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MC8121

Digital Ambient Light Sensor

1. OVERVIEW

1.1 DESCRIPTION

The MC8121 is an advanced digital ambient light sensor (ALS) IC that transforms illuminance (light
intensity) to a digital signal output. For ambient light sensing, MC8121 has two opened
photodiodes(CHO/CH1). One is an whole ray responding photodiode and the other is a visible ray
responding photodiode. The visible ray responding photodiode is coated with Infra Red cut off filter on
a CMOS integrated circuit. The photovoltaic responses are converted into digital counter values by
two internal ALS ADCs of 16-bit resolution. It closely approximates the human eye spectral response
of visible wavelength. The operation voltage ranges from 2.4 to 3.6 volt.

The ALS features are ideal for reducing power consumption and adjusting brightness of display
equipments like LCD, PDP, LED, virtual keyboard and portable projector, etc.

1.2 FEATURES

® CMOS technology

® Independently programmable exposure time for ALS CHO and CH1 ADCs
Ambient Light Sensing

Convert incident light intensity to digital data

16-bit ALS ADC resolution

Automatic light flickering cancellation supporting

Block off IR(Infrared) by IR cut off filter coating(CHO)

Spectral response close to human eye

Linear ALS response for easy design

Low dark noise

Additional Features

® |°C protocol interface

® | ow stand-by current, 1uA typical
® Operating range 2.4 ~ 3.6V

6 May 2013 REV1.61
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1.3 ORDERING INFORMATION

DEVICE NAME PACKAGE—-LEADS CHoO CH1
MC8121 chip sale IR cut off filter on wafer Visible + IR ray
MC8121FN ODFN 6L IR cut off filter on wafer Visible + IR ray

Table 1-1 Ordering Information

1.4 APPLICATIONS

® Cell phone

® Display-equipped portable devices,etc..

1.5 BLOCK DIAGRAM

VDD VSS
1 1
L L
COMMAND
._
CHO : Visible ray ' CONTROL
|1
L
ADDR
- ALS CHO DECODE ADDR
N + ADC -
J:_ CAD<: >  INTERRUPT INT
= - ounter
>
. ALS CH1 _ DATA
§ + ADC "I  REGISTER
N n
= 12C I/F
CH1 : Visible + IR ray SDA
Tfor calibration v
MEMORY Timing
(OTP) OSC690kHz ™™ controller
L
VPP
Figure 1-1 Block Diagram of MC8121
May 2013 REV1.61 7
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1.6 PIN CONFIGURATIONS

TOP VIEW — ODFN 2X2 6L(COL)

vDD | 1 | | 6 | sbA
ADDR | 2 U 5 | INT
vss | 3 4 | scL

Figure 1-2 Pinout — ODFN 2X2 6L(COL)

1.7 PKG DIMENSION

TOP VIEW SIDE VIEW

o
o

]!
—%é |

éATNG PLANE

i
EETEE T I_II_II_I'_:";

COMMON
DIMENSIONS MILUMETER DIMENSIONS INCH

MIN. | NOM. | MAX. MIN. T NOM. [ MAX.
SEE VARIATIONS

A3| 0.195 | 0.203 | 0.211 |0.0076 | 0.0079| 0.008

025 | 0.30 | 0.35 | 0.010 | 0.012 | 0.014

1.925 | 2.000 | 2.075 | 0.075 | 0.078 | 0.081

1.925 | 2.000 | 2.075 | 0.075 | 0.078 | 0.081
0.65 BSC 0.026 BSC

0.60 | 0.75 | 0.90 u.ozss]o.ozgs | 0.0354

> | roBE<LN

BOTTOM VIEW

rle |Mo|OT

\_/ s A

VARIATIONS "A"
DIMENSIONS MILLIMETER DIMENSIONS INCH

MIN. | NOM. | MAX. | MIN. | NOM. | MAX.
[#]c.1o8 [C[A[0] opFN | 060 | 0.65 | 0.70 | 0.023 | 0.025 | 0.027

(™
romE<n

e - b

NOTES

1. DIMENSION AND TOLERANCING CONFIRM TO ASME Y14.5M-1994.

2. CONTROLLING DIMENSIONS : MILLIMITER. CONVERTED INCH DIMENSION ARE NOT
NECESSARILY EXACT.

3. DIMENSION b APPLIES TO METALLUZED TERMINAL AND IS MEASURED BETWEEN 0.15mm AND
0.30mm FROM THE TERMINAL TIF, IF THE TERMINAL HAS THE OFTIONAL RADIUS ON THE
OTHER END OF THE TERMINAL THE DIMENSION b SHOULD NOT BE MEASURED IN THAT
RADIUS AREA

Figure 1-3 Package Dimension — ODFN 2X2 6L(COL)

May 2013 REV1.61
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1.8 PIN DESCRIPTION

