
Features
• 4-Channel 12-Bit Voltage Output DAC

– Positive and Negative Output Range:
−5 V, −2.5 V, 2.5 V, 5 V

– High Output Capability: 60 mA

• 4-Channel 12-Bit Current Output DAC

– 200-mA Output Range

• 12-Bit ADC

– 4 External Inputs

– VDAC Current Monitor

• Internal Reference

– 2.5 V

• Serial Interfaces

– 4 Wire SPI

– I2C with 4 Slave Addresses

• Temperature Range: −40°C to +125°C

• Package: Wafer-Level CSP

Applications
• High-Speed Optical Module

Description
The TPAFEA008 is an integrated product with 4-ch
negative/positive output VDAC and 4-ch IDAC, which is
optimized for the optical module with 4-channel EML
(Electro-absorption Modulated Laser).

The VDAC in TPAFEA008 supports both negative and
positive output ranges, and the current capability is large
enough to bias EAM (Electro-Absorption Modulator).

The IDAC in TPAFEA008 can support large output current
range, and the output voltage range is also large enough
to support different laser diodes.

The TPAFEA008 includes a 12bit ADC, with 4 input pins.
Also, it incorporates internal alarm functions for ADC, so it
can be used for RSSI (Received Signal Strength Indicator)
and LOS (Loss of Signal) detection.

The VDAC output current and IDAC output voltage can
be monitored by an integrated 12-bit ADC, so it is
convenient for customers to monitor the loading status,
without external components.

The TPAFEA008 is featured with small size, high
integration, wide supply range, and operating temperature
range, which make the device an excellent choice for 4-ch
EML optical modules.

Typical Application Circuit
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Product Family Table

Order Number VDAC Channel IDAC Channel ADC Channel Package

TPAFEA008-WLPR 4 4 4 WLCSP

Revision History

Date Revision Notes

2023-06-05 Rev.A.0 Released Version.

2023-08-18 Rev.A.1
Updated output compliance voltage range, application information, and correct unit
typo.
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Pin Configuration and Functions

TPAFEA008
WLCSP Package

Top View
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Table 1. Pin Functions: TPAFEA008

Pin
I/O Description

No. Name

A1 IDAC4 Output IDAC4 output.

A2 IDAC3 Output IDAC3 output.

A3 IDAC2 Output IDAC2 output.

A4 IDAC1 Output IDAC1 output.

A5 VDAC4 Output VDAC4 output.

A6 VSS2 Power
VDAC3~4 output buffers negative analog power supply. Must be
tied to the same potential as VSS1.

B1 PVDD4 Power IDAC4 output buffer analog power supply.

B2 PVDD3 Power IDAC3 output buffer analog power supply.

B3 PVDD2 Power IDAC2 output buffer analog power supply.

B4 PVDD1 Power IDAC1 output buffer analog power supply.

B5 VCC2 Power
VDAC3~4 output buffers positive analog power supply. This pin
must be tied to the same potential as VCC1.

B6 VDAC3 Output VDAC3 output.

C1 SCL/ CS Input

I2C: Clock input.

SPI: Active-low serial data enable. This input is the frame
synchronization signal for the serial data. When the signal goes
low, this pin enables the serial interface input shift register.

C2 LDAC/ CLR Input
Active-low DAC synchronization signal. A high-to-low transition
on the LDAC pin simultaneously updates the outputs of the
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Pin
I/O Description

No. Name
IDACs and VDACs that are configured in synchronous mode.
Alternatively, this pin can be configured as an active-low DAC
clear signal to load the clear code for the IDACs or VDACs
configured for a clear control.

C3 GND Ground Ground reference point for all circuitry on the device.

C4 GND Ground Ground reference point for all circuitry on the device.

C5 ADC4 Input ADC4 analog input.

C6 ADC3 Input ADC3 analog input.

D1 SDA/SCLK Input/Output I2C: Bidirectional data line. SPI: Clock input.

D2 RESET Input
Active low reset input. Logic low on this pin initiates a reset
event.

D3 GND Ground Ground reference point for all circuitry on the device.

D4 GND Ground Ground reference point for all circuitry on the device.

D5 ADC2 Input ADC2 analog input.

D6 ADC1 Input ADC1 analog input.

E1 A0/SDI Input
I2C: Slave address selector. SPI: Data input.

Data are clocked into the input shift register on each falling edge
of the SCLK pin.

E2 ALARM Output
Alarm output. This pin is an open-drain, active-low output by
default but can also be configured as a push-pull output or as an
active-high output.

E3 VDD1 Power
Analog supply voltage. This pin must be tied to the same
potential as VDD2. And it should be powered up before VCC1/2
or PVDD1/2/3/4.

E4 PWDWN Input
Active low DAC power-down input. This pin is used to power
down the IDACs or VDACs configured for power-down control.

E5 VCC1 Power
VDAC1~2 output buffers positive analog power supply. This pin
must be tied to the same potential as VCC2.

E6 VDAC1 Output VDAC1 output.

F1 A1/SDO Input/Output
I2C: Slave address selector. SPI: Data output.

Data are clocked out of the input shift register on either rising or
falling edges of the SCLK pin as specified by the FSDO bit.

F2 VIO Power
IO supply voltage. This pin sets the I/O operating voltage for the
device.

F3 VDD2 Power
Analog supply voltage. This pin must be tied to the same
potential as VDD1. And it should be powered up before VCC1/2
or PVDD1/2/3/4.

F4 REFOUT Output Internal reference output voltage pin.

F5 VDAC2 Output VDAC2 output.
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Pin
I/O Description

No. Name

F6 VSS1 Power
VDAC1~2 output buffers negative analog power supply. This pin
must be tied to the same potential as VSS2.
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Specifications

Absolute Maximum Ratings (1)

Parameter Min Max Unit

VDD to GND –0.3 6 V

Digital IO to GND –0.3 VDD + 0.3 V

Analog IO to GND –0.3 VDD + 0.3 　

PVDD to GND -0.3 VDD + 0.3

VCC to VSS -0.3 6

Operating Temperature -40 125 °C

Storage temperature, Tstg 　 6 °C

(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. Exposure
to any Absolute Maximum Rating condition for extended periods may affect device reliability and lifetime.

ESD, Electrostatic Discharge Protection

Symbol Parameter Condition Minimum Level Unit

HBM Human Body Model ESD ANSI/ESDA/JEDEC JS-001 (1) 2 kV

CDM Charged Device Model ESD ANSI/ESDA/JEDEC JS-002 (2) 1 kV

(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.

Recommended Operating Conditions

Parameter Min Typ Max Unit

VDD[1,2] Analog supply voltage 3 3.3 3.6 V

VIO Digital IO supply voltage 1.65 3.6 V

PVDD[1:4] IDAC output buffer supply voltage 1.5 VDD-0.5 V

VCC[1,2] (1) VDAC output buffer positive supply voltage 3 5.5 V

VSS[1,2] (2) VDAC output buffer negative supply voltage –5.5 –3.0 V

VCC[1,2] –
VSS[1,2]

VDAC output buffer supply voltage 3 5.5 V

TA Operating ambient temperature –40 125 °C

(1) VCC [1,2] must be connected to GND when VDACs are configured for negative output voltage range operation.
(2) VSS [1,2] must be connected to GND when VDACs are configured for positive output voltage range operation.

