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max30102. ¢ - Support for MAX30102 heart rate and pul se oxinmeter sensor
Copyright (C) 2017 Matt Ranostay <matt @ anostay. consul ti ng>

Support for MAX30105 optical particle sensor
Copyright (C 2017 Peter Meerwal d-Stadl er <pneerw@neer w. net >

This programis free software; you can redistribute it and/or nodify
it under the ternms of the GNU General Public License as published by
the Free Software Foundation; either version 2 of the License, or
(at your option) any later version.

This programis distributed in the hope that it will be useful,
but W THOUT ANY WARRANTY; wi thout even the inplied warranty of
MERCHANTABI LI TY or FI TNESS FOR A PARTI CULAR PURPCSE. See the
GNU CGeneral Public License for nore details.

7-bit 12C chip address: 0x57
TODO. proximty power saving feature
/

E I T R T T N B T T N N R S S N N T

#i ncl ude <l i nux/nodul e. h>
#include <linux/init.h>

#i nclude <linux/interrupt.h>
#i ncl ude <linux/del ay. h>

#i ncl ude <linux/err. h>

#i ncl ude <linux/irg.h>

#i ncl ude <linux/i2c. h>

#i ncl ude <I i nux/ mut ex. h>

#i ncl ude <l i nux/of.h>

#i ncl ude <l i nux/regmap. h>

#i nclude <linux/iioliio.h>

#i nclude <linux/iiolbuffer.h>
#include <linux/iiolkfifo_buf.h>

#def i ne MAX30102_REGVAP_NAME " nmax30102_r egnap"
#defi ne MAX30102_DRV_NAME " max30102"
#def i ne MAX30102_PART_NUMBER 0x15

enum max30102_chip_id {
max30102,
max30105,

}s

enum max3012_ | ed_i dx {
MAX30102_ LED RED,
MAX30102 LED I R,



MAX30105_LED_GREEN,

#def i ne MAX30102_REG | NT_STATUS 0x00
#def i ne MAX30102_REG | NT_STATUS_PWR_RDY Bl T(0)
#def i ne MAX30102_REG | NT_STATUS_PROX_| NT Bl T(4)

#def i ne MAX30102_REG | NT_STATUS_ALC_OVF Bl T( 5)
#defi ne MAX30102_REG | NT_STATUS_PPG _RDY Bl T(6)
#defi ne MAX30102_REG | NT_STATUS_FI FO RDY BI T(7)

#def i ne MAX30102_REG | NT_ENABLE 0x02
#def i ne MAX30102_REG | NT_ENABLE_PROX_INT_EN Bl T(4)

#def i ne MAX30102_REG | NT_ENABLE_ALC OVF_EN  BI T(5)

#def i ne MAX30102_REG | NT_ENABLE_PPG_EN BI T( 6)

#def i ne MAX30102_REG | NT_ENABLE_FI FO EN Bl T(7)
#def i ne MAX30102_REG | NT_ENABLE_MASK oxf 0

#defi ne MAX30102_REG | NT_ENABLE_MASK SHIFT 4

#def i ne MAX30102_REG FI FO WR_PTR 0x04
#def i ne MAX30102_REG FI FO OVR CTR 0x05
#def i ne MAX30102_REG FI FO RD PTR 0x06
#def i ne MAX30102_REG FI FO_DATA 0x07
#def i ne MAX30102_REG FI FO_DATA BYTES 3

#def i ne MAX30102_REG FI FO_CONFI G 0x08

#def i ne MAX30102_REG FI FO_CONFI G_AVG _4SAMPLES BI T( 1)
#def i ne MAX30102_REG FI FO CONFI G AVG SHFT 5

#defi ne MAX30102_REG FI FO CONFI G_AFULL Bl T(0)
#def i ne MAX30102_REG MODE_CONFI G 0x09
#def i ne MAX30102_REG MODE_CONFI G MODE_NONE  0x00
#defi ne MAX30102_REG MODE_CONFI G_MODE_HR 0x02 /* red LED */