PIN Number PIN Name Description /10
1 VDD Power supply : 2.4 to 3.6V Power
2 ADDR Address Select Input
3 VSS Ground Power
4 SCL I°C Serial Clock Line Input
5 INT ALS Interrupt O(Open Drain)
6 SDA I°C Serial Data Line O(Open Drain)

Table 1-2 Pin Description — ODFN 2X2 6L(COL)

1.9 SLAVE ADDRESS

ADDR SLAVE ADDRESS
LOW / OPEN 0101_001
HIGH 1010_110

Table 1-3 Slave Address Selection

1.10 ELELCTRICAL CHARACTERISTICS

1.10.1 ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Min. Max. Unit. Remark
VDD Supply voltage 0 4.0 \%

Tstg Storage temperature range -40 85 ‘C

VO Digital ouput voltage range -0.5 4.0 V

10 Digital output current -1 20 mA

VHBM ESD tolerance, Human Body Model 8,000 V

NOTE

Table 1-4 Absolute Maximum Ratings

Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the

device. This is a stress rating only and functional operation of the device at any other conditions beyond those
indicated in the operational sections of this specification is not implied. Exposure to absolute maximum rating
conditions for extended periods may affect device reliablility.

May 2013 REV1.61
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1.10.2 RECOMMENDED OPERATING CONDITION

Symbol Parameter Min. Typ. Max. Unit Remark
VDD Supply voltage 2.4 3.0 3.6 \Y

TA Operating temperature -40 85 ‘C

VIL SCL,SDA input low voltage 600 mV

VIH SCL,SDA input low voltage 1.4 \Y

Table 1-5 Recommended Operating Condition

1.10.3 ELECTRICAL SPECIFICATIONS

(VDD =3.0V, VSS =0V, TA=+25T+10%)

Symbol Parameter Min. Typ. Max. Unit Remark
Vbb Power Supply 2.4 - 3.6 V
IsLeep Stand-by Current 1 3 uA I°C interface enable
IbpALso Active Current for ALS CHO 80 uA
IbpALs1 Active Current for ALS CH1 80 uA
Active Current for ALS CHO
IppALso1 and CH1 120 uA
Peak Sensitivity wavelength
ApcHo of ALS CHO 550 nm
Peak Sensitivity wavelength
ApPcH1 of ALS CH1 850 nm
fosc Internal Oscillator Frequency 552 690 828 kHz
i ,_;l_\.DC Integration/Conversion 100 500 ms 16-bit ADC data
ime
VoL INT,SDA ouput low voltage 0 0.4 \Y 6mA sink current
AQgooL ADC Count Value of CHO - 0 2 counts @0Lux, white color LED
AOoo1L PD 5 counts @1Lux, white color LED
AOzo | (ATIMEO =064, INTR[7]=1) 980 | 1090 | 1200 | counts | @200Lux, white color LED
AloooL ADC Count Value of CH1 - 0 4 counts @OLux, white color LED
AloorL PD 8 counts @1Lux, white color LED
Alyo | (ATIMEO =06, INTR[7I=1) | 4334 | 1640 | 1975 | counts | @200Lux, white color LED
Full Scale ALS CHO ADC
DFaLso Count 65535 | counts
Full Scale ALS CH1 ADC
DFaLs1 Count 65535 | counts
Table 1-6 Electrical Specifications
10 May 2013 REV1.61
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1.10.4 I°C CHARACTERISTICS

The following table and figure show the timing codition of SDA and SCL bus lines for fast mode 1’C
bus devices. "°TF".

(VDD =3.0V, VSS =0V, TA=+25C+10%)

Parameter SymbolNOTE2 Min Max Unit
SCL clock frequency fscL 0 400 kHz
Hgld time after (repeated) START condition. After tip-sTa 0.6 ) us
this period, the first clock pulse is generated ’
LOW period of the SCL clock tLow 1.3 - us
HIGH period of the SCL clock thich 0.6 - us
Setup time for a repeated START condition tsu;sTa 0.6 - us
Data hold time tHD:DAT 0 0.9 us
Data setup time tsu.DAT 100 - ns
Clock/data fall time te 0 300 ns
Clock/data rise time tr 0 300 ns
Setup time for STOP condition tsu:sto 0.6 - us
Bus free time between a STOP and START
condtion tsur 1.3 - us

Table 1-7 Timing characteristics of I°C

NOTET All timing is shown with respect to 30% VDD and 70% VDD.

SDA

SCL

1 [ H
L H
v tupsta thpipAT thicH

*
1t

> | e
H 1 1
tsu;sto !