Thermal Information

Package Type θJA θJC Unit

WLCSP 57 0.3 °C/W
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Electrical Characteristics

All minimum/maximum specifications at TJ = –40℃ to +125℃ and all typical specifications at TJ = 25℃, VDD [1,2] = 3.0 V to
3.6 V, VIO = 1.65 V to 3.6 V, PVDD [1:4] = 1.5 V to VDD-0.5 V, positive output ranges: VCC [1,2] = 3.0 V to 5.5 V, VSS [1,2] = GND,
negative output ranges: VSS [1,2] = –5.5 V to –3.0 V, VCC [1,2] = GND, and DAC outputs unloaded, unless otherwise noted.

Parameter Test Conditions Min Typ Max Unit

VDAC Characteristics

　 Resolution 　 12 　 　 Bits

　 Full scale output voltage range

　 –2.5 　 0 V

　 –5 0 　 0 V

　 0 　 2.5 V

　 0 　 5 V

DNL Differential nonlinearity Specified 12-bit monotonic -1 +-0.5 1 LSB

INL Integral nonlinearity 　 -4 +-2 4 LSB

TUE Total unadjusted error Positive output Ranges -0.7 +-0.2 0.7 %FSR

OE Offset error
Positive output ranges -12 +-2 12 mV

Negative output ranges -12 +-2 12 mV

　 Offset error temperature drift
Positive output ranges 　 +-5 　 ppm/°C

Negative output ranges 　 +-5 　 ppm/°C

GE

Gain error
Positive output ranges -0.5 +-0.1 0.5 %FSR

Negative output ranges -0.5 +-0.1 0.5 %FSR

Gain error temperature drift
Positive output ranges 　 +-20 　 ppm/°C

Negative output ranges 　 +-20 　 ppm/°C

ZSE

Zero-scale error
Positive output ranges 0 2 12 mV

Negative output ranges -12 -2 0 mV

Zero-scale error temperature drift
Positive output ranges 　 ±20 　 ppm/°C

Negative output ranges 　 ±20 　 ppm/°C

FSE

Full-scale error
Positive output ranges –0.6 ±0.2 0.6 %FSR

Negative output ranges –0.6 ±0.2 0.6 %FSR

Full-scale error temperature drift
Positive output ranges 　 ±20 　 ppm/°C

Negative output ranges 　 ±20 　 ppm/°C

CL Capacitive load stability (1)
VDAC_CAP_LOAD=0 0 　 100 nF

VDAC_CAP_LOAD=1 100 　 　 nF

RL Pull down resistance 　 　 2 　 kΩ

　 Output voltage headroom (2) To VCC[1,2], IOUT = 60 mA,
ΔVOUT < 5mV

　 0.5 　 V

　 Output voltage footroom (2) To VSS[1,2], IOUT = –60 mA,
ΔVOUT < 5mV

　 0.5 　 V

　 Short circuit current (2) 　 　 ±75 　 mA
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Parameter Test Conditions Min Typ Max Unit

　
DC small signal output
impedance

Midscale code 　 0.1 　 Ω

Ten
Output voltage Enable settling
time

RL = 2 kΩ, CL = 200 pF, Disable
to 1/2 scale settling to ±1 LSB

　 150 　 µs

Tst Output voltage settling time
RL = 2 kΩ, CL = 200 pF, 1/4
to 3/4 scale settling to ±1 LSB
VDAC_SETTING[1:0]=00

　 30 　 µs

　 Slew rate
1/4 to 3/4 scale transition, 10% to
90%

　 0.3 　 V/µs

Vn Output noise 0.1 Hz to 10 Hz, midscale code 　 150 　 µVpp

　 Output noise density 1 kHz, midscale code 　 700 　 nV/√Hz

PSRRac AC PSRR

Midscale code, frequency = 1M
Hz, amplitude = 100 mV
PP superimposed on VDD

　 80 　 dB

Midscale code, frequency = 1M
Hz, amplitude = 100 mV
PP superimposed on VCC[1,2]

　 80 　 dB

Midscale code, frequency = 1M
Hz, amplitude = 100 mV
PP superimposed on VSS[1,2]

　 80 　 dB

PSRRdc DC PSRR
Midscale code, ±10% variation on
all supplies

　 0.3 　 mV/V

　 Code change glitch impulse
1 LSB change around major
carrier

　 1 　 nV-s

　 Code change glitch amplitude
1 LSB change around major
carrier

　 1 　 mV

　 Channel-to-channel DC crosstalk
Measured DAC output at
midscale,
all other DAC outputs at full-scale

　 100 　 µV
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All minimum/maximum specifications at TJ = –40℃ to +125℃ and all typical specifications at TJ = 25℃, VDD [1,2] = 3.0 V to
3.6 V, VIO = 1.65 V to 3.6 V, PVDD [1:4] = 1.5 V to VDD-0.5 V, positive output ranges: VCC [1,2] = 3.0 V to 5.5 V, VSS [1,2] = GND,
negative output ranges: VSS [1,2] = –5.5 V to –3.0 V, VCC [1,2] = GND, and DAC outputs unloaded, unless otherwise noted.

Parameter Test Conditions Min Typ Max Unit

IDAC Characteristics

　 Resolution 　 12 12 12 Bits

　 Full scale output current range 　 0 　 200 mA

DNL Differential nonlinearity Specified 12-bit monotonic –1 ±0.5 1 LSB

INL Integral nonlinearity 　 –3 ±1 3 LSB

TUE Total unadjusted error 　 -1.5 ±0.05 1.5 %FSR

　 Offset error 　 –1 ±0.5 1 mA

　 Offset error temperature drift 　 　 ±10 　 ppm/°C

　 Gain error 　 –1 ±0.05 1 %FSR

　 Gain error temperature drift 　 　 ±20 　 ppm/°C

　 Zero-scale error 　 0 0.5 1 mA

　 Zero-scale error temperature drift 　 　 ±5 　 ppm/°C

　 Full-scale error 　 –1 ±0.05 1 %FSR

　 Full-scale error temperature drift 　 　 ±20 　 ppm/°C

　 Output compliance voltage 　 　 　
PVDD –

0.3
V

　 Pull down resistance (2) 　 　 2 　 kΩ

　 Output current settling time 1/4 to 3/4 scale settling to ±1 LSB 　 30 　 µs

　 Slew rate
1/4 to 3/4 scale transition, 10% to
90%

　 8 　 mA/µs

　 Output noise
0.1 Hz to 10 Hz, midscale code
（no ref)

　 2 　 µARMS

　 Output noise density 1 kHz, midscale code (no ref) 　 50 　 nA/√Hz

　 AC PSRR

Midscale code, frequency = 1M,
amplitude = 20 mV
PP superimposed on VDD

　 1000 　 µA/V

Midscale code, frequency = 1M,
amplitude = 20 mV
PP superimposed on PVDD

　 1000 　 µA/V

　 DC PSRR
Midscale code, ±10% variation on
all supplies

　 80 　 dB

　 Code change glitch impulse 1 LSB change around major carrier 　 500 　 pA-s

　 Code change glitch amplitude 1 LSB change around major carrier 　 200 　 µA

　 Channel-to-channel DC crosstalk
Measured DAC output at midscale,
all other DAC outputs at full-scale

　 100 　 µA
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All minimum/maximum specifications at TJ = –40℃ to +125℃ and all typical specifications at TJ = 25℃, VDD [1,2] = 3.0 V to
3.6 V, VIO = 1.65 V to 3.6 V, PVDD [1:4] = 1.5 V to VDD-0.5 V, positive output ranges: VCC [1,2] = 3.0 V to 5.5 V, VSS [1,2] = GND,
negative output ranges: VSS [1,2] = –5.5 V to –3.0 V, VCC [1,2] = GND, and DAC outputs unloaded, unless otherwise noted.