#def i ne MAX30102_REG MODE_CONFI G MODE_HR SPO2 0x03 /* red + | R LED */
#def i ne MAX30102_REG MODE_CONFI G MODE_MULTI  0x07 /* nulti-LED node */
#def i ne MAX30102_REG_MODE_CONFI G MODE_MASK ~ GENMASK(2, 0)

#defi ne MAX30102_REG MODE_CONFI G PWR BI T(7)
#defi ne MAX30102_REG MODE_CONTROL_SLOT21 Ox11 /* multi-LED control */
#defi ne MAX30102_REG MODE_CONTROL_SLOT43 0x12

#def i ne MAX30102_REG MODE_CONTROL_SLOT_MASK  (GENMASK(6, 4) | GENMASK(2, 0))
#def i ne MAX30102_REG MODE_CONTROL_SLOT _SHIFT 4

#def i ne MAX30102_ REG SPO2_CONFI G 0x0a
#defi ne MAX30102_REG SPC2_CONFI G_PULSE 411 _US 0x03
#defi ne MAX30102_REG SPC2_CONFI G_SR _400HZ 0x03
#defi ne MAX30102_REG SPC2_CONFI G_SR_MASK 0x07
#defi ne MAX30102_REG SPC2_CONFI G SR MASK SHI FT 2
#defi ne MAX30102_REG SPC2_CONFI G_ADC 4096_STEPS BI T(0)
#defi ne MAX30102_REG SPC2_CONFI G_ADC_MASK_SHI FT 5
#defi ne MAX30102_REG RED LED CONFI G 0x0c
#defi ne MAX30102_REG | R LED CONFI G oxod
#defi ne MAX30105_REG GREEN LED CONFI G 0x0e
#def i ne MAX30102_REG TEMP_CONFI G 0x21
#defi ne MAX30102_REG TEMP_CONFI G TEMP_EN Bl T(0)
#defi ne MAX30102_REG TEMP_I NTEGER Ox1f
#defi ne MAX30102_REG TEMP_FRACTI ON 0x20

#defi ne MAX30102_REG REV_| D oxfe



#def i ne MAX30102_ REG PART ID Oxf f

struct max30102_data {
struct i2c_client *client;
struct iio_dev *indi o_dev;
struct mutex | ock;
struct regmap *regnap;
enum max30102_chip_id chip_id;

u8 buffer[12];
__be32 processed buffer[3]; /* 3 x 18-bit (padded to 32-bits) */
1

static const struct regmap_config nax30102_regmap_config = {
.name = MAX30102_REGVAP_NAME,

.reg_bits
.val _bits

81
81

b

static const unsigned | ong nax30102_scan_masks[] = {
Bl T(MAX30102_LED RED) | BI T(MAX30102_LED IR),
0

b

static const unsigned | ong nax30105_scan_masks[] = {
Bl T(MAX30102_LED RED) | BI T(MAX30102_LED IR),
Bl T(MAX30102_LED RED) | BI T(MAX30102 _LED IR) |
Bl T(MAX30105_LED GREEN),

0
1
#defi ne MAX30102_| NTENSI TY_CHANNEL( _si, _nod) { \
.type = I O I NTENSITY, \
.channel 2 = nod, \
.nodified = 1, \
.scan_index = _si, \
.scan_type = { \
.sign ="'u, \
.shift =8, \
.realbits = 18, \
.storagebits = 32, \
.endi anness = |1 O BE, \
J
}

static const struct iio_chan_spec max30102_channel s[] = {
MAX30102_1 NTENSI TY_CHANNEL ( MAX30102_LED RED,
MAX30102_1 NTENSI TY_CHANNEL ( MAX30102_LED IR, |

{
.type = |1 O_TEMP,
.info_mask separate =
BI T(11 O_CHAN_I NFO RAW | BIT(I1O_CHAN | NFO_SCALE),
.scan_index = -1,
H

