ET75016

ET75016 - Laser Driver for ToF

General Description

ET75016 is a laser diode driver IC for ToF (Time of Flight), offered in small WLCSP25 package.

Features

Supply Voltage AVcess = DVeess = 3.0V~3.6V, LDVce = 3.0V~5.5V, Vce1s = 1.8V
Driver for Anode Common and Floating Laser

Maximum Drive Current 3.0A

Built-in Fail Safe Function of LVDS Input.

APC (Auto Power Control), ACC (Auto Current Control) are Available

Auto Bias APC, Fixed Bias APC are Available

Over Current Detection, APC Error Detection

Diffuser Removal Detection

Temperature Monitor: 10bit ADC

SPI Interface

Package Information:

Part No. Package MSL
ET75016 WLCSP25 (2.285mmx2.115mm) Level 1
Applications
e TOF Laser
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ET75016

Pin Configuration
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Pin Function
Pin No. Symbol 110 Pin type Description
A3 AVcess Power Analog power supply 3.3 V
C5 DVcess Power Digital power supply 3.3 V
E1 LDVce Power Power supply for Laser diode 3.3V
A4 Vceis Power Logic power supply 1.8V
A2 AGND Ground Analog power GND
D5 DGND Ground Digital power GND
D1~D4 LD_GND Ground Power GND for Laser diode
E2~E5 LDOUT 0] Analog Output Current output for Laser diode
A5 DATA o Timing Pulse input for
| Digital Input . .
BS XDATA Laser diode drive
B2 GATE Laser emission area enable signal input
(APC_GATE) L: Disable H: Enable
B4 SCLK I Digital Input Serial clock line for SPI
Serial Enable
C3 SEN . . .
L: Serial Disable  H: Serial Enable
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ET75016

Pin Function (Continued)

Pin No. Symbol /10 Pin type Description
C4 SDIO I/O Digital Input Output Serial Data line for SPI
. Emergency detection result
B3 XEMOUT @) Digital Output
L: Emergency error  H: normal
C1 PD I Analog Input Input of PD Connection of PD Anode
External thermistor connection to internal ADC.
Cc2 AUX I Analog Input )
ADC input Range 0V~2.5V
A1 VREF @) Analog Output ADC reference Voltage Capacitor connection
Pin for reference current setting.
B1 IREF 0] Analog Output
(connect to GND through 22KQ)

Block Diagram
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Functional Description

Serial IIF

Serial address bit definition

Bit Bit definition

Read/Write select bit
A7 0: Serial interface write mode
1: Serial interface Read mode

A6~A0 Register address select bit

® Transmission and reception are performed in 16-bit units consisting of 8 address bits and 8 data bits.
® Both address and data are MSB first.

® The address switches to read or write mode by A [7].

® Read/Write supports continuous Read, continuous Write together.

Normal write

(HOST ) SEN / \

( HOST ) SCLK

MSB LSB MSB LSB
(HOST ) SDIO
Write ADDRESS DATA
Mode (Output DATA from HOST)
Figure 1
Continuous write
(HOST ) SEN / \
1 2 3 4 5 [ 7 8 9 10 1" 12 13 14 15 16 17 18 19 20 21 2 23 24 25 2% 27 28 29 30 3 32
(HOST ) SCLK
MSB LSB MSsB LSB MSB LSB MSB LsB
(HOST ) SDIO
IWrité ADDRESS = A ) DATA (ADDRESS = A) k DATA ( ADDRESS = A+1) ’ DATA ( ADDRESS = A+2)
Mode ( Output DATA from HOST) ( Output DATA from HOST) ( Output DATA from HOST)
Figure 2

The data written in the register is effective at the rising edge of the 16th (last) SCLK signal.

4 Rev 1.6




ET75016

Normal read

(HOST ) SEN / \

2 3 4 5 6 7 8 9 nm " 12 13 14 15 16

1 —
wosrysex AN NNAANAS
MSB LSB
(HOST ) SDIO [ w0 . w0}

Read ADDRESS 1 MSB LSB
(LDD) SDIO Mode 7Y o6 | o5 D4y 03 ) p2) o1 o0 e

DATA
( Output DATA from LDD )

Figure 3
Continuous read

(HOST ) SEN / \
1 B % 2 2

twosnysa — AAANAANAAN NN AN AN
(HOST ) SDIO \FEK 25 )( At )D@(EX\ —

Read ADDRESS = A LSB MSB ’_‘ ﬁ_| _ LSB MSB LsB
(10D) spi0. R R EERE D —
DATA (ADDRESS=A) DATA (ADDRESS = A+1) " DATA (ADDRESS = A+2)
( Output DATA from LDD) ( Output DATA from LDD) ( Output DATA from LDD)
Figure 4

Address Map

In Address Map, even blank fields “-” have physical register. Please keep them as default value.

In undefined addresses, there are no physical registers.

In register continuous write, the reset of the abnormal detection error of Address 0x23h and the global reset of
0x25h are not performed.

Data Read/
Address

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 | Write

DEEP
0x00 RST_DIS VBGADJ [1:0] ACC_MODE APC_MODE [1:0] PS_MODE R/W

SLEEP
0x01 Isias_APCL1 [7:0] R/W
0x02 IBias_APCH1 [7:0] R/W
0x03 ISW_APCLA [7:0] RIW
0x04 ISW_APCH1 [7:0] RIW
0x05 ISW_APCL2 [7:0] RIW
0X06 ISW_APCH2 [7:0] RIW
0x07 Isias_FIX [7:0] R/W
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Address Map (Continued)

Data Read/
Address
Bit7 ‘ Bit6 ‘ Bit5 Bit4 Bit3 ‘ Bit2 ‘ Bit1 Bit0 Write
0x08 ISW_FIX [7:0] R/W
0x09 = Isias_BACK [6:0] R/W
PD_TARGET_IN
0x0A — — — — TEMP INITAL_IN [9:8] R/W
[9:8]
0x0B PD_TARGET IN [7:0] R/W
0x0C TEMP_INITIAL_IN [7:0] R/W
0x0D DIF_ERR_SEL[1:0] ‘ IAUX_OFFSET [2:0] IPD_OFFSET [2:0] R/W
Ox0E OC_CLAMP ‘ APC2_ERR_SEL [1:0] ‘APC1_ERR_SEL APC_ERR_MODE OC_SEL [2:0] R/W
0xOF AS_1[3:0] AS_W [3:0] R/W
0x10 TEST_FSOFF ‘ — ‘ — ‘ — TrAS [3:0] R/W
0x11 Reversed R/W
0x12 Reversed R/W
0x13 AD_GAIN [1:0] ADC_START [1:0] APC_CAL ADSEL ADEN [1:0] R/W
TEMP_AD_DATA
0x14 AD_ALARM | APC_ALARM — — — — R
[9:8]
0x15 TEMP_AD_DATA[7:0] R
PD_TARGET_DATA
0x16 AD_ALARM — — — — — R
[9:8]
0x17 PD_TARGET_DATA [7:0]
0x18 Ieias_CALC [7:0]
0x19 ISW_CALC [7:0]
PD_L1[9:8] / CAL_Power PD_BG [9:8]
0x1A PD_L2[9:8] PD_H1[9:8] R
[9:8] /CAL_BG [7:0]
APC1_CHECK_DATA
0x1B — — APC2_CHECK_DATA [9:8] PD_H2 [9:8] R
[9:8]
0x1C PD_BG [7:0]/ CAL_BG [7:0] R
0x1D PD_L1[7:0]/ CAL_POWER [7:0] R
Ox1E PD_H1 [7:0] R
Ox1F PD_L2[7:0] R
0x20 PD_H2 [7:0] R
0x21 APC1_CHECK_DATA[7:0] R
0x22 APC2_CHECK_DATA[7:0] R
0x23 APC2_EM APC1_EM VCC_EM DIF_EM OC_EM VER_REG R
0x24 Reversed R/W
0x25 GL_RST R/W
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Description of Register