Parameter Test Conditions Min Typ Max Unit

ADC Characteristics

　 Resolution 　 　 12 　 Bits

　 Full scale input voltage range 　 0 　 5 V

DNL Differential nonlinearity Specified 12-bit monotonic –1.5 ±0.5 3.5 LSB

INL Integral nonlinearity 　 –4 ±1 4 LSB

　 Offset error After calibration –6 ±1 6 LSB

　 Offset error match 　 　 ±1 　 LSB

　 Gain error 　 –0.5 ±0.05 0.5 %FSR

　 Gain error match 　 　 ±1 　 LSB

　 Input capacitance 　 　 12 　 pF

　 Input bias current ADC not converting 　 1 　 µA

　 Conversion time 　 　 0.7 　 µs

　 Acquisition time 　 　 0.3 　 µs

　 Conversion rate 　 　 　 1 MSPS

Sensors Characteristics

　 VDAC current sense gain error 　 –0.8 　 0.8 %FSR

　 VDAC current sense offset error
Positive output ranges –0.5 ±0.1 0.5 %FSR

Negative output ranges -0.5 ±0.1 0.5 %FSR

　 VDAC current sense accuracy 　 　 ±1 　 %FSR

　 Thermal alarm accuracy TJ = –40°C to 150°C 　 ±5 　 °C

Reference Characteristics

VREFOUT Internal referencel voltage TA = 25°C 2.492 2.5 2.508 V

　
Internal reference temperature
coefficient

TJ = -40°C to 105°C 　 25 　 ppm/°C

　 Internal reference impedance 　 　 0.5 　 Ω

　 Internal reference output noise 0.1 Hz to 10 Hz 　 20 　
µV
PP

　 Internal reference noise density 　 　 200 　
nV/

sqrtHz

　 Internal reference load current 　 　 ±10 　 mA

　 Internal reference load cap 　 100 　 　 nF

Digital Input Characteristics

VIH High-level input voltage 　
0.7 × V

IO
　 　 V

VIL Low-level input voltage 　 　 　
0.3 × V

IO
V
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Parameter Test Conditions Min Typ Max Unit

　 Input current 　 　 1 　 µA

　 Input pin capacitance 　 　 8 　 pF

Digital Output Characteristics

VOH High-level output voltage ISOURCE = 0.2 mA
V

IO – 0.4
　 　 V

VOL Low-level output voltage ISINK = 0.2 mA 　 　 0.4 V

　 Output pin capacitance 　 　 8 　 pF

VOL
Open-drain low-level output
voltage

ISINK = 2 mA 　 　 0.4 V

Supply Monitor Characteristics

Vcc to
VSSTH

Vcc to VSS threshold detector Vcc to VSS supply failure detect 　 2 　 V

VDDTH VDD threshold detector VDD supply failure detect 　 2 　 V

PVDDTH PVDD threshold detector PVDD supply failure detect 　 1.3 　 V
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All minimum/maximum specifications at TJ = –40℃ to +125℃ and all typical specifications at TJ = 25℃, VDD [1,2] = 3.0 V to
3.6 V, VIO = 1.65 V to 3.6 V, PVDD [1:4] = 1.5 V to VDD-0.5 V, positive output ranges: VCC [1,2] = 3.0 V to 5.5 V, VSS [1,2] = GND,
negative output ranges: VSS [1,2] = –5.5 V to –3.0 V, VCC [1,2] = GND, and DAC outputs unloaded, unless otherwise noted.

Parameter Test Conditions Min Typ Max Unit

Power Consumption Characteristics

IVDD VDD supply current No DAC load, VDACs in positive
range at midscale code, IDACs
at zero-scale, ADC at the fastest
auto conversion rate, and static
serial interface

　 7 9 mA

IVCC[1,2] VCC supply current per channel 　 2 3.5 mA

IPVDD PVDD supply current 　 0.1 0.15 mA

IVIO VIO supply current 　 1 10 µA

IVDD VDD supply current No DAC load, VDACs in negative
range at midscale code, IDACs
at zero-scale, ADC at the fastest
auto conversion rate, and static
serial interface

　 7 9 mA

IVSS VSS supply current 　 2 3.5 mA

IPVDD PVDD supply current 　 0.1 0.15 mA

IVIO VIO supply current 　 1 10 µA

IVDD VDD supply current

ALL DACs in Power-down mode,
VDACs in positive range

　 2.1 3 mA

IVCC VCC supply current 　 0.06　 1 mA

IPVDD PVDD supply current 　 0.005　 0.01 mA

IVIO VIO supply current 　 1 10 µA

IVDD VDD supply current

ALL DACs in Power-down mode,
VDACs in negative range

　 　2.6 3 mA

IVSS VSS supply current -0.7 -0.5 　 mA

IPVDD PVDD supply current 　 　0.005 0.01 mA

IVIO VIO supply current 　 1 10 µA
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All minimum/maximum specifications at TJ = –40℃ to +125℃ and all typical specifications at TJ = 25℃, VDD [1,2] = 3.0 V to
3.6 V, VIO = 1.65 V to 3.6 V, PVDD [1:4] = 1.5 V to VDD-0.5 V, positive output ranges: VCC [1,2] = 3.0 V to 5.5 V, VSS [1,2] = GND,
negative output ranges: VSS [1,2] = –5.5 V to –3.0 V, VCC [1,2] = GND, and DAC outputs unloaded, unless otherwise noted.

Parameter Test Conditions Min Typ Max Unit

Reset Characteristics

tAMCRDY Device ready wait time
Time for valid serial interface
access, measured from reset
event

　 100 　 µs

tRESET RESET pulse width 　 　 20 　 ns

DAC Characteristics

　 IDAC power-down response time
Measured from alarm condition,
DAC outputs unloaded

　 100 　 ns

tDACPWD
VDAC power-down response
time

　 0.5 　 µs

　 VDAC clear response time Measured from CLEAR trigger,
DAC outputs unloaded

　 150 　 ns

tDACCLR IDAC clear response time 　 2 　 µs

tCLRWDTH CLEAR pulse width 　 　 20 　 ns

tLDACWDT H LDAC pulse width 　 　 20 　 ns

ADC Characteristics

tADCWAIT ADC wait time
Time from when the ADC enters
IDLE state to when the ADC is
ready for trigger

　 2 　 µs

tALMOUT ALARM response time
Measured from analog input out-
of-range alarm condition

　 20 　 µs
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Timing Requirements

All minimum/maximum specifications at TJ = –40℃ to +125℃ and all typical specifications at TJ = 25℃, VDD[1,2] = 3.0 V to 5.5
V, VIO = 1.65 V to 5.5 V, PVDD[1:4] = 1.3 V to 5.5 V, positive output ranges: VCC[1,2] = 3.0 V to 5.5 V, VSS[1,2] = GND, negative
output ranges: VSS[1,2] = –5.5 V to –3.0 V, VCC[1,2] = GND, and DAC outputs unloaded, unless otherwise noted.

