µA

UNDERVOLTAGE LOCKOUT

VUVLO Undervoltage lockout threshold 4.6 V

THERMAL SHUTDOWN

TTSU Junction temperature start-up threshold 140 °C

TTSD
Junction temperature shutdown
threshold 160 °C

http://www.ti.com/product/drv110?qgpn=drv110
http://www.ti.com
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6.6 Typical Characteristics

Figure 1. Solenoid Current, EN, and PWM vs Time

http://www.ti.com/product/drv110?qgpn=drv110
http://www.ti.com
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7 Detailed Description

7.1 Overview
The DRV110 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
(in the 14-pin package), 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 DRV110 also features a wide VIN range with an internal bypass regulator to maintain VIN at an acceptable
level. Finally, the 14-pin package 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

(1) Available only in the 14-pin package.

http://www.ti.com/product/drv110?qgpn=drv110
http://www.ti.com
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7.3 Feature Description
The DRV110 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, DRV110 allows
the solenoid current to ramp up to the peak value IPEAK and it regulates it at the peak value for the time, tKEEP,
before reducing it to IHOLD. 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, DRV110 allows the solenoid current to decay to zero.

Figure 2. Typical Current Waveform Through the Solenoid

7.3.1 Keep Time
The keep time, tKEEP, 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, VREF, is switched from VPEAK to VHOLD. The
internal current source is switched off, and the capacitor is grounded for discharge. The dependency of tKEEP
from the external capacitor size can be calculated with Equation 1.

(1)

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 VREF. As soon as the voltage at the SENSE pin is above VREF, 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, DMIN.

Because the current sense is done by comparing the voltage at the SENSE pin to a reference voltage, the
DRV110 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).

http://www.ti.com/product/drv110?qgpn=drv110
http://www.ti.com
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Feature Description (continued)

(1) The DRV110 device measures the voltage at the SENSE node (VSENSE). This voltage is compared against the
reference voltage (VREF) each clock cycle. The voltage at the output node (VOUT) becomes low when VSENSE ≥ VREF.
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 (PWMCLK) and goes low when VSENSE ≥ VREF at a minimum duty cycle of
8%.

Figure 3. DRV110 Current Control with Varying OUT Duty Cycle

7.3.3 Configuring Peak and Hold Currents
IPEAK and IHOLD depend on fixed resistance values RPEAK and RHOLD as shown in Figure 4. If the PEAK pin or
HOLD pin is connected to ground or RPEAK or RHOLD is less than 43.33 kΩ (typical), then IPEAK is at its default
value of 300 mA for IPEAK and 50 mA for IHOLD.

The IPEAK value can alternatively be set by connecting an external resistor to ground from the PEAK pin. For
example, if a 60-kΩ (= RPEAK) resistor is connected between PEAK and GND, and RSENSE = 1 Ω, then the
externally set IPEAK level will be 900 mA. If RPEAK = 200 kΩ and RSENSE = 1 Ω, then the externally set IPEAK level
will be 300 mA. TI does not recommend using a resistor from 30 kΩ and 55 kΩ to avoid the IPEAK or IHOLD current
slipping from the maximum current setting to the default setting.

In case RSENSE = 2 Ω instead of 1 Ω, then IPEAK = 450 mA (when RPEAK = 55 kΩ) and IPEAK = 150 mA (when
RPEAK = 200 kΩ). In the 8-pin package, the HOLD reference uses the internal VREF setting of 50 mV. In the 14-
pin package, external setting of the HOLD current, IHOLD, works in the same way as the external setting for IPEAK
but the current levels are 1/6 of the IPEAK levels for the same resistor setting.

External settings for IPEAK and IHOLD are independent of each other. If RPEAK or RHOLD is decreased below 33.33
kΩ (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 IPEAK and IHOLD respectively.

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

http://www.ti.com/product/drv110?qgpn=drv110
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Feature Description (continued)

(2)

(3)

Figure 4. IPEAK and IHOLD settings for RSENSE = 1 Ω

7.3.4 Configuring the PWM Frequency
Frequency of the internal PWM clock signal, PWMCLK, 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 kΩ).

(4)

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 VZENER can be supplied
directly from an external voltage source. Supply voltages of at least 6 V are supported.

http://www.ti.com/product/drv110?qgpn=drv110
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Feature Description (continued)
The DRV110 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 VS 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.

where
• IGate,AVE is the current flowing to the external switch. For a MOSFET, IGate,AVE is equal to the external FET gate

charge multiplied by fPWM. (5)

(6)

Ideally, the DRV110 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 DRV110 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 VZENER used when
calculating the value of RS, based on the temperature range of the application. Because the VZENER changes
when the EN state changes, select a value for RS that meets the current requirements at both VZENER voltages.