Address 0x00

Bit

Name

Bit definition

Initial

RSTDIS

Global reset (GL_RST) control selection by serial interface.
0: Enable
1: Disable

6-5

VBGADJ [1:0]

Temperature properties adjustment of the internal bandgap voltage
00: Standard condition

01: Temperature coefficient +0.5%

10: Temperature coefficient +1.0%

11: Temperature coefficient +1.5%

00

ACC_MODE

Selection of ACC (Auto Current Control) MODE

0: APC MODE

1: ACC MODE

IBias: always on with current programmed by IBias_Fix [7:0]

Isw: controlled by DATA/XDATA with current programmed by Isw Fix[7:0]

No diffuser error detection and over current error detection at this mode.

APC_MODE[1:0]

Selection of APC (Auto Power Control) MODE
Please set ACC_MODE =0
00: APC1(lBias calculation) =ON. APC2(ISW calculation) =ON
Both Igias and Isw drives laser by current operated in APC

01: APC1(IBias calculation) =ON, APC2(ISW calculation) =OFF

Isw drives laser by fixed current programmed by Isw FIx[7:0]
10: AAPC1(lBias calculation) =OFF. APC2(ISW calculation) =ON

IBias drives laser by fixed current programmed by IBias_Fix [7:0]
11: APC1(IBIas calculation) =OFF, APC2(ISW calculation) =OFF

separately

the diffuser error detecting, the Over Current error detecting are effective for all setting

Both Ieias and Isw drives laser by fixed current programmed by Isias_Fix [7:0] and Isw FIx[7:0

00

PS_MODE

Interlocking control with APC_GATE of Power Save of the Driver. IDAC, LVDS circuit
0: Interlocking control with APC_GATE

APC_GATE= Low: Driver. IDAC.LVDS Power Save

APC_GATE= High: Active
1: No Interlocking control with APC_GATE

Power Save controlled by DEEP_SLEEP only

DEEP SLEEP

Power Save control
0: Active

1: Deep Sleep Power Save
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Address 0x01

Bit | Name Bit definition Initial
Bias current setting of APCL1
00000000: 0 A 0000
7-0 | Isias_APCL1[7:0] 0000
11111111: 0.92A(3.59mA/step)
Address 0x02
Bit | Name Bit definition Initial
Bias current setting of APCH1
00000000: 0 A 0000
7-0 IBias_APCH1 [7:0] 0000
11111111: 0.92 A(3.59mA/step)
Address 0x03
Bit Name Bit definition Initial
Isw current setting of APCLA1
00000000: 0 A 0000
7-0 ISW_APCL1 [7:0]
~ 0000
11111111: 3.18 A(12.4mA/step)
Address 0x04
Bit Name Bit definition Initial
Isw current setting of APCH1
00000000:0A 0000
7-0 ISW_APCH1 [7:0]
~ 0000
11111111:3.18 A(12.4mA/step)
Address 0x05
Bit | Name Bit definition Initial
lsw current setting of APCL2
00000000:0 A 0000
7-0 | ISW_APCL2[7:0]
~ 0000
11111111:3.18 A(12.4mA/step)
Address 0x06
Bit | Name Bit definition Initial
Isw current setting of APCH2
00000000:0 A 0000
7-0 | ISW_APCH2 [7:0]
~ 0000
11111111:3.18 A(12.4mA/step)
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Address 0x07

Bit | Name Bit definition Initial
Used as
®lBIas current setting in initial power adjustment
@lBiAs current setting that is fixed with an APC mode selected in APC_MODE [1:0]
7-0 | Igias_FIX[7:0] ®InAPC_ERR_MODE-=0, set fixed Igias current after APC error 0000
0000 0000: 0 A 0000
1111 1111: 0.92 A (3.59mA/step)
Address 0x08
Bit | Name Bit definition Initial
Used as
®@lsw current setting in initial power adjustment
@lsw current setting that is fixed with an APC mode selected in APC_MODE [0:1]
7-0 | ISW_FIX[7:0] ®In APC_ERR_MODE=0, set fixed Isw current after APC error 0000
0000 0000: 0 A 0000
1111 1111: 3.18 A (12.4mA/step)
Address 0x09
Bit | Name Bit definition Initial
7 — Not used. Please keep this bit "0". 0
Offset current setting from Bias calculation result
000 0000: 0 000
6-0 | Isias_BACK [6:0]
~ 0000
111 1111: 0.46A (3.59mA/step)
Address 0x0A
Bit | Name Bit definition Initial
74 | - Not used. Please keep this bit "0". 0000
TEMP_INITIAL_IN AD level input of unrevised 25 °C temperature sensor.
52 [9:8] Higher 2Bit (input from external controller) 00
PD_TARGET_IN AD level input of the PD target.
o [9:8] Higher 2Bit (input from external controller) o0
Address 0x0B
Bit | Name Bit definition Initial
PD_TARGET_IN 0000
7-0 AD level input of the PD target. Lower 8Bit (input from external controller)
[7:0] 0000
Address 0x0C
Bit | Name Bit definition Initial
TEMP_INITIAL_IN 0000
7-0 7:0] AD level input of unrevised 25 °C temperature sensor. Lower 8Bit (input from external controller) 0000
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Address 0x0D

Bit

Name

Bit definition Initial

7-6

DIF_ERR_SEL [1:0]

detect Diffuser issue
compare PD_BG [9:0] with the PD ADC result that let you emit light in IBias+lsw which you decided
in APC1,2
00: Error in less than PB_BG [9:0] + 128dec 00
01: Error in less than PB_BG [9:0] + 64dec
10: Error in less than PB_BG [9:0] + 32dec

11: Error detection function OFF

IAUX_OFFSET [2:0]

Offset current setting to AUX_ADC terminal
Enable when "APC_GATE = Low" only

000
000: OFF 001: 20uA 010: 40uA 011: 78uA

100: 152uA 101: 300uA 110: 592uA 111: 1172uA

IPD_OFFSET [2:0]

Offset current setting to PD terminal

Enable when "APC_GATE = High" only
000
000: OFF 001: 20uA 010: 40uA 011: 78uA

100: 152uA 101: 300uA 110: 592uA 111: 1172uA

Address 0x0E

Bit

Name

Bit definition Initial

OC_CLAMP

LDOUT, XEMOUT output control at the time of the Over Current detection.
0: Over Current detection, LDOFF and send error signal to XEMOUT and register OC_EM.
1: Over Current detection, send error signal to register OC_EM only.

Clamp output current by Over Current threshold current.