}s

static const struct iio_chan_spec max30105 channel s[] = {
MAX30102_1 NTENSI TY_CHANNEL ( MAX30102_LED RED,
MAX30102_1 NTENSI TY_CHANNEL ( MAX30102_LED IR,

1o
Il
MAX30102_1 NTENSI TY_CHANNEL ( MAX30105_LED GREEN,



.type = |1 O_TEMP,
.info_mask_separate =
BI T(11 O CHAN I NFO RAW | BIT(I1 O _CHAN | NFO _SCALE),
.scan_index = -1,
H
1

static int max30102_set power(struct max30102_data *data, bool en)
{
return regnmap_updat e _bits(data->regmap, MAX30102 REG MODE CONFI G
MAX30102_REG_MODE_CONFI G_PWR,
en ? 0 : MAX30102_REG MODE _CONFI G PWR);
}

static int max30102_set power node(struct nmax30102 data *data, u8 node, bool en)

{

u8 reg = node;

if (!'en)
reg | = MAX30102_REG_MODE_CONFI G_PWR;

return regnmap_updat e _bits(data->regmap, MAX30102_REG MODE CONFI G
MAX30102_ REG MODE CONFI G PWR |
MAX30102_REG_MODE_CONFI G_MODE_MASK, reg);
}

#def i ne MAX30102_MODE_CONTROL_LED SLOTS(sl ot2, slot1) \
((slot2 << MAX30102_REG MODE_CONTROL_SLOT SHIFT) | slot1)

static int max30102_buffer_postenabl e(struct iio_dev *indi o_dev)
{

struct max30102_data *data = iio_priv(indio_dev);

int ret;

u8 reg;

switch (*indio_dev->active_scan_nmask) {
case BI T(MAX30102_LED RED) | BI T(MAX30102_LED IR):
reg = MAX30102_REG_MODE_CONFI G_MODE_HR_SPQ2;
br eak;
case BI T(MAX30102_LED RED) | BI T(MAX30102_LED IR) |
Bl T( MAX30105_LED GREEN):
ret = regmap_updat e_bits(data->regnap,
MAX30102_REG_MODE_CONTROL_SLOT21,
MAX30102_REG_MODE_CONTROL_SLOT_MASK,
MAX30102_MODE _CONTROL_LED SLOTS(2, 1));
if (ret)
return ret;

ret = regmap_update_bit s(dat a- >r egrap,
MAX30102_REG MODE _CONTROL_SLOT43,
MAX30102_REG_MODE_CONTROL_SLOT_MASK,
MAX30102_MODE_CONTROL_LED SLOTS(0, 3));
if (ret)
return ret;

reg = MAX30102_REG MODE CONFI G_MODE MULTI ;
br eak;

defaul t:
return -El NVAL;

}



return max30102_set power node(data, reg, true);

}

static int max30102_ buffer predi sabl e(struct iio_dev *indi o_dev)

{

struct max30102_data *data = iio_priv(indio_dev);

return nmax30102_set power node(data, MAX30102_ REG MODE CONFI G_MODE_NONE,
fal se);

}

static const struct iio_buffer_setup_ops max30102_buffer_setup_ops = {
. post enabl e max30102_buf f er _post enabl e,
. predi sabl e max30102_buf f er _predi sabl e,

b

static inline int max30102_fifo_count(struct max30102_data *dat a)
{

unsi gned int val;

int ret;

ret = regmap_read(data->regmap, MAX30102_ REG | NT_STATUS, &val);
if (ret)
return ret;

/* FIFO has one sample slot left */
if (val & MAX30102_REG | NT_STATUS FI FO_RDY)
return 1,

return O;