Table 1. VZENER Value
TEMPERATURE RANGE ENABLE STATE VZENER

–40°C ≤ TA ≤ 125°C 1 15 V
–40°C ≤ TA ≤ 35°C 0 15 V
–40°C ≤ TA ≤ 45°C 0 14.2 V
–40°C ≤ TA ≤ 55°C 0 13.9 V
–40°C ≤ TA ≤ 65°C 0 13.5 V
–40°C ≤ TA ≤ 75°C 0 13.1 V
–40°C ≤ TA ≤ 85°C 0 12.7 V
–40°C ≤ TA ≤ 95°C 0 12.3 V
–40°C ≤ TA ≤ 105°C 0 12 V
–40°C ≤ TA ≤ 115°C 0 11.4 V
–40°C ≤ TA ≤ 125°C 0 11 V

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.

http://www.ti.com/product/drv110?qgpn=drv110
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7.4 Device Functional Modes

7.4.1 Normal Mode
The DRV110 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 tKEEP time has been
reached. During this state, the PWM operates to reach the IPEAK current set by the RPEAK resistor.

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

7.4.2 Shutdown
The DRV110 turns off the gate driver in undervoltage lockout (VIN < 4.6 V) or thermal shutdown (TJ > 160°C). If
temperature shutdown is activated, the DRV110 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

http://www.ti.com/product/drv110?qgpn=drv110
http://www.ti.com
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8 Application and Implementation

NOTE
Information in the following applications sections is not part of the TI component
specification, and TI 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 DRV110 device is designed to operate a solenoid valve or relay. For detailed information on using the
DRV110 with 230 V AC solenoids, see Current Controlled Driver for 230V AC Solenoids Reference Design. 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

Figure 6. DRV110 Powered by a Rectified AC Power Source

http://www.ti.com/product/drv110?qgpn=drv110
http://www.ti.com
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Typical Application (continued)

Figure 7. DRV110 Powered by a DC Power Source Greater than 15 V

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, RHOLD (for 14-pin
package), CKEEP, and RSENSE values can be determined and the proper FET and diode can be identified. ROSC
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 DRV110 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, TI 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-Ω resistor. Table 3
lists recommended resistor values for voltages close to VZENER and common voltages greater than VZENER for
different enable states.

http://www.ti.com/product/drv110?qgpn=drv110
http://www.ti.com
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Table 3. Recommended Resistor Values
–40°C ≤ TA ≤ 125°C

SUPPLY VOLTAGE RECOMMENDED CURRENT-
LIMITING RESISTOR

EN Pulled High or Floating
< 15 V 500 Ω

24 V 9 kΩ
48 V 33 kΩ

110 V to 120 V 100 kΩ
220 V to 240 V 200 kΩ

EN Toggled Between 0 and 1
10 V 510 Ω

11 V 510 Ω

12 V 1 kΩ
13 V 2 kΩ
14 V 3 kΩ
15 V 3.9 kΩ
24 V 13 kΩ
48 V 36 kΩ

110 V to 120 V 100 kΩ
220 V to 240 V 200 kΩ

8.2.2.2 Passive Component Selection
With the selected peak current, hold current, and peak keep time values, the values of RPEAK, RHOLD (for 14-pin
package), CKEEP, and RSENSE can be determined. Table 4 lists the example values and results from calculation.

Table 4. Example Application Values When RSENSE = 1 Ω
VARIABLE VALUE 14-PIN VALUES 8-PIN VALUES CALCULATED FROM
Peak current 150 mA RPEAK = 400 kΩ RPEAK = 400 kΩ Equation 2

Hold current 50 mA RHOLD = 200 kΩ or
connect HOLD to ground Default Equation 3

Keep time 100 ms CKEEP = 1 µF CKEEP = 1 µF Equation 1
PWM frequency 20 kHz ROSC = Shorted to ground ROSC = Shorted to ground Equation 4

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

Next, select the value of the CKEEP capacitor based on Equation 1. For the sample value, the CKEEP capacitor is
set to 1 µF. The ROSC resistor is initially be shorted to GND, but a 0-Ω 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 kΩ 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 RSENSE resistance times the IHOLD 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
Table 4 and the supply voltage. The current recirculation diode should be a fast recovery diode.

http://www.ti.com/product/drv110?qgpn=drv110
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8.2.3 Application Curve

ROSC = 0 Ω RPEAK = 400 kΩ RHOLD = 0 Ω
RSENSE = 1 Ω CKEEP = 1 μF Lind = 1 H

Rind = 50 Ω Measured on the EVM

Figure 8. ISOLENOID, EN, and VIN vs Time

9 Power Supply Recommendations
The input supply range must be at least 6 V, and needs a current-limiting resistor above VZENER. An input
capacitor of 4.7 µF (typical) is required as well. IQ 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.