6-5

APC2_ERR_SEL [1:0]

Selection of the APC2 error threshold
compare PD_TARGET _IN [9:0] with the ADC result of the PD voltage that drive laser by lgais + lsw
decided in APC1,2 and send error signal when error happened.
00: Error with errors more than + 64dec (6.25% of PD AD full scales) 00
01: Error with errors more than + 128dec (12.5% of PD AD full scales)
10: Error with errors more than + 256dec (25% of PD AD full scales)

11: Error detection function OFF.

APC1_ERR_SEL

Judge error of Igias calculated in APC1.
0: Calculated Ity is smaller than 0; or When PD ADC results at the time of the laser drive are more
than PD_B [9:0] + 64dec in IBias, send error signal

1: Error detection function OFF (If Calculated Ity is smaller than 0, Isias will be zero).

APC_ERR_MODE

Processing method selection at the time of the APC1, APC2 error.

0: Make LDOFF and XEMOUT terminal will be low

1: Drive laser by fixed current programmed by Isias_Fix [7:0], no error signal at XEMOUT

The error flag of the register will be set for both case.
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Selection of the Over Current threshold
000: 3.0A 001: 2.6A
2-0 | OC_SEL [1:0] 010: 2.2A 011: 1.8A 000
100: 1.4A 101: 1.0A
110: 0.7A 111: Error detection function OFF
Address 0xOF
Bit | Name Bit definition Initial
Division ratio setting of the wave assist current
0000: assist current weak
7-4 | AS_| 0100
1111: assist current strong
Revision width setting of the wave assist current
0000: 0.36 ns
3-0 | AS_ W 0111
1111: 2.16 ns (0.12ns step)
Address 0x10
Bit Name Bit definition Initial
LVDS Fail Safe function control
7 TEST_FSOFF 0: Fail Safe function existence effect (LVDS input is forced LDOFF at the time of opening) 0
1: Fail Safe function is invalid
6-4 — Not used. Please keep this bit "0". 000
Revised the quantity of Tr wave assist
0000: assist weak
3-0 | TrAS[3:0] 1100
1111: assist strong
Address 0x13
Bit Name Bit definition Initial
Gain setting of the ADC of the internal temperature sensor
00: 8 times  0.186 °C/dec
7-6 | AD_GAIN [1:0] 01: 4times  0.371 °C/dec 00
10: 2times  0.742 °C/dec
11: 1 time 1.480 °C/dec
Control of the ADC start signal
00: ADC start in High of the APC_GATE signal for APC
01: PD ADC start for initial Power adjustment (Condition of APC_CAL=1)
*Automatically goes back up to 00 after ADC
5-4 | ADC_START [1:0] 00
10: ADC start for internal temperature sensor or AUX_ADC
(invalid during movement of the PD ADC)
*Automatically goes back up to 00 after ADC
11: ADC start in High of the APC_GATE signal for APC

11
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Initial power adjustment mode control
0: Normal operation mode

3 APC_CAL 0

1: Initial power adjustment mode

*After ADC completion by the initial power adjustment, automatically return to O

Input selection to internal ADC
2 ADSEL 0: internal temperature sensor 0

1: AUX ADC terminal signal voltage (For external thermal resistor)

OSC circuit control for AD CLK (Internal OSC Control)
00: All time Disable (OSC OFF)

1-0 | ADEN [1:0] 01: AOSC Enable only at the time of APC_GATE=H 01

10: Same as 01
11: All time Enable

Address 0x14

Bit Name Bit definition Initial

Alarm signal indicating the AD conversion average of TEMP
7 TEMP_AD_ALARM 0: AD conversion completion 0

1: During AD conversion, and DATA is uncertain

Alarm signal indicating the AD conversion average of APC
0: AD conversion completion

6 APC_AD_ALARM 0
1: During AD conversion

AD for temperature monitor and initial Power adjustment do not work at the time of 1

5-2 — Not used. Please keep this bit "0". 0000

1-0 | TEMP_AD_DATA[9:8] | AD DATA for temperature monitors ~ Higher 2bit 00

Address 0x15

Bit |Name Bit definition Initial
TEMP_AD_DATA 0000
7 AD DATA for temperature monitors Lower 8bit
[7:0] 0000

Address 0x16

Bit |Name Bit definition Initial

Alarm signal indicating the AD conversion average of PD
7 PD_AD_ALARM 0: AD conversion completion 0

1: During AD conversion, and DATA is uncertain

6-2 — Not used. Please keep this bit "0". 00000

PD_TARGET_DATA 00
1-0 PD AD DATA after the initial power adjustment Higher 2bit (stored to external memory)

[9:8]

Address 0x17

Bit |Name Bit definition Initial
PD_TARGET_DATA 0000
7-0 PD AD DATA after the initial power adjustment Lower 8bit (stored to external memory)
[7:0] 0000
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Address 0x18

Bit [Name Bit definition Initial
7-0 | Iias_CALC [7:0] IBias_DAC set point which was calculated in APC1 2222
Address 0x19
Bit [Name Bit definition Initial
0000
7-0 | ISW_CALC [7:0] Isw_DAC set point which was calculated in APC2 0000
Address 0x1A
Bit [Name Bit definition Initial
7-6 PD_L2[9:8] PD ADC result in APC_L2 Higher 2bit 00
5-4 PD_H1[9:8] PD ADC result in APC_H1 Higher 2bit 00
PD_L1[9:8] PD ADC result in APC_L1 Higher 2bit
2 / CAL_POWER [9:8] PD ADC result at the time of the initial Power adjustment  Higher 2bit 00
PD_BG [9:8] PD ADC result in the APC BG section (lights out section)  Higher 2bit
10 / CAL_BG [9:8] BG_ADC result at the time of the initial Power adjustment  Higher 2bit 00
Address 0x1B
Bit [Name Bit definition Initial
7-6 — Not used. Please keep this bit "0". 00
APC2_CHECK_DATA 00
5-4 [0:6] PD_ADC result at the time of the APC2 error check  Higher 2bit
APC1_CHECK_DATA 00
3-2 [0:8] PD_ADC result at the time of the APC1 error check  Higher 2bit
1-0 PD_H2 [9:8] PD_ADC resultin APC_H2  Higher 2bit 00
Address 0x1C
Bit |Name Bit definition Initial
PD_BG [7:0] PD_ADC result in the APC BG section (lights out section)  Lower 8bit 0000
0 / CAL_BG [7:0] BG_ADC result at the time of the initial Power adjustment  Lower 8bit 0000
Address 0x1D
Bit | Name Bit definition Initial
PD_L1[7:0)/ PD_ADC result in APC_L1 Lower 8bit 0000
70 CAL_POWER [7:0] PD_ADC result at the time of the initial Power adjustment  Lower 8bit 0000
Address 0x1E
Bit Name Bit definition Initial
0000
7-0 | PD_H1[7:0] PD_ADC resultin APC_H1  Lower 8bit 0000