Figure 1-4 Definition of ti rity ming for fast mode devices on the 12C bus

1.10.5 OPTICAL CHARACTERISTICS

A. Spectral response

May 2013 REV1.61 11
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Spectrum of MC8121 is the below curve by using monochrometer and integrated sphere.

relative responsivity

1.0

o
oo

o
o

<2
=

0.2

0.0
300

400

Spectrum of MC8121

e CHO PD
= CH1PD

500 600 700 800 900 1000
wavelength [nm]

1100

Figure 1-5 Spectral response of MC8121
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2. OPERATION
21°C

2.1.1 OVERVIEW

The I°C is one of industrial standard serial communication protocols, and which uses 2 bus lines
Serial Data Line (SDA) and Serial Clock Line (SCL) to exchange data. Because both SDA and SCL
lines are open-drain output, each line needs pull-up resistor. The features are as shown below.

- Compatible with I°C interface
- Up to 400kHz data transfer speed
- Support two 7-bit slave address

- Slave operation only

2.1.2 I°C BIT TRANSFER

The data on the SDA line must be stable during HIGH period of the clock, SCL. The HIGH or LOW
state of the data line can only change when the clock signal on the SCL line is LOW. The exceptions
are START(S), repeated START(Sr) and STOP(P) condition where data line changes when clock line
is high.

/ \ : X
SCL — \

Data line Stable:
Data valid
exept S, Sr, P

Change of Data
allowed

Figure 2-1 Bit Transfer on the 1°C-Bus

2.1.3 START / REPEATED START / STOP

One master can issue a START (S) condition to notice other devices connected to the SCL, SDA
lines that it will use the bus. A STOP (P) condition is generated by the master to release the bus lines
so that other devices can use it.

A high to low transition on the SDA line while SCL is high defines a START (S) condition.
A low to high transition on the SDA line while SCL is high defines a STOP (P) condition.

May 2013 REV1.61 13
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START and STOP conditions are always generated by a master. The bus is considered to be busy
after START condition. The bus is considered to be free again after STOP condition, ie, the bus is
busy between START and STOP condition. If a repeated START condition (Sr) is generated instead
of STOP condition, the bus stays busy. So, the START and repeated START conditions are
functionally identical.

m SN SNV

A%Y

N A N A

START Condition STOP Condition

SCL

Figure 2-2 START and STOP Condition

2.1.4 DATA TRANSFER

Every byte put on the SDA line must be 8-bits long. The number of bytes that can be transmitted
per transfer is unlimited. Each byte has to be followed by an acknowledge bit. Data is transferred with
the most significant bit (MSB) first. If a slave can’t receive or transmit another complete byte of data
until it has performed some other function, it can hold the clock line SCL LOW to force the master into
a wait state. Data transfer then continues when the slave is ready for another byte of data and
releases clock line SCL.

P
SDA \ X X ::X /X X :: X X X
MSB Acknowledgement Acknowledgement Sr
Signal form Slave Signal form Slave
Byte Complete, Clock line held low while
Interrupt within Device interrupts are served.
1 9 1 9
scL s \_/_\_z ;_/_\—/ Sr
or ACK ACK or
Sr P
START or Repeated STOP or Repeated
START Condition START Condition

Figure 2-3 STOP or Repeated START Condition

2.1.5 ACKNOWLEDGE

The acknowledge related clock pulse is generated by the master. The transmitter releases the SDA
line (HIGH) during the acknowledge clock pulse. The receiver must pull down the SDA line during the
acknowledge clock pulse so that it remains stable LOW during the HIGH period of this clock pulse.
When a slave is addressed by a master (Address Packet), and if it is unable to receive or transmit
because it's performing some real time function, the data line must be left HIGH by the slave. And
also, when a slave addressed by a master is unable to receive more data bits, the slave receiver must
release the SDA line (Data Packet). The master can then generate either a STOP condition to abort
the transfer, or a repeated START condition to start a new transfer.

14 May 2013 REV1.61
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If a master receiver is involved in a transfer, it must signal the end of data to the slave transmitter by
not generating an acknowledge on the last byte that was clocked out of the slave. The slave
transmitter must release the data line to allow the master to generate a STOP or repeated START
condition.

Data Output R
By Tar‘a?\snl:it‘::r \ X X ;: X X

ALY

3N

Data Output X¢
By Receiver \_/
SCL From MASTER /1\_/2\ D) /:\_/?\_

ALY

L Clock pulse for ACK

Figure 2-4 Acknowledge on the I°C-Bus
2.1.6 OPERATION

The I°C is byte-oriented serial protocol and data transfer between master and this slave device is
initiated by a start condition(S) from master. After start condition, the master sends 7-bit slave address
and 1-bit read-write control bit. We call these 8-bit data address packet. The next bytes followed by
address packet are all data packet unless another start condition is detected before a stop condition.

The 2™ byte sent from master after address packet with write direction is interpreted as base
register or memory address byte. And this base address is incremented only when master transmits
more than 2 bytes after start condition because the 2m byte is register address field.