}

#defi ne MAX30102_COPY_DATA(i) \
nmencpy( &at a- >processed_buffer[(i)], \
&uffer[ (i) * MAX30102_REG FI FO DATA BYTES], \
MAX30102_REG FI FO DATA BYTES)

static int nmax30102_read_neasurenent (struct nmax30102_data *dat a,
unsi gned i nt neasurenents)
{

int ret;
u8 *buffer = (u8 *) &data->buffer;

ret = i2c_snbus_read_ i2c_bl ock _data(data->client,
MAX30102_REG FI FO _DATA,
measurenents *
MAX30102_REG FI FO_DATA BYTES,
buffer);

switch (nmeasurenments) {
case 3:
MAX30102_COPY_DATA( 2) ;
case 2: /* fall-through */
MAX30102_COPY_DATA( 1) ;
case 1: /* fall-through */
MAX30102_COPY_DATA(0) ;
br eak;
defaul t:
return -ElI NVAL;
}



return (ret == neasurenents * MAX30102_ REG FI FO DATA BYTES) ?
0 : -EINVAL;

}

static irqgreturn_t nax30102 interrupt_handler(int irqg, void *private)

{
struct iio_dev *indio_dev = private;
struct max30102_data *data = iio_priv(indio_dev);
unsi gned int measurenents = bitnmap_wei ght (i ndi o_dev->active_scan_nask,
i ndi o_dev->maskl engt h);
int ret, cnt = O;

nmut ex_| ock( &dat a- >l ock) ;

while (cnt || (cnt = max30102_fifo_count(data)) > 0) {
ret = max30102_read_neasurenent (data, neasurenents);
if (ret)
br eak;

iio_push to buffers(data->i ndi o_dev, data->processed buffer);
cnt--;

}

nmut ex_unl ock( &at a- >l ock) ;

return | RQ HANDLED,

}
static int nmax30102_get current idx(unsigned int val, int *reg)
{
/* each step is 0.200 mA */
*reg = val / 200;
return *reg > Oxff ? -EINVAL : O;
}
static int nmax30102 |l ed init(struct nmax30102_data *dat a)
{

struct device *dev = &dat a->client->dev;
struct devi ce_node *np = dev->of _node;
unsi gned int val;

int reg, ret;

ret = of property read u32(np, "maxi mred-I|ed-current-mcroanp", &val);
if (ret) {
dev_info(dev, "no red-|ed-current-mcroanp set\n");

/* Default to 7 mA RED LED */

val = 7000;
}
ret = max30102_get current i dx(val, &reg);
if (ret) {
dev_err(dev, "invalid RED LED current setting %\n", val);
return ret;
}
ret = regmap_write(data->regmap, MAX30102_REG RED LED CONFI G reg);
if (ret)

return ret,



}

if (data->chip_id == max30105) {
ret = of _property_read_u32(np,
"maxi m green-1ed-current-nicroanmp", &val);
if (ret) {
dev_info(dev, "no green-led-current-nicroanp set\n");

/* Default to 7 mA green LED */

val = 7000;
}
ret = max30102_get current _idx(val, &reg);
if (ret) {
dev_err(dev, "invalid green LED current setting %\ n",
val );
return ret;
}
ret = regmap_write(data->regmap, MAX30105 REG GREEN LED CONFI G
reg);
if (ret)

return ret;

}

ret = of property read u32(np, "maximir-1led-current-mcroanp", &val);
if (ret) {
dev_info(dev, "no ir-led-current-mcroanp set\n");

/* Default to 7 mA IR LED */

val = 7000;

}

ret = max30102_get current i dx(val, &regq);

if (ret) {
dev_err(dev, "invalid IR LED current setting %\n", val);
return ret;

}

return regmap_wite(data->regnmap, MAX30102 REG IR LED CONFIG regq);

static int max30102_chip_init(struct mx30102_data *data)

{

int ret;

/* setup LED current settings */
ret = max30102_l ed_init(data);
if (ret)

return ret;