13
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Address 0x1F

Bit Name Bit definition Initial
0000
7-0 PDL2 [7:0] PD_ADC result in APCL2 Lower 8bit
0000
Address 0x20
Bit Name Bit definition Initial
0000
7-0 PDH2 [7:0] PD_ADC result in APCH2 Lower 8bit
0000
Address 0x21
Bit Name Bit definition Initial
APC1 CHECK DATA 0000
7-0 PD_ADC result at the time of the APC1 error check Lower 8bit
[7:0] 0000
Address 0x22
Bit Name Bit definition Initial
APC2 CHECK DATA 0000
7-0 PD_ADC result at the time of the APC1 error check  Lower 8bit
[7:0] 0000
Address 0x23
Bit Name Bit definition Initial
APC2 error monitor
0: Normal
7 APC2 EM 0
- 1: APC2 error detection
(cleared error result by Dummy Write to this Address)
APC1 error monitor
0: Normal
6 APC1_EM 0
1: APC1 error detection
(cleared error result by Dummy Write to this Address)
Power supply monitoring error monitor
0: Normal
5 VCC_EM 0
1: Power supply monitoring error detection
(cleared error result by Dummy Write to this Address)
Diffuser issue error monitor
0: Normal
4 DIF EM 0
- 1: Error detection
(cleared error result by Dummy Write to this Address)
Over current error monitor
0: Normal
3 OC_EM 0
1: Over current error detection
(cleared error result by Dummy Write to this Address)
IC version register (Read Only)
20 VER REG 100
- 100: ET75016

14
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Address 0x25

Bit Name Bit definition Initial
At the time of RST_DIS = 0,
0000
7-0 GL_RST reset the data of the register by writing in 00000001 in Register Write;
0000
At the time of RST_DIS = 1, no reset

Application Note

1. APC

Laser driver calibrates to optimized output power and tr/tf performance.

During about 100us after APC_GATE=High, ET75016 makes laser emit 4 level of light, L1/H1/L2/H2. Based
on the photo diode current (PD voltage), ADC inside ET75016 stores each level of light power and makes
linear curve fitting to calculate Isias and Isw. Photo diode is required to make APC function. The calculated Isias
and lsw values are applied to depth measurement period and Isias and Isw are updated when APC_GATE=High.
This function contributes to improve laser temperature dependency performance, laser emitting timing and
output power by time-related deterioration.

*For APC correctly worked, Set APC_GATE on the following condition.

Please set it more than 130us for the time to DATA luminescence start from APC_GATE=High.
(Start of the depth measurement).

Please make sure APC_GATE=Low section more than 5us.
Isias, Isw calculation method figure by APC function:

15
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Initial Power Calibration APC

PD A PDp
5 _ 12,H2=> Calculate ISW_CALC(7:0]
o @
o
P )
ey Z = EI
o o o [
£¢ E->u
(1) w 1)
= 9 z I H1 i
< I ] H
l e { APC1 P
= ! L1,H1=> Calculate IBIAY_CALC[7:0]
background and u;j;is’e}’ ; > background and o-[‘FisE : H : H i i ; >
PD_8G [9.0] . ; I PD_BG [9.0] P Pl !
IBIAS_FIX [7:0] : H : JIBIAS_APCLI[7:0] + ISW_APCLI[7:0]
: ISW FIX [7:0] ! Adjust : : IBIAS_APCH1[7:0] + 19W_APCH1[7:0]
; ! |« IBIAS BACK[6:0] P

— :
IIBIAS_CALC [7:0] :
i1 ISWAPCL? [70] !
{ L ISWAPCH2[70] ! i !

i ISW CALC [7.0] N

@APC_ERROR MODE=1 * (APC1_ERROR+APC2 ERROR)

IBIAS FIX [7:0]
ISW FIX [7:0]

X = (A(D-G)-B(C-G)) / (D-C)

Y = (A(D-E)-B(C-E)) / (D-C)

APG2
A IBIAS_APCLI + ISW_APCLI A IBIAS_CALC + ISW_APCL2
B IBIAS APCH1+ ISW APCH1 B IBIAS CALC + ISW APCH2
C PD_L1 C PD.L2
D PD.H1 D PD.H2
E PD_TARGET.N + PD_BG
G PDBG G PDBG

Ith= (A(D-G)-B(C-G)) / (D-C)

(IBIAS APCL1 + ISW APCL1) * (PD H1- PD BG)) - ((IBIAS APCH1 + ISW APCH1) * (PD L1 - PD BG))
PD_H1 - PD_L1

IBIAS CALC = Ith - IBAIS BACK

ISW.CALC = (A(D-E)>-B(C-E)) / (D-C) - X

= ((IBIAS CALC + ISW APCL2) * (PD H2 - (PD TARGET IN + PD BG))) - ((IBIAS CALC + ISW APCH2) * (PD L2 - (PD TARGET IN +PD BG)) _ IBIAS CALG
PD H2 - PD L2

3% (PD_H1 - PD.L1) <0: APCI Error — IBIAS CALG = IBIAS FIX
2% (PD_H2 - PD_L2) < 0 : APGC2 Error — ISW_CALC = ISW_FIX

Figure 5

APC is required to take following steps
1) selection of resistor mounted on PD pad

Resistor value of PD is selected by the condition which is photo diode current multiplied by resistance is less
than 2.3V at 100% output laser power. Adjustable resistor is not required.
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2) Initial power adjustment

100% peak output power at depth measurement period is set by adjusting IBIAS DAC and ISW DAC, the read
back AD value of photo diode current (PD voltage). At register APC_CAL = 1, ET75016 is in initial power
calibration mode.

When register ADEN [1:0] = 0b11: initiate CLK inside
@ When register APC_CAL = 1: output duty=50% signal to laser with 4us (or 8us) pulse high width

@ Adjust IBIAS_FIX [7:0], ISW_FIX [7:0] to reach 100% peak output power at depth measurement period by
monitoring output power. Output power at power meter is 50% duty power, so twice of the power is equivalent
to 100% peak output power. Isias current is referred to Ith (threshold current) of laser specification.

® When ADC_START [1:0] = 0b01,AD of photo diode current (PD voltage). AD value of difference between
PD voltage (at 100% peak output power) and PD voltage (at no laser output, background) is stored into
PD_TARGET_DATA [9:0].

@ Read back of PD_TARGET_DATA [9:0] and store value into external controller in order to send the value
through SPI at power on sequence.

Initial Power Calibration

CLK (0SC)
2MHz (500ns) £25%

ADEN = 0011
APC_CAL | Automaticaly 0 atter DG
ADC_START = 0601 | Automatically 0 after ADC
STATE missi
OFF Laser Emission DOFF
vvvvvvv dth=tus Gl
Duty=50% | 0 e ol
/ #1440LK 320LK #1440LK
/Low>

<APC
0
! Bus/8 Duty = 50% ? 2 @ @ & ® @ @

LN AVAVAVAVAVAVAYAVA fjf?‘fffff’f

| PoTARGET_DATA [90] (CAL Power - CALBG)

BAsOAC | |BIAS_FIX [7:0] (User adjustment) [ 1eiss eix 0] fix ]

swoac | ISW_FIX[70] (User adjustment) [ isw_enral ax ]

Figure 6. Initial power calibration Timing Chart
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3) APC calibration and light emission for depth measurement

After APC_GATE receives high signal, ET75016 shifts to APC calibration period.

By measuring AD value of PD at laser output conditions, BIAS current and SW current are calculated. The
value stored into PD_TARGET_DATA [9:0] through initial power adjustment flow is written into
PD_TARGET_IN [9:0] during initial sequence. SW current is determined by adjusting photo diode voltage to
PD_TARGET_IN [9:0] during APC2 period. The following steps shows work flow from APC to light emission
for depth measurement. By measuring AD value at no emission (background), ambient and offset of circuit
are canceled.