The MC8121’s I°C slave address is configured as “0101001g” or “1010110g” according to the input
condition of ADDR pin.

2.1.6.1 WRITE PROTOCOL (MASTER TRANSMITTER)

The master transmits a start condition(S), slave address and Write bit. If the high 7-bits of address
packet equal to the device’s slave address, the MC8121 acknowledges by pulling down the SDA line
at the 9" SCL clock period. After address packet and acknowledge bit, the master transmits a data
which is used for base address accessing internal memory or register of the device. The master
transmits a number of data to be written and the slave always acknowledges for every data received.
To finish transfer the master sends a stop condition regardless of the acknowledgement.

The destination address for incoming data byte increments automatically by one data packet. For
example, if master transmits 5 data bytes including a base address(=register address in the following
figure) byte and the base address is configured as 00y, the internal address is defined as 00y for 1°
data byte, 01y for 2" data byte, 02 for 3" data byte and 03 for 4™ data byte. This applies to Read
Protocol also.

May 2013 REV1.61 15
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SDA START  SLAVE ADDRESS W A REGISTER ADDRESS A WRITE BYTE 0 A WRITEBYTEN A STOP
»le >l

l& <] <€ »le ;Iz?
< r|~ rrrl r rr r|~ rr rl

e\ UL U | |
U U I Il
el T SR NS

1 9 1 9 1 9 1 9

Figure 2-5 12C Write Protocol

2.1.6.2 READ PROTOCOL (MASTER RECEIVER)

The master transmits a start condition(S), slave address and Write bit. If the high 7-bits of address
packet equal to the device’s slave address, the MC8121 acknowledges by pulling down the SDA line
at the 9" SCL clock period. After address packet and acknowledge bit, the master transmits a data
which is used for base address accessing internal memory or register of the device. To initiate read
operations, the master sends repeated start condition and slave address with Read bit. After this
address packet, the master reads data bytes until it does not acknowledges. Note that to send a stop
condition after receiving last data byte, the master must generate a NACK(not acknowledging) on the
last data byte received. Like Write Protocol, the read address increases by 1 after every read byte.

Note that the transfer direction changes in this protocol.

SDA S SLAVE ADDRESS W A REGISTERADDRESS A Sr SLAVE ADDRESS R A READ BYTE 0 A BYTE1
< ledple »lepledle >

o U Hih
SDA OUT L _I \ _I \

= [l LI

9

»le »leple
rlw rl rr

——F
—

-
©
-
-

]
[1
{00 AT A

Figure 2-6 12C Read Protocol

2.2 REGISTERS

2.2.1 OVERVIEW

The MC8121 is controlled and monitored by 17 registers. These registers provide a variety of control
functions and can be read to determine results of the ADC conversions.
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2.2.2 REGISTER MAP

Name Address Dir Default Description

ADDRSET - w - Address Set Register

CONTROL 00H R/W 00H Control Register

INTR 014 R/W 80H Interrupt Control Register

ATIMEO 02y R/W FFu ALS CHO Integration Time Register

ATIMEA1 03H R/W FFH ALS CH1 Integration Time Register

WTIME 044 R/W 01H Wait Time Register

AILTL 05H R/W FFH ALS CHO Interrupt Low Threshold Low Register

AILTH 06H R/W 03H ALS CHO Interrupt Low Threshold High Register
AIHTL 07n R/W FFu ALS CHO Interrupt High Threshold Low Register
AIHTH 08H R/W BFH ALS CHO Interrupt High Threshold High Register
PERSIST ODn R/W 00 ALS Interrupt Persistence Register

ADATAOL OEH R FFu ALS CHO ADC Data Low Register

ADATAOH OFH R FFH ALS CHO ADC Data High Register

ADATA1L 101 R FFu ALS CH1 ADC Data Low Register

ADATA1TH 11u R BFH ALS CH1 ADC Data High Register

ID 124 R Ay ID Register "'E

AGCO 144 R/W 01n ADC Gain control 0 Register

AGCA1 154 R/W 99y ADC Gain control 1 Register

Table 2-1 Registers of MC8121

Caution : Do not alter registers addressed 1Dy to 1F,. Writing to these registers may result in
unexpected function.

NOTE Default value is A1y for MC8121.

2.2.3 REGISTER DESCRIPTION

ADDRSET (Address Set Register)

7 6 5 4 3 2 1 0
- - R ADDR3 ADDR2 ADDRI ADDRO
- - - w w w w w
Initial value : 004
ADDR[4:0] Base address for subsequent register access. When the 12C master

initiates a write protocol with start bit and slave address transfer, the
second byte is used to configure register address.