/* configure 18-bit HR + SpQ2 readi ngs at 400Hz */

ret = regmap_write(data->regmap, MAX30102 REG SPO2_ CONFI G
(MAX30102_REG_SPQO2_CONFI G_ADC _4096_STEPS
<< MAX30102_REG SPO2_CONFI G_ADC _NMASK_SHI FT) |
(MAX30102_REG _SPO2_CONFI G_SR 400HZ
<< MAX30102_REG SPC2_CONFI G_SR_MASK_SHI FT) |
MAX30102_REG SPC2_CONFI G_PULSE 411 _US);

if (ret)

return ret;

/* average 4 sanples + generate FIFO interrupt */



ret = regmap_write(data->regmap, MAX30102 REG FI FO CONFI G
(MAX30102_REG _FI FO_CONFI G_AVG_4SAMPLES
<< MAX30102_REG FI FO CONFI G_AVG SHI FT) |
MAX30102_REG FI FO CONFI G_AFULL) ;
if (ret)
return ret;

/* enable FIFO interrupt */

return regmap_updat e_bit s(dat a- >regmap, MAX30102_REG | NT_ENABLE,
MAX30102_REG | NT_ENABLE NASK,
MAX30102_REG | NT_ENABLE_FI FO _EN) ;

en)

}
static int nax30102_read_tenp(struct nax30102_data *data, int *val)
{
int ret;
unsi gned int reg;
ret = regmap_read(data->regmap, MAX30102_ REG TEMP_| NTEGER, &regq);
if (ret <0)
return ret;
*val = reg << 4
ret = regmap_read(data->regmap, MAX30102_ REG TEMP_FRACTI ON, &regq);
if (ret <0)
return ret;
*val | = reg & Oxf;
*val = sign_extend32(*val, 11);
return O,
}
static int max30102_get tenp(struct nmax30102 data *data, int *val, bool
{
int ret;
if (en) {
ret = max30102_set power(data, true);
if (ret)
return ret;
}
/* start acquisition */
ret = regmap_update_bits(data->regmap, MAX30102 REG TEMP_CONFI G
MAX30102_REG TEMP_CONFI G_TEMP_EN,
MAX30102 REG TEMP_CONFI G TEMP_EN) ;
if (ret)
goto out;
nsl eep(35) ;
ret = max30102 _read tenp(data, val);
out :
if (en)
max30102_set power (data, false);
return ret;
}

static int nmax30102_read_raw(struct iio_dev *indio_dev,



struct iio_chan_spec const *chan

int *val, int *val 2, |ong nask)
{
struct max30102_data *data = iio_priv(indio_dev);
int ret = -ElI NVAL;
switch (mask) {
case |1 O _CHAN | NFO_RAW
/ *
* Tenperature reading can only be acquired when not in
* shut down; | eave shutdown briefly when buffer not running
*/
mut ex_| ock( & ndi o_dev->n ock) ;
if (!iio_buffer_enabl ed(indio_dev))
ret = max30102_get tenp(data, val, true);
el se
ret = max30102_get tenp(data, val, false);
mut ex_unl ock( & ndi o_dev->m ock) ;
if (ret)
return ret;
ret = |1 O VAL_I NT;
br eak;
case |1 O CHAN | NFO_SCALE
*val = 1000; /* 62.5 */
*val 2 = 16;
ret = |1 O VAL_FRACTI ONAL
br eak;
}
return ret;
}

static const struct iio_info nmax30102_info = {
.read_raw = max30102_read _raw,
b

static int nmax30102_probe(struct i2c_client *client,
const struct i2c_device_id *id)
{

struct max30102 data *dat a;
struct iio_buffer *buffer;
struct iio_dev *indio_dev;
int ret;

unsi gned int reg;

indio_dev = devm.iio_device_alloc(&client->dev, sizeof(*data));

if (!indio_dev)
return - ENOVEM

buffer = devmiio_kfifo_all ocate(&client->dev);
if (!buffer)

return - ENOVEM
iio_device_attach_buffer(indio_dev, buffer);

i ndi o_dev->nane
i ndio_dev->info

MAX30102_DRV_NAME
&max30102_i nf o;