@ Measure AD value of PD at LDOFF (no emission)
@ measure AD value of PD at L1 level (Isias_APCL1 [7:0] + ISW_APCL1 [7:0])

® measure AD value of PD at H1 level (Isias_ APCH1 [7:0] + ISW_APCH1 [7:0])
*L1 < H1 is required

@ from Q@@ results, take linear curve fitting and calculate It and subtract lsias_ BACK [6:0].
Finally, Isias current is determined.

® measure AD value of PD at L2 level (Isias_APCL2 [7:0] + ISW_APCL2 [7:0])

® measure AD value of PD at H2 level (lsias_ APCH2 [7:0] + ISW_APCH?2 [7:0])
*L2 < H2 is required.

@ from ®® results, Isw current is determined by adjusting PD voltage at Isias + Isw
to PD_TARGET _IN [9:0] + PD_BG [9:0].

with calculated Isias current condition, check AD value of PD if it's correctly set.
© with calculated Isias current + Isw current condition, check AD value of PD if it's correctly set.

If there is not any issue on results of @ and @, ET75016 shifts from APC calibration period to normal depth
measurement state. If it detects error, register APC_ERR_MODE set off of LDOUT or activate LDOUT with
certain level of current which is set by IBAIS_FIX [7:0] and ISW_FIX [7:0].

If PD_H1[9:0] — PD_L1 [9:0] is O or negative value at APC1 calibration period or PD_H2 [9:0] — PD_L2 [9:0] is
0 or negative value at APC2 calibration period, it's possible to set LDOFF, send error signal to XEMOUT, and
store error flag into specific register address.

During @"~®, ET75016 cannot receive signal input through SPI. APC calibration period is about 100us.
pulse width of emission at APC can be set to 4us or 8us is select-able by APC_PW register.
APC_MODE [1:0] register can set on or off of APC1(Ieias calculation) and APC2(Isw calculation).

If APC calibration is set to off, IBIAS_FIX [7:0] and ISW_FIX [7:0] register values are applied to drive current
to laser.
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APC & DATA Emission
®  Luminous amplitude 4us (APC_PW = 0)

/i
4P GATE
OLK (050) [
2MHe (500rs Tlus (52 5us~815us)
+25% 04 5n u 5 3 71 [ W o m 199 [Gount )/
B Ll ot APC_HL APC_HL asouc | o2 wPCL2 2O ) S BIAS_CHECK | IBiAswSW |  10P_CHECK
STATE ] Samgle ) Sample A : s--' Samgle D sample AD Samgle AD Sample AD Distance
5505 us 5508 ™ 550 -ml::x' dus 55us s 5508 dus 550 s 550 Messurenent
LDoEE (11c1K) 8C1) (101K} (81K (11 [ENTS) (110K {BCLY) (11e) [T} (111K (BCLK) (11c1x) - D oFE
1SW_CALC
{10C1K)
m M(D
) WL 4G HI [(aeciz | [Capch | [Cews | [mies-1s] Il |||| ||||||| |||
PD / /' I\
Figure 7

®  Luminous amplitude 8us (APC_PW = 1)

wo o |
B
2t (50005)
25 0 S IE 3\ 52 5! E! -‘E 95 mﬁ 122 133 Mﬂ .WEC
[ WL AL MO HL APC 1 BI_S e wu LA A0 HL LM BAS IBIAS_CHECK IBIAS-ISW 10P_ CHECK
STATE A Sample. A Sample A Sample L Samgle. L Sample A Sample A Distance
5.5u8 Bus S55u fus 55u ‘ [L[ Bus S5u Bus 55u Bus 55u8 fus S5.5u8 Messurement
P 110 ! 0 160 101 [ fracuy) 60 e k) )
LDOFF 1w (160K (1101 16010 {1acw) [l [11CLK) [16CLK) {11C1K) 160 11CLK) (160K (1101 BIAS //
1 4G LI woH | [ wem | G H BsIsn | ||||||||||||| ||||
" / / "\

Figure 8
APC calibration and light emission for depth measurement Timing Chart

2. Temperature sensor ADC

ADC for temperature is used for either temperature sensor inside ET75016 or input of thermal resistor voltage
through AUX_ADC pad. ADSEL register can be set either case. It's required to take initial calibration to cancel
offset.

1) Initial calibration

To cancel circuit or thermal resistor offset, under 25°C condition it's requited to measure AD value of
temperature sensor and store the value into peripheral memory which is used at initial setting.

(D Set 296dec (AD expectation value at 25°C) to TEMP_CAL_IN [9:0] register.
(if condition is different from 25°C, this calculation is applied and set to register. 296 dec * (5.4 [dec/°C] x
difference temperature from 25°C)

@) At ADEN = 0bll: internal CLK activated

® At ADC_START = 0b10: internal AD activated, AD result is stored into TEMP_AD_DATA [9:0] register.
after completing AD, automatically ADC_START is set to 0b0O.

@ read back TEMP_AD_DATA [9:0] register and store into peripheral memory.
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2) Temperature sensor function work flow

@ At initial setting, stored value into peripheral memory is set into TEMP_CAL_IN [9:0] through SPI
@ At ADEN = 0b11: internal CLK activated

® At ADC_START = 0b10: internal AD activated, AD result is stored into TEMP_AD_DATA [9:0] register.
after completing AD, automatically ADC_START is set to Ob0O.

@ Read back TEMP_AD_DATA [9:0] register and store into peripheral memory.
At @, ET75016 takes offset cancel and adjust 25°C=296 dec.

Temp Sensor ADC

CLK (0SC)
2MHz (500ns) +25%
(ADEN=0b01 or Ob10)*APCGATE
or ADEN = 0b11

ADC_START = 0b10 Automatically 0 after ADC

STATE AD

160CLK (20CLK * 8) 80us

O] [©)] @ 5 ® @ ®
ADSPLB ; 1
High=14CLK
Low=6CLK i
AD_ALARM \ i
Calculation TEMP_AD_DATA [9:0] (N-1) | TEMP_AD_DATA [9:0] (N)
Figure 9

3. Emergency Detection Function

Emergency detection function is for power supply monitor, over current, diffuser removal detection, APC1
error, and APC2 error. When ET75016 detects abnormal phenomena by taking OR or all of functions, then
ET75016 takes followings,

e force control of LDOFF (no signal output to laser)
e send signal to XEMOUT pad (Low effective at error detected case)
e error flag is stored into register (1 is for error case, possible to reset by dummy write to the register)

each detection function can be set on or off by register setting except power supply monitor function. Error
flag stored into register is kept after error is even canceled. To reset error flag, dummy write of register or
global reset are required.
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6

Emergency Detection Function

Power Supply

VOC Frme

Monitor ED—
Chvee Cojrrent Frne
Diffusar Ermor
Emergency AP Fror
Datection
APG 2 Error

Error

High

T 3

Registar

EM _RST ar GL_RST

Tl Fid
<

00 T AME

=

APC ERR MODE

LDOFF

Figure 10.

Stored register of Emergency Error flag

(Error flag is reset by dummy write to each address)

Bit 7 6 5 4 3
Name APC2_EM APC1_EM VCC_EM DIF_EM OC_EM
0: Normal
1: Error

1) Power Supply Monitor

Power Supply Monitor function monitors AVccss voltage in operating. When the voltage is under 2.5V, it

becomes error.