CONTROL (Control Register) 00y
7 6 5 4 3 2 1 0
ONESHOT | SOFTRST | & [ Moo MODE2 | MODE MODEO | POWER
RW RW - - RW RW RW RW
Initial value : 00n
ONESHOT Stops ADC integration on completion of one integration cycle.

May 2013 REV1.61
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Continuous operation.

Once an integration cycle is over, ALS ADC will automatically
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stop and also the MODE[1:0] bits in CONTROL register is to be
cleared. To resume operation, re-assert MODE[2:0] bits.

SOFTRST Soft reset. This bit is auto-cleared.
0 No operation
1 Reset internal registers

MODE[2:0] Select operating mode. These 3 bits determine the operating mode of
the device. Note that bit 1 and bit O are effective only when POWER bit
is set to ‘1. NOTE?

000 Disable ALS CHO/CH1 ADCs.

001 Enable ALS CHO/CH1 ADCs. CHO and CH1 ADCs operate
concurrently.

010 Reserved (Do not use)
011 Reserved (Do not use)
100 Reserved (Do not use)
101 Enable CHO ADC only.
110 Enable CH1 ADC only.

111 Enable ALS CHO/CH1 ADCs. CHO and CH1 ADCs operate
sequentially(CH1 first).

POWER Power On. Enables internal RC oscillator(Typically 690KHz)
0 Turns off the MC8121.
1 Turns on the MC8121.

NOTET This bit should be written to ‘0.

NOTE2 The real MODE[1] and MODEJO0] bits are updated after internal oscillator is enabled. So reading CONTROL
register will return “---- -- 00g” right after writing ‘1’ to these bits while POWER bit is disabled or after setting
MODE([2:0] bits and POWER bit simultaneously.

INTR (Interrupt Control Register) 01y
7 6 5 4 3 2 1 0
| PSxEN | - - | - ANTF INTEDGE - ANTEN
RW - - - R RW - RW

Initial value : 80y

PSX4EN Make ALS integration time and Wait time step 4 times longer. It is
recommended to change this bit before enabling POWER bit or
changing MODE[2:0] bits.

0 ALS integration time and Wait time step are about 4.5ms
1 ALS integration time and Wait time step are about 18ms
AINTF ALS Interrupt Flag. Indicates that the device is asserting an interrupt.
Writing O to this bit clears AINTF.
0 No Interrupt or interrupt cleared.
1 ALS interrupt requested.
INTEDGE Interrupt signal is triggered as pulse type at rising edge of internal
clock,typically 1.45us period. The host needs not to clear interrupt.
0 Level interrupt
1 Edge interrupt
AINTEN Enables ALS Interrupt generation.
0 ALS Interrupt output is disabled.
1 ALS Interrupt occurs on INT pin.
ATIMEO (ALS CH 0 Integration Time Register) 02,
7 6 5 4 3 2 1 0
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ATIMEQ7 ATMEOS | ATIMEOS | ATIVEO4 ATIVEQ3 ATIMEO2 ATMEO! | ATIVEOD |
RW RW RW RW RW RW RW RW

ATIMEO[7:0]

Initial value : FFy

ALS CHO Integration Time. Specifies the integration time in 4.5ms
intervals. When MODE[2] bit is ‘0’, the CH1 integration time is also
decided by this register.

ALS CHO Integration time = 4.5ms x ATIMEO[7:0] (when PSX4EN=0)
ALS CHO Integration time = 18ms x ATIMEO[7:0] (when PSX4EN=1)

00000000 Prohibited. Writing “004” has no effect.
PSX4EN=0 PSX4EN=1

00000001  4.5ms 18ms

00000010  9.0ms 36ms

00001010 45.0ms 180ms

00010100 90.0ms 360ms

00101000  180.0ms 720ms

01010000  360.0ms 1440ms

11111111 1147.5ms 4608ms

ATIME1 (ALS CH1 Integration Time Register) 034
7 6 5 4 3 2 1 0
ATMET7 | ATME®S | ATMEIS | ATVEM4 | ATMEN3 ATIVE12 ATIVEN ATIVE10

RW RW RW RW RW RW RW RW

ATIME1[7:0]

Initial value : FFy

ALS CH1 Integration Time. Specifies the integration time in 4.5ms
intervals. This register value is effective only when MODE[2] bit is ‘1’

ALS CH1 Integration time = 4.5ms x ATIMEOQ[7:0] (when PSX4EN=0)
ALS CH1 Integration time = 18ms x ATIMEO[7:0] (when PSX4EN=1)