Parameter Min Typ Max Unit

I2C Timing Requirements

f(SCL) I2C Clock Frequency 10 　 400 kHz

t(LOW) SCL Clock Low Period 1.3 　 　 µs

t(HIGH) SCL Clock High Period 0.6 　 　 µs

t(HDSTA)
Hold time after repeated start condition. After
this period, the first clock is generated

0.6 　 　 µs

t(SUSTA) Repeated Start Condition Setup Time 0.6 　 　 µs

t(SUSTO) Stop Condition Setup Time 0.6 　 　 µs

t(BUF)
Bus Free Time between Stop and Start
Condition

1.3 　 　 µs

t(SUDAT) Data Setup Time 100 　 　 ns

t(HDDAT) Data Hold Time 0 　 900 ns

tF,SDA Data Fall Time 20 　 300 ns

tF,SCL Clock Fall Time 　 　 300 ns

tR,SCL Clock Rise Time 　 　 300 ns

tR,SCL100 Rise Time for SCL ≤ 100 kHz 　 　 1000 ns

　 SCL and SDA Timeout 20 　 30 ms

SPI Timing Requirements

f(SCLK) SCLK Frequency 　 　 20 MHz

t(SCLKHIGH) SCLK High Time 23 　 　 ns

tSCLKLOW SCLK Low Time 23 　 　 ns

t(SDISU) SDI Setup Time 7 　 　 ns

t(SDIHD) SDI Hold Dime 7 　 　 ns

t(SDOTOZ) SDO Driven to Tri-State 0 　 15 ns

t(SDOTOD) SDO Tri-state to Driven 0 　 18 ns

t(SDODLY) SDO Output Delay 0 　 30 ns

t(CSSU) CS Setup Time 10 　 　 ns

t(CSHD) CS Hold Time 20 　 　 ns

t(CSHIGH) CS High Time 20 　 　 ns

(1) Values based on design and characterization.
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Timing Diagrams
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Figure 1. I2C Timing Diagram
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Figure 2. SPI Write Timing Diagram
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Figure 3. SPI Read Timing Diagram
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Typical Performance Characteristics

All test condition: VDD [1,2] = 5 V, VIO = 3.3 V, PVDD [1:4] = 3 V, positive output ranges: VCC [1,2] = 3.0 V to 5.5 V, VSS [1,2] = GND,
negative output ranges: VSS [1,2] = –5 V, VCC [1,2] = GND, unless otherwise noted.

Figure 4. VREF VS Load current
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Figure 5. VDAC rejection versus VDD
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Figure 6. VDAC rejection versus VSS
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Figure 7. IDAC rejection versus VDD
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Figure 8. IDAC rejection versus PVDD
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Figure 9. VDAC noise with Cload=1
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Figure 10. VDAC noise with Cload=0
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Figure 11. IDAC noise at 200mA
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Detailed Description

Overview

The TPAFEA008 is an integrated product with 4ch negative/positive output VDAC and 4ch IDAC, which is optimized for the
optical module with 4-channel EML (Electro-absorption Modulated Laser).

Functional Block Diagram

Figure 12. Functional Block Diagram

Feature Description

IDAC
The device has 4-ch IDACs.

For larger output current requirement, two or more IDAC outputs can be connected.

IDAC full range is 200 mA.

IDAC = IDACCODE

212 × FSR (1)
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VDAC
The device has 4-ch VDACs which support negative or positive output range.

VDAC output current could be monitored by ADC. The full range can be configured to be 60 mA or 30 mA.

For positive output, FSR can be selected as 2.5/5 V, and VDAC equation is as followings:

VDAC = VDACCODE

212 × FSR (2)

For negative output, FSR can be selected as −2.5/−5 V, and VDAC equation is as followings:

VDAC = VDACCODE − 212

212 × FSR (3)

ADC
The ADC has 4 pins to monitor external signals and can monitor the output voltage of IDAC as well as the output current of
VDAC.

For external ADC input, ADC equation is as followings, and ADC range is 2.5 V or 5 V according to register setting:

ADCCODE =
ADCinput

ADCRANGE
× 212 (4)

For output voltage of IDAC, ADC equation is as followings, and ADC range is 2.5 V:

VIDAC = ADCCODE

212 × ADCRANGE (5)

For output current of VDAC, ADC equation is as followings:

In 30 mA range:

IVDAC = 2.5
83.31 × ADCCODE

212 (6)

In 60 mA range:

IVDAC = 2.5
41.66 × ADCCODE

212 (7)

Internal Reference
The device has an internal 2.5 V reference.

Alarm Function
The device has several alarm functions, including ADC alarm, overtemperature alarm, etc.

Serial Interface

The TPAFEA008 supports either I2C-compatible two-wire bus, or an SPI-compatible bus. The device detectsbetween an
SPI-compatible or I2C -compatible master at startup, and automatically configures the interface accordingly. Protocol change
during normal operation should be prevented.

The TPAFEA008 has 3 pages of registers. Address 0x01 is used to select the different pages In both SPI and I2C
configurations. The page for that register must first be selected to read and write. by writing the 5-bit representation of
the page number (PAGE[4:0]) to address 0x01. The page value is held until a new page address is programmed.
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Addresses 0x00 to 0x2F on each page are global registers, thus enabling access to these bits regardless of the page
configuration.

I2C Interface
In I2C mode, the device works as a slave device. The device supports the transmission protocol for fast mode. All data bytes
are transmitted MSB first.

I2C Bus Overview
In I2C protocol, the device that initiates the transfer is called a master, and the devices controlled by the master are slaves.

I2C Address
The device has 4 slave addresses, which are selected by connecting the A0 and A1 pins to the VIO or GND.

Table 2. I2C Slave Address

A1 A0 Address[A6:A0]

0 0 1000000

0 1 1000001

1 0 1000010

1 1 1000011

I2C Read and Write Operation
General I2C read and write operations are supported by the device.

In the write operation, the value for the address register is the first byte transferred after the slave address byte with the R/W
bit low.

In the read operation, the last value stored in the address register by a write operation is used to determine which register is
read.

Reads can be repeated on the same register, and there is no need to continually send the address registerBytes.

A not-acknowledge command should be sent by master to terminate read operations at the end of the last byte to be read. At
the last byte that is read from salve, the master should leave the SDA line high during the acknowledge time.

Block access functionality is provided by the device for large read and write sets. By setting the block access bit ( bit 7 of
register address byte ) high, block access is enabled for multibyte transfers. The device reads and writes the subsequent
memory locations until the transaction is terminated by the STOP condition.

I2C Timeout Function
If either SCL or SDA are held low for 25 ms (typical) between a START and STOP condition, the device resets the serial
interface, releases the bus, and waits for a START condition.

To avoid activating the time-out function, make sure to maintain SCL operating frequency of at least 1 kHz.

I2C General-Call Reset
The device acknowledges the general-call address 00h (0000 0000b) and responds to the second byte. If the second byte is
06h (0000 0110b), the device executes a software reset.