i ndi 0_dev->nodes = (1 NDI O BUFFER_SOFTWARE | | NDI O DI RECT_MODE) ;

i ndi o_dev->setup_ops = &max30102_buf fer _set up_ops;
i ndi o_dev->dev. parent = &client->dev;



data = iio_priv(indio_dev);

dat a- >i ndi o_dev = indi o_dev;
data->client = client;
data->chip_id = id->driver_data;

mut ex_i ni t (&dat a- >l ock) ;
i2c_set _clientdata(client, indio_dev);

switch (data->chip_id) {

case max30105:
i ndi o_dev->channel s = nmax30105_channel s;
i ndi o_dev->num channel s = ARRAY_SI ZE( max30105_channel s);
i ndi o_dev->avail abl e_scan_masks = max30105_scan_masks;
br eak;

case nmax30102
i ndi o_dev->channel s = nmax30102_channel s;
i ndi o_dev->num channel s = ARRAY_SI| ZE( max30102_channel s) ;
i ndi o_dev->avail abl e_scan_masks = max30102_scan_masks;
br eak;

defaul t:
return - ENODEV;

}

data->regnap = devmregmap_init _i2c(client, &mx30102 regmap_config);
if (IS _ERR(data->regmap)) {
dev_err(&client->dev, "regmap initialization failed\n");
return PTR_ERR(dat a- >regnmap) ;
}

/* check part 1D */
ret = regmap_read(dat a->regmap, MAX30102_REG PART I D, &regq);
if (ret)
return ret;
if (reg != MAX30102_PART_NUMBER)
return - ENOCDEV;

/* show revision ID */
ret = regmap_read(data->regmap, MAX30102 REG REV ID, &reg);
if (ret)
return ret;
dev_dbg(&client->dev, "max3010x revision %92x\n", reg);

/* clear node setting, chip shutdown */
ret = max30102_set power node(data, MAX30102_ REG MODE CONFI G MODE NONE
fal se);
if (ret)
return ret;

ret = max30102_chi p_init(data);
if (ret)
return ret;

if (client->irq <= 0) {
dev_err(&client->dev, "no valid irq defined\n");
return - ElI NVAL;

}

ret = devmrequest_threaded_ irq(&client->dev, client->irq,
NULL, max30102_i nterrupt _handl er
| RQF_TRI GGER_FALLI NG | | RQF_ONESHOT,



"max30102_irq", indio_dev);

if (ret) {
dev_err(&client->dev, "request irq (%) failed\n"
>irq);
return ret;
}
return iio_device_register(indio_dev);
}

static int nax30102_renove(struct i2c_client *client)

{
struct iio_dev *indio_dev = i2c_get_clientdata(client);
struct max30102_data *data = iio_priv(indi o_dev);

iio_device unregister(indio_dev);
max30102_set _power (data, false);

return O;

}

static const struct i2c_device_id max30102_id[] = {
{ "max30102", nmax30102 },
{ "max30105", max30105 },

} {}
MODULE_DEVI CE_TABLE(i 2c, max30102_i d);

static const struct of device id max30102_dt ids[] = {
{ .conpatible "maxi m max30102" 1},
{ .conpatible "maxi m max30105" 1},

} {1}
MODULE_DEVI CE_TABLE(of, max30102_dt i ds);

static struct i2c_driver max30102_driver = {

.driver = {
.name = MAX30102_DRV_NAME,
.of _match_table= of _match_ptr(nax30102_dt _ids),
H
. pr obe = max30102_pr obe,
. renmove = max30102_r enove,
.id_table = max30102_i d,

}s

nodul e_i 2c_dri ver (nax30102_dri ver);

MODULE_AUTHOR(" Matt Ranostay <matt @ anostay. consul ting>");

client-

MODULE_DESCRI PTI ON( " MAX30102 heart rate/pul se oxi neter and MAX30105 particle

sensor driver");
MODULE_LI CENSE(" GPL") ;