00000000 Prohibited. Writing “004” has no effect.
PSX4EN=0 PSX4EN=1
00000001 4.5ms 18ms
00000010 9.0ms 36ms
00001010 45.0ms 180ms
00010100 90.0ms 360ms
00101000 180.0ms 720ms
01010000 360.0ms 1440ms
11111111 1147.5ms 4608ms
WTIME (Wait Time Register) 04
7 6 5 4 3 2 1 0
| wver | woves | wives | wives | wives | wive2 | wiver | wiveo
RW RW RW RW RW RW RW RW
Initial value : 01y
WTIME[7:0] Wait Time. Specifies the wait time between continuous ALS operations
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in 4.5ms intervals.
Wait time = 4.5ms x WTIME[7:0] (when PSX4=0)
Wait time = 18ms x WTIME[7:0] (when PSX4=1)

PSX4EN=0 PSX4EN=1

00000000 No wait No wait
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00000001 4.5ms 18ms
00000010 9.0ms 36ms
00001010 45ms 180ms
00010100 90ms 360ms
00101000 180ms 720ms
01111000 360ms 1440ms
11111111 1147 .5ms 4608ms

The WTIME is used to reduce average power consumption, because both ALS CHO and CH1 ADCs
stop integrating during wait time period.

NOTE Although setting a larger wait time contributes to reduce average consumption current, it makes update

period and response time longer.

AILTL (ALS CHO Interrupt Low Threshold Low Register) 05y
7 6 5 4 3 2 1 0
| am7 | mams | ams | a4 A3 | ALTL2 ALTL1 ALTLO
RW RW RW RW RW RW RW RW

Initial value : FFy

AILTL[7:0] ALS CHO ADC channel interrupt low threshold low register.

AILTH (ALS CHO Interrupt Low Threshold High Register) 064
7 6 5 4 3 2 1 0
| amz | ame | ams | Ame ATH3 | ALTHR AILTH1 AILTHO
RW RW RW RW RW RW RW RW

Initial value : 034

AILTH[7:0] ALS CHO ADC channel interrupt low threshold high register.

AIHTL (ALS CHO Interrupt High Threshold Low Register) 074
7 6 5 4 3 2 1 0
| aHmz | Amms | AHms | AHT4 AHTL3 | AHT2 AHTL1 AHTLO
RW RW RW RW RW RW RW RW

Initial value : FFy

AIHTL[7:0] ALS CHO ADC channel interrupt high threshold low register.

AIHTH (ALS CHO Interrupt High Threshold High Register) 08y
7 6 5 4 3 2 1 0
| AaHm7 | AHTHe | AHTHS | AHTHM AHTH3 | AHTH2 |  AHTHf AHTHO
RW RW RW RW RW RW RW RW

Initial value : BFy

AIHTH[7:0] ALS CHO ADC channel interrupt high threshold high register.

The interrupt threshold registers store the values to be used as the high and low trigger points for the
adc data registers. If the value of adc data register crosses below or equal to the low threshold
specified, an interrupt can be asserted on the interrupt pin. Likewise, if the result from ADC
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conversion crosses above the high threshold specified, an interrupt can be asserted on the interrupt
pin. The concatenated AILTH and AILTL is used as interrupt low threshold(=AILT) and the
concatenated AIHTH and AIHTL is used as interrupt high threshold(=AIHT).

PERSIST (Interrupt Persistence Register) 0Dy
7 6 5 4 3 2 1 0
- | - | - | - | APERS APER2 APER1 APERD
- - - - RW RW RW RW

Initial value : 00y

APER[3:0] ALS CHO Interrupt persistence. These bit field control the rate of ALS
interrupt request to host chip.

0000 Every ALS CHO cycle generates an interrupt.

0001 1 consecutive ALS CHO ADC value out of range.

0010 2 consecutive ALS CHO ADC value out of range.

1111 15 consecutive ALS CHO ADC value out of range.

ADATAOL (ALS CHO ADC Data Low Register) 0E,
7 6 5 4 3 2 1 0
ADATAOL7 | ADATAOL6 | ADATAOLS | ADATAOL4 | ADATAOL3 | ADATAOL2 | ADATAOL1 | ADATAOLO

R R R R R R R R

Initial value : FFy

ADATAOL[7:0] ALS CHO ADC data low register.

The ALS ADCs included in MC8121 are of 16-bit resolution, and the integrated values appear on two
registers ADATAOL/ADATAOH and ADATA1L/ADATA1H respectively. All ALS ADC data registers are
read-only.

ADATAOH (ALS CHO ADC Data High Register) OF,
7 6 5 4 3 2 1 0
ADATAOH7 | ADATAOH6 | ADATAOH5 | ADATAOH4 | ADATAOH3 | ADATAOH2 | ADATAOHT | ADATAOHO
R R R R R R R R

Initial value : FFy

ADATAOH[7:0] ALS CHO ADC data high register.