SPI interface
In SPI mode, the device is controlled through a four-wire serial interface.
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SPI Bus Overview
A serial interface access cycle is initiated by asserting the CS pin low and is 24 bits long. The access cycle ends when the
CS pin is asserted high, so the CS pin must stay low for at least 24 SCLK falling edges.

The communication is ignored if the access cycle contains less than the minimum clock edges. The last 24 bits are used by
the device If the access cycle contains more than the minimum clock edges.

When CS is high, the SCLK and SDI signals are blocked and the SDO pin is in a Hi-Z state.

SDI data are clocked in on SCLK falling edges.

Data are clocked out on the SDO pin on SCLK rising or falling edges, according to the FSDO bit setting.

Register Table

Global Register Page
There are 3 pages for TPAFEA008 register,. 1st is Global register page, 2nd is DAC register page and 3rd is ADC register
page. DAC and ADC register pages are slected by PAGE_SEL bit.

In DAC resiger page, configuration registers can be set to select different range and output channels, while the followings are
DAC data registers.

In ADC resiger page, configuration registers can be set to select different input channels, while the followings are ADC data
registers.

Address RegName Width Bit FieldName R/W ResetValue Description

0x00 NOP 16 [15:0] NOP WO 0
no operation register.
Always read 0;

0x01 PAGE 16
[15:2] RESERVED RO 0 reserved

[1:0] PAGE_SEL RW 0
0: DAC page sel;
1: ADC page sel;

0x02 CHIP_ID 16 [15:0] CHIP_ID RO 16'hA008 CHIP_ID

0x03 CHIP_VER 16
[15:4] RESERVED RO 0 reserved

[3:0] VERSION_ID RO 0 VERSION ID

0x04 SW_RST 16

[15:8] RESERVED RO 0 reserved

[7:0] SW_RST RW 0
Writing 0xA5 to this
register causes a power-
on-reset.

0x08
ALARM_ST

S0
16

[15:12] RESERVED RO 0 reserved

[11:8] ADC_ALR RO 0 0 = corresponding ADC
channel is in the normal
range
1 = corresponding ADC
channel is out-of-range

[7:4] IDAC_ALR RO 0

[3:0] VDAC_ALR RO 0

0x09
ALARM_ST

S1
16

[15:8] RESERVED RO 0 reserved

[7] OTP_ERR_ALR RO 0

1: idac temperature is over
150°C
0: idac temperature is
under 150°C
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Address RegName Width Bit FieldName R/W ResetValue Description

[6] OTP_WARN_ALR RO 0

1: idac temperature is over
105°C
0: idac temperature is
under 105°C

[5] VCC2_VSS2_ALR RO 0 1: Voltage range from VSS
to VCC is smaller than the
threshold
0: Voltage range from VSS
to VCC is normal

[4] VCC1_VSS1_ALR RO 0

[3] PVDD4_ALR RO 0 0 = PVDD-n is no less
than the PVDD threshold
voltage
1 = PVDD-n is less
than the PVDD threshold
voltage

[2] PVDD3_ALR RO 0

[1] PVDD2_ALR RO 0

[0] PVDD1_ALR RO 0

0x0A GLB_STS 16

[15:12] RESERVED RO 0 reserved

[11:8] VDAC_SC RO 0

0 = The corresponding
vdac has no short circuit
detected
1 = The corresponding
vdac has short circuit
detected

[7] ADC_BUSY RO 0
0 = ADC is not working; 1
= ADC is working

[6] RESERVED RO 0 reserved

[5] VCC_VSS_GALR RO 0

1: at least one vcc_vss has
alarm event
0: no vcc_vss alarm event
happened

[4] PVDD_GALR RO 0

1: at least one pvdd has
alarm event
0: no pvdd alarm event
happened

[3] VDAC_GALR RO 0

1: at least one vdac has
alarm event
0: no pvdd alarm event
happened

[2] IDAC_GALR RO 0

1: at least one idac has
alarm event
0: no idac alarm event
happened

[1] ADC_GLAR RO 0
1: at least one adc external
channel has alarm event
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Address RegName Width Bit FieldName R/W ResetValue Description
0: no adc external channel
alarm event happened

[0] GALR RO 0

1: at least one alarm has
alarm event
0: no alarm event
happened. Exclude
VCC_VSS alarm

0x10 TRIGGER 16

[15:2] RESERVED RO 0 reserved

[1] DAC_TRIG WO 0
Software DAC trigger.
Used in DAC synchronous
and self cleared.

[0] ADC_TRIG R/W 0 ADC conversion trigger.

0x11 SDO_EN 16

[15:1] RESERVED RO 0 reserved

[0] SDO_EN R/W 0

SDO Enable. SDO is
enabled to read and write
operations whenever the
SPI CS pin is low. SDO
is always disabled in I2C
mode regardless of this bit
set.
0 = SDO disabled;
1 = SDO enabled during
read/write operations

0x12 GEN_CFG 16

[15:6] RESERVED RO 0 reserved

[5] ALARM_POL R/W 0

0 = ALARM pin is active-
low;
1 = ALARM pin is active-
high

[4] ALARM_ODE R/W 1

0 = ALARM pin is push-pull
output;
1 = ALARM pin is open-
drain output

[3] ALARM_LATCH_DIS R/W 1
0 = Alarm bits are latched;
1 = Alarm bits are not
latched

[2] CLR_PIN_EN R/W 0

0 = LDAC/CLR pin is
configured as a hardware
LDAC pin;
1 = LDAC/CLR pin is
configured as a hardware
CLR pin
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Address RegName Width Bit FieldName R/W ResetValue Description

[1] FSDO R/W 0

0 = SDO updates on SCLK
rising edges, normal mode,
max support 20M SCLK;
1 = SDO updates on SCLK
falling edges, fast mode,
max support 25M SCLK;

[0] SUPPLY_MONITOR R/W 0

1: enable VDAC power
supply monitor;
0: mask VDAC power
supply alarm event

0x13 DAC_EN 16

[15:8] RESERVED RO 0 reserved

[7:4] IDAC_EN W/R 0
[3:0] ~ IDAC4~1. IDAC-n
power on enable

[3:0] VDAC_EN W/R 0
[3:0] ~ VDAC4~1. VDAC-n
power on enable

0x14 DAC_CLR 16

[15:8] RESERVED RO 0 reserved

[7:4] IDAC_CLR W/R 0
[3:0] ~ IDAC4~1. IDAC-n
clear mode enable

[3:0] VDAC_CLR W/R 0
[3:0] ~ VDAC4~1. VDAC-n
clear mode enable

0x15 DAC_BC 16

[15:12] RESERVED RO 0 reserved

[11:0] DAC_BC_CODE WO 0

Writing this register will
write the bc_code to
all registers that enable
broadcast mode

0x16
IDAC_CLR_

CODE
16

[15:12] RESERVED RO 0 reserved

[11:0] IDAC_CLR_CODE W/R 0
Clear code used in DAC
clear mode;

0x17
VDAC_CLR

_CODE
16

[15:12] RESERVED RO 0 reserved

[11:0] VDAC_CLR_CODE W/R 0
Clear code used in DAC
clear mode;

0x18
ALR_OUT_

SRC0
16

[15:12] RESERVED RO 0 reserved

[11:8] ADC_ALR_OUT W/R 0

[3:0] ~ ADC4~1，
1: ADC-n alarm event
will cause ALARM PAD
assertion;
0: ADC-n alarm event will
not cause ALARM PAD
assertion.