Once it recovers to over 2.65V, error signals of LDOFF and XEMOUT are reset. However, error flag stored

into register is kept.

2) Over Current

Over current function monitors Isias_caic [7:2] and Isw_caic [7:0] APC which are calculated by APC.
OC_SEL [1:0] set over current threshold level and when Isias cac [7:2] + Isw cac [7:0] is larger than

equivalent of threshold level of OC_SEL[1:0], it becomes error.
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OC_SEL [2:0] Over Current threshold level

000 3.0 A (Isias_cacc [7:2] + Isw_caLc [7:0] = 233dec)

001 2.6 A (Isias_caLc [7:2] + Isw_cacc [7:0] = 200dec)

010 2.2 A (lsias_caLc [7:2] + Isw_cacc [7:0] = 167dec)

oM 1.8 A (Isias_caLc [7:2] + Isw_caLc [7:0] = 133dec)

100 1.4A (IBias_caLc [7:2] + Isw _caLc [7:0] = 107dec)

101 1.0A (Isias_caLc [7:2] + Isw_caLc [7:0] = 80dec)

110 0.7A (lsias_caLc [7:2] + Isw_caLc [7:0] = 53dec)

111 Function OFF

Register OC_CLAMP controls LDOUT and XEMOUT output in error case. When OC_CLAMP = 1 and Over
Current is occurred, the current to laser is clamped to over current threshold level instead of LDOFF and error

flag is sent to XEMOUT pad. However, error flag is stored into register, OC_EM.

OC_CLAMP LDOFF, XEMOUT control at Over Current detection

0 LDOFF, send error signal to XEMOUT, error flag stored into OC_EM register

Clamp to threshold level current (no LDOFF), no output error signal at XEMOUT,
error flag stored into OC_EM register

3) Diffuser Removal Detection

Diffuser Removal Detection function monitors AD value of PD voltage which is calculated by APC
calibration (Isias + Isw). When the AD value is less than PB_B[9:0] (Background) + 128dec, ET75016
detects error. This detection is activated during APC calibration period.

DIF_ERR_SEL[1:0] Diffuser Removal Detection
00 error at less than PB_BJ[9:0] (Background) + 128dec
01 error at less than PB_BJ[9:0] (Background) + 64dec
10 error at less than PB_BJ[9:0] (Background) + 32dec
11 Function OFF

4) APC1 error

APCH1 error function monitors AD value of PD with Isias calculated at APC1 period. This detection is activated
during APC calibration period.

APC1_ERR_SEL Detect Izias error at APC1
0 Error at Isias < 0 at APC1 or PD ADC is larger than PD_B [9:0] + 64dec
1 Function OFF
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5) APC2 error

APC2 error function monitors AD value of photo diode with Isias+lsw calculated at APC1 and APC2 period. AD
value is compared to PD_TARGET _IN [9:0]. This detection is activated during APC calibration period.

APC2_ERR_SEL

APC2 error threshold level

Error: Larger than PD_TARGET_IN [9:0] + PD_BG[9:0] +64dec

00 (6.25% of PD AD full scale)

01 Error: Larger than PD_TARGET _IN [9:0] + PD_BG[9:0] +128dec
(12.5% of PD AD full scale)

10 Error: Larger than PD_TARGET _IN [9:0] + PD_BG[9:0] +256dec
(25% of PD AD full scale)

11 Function OFF

6) APC_ERR_M

ODE

APC_ERR_MODE controls output of LDOUT pad and output to XEMOUT when APC1 error or APC2 error.
Register APC_ERR_MODE controls LDOUT and XEMOUT.

APC_ERR_MODE

Output control at APC1 or APC2 error

0

Off at LDOUT and Low at XEMOUT

LDOUT with BIAS_FIX [7:0] and ISW_FIX [7:0] current condition,

no error signal at XEMOUT, error flag stored into register

7) Output processing at the time of the abnormal detection function and error outbreak

Output processing at the time of the error outbreak

APC_ERR_MODE = 0

APC_ERR_MODE = 1

Effective / invalidity|
LDOUT [XEMOUT |Register XEMOUT |Register
Item Sub item Contents selection of the LDOUT output
output |output error flag output error flag
detection function
PD_H1[9:0] - PD_L1[9:0]
Error LDON The current which|
APC1 operation|<0: ERRORAPC1 Error Error Error
always effective LDOFF |output was set in IBIAS_FIX
error operation result output 1 output High|output 1
Low [7:0] ISW_FIX[7:0]
overflows : ERROR
LDON
APC1_ APC1_ERR_SEL =0 Error
Operated Ith is smaller Error The current which was  |Error Error
ERROR Detection function [LDOFF |output
than 0; or When PD ADC output 1 setin IBIAS_FIX[7:0], |output High|output 1
existence effect Low
APC1_CHECK |results in APC1 check ISW_FIX[7:0]

(IBIAS) 2 PD_B[9:0] +

64dec

APC1_ERR_SEL =

1detection function is

invalid

error does not occur

When | is smaller than 0, | output 0
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Output processing at the time of the error outbreak

APC_ERR_MODE =0

APC_ERR_MODE = 1

Effective / invalidity|
LDOUT [XEMOUT |Register XEMOUT |Register
Item Sub item Contents selection of the LDOUT output
output |output error flag output error flag
detection function
PD_H2[9:0] - PD_L2[9:0] LDON
<0: ERRORAPC2 The current which
APC2 operation Error Error Error output |Error
operation always effective LDOFF was set in
error Output Low|output 1 High output 1
result overflows : IBIAS_FIX[7:0],
ERROR ISW_FIX[7:0]
LDON
APC2_ Operated ISW_CALC is |APC2_ERR_SEL[1:
The current which
ERROR smaller than 0; or When |0] # 2'b11 Error Error Error output |Error
LDOFF was set in
judge an error of Detection function Output Low|output 1 High output 1
IBIAS_FIX[7:0],
APC2_CHECK |PD_ADC and existence effect
ISW_FIX[7:0]
(PD_TARGET_IN +
APC2_ERR_SEL[1:
PD_BG) in APC2 check
0] = 2'b11 detection |error does not occur
(IBIAS+ISW)
function is invalid
Output processing at the time of the error outbreak
OC_CLAMP =0 OC_CLAMP =1
Effective / invalidity|
LDOUT |(XEMOUT |Register XEMOUT |Register
Item Contents selection of the LDOUT output
output |output error flag output error flag
detection function
OC_SEL [2:0] CLAMP at the output
monitor quantity of output|#3'b111 Error output|Error current upper limit Error Error
LDOFF
current by IBIAS_FIX + |Detection function Low output 1 with the threshold of |output High | output 1
OC ERROR ISW_FIX setting existence effect OC_SEL[1:0]

3.0A/2.6A/2.2A/1.8A
/1.4A/1.0A/0.7A

OC_SEL [2:0] =
3'b111 detection

function is invalid

error does not occur

Processing at the time of the error

Item Diffuser ERROR

Contents
PD AD result in APC2

check (IBIAS+ISW)

=

PD_BG[9:0] + 128dec

/ 64dec / 32dec

Effective / invalidity
selection

existence effect

XEMOUT
LDOUT
Low

Register

Error 1

DIF_ERR_SEL[1:0]
= 2'b11 detection

function is invalid

error does not occur
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Processing at the time of the error

Effective / invalidity|
LDOUT (XEMOUT |Register
Item Contents selection of the
output |output error flag
detection function
Error Error
VCC ERROR monitor the VCC voltage |always effective LDOFF
Output Low |output 1

4. laser output assist function

Due to PCB board design and LD load, LD emission waveform has sag and distortion. AS_| function is
capable to compensate sag and AS_W and Tr_AS functions compensate distortion.