http://www.ti.com/product/drv110?qgpn=drv110
http://www.ti.com
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10.2 Layout Example

Figure 9. Layout Schematic

http://www.tij.co.jp/product/drv110?qgpn=drv110
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11 デデババイイススおおよよびびドドキキュュメメンントトののササポポーートト

11.1 ドドキキュュメメンントトののササポポーートト

11.1.1 関関連連資資料料
関連資料については、以下を参照してください。

• テキサス・インスツルメンツ、『プランジャー・フォルト検出機能を持つ、24V DCソレノイド用の電流制御ドライバ』リファレ
ンス・デザイン

• テキサス・インスツルメンツ、『230V ACソレノイド用の電流制御ドライバ』リファレンス・デザイン

• テキサス・インスツルメンツ、『DRV110およびDRV120評価モジュール(EVM)』ユーザー・ガイド

11.2 ドドキキュュメメンントトのの更更新新通通知知をを受受けけ取取るる方方法法
ドキュメントの更新についての通知を受け取るには、ti.comのデバイス製品フォルダを開いてください。右上の隅にある「通
知を受け取る」をクリックして登録すると、変更されたすべての製品情報に関するダイジェストを毎週受け取れます。変更の
詳細については、修正されたドキュメントに含まれている改訂履歴をご覧ください。

11.3 ココミミュュニニテティィ・・リリソソーースス
The following links connect to TI community resources. Linked contents are provided "AS IS" by the respective
contributors. They do not constitute TI specifications and do not necessarily reflect TI's views; see TI's Terms of
Use.

TI E2E™オオンンラライインン・・ココミミュュニニテティィ TIののE2E（（Engineer-to-Engineer））ココミミュュニニテティィ。。エンジニア間の共同作
業を促進するために開設されたものです。e2e.ti.comでは、他のエンジニアに質問し、知識を共有
し、アイディアを検討して、問題解決に役立てることができます。

設設計計ササポポーートト TIのの設設計計ササポポーートト役に立つE2Eフォーラムや、設計サポート・ツールをすばやく見つけることが
できます。技術サポート用の連絡先情報も参照できます。

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

11.5 静静電電気気放放電電にに関関すするる注注意意事事項項
すべての集積回路は、適切なESD保護方法を用いて、取扱いと保存を行うようにして下さい。

静電気放電はわずかな性能の低下から完全なデバイスの故障に至るまで、様々な損傷を与えます。高精度の集積回路は、損傷に対して敏感
であり、極めてわずかなパラメータの変化により、デバイスに規定された仕様に適合しなくなる場合があります。

11.6 Glossary
SLYZ022 — TI Glossary.

This glossary lists and explains terms, acronyms, and definitions.

12 メメカカニニカカルル、、パパッッケケーージジ、、おおよよびび注注文文情情報報
以降のページには、メカニカル、パッケージ、および注文に関する情報が記載されています。この情報は、そのデバイスに
ついて利用可能な最新のデータです。このデータは予告なく変更されることがあり、ドキュメントが改訂される場合もありま
す。本データシートのブラウザ版を使用されている場合は、画面左側の説明をご覧ください。
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り、商品性および特定目的に対する適合性の黙示保証、第三者の知的財産権の非侵害保証を含むいかなる保証も、明示的または黙示的に
かかわらず拒否します。
これらのリソースは、TI 製品を使用する設計の経験を積んだ開発者への提供を意図したものです。(1) お客様のアプリケーションに適した 
TI 製品の選定、(2) お客様のアプリケーションの設計、検証、試験、(3) お客様のアプリケーションに該当する各種規格や、その他のあら
ゆる安全性、セキュリティ、規制、または他の要件への確実な適合に関する責任を、お客様のみが単独で負うものとします。
上記の各種リソースは、予告なく変更される可能性があります。これらのリソースは、リソースで説明されている TI 製品を使用するアプ
リケーションの開発の目的でのみ、TI はその使用をお客様に許諾します。これらのリソースに関して、他の目的で複製することや掲載す
ることは禁止されています。TI や第三者の知的財産権のライセンスが付与されている訳ではありません。お客様は、これらのリソースを
自身で使用した結果発生するあらゆる申し立て、損害、費用、損失、責任について、TI およびその代理人を完全に補償するものとし、TI
は一切の責任を拒否します。
TI の製品は、TI の販売条件、または ti.com やかかる TI 製品の関連資料などのいずれかを通じて提供する適用可能な条項の下で提供され
ています。TI がこれらのリソースを提供することは、適用される TI の保証または他の保証の放棄の拡大や変更を意味するものではありま
せん。
お客様がいかなる追加条項または代替条項を提案した場合でも、TI はそれらに異議を唱え、拒否します。IMPORTANT NOTICE
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