[7:4] IDAC_ALR_OUT W/R 0 [3:0] ~ IDAC4~1，
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Address RegName Width Bit FieldName R/W ResetValue Description
1: IDAC-n alarm event
will cause ALARM PAD
assertion;
0: IDAC-n alarm event will
not cause ALARM PAD
assertion.

[3:0] VDAC_ALR_OUT W/R 0

[3:0] ~ VDAC4~1，
1: VDAC-n alarm event
will cause ALARM PAD
assertion;
0: VDAC-n alarm event will
not cause ALARM PAD
assertion.

0x19
ALR_OUT_

SRC1
16

[15:8] RESERVED RO 0 reserved

[7] OTP_ERR_ALR_OUT W/R 0

1: The corresponding
alarm event will cause
ALARM PAD assertion;
0: The corresponding
alarm event will not cause
ALARM PAD assertion.

[6] OTP_WARN_ALR_OUT W/R 0

[5]
VCC2_VSS2_ALR_OU

T
W/R 0

[4]
VCC1_VSS1_ALR_OU

T
W/R 0

[3] PVDD4_ALR_OUT W/R 0

[2] PVDD3_ALR_OUT W/R 0

[1] PVDD2_ALR_OUT W/R 0

[0] PVDD1_ALR_OUT W/R 0

0x1A
I2C_TIMEO

UT_EN
16

[15:1] RESERVED RO 0 reserved

[0] I2C_TIMEOUT_EN R/W 0

1: enable I2C timeout
function;
0: disable I2 C timeout
function

0x20 ADC_DIS 16
[15:4] RESERVED RO 0 reserved

[3:0] ADC_DIS RO 0
1: ADCn PAD will be used
as GPIO function

0x21 GPIO_EN 16

[15:12] RESERVED RO 0 reserved

[11:8] GPIO_ODE W/R 0

0 = GPIO pin is push-pull
output;
1 = GPIO pin is open-drain
output

[7:4] GPIO_IN_EN W/R 0
config in_en to 0 when
GPIO PAD is Hi-Z status to
save Power

[3:0] GPIO_OUT_EN W/R 0
config out_en to 1 to
enable GPIO output mode.
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Address RegName Width Bit FieldName R/W ResetValue Description

0x22 GPIO_OUT 16

[15:4] RESERVED RO 0 reserved

[3:0] GPIO_OUT W/R 0

The gpio_out will write to
the corresponding GPIO
PADs which out_en are set
to 1.

0x23 GPIO_IN 16

[15:4] RESERVED RO 0 reserved

[3:0] GPIO_IN RO 0

Read the gpio_in will read
the corresponding GPIO
PADs which in_en are set
to 1.

DAC Register Page
Address RegName Width Bit FieldName R/W ResetValue Description

0x30
VDAC_CTR

L
16

[15:3] RESERVED RO 0 reserved

[4] VDAC_CAP_LOAD R/W 1

1: VDAC buffer capacitive
load drive capability is
greater than 47nF
0: VDAC buffer capacitive
load drive capability is less
than 47nF

[3:2] VDAC34_RANGE R/W 0
0: -5V; 1: -2.5V;
2: 5V; 3: 2.5V

[1:0] VDAC12_RANGE R/W 0
0: -5V; 1: -2.5V;
2: 5V; 3: 2.5V

0x31
DAC_MODE

_CFG
16

[15:12] IDAC_BC_EN R/W 0 enable the broadcast
mode for the
corresponding DAC[11:8] VDAC_BC_EN R/W 0

[7:4] IDAC_SYNC_EN R/W 0 enable the sync mode for
the corresponding DAC[3:0] VDAC_SYNC_EN R/W 0

0x32
DAC_HW_C

FG
16

[15:12] IDAC_HPD_EN R/W F The corresponding DAC
will enter Power-Down
mode when PWDWN PAD
is low;

[11:8] VDAC_HPD_EN R/W F

[7:4] IDAC_HCLR_EN R/W F The corresponding DAC
will enter Clear mode when
CLR PAD is low;[3:0] VDAC_HCLR_EN R/W F

0x33
DAC_APD_

EN
16

[15:8] RESERVED RO 0 reserved

[7:4] IDAC_APD_EN R/W F The corresponding DAC
will enter Power Down
mode when the Auto-
Power-Down-alarm event
happens.

[3:0] VDAC_APD_EN R/W F
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Address RegName Width Bit FieldName R/W ResetValue Description

0x34
DAC_APD_

SRC0
16

[15:12] RESERVED RO 0 reserved

[11:8] ADC_ALR_APD R/W 0 1: The corresponding alr is
a source of APD event
0: The corresponding alr is
not a source of APD event

[7:4] IDAC_ALR_APD R/W 0

[3:0] VDAC_ALR_APD R/W 0

0x35
DAC_APD_

SRC1
16

[15:8] RESERVED RO 0 reserved

[7] OTP_ERR_ALR_APD R/W 1 1: The corresponding alr is
a source of APD event
0: The corresponding alr is
not a source of APD event

[6] OTP_WARN_ALR_APD R/W 0

[5:4] RESERVED RO 0 reserved

[3] PVDD4_ALR_APD R/W 0 1: The corresponding alr is
a source of APD event
0: The corresponding alr is
not a source of APD event

[2] PVDD3_ALR_APD R/W 0

[1] PVDD2_ALR_APD R/W 0

[0] PVDD1_ALR_APD R/W 0

0x40
VDAC1_BU

F_REG
16

[15:12] RESERVED RO 0 reserved

[11:0] VDAC1_BUF_REG R/W 0

vdac1 buf register, which
stores the data to be
loaded to the active
register in sync mode

0x41
VDAC2_BU

F_REG
16

[15:12] RESERVED RO 0 reserved

[11:0] VDAC2_BUF_REG R/W 0

vdac2 buf register, which
stores the data to be
loaded to the active
register in sync mode

0x42
VDAC3_BU

F_REG
16

[15:12] RESERVED RO 0 reserved

[11:0] VDAC3_BUF_REG R/W 0

vdac3 buf register, which
stores the data to be
loaded to the active
register in sync mode

0x43
VDAC4_BU

F_REG
16

[15:12] RESERVED RO 0 reserved

[11:0] VDAC4_BUF_REG R/W 0

vdac4 buf register, which
stores the data to be
loaded to the active
register in sync mode

0x44
IDAC1_BUF

_REG
16

[15:12] RESERVED RO 0 reserved

[11:0] IDAC1_BUF_REG R/W 0

Idac1 buf register, which
stores the data to be
loaded to the active
register in sync mode

0x45
IDAC2_BUF

_REG
16 [15:12] RESERVED RO 0 reserved
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Address RegName Width Bit FieldName R/W ResetValue Description

[11:0] IDAC2_BUF_REG R/W 0

Idac2 buf register, which
stores the data to be
loaded to the active
register in sync mode

0x46
IDAC3_BUF

_REG
16

[15:12] RESERVED RO 0 reserved

[11:0] IDAC3_BUF_REG R/W 0

Idac3 buf register, which
stores the data to be
loaded to the active
register in sync mode

0x47
IDAC4_BUF

_REG
16

[15:12] RESERVED RO 0 reserved

[11:0] IDAC4_BUF_REG R/W 0

Idac4 buf register, which
stores the data to be
loaded to the active
register in sync mode