(Adjustment flow)

@ evaluate LD emission waveform with AS_|, AS_W, Tr_AS default values .

@ flattening of sag with AS_| compensation function .

® adjust AS_W,Tr_AS for distortion.

LDD current waveform / LD emission waveform

Current[A]
LDD current
waveform
Time[S]
Power [W]
LD emission \ Waveform sag
waveform

Wave Form Distortion

(ORecommended setting (Default)

Time[S]

Current[A]

1111 Sag adjustment : AS_|

0000

Time[S]
1111

Sag adjustment
Power [W]

0000
Dozens of nsec

Time[S]

®@AS_| adjustment

Figure 11
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LDD current waveform / LD emission waveform

Current [A]

0000 €, 1111

Assist strength
TrAS (TrAS_sub)

// Current[A]

LDD current

waveform
// Time[S] // Time[S]
1111
Power [W] Power [W] //

LD emission
waveform _

waveform distortion R|§e wave

adjustment

@After AS_|

/ Time[S] // Time[S]

® AS_W, Tr_AS adjustment, Assist width: AS_W

Absolute Maximum Ratings

Figure 12

Stresses exceeding those listed in the Maximum Ratings table may damage the device. If any of these limits
are exceeded, device functionality should not be assumed, damage may occur and reliability may be affected.

(Ta=25°C)

Item Symbol Conditions Min. Typ. Max. Unit

Supply Voltage 1 Vce AVcess, DVeess, Vecs 4.5 V

Supply Voltage 2 LDVcc LDVcc 6 \Y,

APC_GATE, DATA, XDATA,
Input Pin Voltage ViN SCLK, SEN, SDIO, -0.5 4.5 \Y,
PD, AUX_ADC
Vo SDIO, XEMOUT -0.5 4.5 \Y,
Output Pin Voltage
Voip LDOUT -0.5 6 Y,
Allowable Power
o Po 1 W
Dissipation

Storage Temperature Tste -65 +150 °C
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Absolute Maximum Ratings(Continue)

Item Symbol Conditions Min. Typ. Max. Unit
Junction Temperature Ty -40 +150 °C
Electrostatic v Human Body Model +2 kv
ESD
Discharge Capability Charged Device Model +0.5 kV
Recommended Operating Conditions
Item Symbol Conditions Min. Typ. Max. Unit
Supply Voltage Vcess Vecss AVcess, DVecss 3.0 3.3 3.6 \%
Supply Voltage Vccis Vcc1s Vce18 1.65 1.8 1.95 vV
Supply Voltage LDVcc LDVcc LDVce 3.0 3.3 5.5 \%
Operating Frequency For 200 MHz
Operating Temperature Ta -40 +85 °C
Electrical Characteristics
(Ta=-40°C~85°C, AVccss = DVce3 = LDVcece = 3.3V, Vee1s = 1.8V)
Current consumption
No. Item Symbol Conditions Min. Typ. Max. | Unit
V supply current 1
1 | Voo SUPPY lecss 1 DEEP_SLEEP = 1 2 4 10 | uA
(Power Save) -
V supply current 2
g | VeossUPPY lcsz | PS_MODE = 0, APCGATE = L 19 | 24 | 29 | mA
(Standby) -
Vcess supply current 3
3 L lccss s ADEN =1, APCGATE = H LDOUT 18 23.5 29 mA
(Laser emission)
DV I " Current 3A
su curren
4 e pp.y ) lccLpv Not including LDOUT Current 1 MA
(Laser emission)
5 Vce1s supply current lccts 1 MA
CMOS Logic
No. Item Symbol Conditions Min. Typ. Max. Unit
Input Voltage Vce1s
6 ) VsH Vceis \Y
High Level -0.5
SCLK, SEN, SDIO, APCGATE
Input Voltage
7 VsL 0 0.5 \Y
Low Level
Input Current SCLK, SEN, APCGATE
8 . IsH1 6 9 12 MA
High Level 2 (VSH =1.8V)
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CMOS Logic(Continue)

No. Item Symbol Conditions Min Typ. Max. Unit
Input Current SCLK, SEN, APCGATE
9 IsL1 -1 0 1 MA
Low Level 1 (VSL = 0V)
10 Input Current2 IsL2 SDIO -1 0 1 MA
Output Voltage SDIO
11 ) VosH Vce1s-0.4 - Vceis \Y
High Level IOH =-2mA
Output Voltage
12 VosL SDIO, XEMOUT loL = 2mA 0 - 0.4 \Y
Low Level
LVDS Input
No. Item Symbol Conditions Min. Typ. Max. | Unit
Maximum Operating
13 Fmax 200 - - MHz
Frequency
14 | Input Voltage Range VbR L 0.5 0.8 1.9 \Y%
LVDS Differential
15 ) VDTH L 0.1 0.15 1 \%
Input Amplitude
LVDS
...................................................................................................................... Yo
tov. 4 > > 19V
1.8V
Differential Voltage (min)
........................... 0V
0.9V
Differential Voltage (max)
=1V
Input
Voltage Range Differential Voltage (max)
= AN e
1.5V
Differential Voltage (min)
= 0.1V
........ v
. A/ . /AN U o NG 0.6V
0.5v 0.5V
Figure 13
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Serial Interface

No. Item Symbol Conditions Min. | Typ. | Max. Unit
16 | SCLK Operating Frequency | FscLk 10 MHz
17 SCLK “H” Pulse Width Twhsc 26 ns
18 SCLK “L” Pulse Width Twisc 26 ns
19 SEN Setup Time Tsse 30 ns
20 SEN Hold Time Thse 100 ns
21 SEN “L” Time Twise 52 ns
22 SDI Setup Time Tssoi 30 ns
23 SDI Hold Time THspl 30 ns
24 SDO Output Delay Time Tospo 30 ns

Serial Interface Timing

Tsse >
SEN /

1/FscLk

Thse

E/i

SCLK
SDIO
(Write)

Tospp Tospo Tonz
SDIO
(Read)

Figure 14
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LD Driver Characteristics