ADATA1L (ALS CH1 ADC Data Low Register) 104
7 6 5 4 3 2 1 0
ADATAIL7 | ADATAILG | ADATAILS | ADATAIL4 | ADATAIL3 | ADATAIL2 | ADATAILT | ADATAILO
R R R R R R R R

Initial value : 00y

ADATA1L[7:0] ALS CH1 ADC data low register.
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ADATA1H (ALS CH1 ADC Data High Register) 11y
7 6 5 4 3 2 1 0
ADATATH7 | ADATATHG | ADATATHS | ADATATHA | ADATATH3 | ADATAMH2 | ADATA1H1 ADATATHO
R R R R R R R R

Initial value : 00y

PDATAOH[7:0] ALS CH1 ADC data high register

ID (ID Register) 12,
7 6 5 4 3 2 1 0
| @ | D | D2 | D IDO REV2 REVA REVO
R R R R R R R R
Initial value : A1y
ID[4:0] Device ID
10100 MC8121
REV[2:0] Revision number
AGCO0 (ADC Gain Control 0 Register) 14y
7 6 5 4 3 2 1 0
I S R : — [ vew
- - - - - - - RW
Initial value : 014
VGAINO ADC Voltage Gain Control N°™®
0 x3.0 (not recommended)
1 x2.5 (recommended)

Caution : Do not alter AGCO[7:1]. Writing non-zero value to these bits may result in mal-function.

NOTE Grayed voltage gain is not recommended.

AGC1 (ADC Gain Control 1 Register) 15,
7 6 5 4 3 2 1 0
| AGANI3 | AGANT2 | AGANT | AGANIO | AGAN® AGAING2 AGAINO1 AGAINOO
RW RW RW RW RW RW RW RW

Initial value : 994

AGAIN1[3:0] CH1 ADC gain control "°TF

1001 x1.8
AGAINO[3:0] CHO ADC gain control "'
1001 x1.8

NOTE Eor ADC CHO and CH1, gains are fixed to x1.8 after factory calibration. Other gains are not recommended.
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2.3 OPERATION

2.3.1 ALS CONCURRENT OPERATION

ALS concurrent operation is enabled by setting MODE[2:0] bits to 001g, and after pre-defined ALS
period the ALS CHO ADC counter value is transferred to ADATAOH/ADATAGOL registers and the CH1
ADC counter valude is transferred to ADATA1H/ADATA1L registers which can be read via 12C read
transaction.

WAIT

ALS ALS

ADATAO X adata0 #0 X adata0 #1
ADATA1 X adatal #0 Xadatm #1

* ALS period = 4.5ms * ATIMEO
Wait period = 4.5ms * WTIME

A
Y

* If WTIME is 004, no wait period is inserted

Figure 2-7 ALS Operation

2.3.2 ALS CHO / CH1 SEQUENTIAL OPERATION

ALS CHO / CH1 sequential operation mode is enabled by setting MODE[2] bit to 1. In this mode of
operation, ALS CH1 operation is done followed by ALS CHO operation and optional WAIT cycle. ALS
CHO and CH1 integration time is decided by each timing control registers ATIMEO and ATIME1. In
sequential operation mode, only CHO or CH1 ADC can be enabled by setting MODE bits properly,
and this can reduce operating power consumption.

ALS CHO

Y

ALS CH1 L

* ALS CH1 period = 4.5ms * ATIME1
ALS CHO period = 4.5ms * ATIMEO
Wait period = 4.5ms * WTIME

ALS CHO | WAIT »| ALSCH1 L

* If WTIME is 004, no wait period is inserted

Figure 2-8 ALS CHO / CH1 Sequential Operation

2.3.3 INTERRUPT

2.3.3.1 INTERRUPT OUTPUT MODE

INT pin operates as interrupt output mode by setting AINTEN bit.
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ALS Interrupt

An ALS interrupt can be requested when ALS CHO ADC result is greater than or equal to AITH or less
than AILT after one ALS cycle. If APER(ALS Persistence) value is non-zero, it is needed the ALS CHO
ADC results are out of range APER consecutive times. The result of interrupt judgement for ALS is
stored into AINTF bit in INTR register.

There are two kinds of output mode, level or pulse interrupt. Below is the description of the level
interrupt type.

Transition from H to L in INT pin means that an interrupt condition is generated, and the INT pin
remains L level until the interrupt flag(AINTF) is cleared. ALS interrupt is cleared by writing 0 to it's
flag bit in INTR register.