ADC Register Page
Address RegName Width Bit FieldName R/W ResetValue Description

0x30
ADC_GEN

_CFG0

[15] RESERVED RO 0 reserved

[14:12] ADC_FALR_NUM R/W 3
0: 1; 1: 4; 2: 8; 3: 16; 4:
32; 5: 64; 6: 128; 7: 256;

[11] RESERVED RO 0 reserved

[10:8] IDAC_FALR_NUM R/W 3
0: 1; 1: 4; 2: 8; 3: 16; 4:
32; 5: 64; 6: 128; 7: 256;

[7] RESERVED RO 0 reserved

[6:4] VDAC_FALR_NUM R/W 3
0: 1; 1: 4; 2: 8; 3: 16; 4:
32; 5: 64; 6: 128; 7: 256;

[3] RESERVED RO 0 reserved

[2] CONV_MODE R/W 1
0: one-shot-mode;
1: auto-cycle-mode

[1] ADC_RANGE R/W 0
0: 5 V
1: 2.5 V

[0] ADC_EN RW 1

0x31
ADC_GEN

_CFG1

[15:14] RESERVED RO 0 reserved

[13:12] AVG_NUM_ADC R/W 0 0: 1 sample;
1: 4 samples;
2: 16 samples;
3: 64 samples

[11:10] AVG_NUM_IDAC R/W 0

[9:8] AVG_NUM_VDAC R/W 0

[7] DIRECTION_VDAC R/W 0
0: source current;
1: sink current

[6] RNG_VDAC R/W 0
0: 60 mA;
1: 30 mA
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Address RegName Width Bit FieldName R/W ResetValue Description

[5:4] CONV_ADC R/W 0

ADC total acquisition
+ conversion time for
one channel with no
averaging.
0: 1us; 1: 4us; 2: 16us;
3: 32us;

[3:2] CONV_IDAC R/W 0 ADC total acquisition
+ conversion time for
one channel with no
averaging.
0: 2us; 1: 4us; 2: 8us; 3:
16us;

[1:0] CONV_VDAC R/W 0

0x32
ADC_CSS

_CFG
16

[15:14] RESERVED RO 0 reserved

[13:8] CSS_START_IDX R/W 0
The start index pointer of
channel scan sequencer

[7:6] RESERVED RO 0 reserved

[5:0] CSS_END_IDX R/W B

The end index pointer
of the channel scan
sequencer, , which must
not be lower than the
start index .

0x33
BOOST_A

DC
16

[15:1] RESERVED RO 0 reserved

[0] BOOST_ADC RW 0
1: 2M SPS support
0: other SPS

0x36
ADC_HYS

T0
16

[15] RESERVED RO 0 reserved

[14:8] HYST_IDAC R/W 8

Hysteresis configuration
is used for threshold
comparison of alarm
logic of IDAC

[7] RESERVED RO 0 reserved

[6:0] HYST_VDAC R/W 8

Hysteresis configuration
is used for threshold
comparison of alarm
logic of VDAC

0x37
ADC_HYS

T1
16

[15] RESERVED RO 0 reserved

[14:8] HYST_ADC2 R/W 8

Hysteresis configuration
is used for threshold
comparison of alarm
logic of ADC2

[7] RESERVED RO 0 reserved

[6:0] HYST_ADC1 R/W 8
Hysteresis configuration
is used for threshold
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Address RegName Width Bit FieldName R/W ResetValue Description
comparison of alarm
logic of ADC1

0x38
ADC_HYS

T2
16

[15] RESERVED RO 0 reserved

[14:8] HYST_ADC4 R/W 8

Hysteresis configuration
is used for threshold
comparison of alarm
logic of ADC4

[7] RESERVED RO 0 reserved

[6:0] HYST_ADC3 R/W 8

Hysteresis configuration
is used for threshold
comparison of alarm
logic of ADC3

0x40
VDAC1_U

P_TH
16

[15:12] RESERVED RO 0 reserved

[11:0] VDAC1_UP_TH RW 12‘hFFF
upper threshold for the
VDAC1 channel of ADC

0x41
VDAC1_LO

_TH
16

[15:12] RESERVED RO 0 reserved

[11:0] VDAC1_LO_TH RW 0
lower threshold for
VDAC1 channel of ADC

0x42
VDAC2_U

P_TH
16

[15:12] RESERVED RO 0 reserved

[11:0] VDAC2_UP_TH RW 12‘hFFF
upper threshold for the
VDAC2 channel of ADC

0x43
VDAC2_LO

_TH
16

[15:12] RESERVED RO 0 reserved

[11:0] VDAC2_LO_TH RW 0
lower threshold for
VDAC2 channel of ADC

0x44
VDAC3_U

P_TH
16

[15:12] RESERVED RO 0 reserved

[11:0] VDAC3_UP_TH RW 12‘hFFF
upper threshold for the
VDAC3 channel of ADC

0x45
VDAC3_LO

_TH
16

[15:12] RESERVED RO 0 reserved

[11:0] VDAC3_LO_TH RW 0
lower threshold for
VDAC3 channel of ADC

0x46
VDAC4_U

P_TH
16

[15:12] RESERVED RO 0 reserved

[11:0] VDAC4_UP_TH RW 12‘hFFF
upper threshold for the
VDAC4 channel of ADC

0x47
VDAC4_LO

_TH
16

[15:12] RESERVED RO 0 reserved

[11:0] VDAC4_LO_TH RW 0
lower threshold for
VDAC4 channel of ADC

0x48
IDAC1_UP

_TH
16

[15:12] RESERVED RO 0 reserved

[11:0] IDAC1_UP_TH RW 12‘hFFF
upper threshold for
IDAC1 channel of ADC

0x49
IDAC1_LO

_TH
16 [15:12] RESERVED RO 0 reserved
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[11:0] IDAC1_LO_TH RW 0
lower threshold for
IDAC1 channel of ADC