No. Item Symbol Conditions Min. Typ. Max. Unit
Veess = 3.3V, LDOUT = 1V
25 Isw current full scale Iswr 3.18 A
ISW_DAC = 1111 1111
. Veess = 3.3V, LDOUT = 1V
26 Bias current full scale Isr 0.8 0.92 1.1 A
Isias_ DAC = 1111 1111
27 Rise time Tr Bottom = 0.3A, Top=2A 1.0 ns
10 % - 90 %
28 Fall time Tr LDOUT pin load condition 1.0 ns
1.5V + (0.2Q//1000pF)
. LVDS ~ LDOUT 50%
29 Propagation Delay Diop . . 3 ns
Pulse width addition = Ons
Propagation Delay LVDS ~ LDOUT 50%
30 o Dioot . . 2 ps/°C
Temperature coefficient Pulse width addition = Ons
APC
No. Item Symbol Conditions Min. Typ. Max. Unit
31 | PDIN Input Voltage range VPDR As ADC input D-range 0.2 - 23 \Y,
32 APC_L emission time TwarcL 2.8 3.5 4.5 V&
33 APC_H emission time TwarcH 2.8 3.5 4.5 hS
It precision that was
34 APC operation result calculated by APC_L, 1 LSB
APC_H (at A30dec. Over)
Emergency detection
No. Item Symbol Conditions Min. Typ. Max. Unit
LDOUT current at which
35 Over Current threshold ItHoc Over Current is detected, 2.7 3.0 3.3 A
OC_SEL =000
Vcess: 3.3V -0V
Power supply LDOFF .
36 (3.3V) VecTHorF Vcess voltage at which 2.2 2.45 2.7 \%
’ LDOFF results
Veess: OV — 3.3V
Power supply LDON )
37 (3.3V) VeeTHoN Vcess voltage at which 2.35 2.6 2.85 \%
’ LDOFF is canceled
The voltage of V. b
38 Register reset voltage VPor , .g 0c%3 DY 1.3 1.75 \%
which registers are reset
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Temperature Sensor ADC

No. Item Symbol Conditions Min. Typ. Max. Unit
0°C ~ 105°C
39 Temperature Error TERROR ] -3 3 °C
After offset adjustment
40 Resolution TADCRES 10 Bits
41 Conversion Time Tcony 8 times Average 80 us

Application Circuits

J_‘AU X_ADC
=

Temp

[

BIAS Sensor %

3.3v< ADC
AVcc33 1Obit osc
: * LD
< XEMOUT IFJ ' _@‘?
Isw
- _“ l_‘ THERMISTOR
1.8V
< T (logic) IDAC Driver IUF
Ibias
SPII/F
Register
Sensor
" 3.3v
LVDS
Receiver
DVec33 DGND
1uF
3.3v
Figure 15
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Reference Circuit Diagram & Board Pattern

vCcCig VCC33 LD_vcC

J

xg:;: 1009 % 1 cz |,
9 TBD
|—- j‘ C6 1uF
SDIo
SEN
SCLK
o1 8|3|2|2|8|2
Zo<<« [a]
955588
(2P Q g a LD1 //
= e e
* 2 r ES 3 4
B |ooik LDOUT [ K
10KQ A4 LDOUT2
B3 veers LDOUT3 = Ii
XEMOUT 5| XEMOUT LDOUT4 2 2N
APC_GATE APG_GATE D4 L1
A LD_GND1
AVCC33 D3
2| AGND LD_GND2 —;
LD_GND3
c4 1L L G5
0iuF T T 1uF o
e s o1
L. 2 8¢ N
gwx =9 '
s £=2899
z|= sla G|5
250Q ~16KQ
M
R1 22KQ
Ay
I C3 0.1uF
1T
a
Figure 16. Circuit diagram
ON time current path OFF time return path
L e Ly, A L o A1
/
& (1]
L2220
Low ESL C Lovee LowESL C Lovee

T | |
LDCND QUL 1 211} e 2L T VY

I—Wr

Figure 17. Return path
Using capacitor with low ESL, please place it in the shortest way between LD_VCC, LD_GND.
LDOUT and cathode of LD are the shortest and connected as wide as possible.

Design board parasitic inductance between LDOUT and LDVCC as small as possible.

Notes: C1 becomes the important capacitance to constitute output return path.
*1 recommend low ESL capacitance.
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Board Pattern

Layer 1 (Reference parts placement) Layer 2 (Reference parts placement)

Layer 2 (Reference return path)

Image of return path and the mutual

s
S
i .
v
Figure 18.
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Point of the board layout

Output light emission characteristic is almost decided in layer 1 and layer 2.

Return path is constructed at the time of the high current for an electromagnetic field and constitutes return
path right under a driving current node like the red line and yellow line mentioned above to deny a
self-inductance in a mutual inductance. Therefore, please layer 2 on GND without interruption.

The parasitic inductance becomes small by denying a self-inductance in a mutual inductance.

In addition, put connection Via on the edge of both nodes as much as possible, and please lower the
impedance. Because a mutual inductance does not commit the return path constructed only in layerl, there
are few effects to lower parasitic inductance.

As the mutual inductance depends on the inter-lamellar thickness of layer 1 and layer 2, layer interval
recommends a thin board as much as possible.

DATA, XDATA input (LVDS input) assumes it isometric wiring, and ET75016 is latest, and please place the
terminal resistance.

Please place VREF terminal connection capacitor, the IREF terminal connection resistor to the ET75016
neighborhood.

A reference pattern of mention is one case in view of the point mentioned above, and the characteristic may
change by the kind of the application board and characteristics are not guaranteed.

In case of use, board inspection by the electromagnetic field simulation.
* Recommendation: Parasitic inductance is less than 1nH.

(Board parasitic inductance +LD parasitic inductance).

Power-on and power-off sequences

Power-on sequence

APC_GATE Pin VCC18 Power supply ON Register Global Register Laser power supply ON APC_GATE Pin
=Low VCC33 Power supply ON reset(GL_RST) settings of LD_VCC Low — High

(order does not care)

Power-off sequence

APC_GATE Pin Laser power supply OFF VCC18 Power supply OFF
High — Low of LD_VCC VCC33 Power supply OFF

(order does not care)

Figure 19.
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Package Dimension

WLCSP25

OO
)
’H‘uuuu

COMMON DIMENSIONS

(UNITS OF MEASURE=MILLIMETER)

SYMBOL MIN NOM MAX
A 0.427 0.475 0.523
A1 0.130 0.150 0.170
A2 0.297 0.325 0.353
b 0.195 0.215 0.235
D 2.270 2.300 2.330
E 2.100 2.130 2.160
e 0.400BSC
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Marking

PIN1

HO1 —
TXXXX—

—Part No.
—Tracking No.

Tape Information

2.53+0.05

0.20£0.05 ﬂ’%

R 0.03 MAX

L-— 0.68+0.05 (2¢]

SECTION B-B

2.00£0.05
4.00

+0.1

P1.50 g B
/ [ @ 0.50 MIN r 1.75¢0.10
i

SETe b o

|
+ A < | A < ‘ . ‘ O’ | in | G_qo.os s
(T) ‘L{I}"J _(! ﬁ\{; Ji [ i 47

SECTION A-A

|
I
— R 0.05 REF.

DETAIL F
SCALE 16 : 1

0.03 RAISED BRIDGE

ZE:
— - E 2.40+0.05

Unit: mm

Revision History and Checking Table

Version Date Revision Item Modifier Function & Spec Package & Tape
Checking Checking
0.0 2022-09-25 Preliminary Version Wuxj Yumf Liujy
1.0 2023-09-12 Offered Version Wuxj Yumf Liujy
1.1 2023-10-31 Update data Wuxj Yumf Liujy
1.2 2023-12-04 Update data Wuxj Yumf Liujy
1.3 2024-01-10 | Update Fig11/12,Tj ,Tape, data Wuxj Yumf Liujy
1.4 2024-07-19 Update EC Table Tiangh Yumf Liujy
1.5 2025-04-08 Update AMR Table Wuyc Yumf Liujy
1.6 2025-12-04 Delete LDEN Tiangh Yumf Liujy
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