Interrupt generated Interrupt cleared
High
INT pin
(IEDGE=0)
Low
—» <— about 1.4us
High
INT pin
(IEDGE=1)
Low
Figure 2-9 ALS CHO Interrupt output (level or pulse interrupt)
A
High —
T AIHT — S ] ]
l AILT [ forc o ... ..
Low
clear AINTF clear AINTF clear AINTF >
(APER=1) N A ‘ R
INT I _I
AINTF 0 1 0 1 0 1 0 1
(APER=2)
INT
AINTF 0 10 1 0 1

Figure 2-10 ALS Interrupt Output (APER=1 or 2 & INTEDGE=0)
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2.3.4 POWER CONSUMPTION

Power consumption can be controlled through the use of the wait state timing because the wait state
consumes only 60uA of power.
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2.4 APPLICATION INFORMATION : SOFTWARE

2.4.1 OVERVIEW

After applying VDD, the device will initially be in the power down mode. To start ALS sensing
operation, set the POWER bit in CONTROL register to enable internal RC oscillator. The ATIMEDO,
ATIME1 or WTIME registers should be configured for the preferred integration and wait time, and then
the MODE[2:0] bits in CONTROL register should be set to enable each ADC channel.

State is automatically changed to POWER

DOWN mode after power on. Power Supply
A
_ POWER DOWN
- Mode
[
reset
POWER & MODE[2:0] Y

*Set Integration Time
(ATIMEO/ATIME1/WTIME)
*Set AGCO0/1

(ADC Gain control)

A

/

Set POWER=1
Wait 1.4ms

ALS concurrent mode ALS sequentiallmode

Y

Set MODE=101; or

Set MODE=001g 1105 or 1115

Wait ITIME O™

A

Y

* Wait Interrupt or
*Read Data Registers

l

Continue sensing?

NOTE

ITIME = 4.5ms * ATIMEO + 4.5ms * WTIME (when MODE[2:0]=101s) or

ITIME = 4.5ms * ATIME1 + 4.5ms * WTIME (when MODE[2:0]=110z) or

ITIME = 4.5ms * ATIMEO + 4.5ms * ATIME1 + 4.5ms * WTIME (when MODE[2:0]=111g) or
ITIME = 4.5ms * ATIMEO + 4.5ms * WTIME (when MODE[2:0]=001g)

Figure 2-11 Operating Modes
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3. APPENDIX

A. Brief Application Note
A capacitor should be located close to VDD pin of MC8121 to reduce power noise. The pull

up

resistors of two line serial bus are recommended to be around 10kQ, especially a pull up

registor for INT connected to host controller must be 100kQ.

VDD ©
RSDA
vbb VDD SDA W
Rii
:tr;teo ADDR INT I

RscL f Host Processor

~\AWA—O
[ ——
L
<
7]
n
O
—
u

Figure 3-1 Hardware pin connection diagram

B. Notice
The below explains matters to be attended to when customer develops a program for MC8121.

1)

2)

Operation voltage 2.4 to 3.6V

Set SLAVE address (Determined by ADDR pin condition during power-up)

Input Low : 0x29(0101001) => In Master IIC situation when writing and its value is 0x
52 and when reading , its value is 0x53

Input High : 0x56(1010110) => In Master IIC situation when writing, value is 0XAC and
when reading, value is 0xAD

Floating : 0x29(0101001) => In Master IIC situation when writing, value is 0x52 and
when reaing, value is 0x53

IIC speed is the standard, about 100kHz.
When writing 1IC Multi bytes (Single byte read and write rarely is used)

Multi bytes Writing :
START(M)+SlaveAddress_W(0x52,M)+ACK(S)+REG_ADDR(0xxx,M)+ACK(S)+WRITE_
BYTEO+ACK(S)...+STOP(M)

For example) When ADDR pin is low, you want to write 0x33 in CONTROL
(address 00y) Register. You should follow the below sequence.
START+0x52+ACK+0x00+ACK+0x33+ACK+STOP
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| ) |Slave Addressl 0 | A |Word Addressl A | Write Data 1 |A | Write Data 2 |A | P |
1 1

1 1
' 524 - REG_ADDR !

D Master to Slave
D Slave to Master

A ACK, NA NACK, S START, P STOP

Figure 3-2 12C write example

When reading 1IC Multi bytes

| S |Slave Addressl 0 | A |Word Addressl A I S |Slave Addressl 1 | A | Read Data 1 I A| Read Data 2 |NAI P |
I I I I I I

! 524 ' I REG_ADDR ! ! 53y !
1 [ 1 1 1

D Master to Slave
D Slave to Master

A ACK, NA NACK, S START, P STOP

Figure 3-3 12C read example

- Multi bytes reading:
START(M)+SlaveAddress_W(0x52,M)+ACK(S)+REG_ADDR(0xxx,M)+ACK(S)+START

SlaveAddress_R(0x53,M)+ACK(S)+READ_BYTEOQ(S)+ACK(M)...+NACK+STOP(M)
For example) When ADDR pin is low, you want to read values of ADATAOL
and ADATAOH (address OE4~0F) register. You should follow
the below sequence.
START+0x52+ACK+0x0E+ACK+START+0x53+ACK+??+ACK+...??+NACK+STOP

- After sending IIC Read/Write Command, delay time needs about 2msec for protocol
transferring and MC8121 writing time)
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