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€ CORERIVER Semiconductor reserves the right to make corrections, modifications,
enhancements, improvements, and other changes to its products and services at any time.

€ To discontinue any product or service, CORERIVER should inform customers of that before 3
months through its homepage.

& Customers should obtain the latest relevant information before placing orders and should verify
that such information is current and complete.

€ The CORERIVER Semiconductor products listed in this document are intended for usage in
general electronics applications. These CORERIVER Semiconductor products are neither
intended nor warranted for usage in equipment that requires extraordinarily high quality and/or

reliability or a malfunction or failure of which may cause loss of human life or bodily injury.
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1 Product Overviews

RingCore220 is a motor driver IC to drive LRA(Linear Resonant Actuator) and ERM(Eccentric Rotating
Mass). It can adjust the vibration amplitude and the Haptic effect with an external PWM (Pulse Width
Modulation) signal. So it can generate various feelings of touch. Additionally, RingCore220 contains the
frequency tuning function, which searches the driving frequency to vibrate an LRA maximally and to stop
it most quickly. A normal driver IC drives an LRA with a specific frequency that is determined initially and
maintained. However, mechanical characteristics and frequency characteristics change because of aging
and external shocks. These kinds of changes reduce the vibration amplitude and the Haptic effect.

RingCore220 solves these kinds of progressive failures without replacement of a driver IC through the
frequency tuning. A RingCore220 application tunes the driving PWM frequency again to the maximum
LRA vibration frequency deviated due to change of mechanical characteristics. As a result, no additional

LRA driver IC is needed to maintain the vibration amplitude and the Haptic effect

2 Features

Support Motor Driving Frequency Tuning : Maximum Vibration Frequency Search Function
Support two actuators types : LRA / ERM

Wide output frequency capability : 80Hz < Resonant Frequency < 390Hz
Output swing : Vgs+100mV ~ Vpp+100mV (Almost Rail-to-Rail)

Fast wake-up time : output available 1ms after EN is active
Singled-PWM input : 10KHz < PWM < 50KHz (LRA / ERM)

Support low-impedance actuator down to 7.5 Q

Built-in weak pull down on all inputs

Settable filter in GAIN using external capacitor

DC gain settable in GAIN using an external resistor

Over-current limitation

Standby Current : Max. 1uA

Output offset : Typical 50mV (Maximum 200mV)

Package type : 2.0mmX2.0mm MLF

L K IR K K K 2R 2B 2R K R 2K 2 2R 4
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3 Pin Configurations

The RingCore220 family supports the package, e.g. ML10IP. The detailed pin configuration is shown in
Figure 3-1.

@5 CORE

RingCore220-ML10IP

Figure 3-1 Pin Configurations

4 Pin Descriptions

Symbol | Direction | Pin Name Description
1 I EN Enable the Driver IC
PWM Input Control Vibration Power (1% to 99%)
2| | e | g erten
- 1% : Maximum Breaking (when PWM sets 99% for Vibration)
3 o] moE | R Mode
4 I GAIN Resistgr to VDN sets DC Gain _
Capacitor to VDN sets Output Filter Frequency
5 (0} VDN Actuator Connector : Negative
6 Power VDD Power Supply
7 Power GND Power Ground
8 ) VDP Actuator Connector : Positive
9 0 CMP_OUT Pulse Output for Frequency Tuning
10 0 CMP_EN Frequency Tuning Enable
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5 Typical Application

Host Processor

Seardhed f, Informsation Pulse 1[1[1[

GPIO/Ext. Int. (T)
f, Search Enable
Enable(1) / Disable{0)
GPIO (0) \
Motor Driver Comtrol = z

GPIO (0} Enable(1) / Disable(0) ® CMP_EN CMP_OUT

\—Pl EN
PWM Control Input 11111

PWM (O) » 2 | WM

VDP | 8

GND | 7

Actuator
VDD | 6
VDN

RingCore220
-ML10IP

3 | MODE
LRAMode VDD
l \_/7 4 | GAIN 5
GND VDD
R {Gain Resisior: Optional )
AV ]
Cr{Bypass Capaditor)

C{Flter Capaditor)

Figure 5-1 Typical Application Circuit

€ Vpp power of RingCore220 should be supplied by regulated power
€4 EN pin of RingCore220 should be controlled by GPIO of Host Processor to disable RingCore220

€ The Rg(Gain Resistor) is used to set the output(VDP, VDN) voltage gain.

- The output gain by the Rg optionally. (default output gain is ‘1’ without Rg)
- If Rg is 60 k%, output gain is half of default value (0.5).

- If Vpp is higher than required, adjusting the value of Rg to reduce output voltage.
- The value of Rg is based on Vpp and motor’s operating ratings.

- Output voltage only can be reduced by Rg.

€ The Cg(Filter Capacitor) is used to regulate output high frequency harmonics.
- Increasing the value of Ck — Removing high frequency harmonics of the PWM on the outputs.

€4 In LRA mode, PWM frequency is same to 128 times of the LRA’s resonant frequency.

4 Don't need any protection component on VDP, VDN
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5.1 How to use reference table

® Define input Vpp voltage and Search actuator’s operating ratings (Vims)

® Tracking down output voltage(VDP, VDN) of RingCore220 as you want to use

® Find the Rg on left side

® For example : Vpp is 3.0V, LRA’s operating raitngs (Input V,ms) is 2.0V,ns — Rg value is 180 k&

Table 5-1 R Reference Table
Voo
25V | 26V | 27V | 28V | 29V | 30V | 31V | 32v | 33V | 34V | 35V | 36V | 3.7V
Rs (ohm)

68K 117 122 1.27 131 1.36 140 145 149 1.54 1.59 1.63 1.68 1.73
75K 122 127 1.32 1.36 141 146 151 1.56 1.61 1.66 171 1.76 181
82K 127 132 137 142 147 152 157 1.62 1.67 173 1.78 1.83 1.88
91K 133 138 143 149 1.54 1.59 1.65 1.70 1.76 181 1.86 1.92 1.98
100K 1.36 142 147 153 1.58 1.64 1.69 175 1.81 1.86 1.92 1.98 203
110K 141 147 1.52 1.58 1.64 1.70 1.76 181 1.87 1.93 1.99 2.05 210
120K 145 151 1.56 1.62 1.68 1.74 1.80 1.86 1.92 1.98 204 210 216
130K 149 1.55 161 167 173 1.79 1.86 1.92 1.98 2.05 211 217 223
150K 1.55 161 1.68 1.74 1.80 1.87 1.93 2.00 207 213 220 2.26 233
160K 158 1.64 171 177 1.84 191 1.97 204 211 217 224 230 236
180K 1.64 1.70 177 1.84 191 1.98 205 212 218 225 231 238 244
200K 167 174 1.81 1.88 1.95 2.02 2.09 216 223 2.29 236 242 249
220K 171 1.78 1.85 1.92 1.99 207 214 221 227 234 241 247 254
240K 1.74 181 1.88 1.96 203 210 218 224 231 238 245 252 258
270K 178 1.85 1.93 2.00 208 215 223 229 236 243 250 257 264
300K 181 1.88 1.96 204 211 219 226 233 240 247 254 262 269
330K 1.82 1.90 1.98 2.05 213 221 228 235 242 249 256 264 271
360K 1.86 1.94 202 210 217 225 232 239 246 254 261 269 276
390K 1.89 197 205 213 221 228 235 243 2.50 258 265 273 281
430K 1.90 1.98 207 215 222 230 237 244 252 2.60 267 275 2.83
470K 1.93 2,01 2.09 217 224 232 239 249 255 262 270 278 2.86
510K 1.94 2.02 211 219 226 234 241 249 257 265 273 281 2.89

% Rg value is estimated value only, so must adjust by each Application.

If Vpp don’t exceed actuator’s input ratings, Rg can be removed.
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5.2 How to tune the LRA driving frequency

Host Processor

Searched f, Information Pulse [ [

GPIO/Ext. Int. (I}
fy Search Enable
Enable(1) / Disable{0)
GPIO(0) N
Motor Dtivu'?onhol =
GPI0(0) [ E=ble(l)/ Disshie(0)

Ll EN
PWM Control Ingut 1/171[

PWM (Q) 2

T

RingCore220
-ML10IP

R (Gain Resistr: Optional)

Figure 5-2 Frequency Tuning Scheme

® Main Processor can tune motor driving frequency by analizing out pulse from CMP_OUT port
LRA Driving On (Port Control — EN ‘1’, CMP_EN ‘1)
LRA Driving Off (Port Control — EN ‘0, CMP_EN ‘1)

a
b

o O

)
)
) Measure specific period of CMP_OUT pulse
) Calculate frequency of measured pulse

)

e) Renewal LRA driving frequency calculated frequency
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Table 6-1 Absolute Maximum Ratings

6 Absolute Maximum Ratings

Items

Conditions

Ranges

Voltage on Any Pin
Relative to Ground

-0.5 to (Vpp + 0.5V)

Voltage in Vpp
Relative to Ground

-0.5V to 3.7V

Output Voltage - -0.5V to (Vpp + 0.5V)
One I/O Pin Active -25mA
Output Current High
All I/O Pins Active - 100mA
One I/O Pin Active + 30mA
Output Current Low
All I/O Pins Active + 150mA

Storage Temperature

-65C to +150°C

Soldering Temperature

260C for 10 seconds

7 DC Characteristics

Table 7-1 DC Characteristics

. » Value :
Parameter Symbol Pin Conditions - Unit
Min. Typ. Max.
Input Low Voltage VIL EN, PWM VDD = +2.7 to +3.7V - - 0.4 Vv
Input High Voltage VIH EN, PWM VDD = +2.7 to +3.7V 1.0 - - \Y
Output Low Voltage oL MP_OUT IOL = +13mA @VDD = +3V - - 0.3Vop Y
Output High Voltage OH MP_OUT IOH = -13mA @VDD = +3V 0.7Vop - - \Y
Quiescent Power
IDDQ VDP, VDN VPWM = 50% Duty, RL = 30Q 8 13 17 mA
Supply Current
Output Offset
0S VDP, VDN VPWM = 50% Duty, RL = 30Q -200 50 200 mV
Voltage
Output Current ouT VDP, VDN VOH, VOL < 200mV - 200 - mA
Input Leakage .
IIL All Pins VIN = VIH or VIL (VEN = 0) - - +1 HA
Current
Pin Capacitance CIO All Pins VDD = +3.7V - 10 - pF

% TA=-40T to 85T, Vpp = +2.7V to +3.7V unless Otherwise Specified.
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imensions

8 Package D
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Figure 8-1 Package Dimension
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