0x4A
IDAC2_UP

_TH
16

[15:12] RESERVED RO 0 reserved

[11:0] IDAC2_UP_TH RW 12‘hFFF
upper threshold for
IDAC2 channel of ADC

0x4B
IDAC2_LO

_TH
16

[15:12] RESERVED RO 0 reserved

[11:0] IDAC2_LO_TH RW 0
lower threshold for
IDAC2 channel of ADC

0x4C
IDAC3_UP

_TH
16

[15:12] RESERVED RO 0 reserved

[11:0] IDAC3_UP_TH RW 12‘hFFF
upper threshold for
IDAC3 channel of ADC

0x4D
IDAC3_LO

_TH
16

[15:12] RESERVED RO 0 reserved

[11:0] IDAC3_LO_TH RW 0
lower threshold for
IDAC3 channel of ADC

0x4E
IDAC4_UP

_TH
16

[15:12] RESERVED RO 0 reserved

[11:0] IDAC4_UP_TH RW 12‘hFFF
upper threshold for
IDAC4 channel of ADC

0x4F
IDAC4_LO

_TH
16

[15:12] RESERVED RO 0 reserved

[11:0] IDAC4_LO_TH RW 0
lower threshold for
IDAC4 channel of ADC

0x50
ADC1_UP_

TH
16

[15:12] RESERVED RO 0 reserved

[11:0] ADC1_UP_TH RW 12‘hFFF
upper threshold for
ADC1 channel of ADC

0x51
ADC1_LO_

TH
16

[15:12] RESERVED RO 0 reserved

[11:0] ADC1_LO_TH RW 0
lower threshold for ADC1
channel of ADC

0x52
ADC2_UP_

TH
16

[15:12] RESERVED RO 0 reserved

[11:0] ADC2_UP_TH RW 12‘hFFF
upper threshold for
ADC2 channel of ADC

0x53
ADC2_LO_

TH
16

[15:12] RESERVED RO 0 reserved

[11:0] ADC2_LO_TH RW 0
lower threshold for ADC2
channel of ADC

0x54
ADC3_UP_

TH
16

[15:12] RESERVED RO 0 reserved

[11:0] ADC3_UP_TH RW 12‘hFFF
upper threshold for
ADC3 channel of ADC

0x55
ADC3_LO_

TH
16

[15:12] RESERVED RO 0 reserved

[11:0] ADC3_LO_TH RW 0
lower threshold for ADC3
channel of ADC

0x56
ADC4_UP_

TH
16 [15:12] RESERVED RO 0 reserved
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[11:0] ADC4_UP_TH RW 12‘hFFF
upper threshold for
ADC4 channel of ADC

0x57
ADC4_LO_

TH
16

[15:12] RESERVED RO 0 reserved

[11:0] ADC4_LO_TH RW 0
lower threshold for ADC4
channel of ADC

0x60
ADC_CSS

_TBL0
16

[15:12] CSS_ID3 R/W 3

ADC Channel Select
Sequencer index setting:
0: VDAC1;
1: VDAC2;
2: VDAC3;
3: VDAC4;
4: IDAC1;
5: IDAC2;
6: IDAC3;
7: IDAC4;
8: ADC1;
9: ADC2;
10: ADC3;
11: ADC4;

[11:8] CSS_ID2 R/W 2

[7:4] CSS_ID1 R/W 1

[3:0] CSS_ID0 R/W 0

0x61
ADC_CSS

_TBL1
16

[15:12] CSS_ID7 R/W 7

[11:8] CSS_ID6 R/W 6

[7:4] CSS_ID5 R/W 5

[3:0] CSS_ID4 R/W 4

0x62
ADC_CSS

_TBL2
16

[15:12] CSS_ID11 R/W 11

[11:8] CSS_ID10 R/W 10

[7:4] CSS_ID9 R/W 9

[3:0] CSS_ID8 R/W 8

0x63
ADC_CSS

_TBL3
16

[15:12] CSS_ID15 R/W 0

[11:8] CSS_ID14 R/W 0

[7:4] CSS_ID13 R/W 0

[3:0] CSS_ID12 R/W 0

0x64
ADC_CSS

_TBL4
16

[15:12] CSS_ID19 R/W 0

[11:8] CSS_ID18 R/W 0

[7:4] CSS_ID17 R/W 0

[3:0] CSS_ID16 R/W 0

0x65
ADC_CSS

_TBL5
16

[15:12] CSS_ID23 R/W 0

[11:8] CSS_ID22 R/W 0

[7:4] CSS_ID21 R/W 0

[3:0] CSS_ID20 R/W 0

0x66
ADC_CSS

_TBL6
16

[15:12] CSS_ID27 R/W 0

[11:8] CSS_ID26 R/W 0

[7:4] CSS_ID25 R/W 0

[3:0] CSS_ID24 R/W 0

0x67
ADC_CSS

_TBL7
16

[15:12] CSS_ID31 R/W 0

[11:8] CSS_ID30 R/W 0

[7:4] CSS_ID29 R/W 0

[3:0] CSS_ID28 R/W 0
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0x68
ADC_CSS

_TBL8
16

[15:12] CSS_ID35 R/W 0

[11:8] CSS_ID34 R/W 0

[7:4] CSS_ID33 R/W 0

[3:0] CSS_ID32 R/W 0

0x69
ADC_CSS

_TBL9
16

[15:12] CSS_ID39 R/W 0

[11:8] CSS_ID38 R/W 0

[7:4] CSS_ID37 R/W 0

[3:0] CSS_ID36 R/W 0

0x6A
ADC_CSS

_TBL10
16

[15:12] CSS_ID43 R/W 0

[11:8] CSS_ID42 R/W 0

[7:4] CSS_ID41 R/W 0

[3:0] CSS_ID40 R/W 0

0x6B
ADC_CSS

_TBL11
16

[15:12] CSS_ID47 R/W 0

[11:8] CSS_ID46 R/W 0

[7:4] CSS_ID45 R/W 0

[3:0] CSS_ID44 R/W 0

0x70
ADC_VDA
C1_DATA

16
[15:12] RESERVED RO 0 reserved

[11:0] ADC_VDAC1_DATA RO 0
ADC conversion result of
vdac1 channel

0x71
ADC_VDA
C2_DATA

16
[15:12] RESERVED RO 0 reserved

[11:0] ADC_VDAC2_DATA RO 0
ADC conversion result of
vdac2 channel

0x72
ADC_VDA
C3_DATA

16
[15:12] RESERVED RO 0 reserved

[11:0] ADC_VDAC3_DATA RO 0
ADC conversion result of
vdac3 channel

0x73
ADC_VDA
C4_DATA

16
[15:12] RESERVED RO 0 reserved

[11:0] ADC_VDAC4_DATA RO 0
ADC conversion result of
vdac4 channel

0x74
ADC_IDAC

1_DATA
16

[15:12] RESERVED RO 0 reserved

[11:0] ADC_IDAC1_DATA RO 0
ADC conversion result of
idac1 channel

0x75
ADC_IDAC

2_DATA
16

[15:12] RESERVED RO 0 reserved

[11:0] ADC_IDAC2_DATA RO 0
ADC conversion result of
idac2 channel

0x76
ADC_IDAC

3_DATA
16

[15:12] RESERVED RO 0 reserved

[11:0] ADC_IDAC3_DATA RO 0
ADC conversion result of
idac3 channel

0x77
ADC_IDAC

4_DATA
16 [15:12] RESERVED RO 0 reserved
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[11:0] ADC_IDAC4_DATA RO 0
ADC conversion result of
idac4 channel

0x78
ADC_ADC

1_DATA
16

[15:12] RESERVED RO 0 reserved

[11:0] ADC_ADC1_DATA RO 0
ADC conversion result of
adc1 channel

0x79
ADC_ADC

2_DATA
16

[15:12] RESERVED RO 0 reserved

[11:0] ADC_ADC2_DATA RO 0
ADC conversion result of
adc2 channel

0x7A
ADC_ADC

3_DATA
16

[15:12] RESERVED RO 0 reserved

[11:0] ADC_ADC3_DATA RO 0
ADC conversion result of
adc3 channel

0x7B
ADC_ADC

4_DATA
16

[15:12] RESERVED RO 0 reserved

[11:0] ADC_ADC4_DATA RO 0
ADC conversion result of
adc4 channel
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Application and Implementation

Note

Information in the following application sections is not part of the 3PEAK’s component specification and 3PEAK does not
warrant its accuracy or completeness. 3PEAK’s customers are responsible for determining suitability of components for
their purposes. Customers should validate and test their design implementation to confirm system functionality.

Application Information

The TPAFEA008 is supplied by several voltages, in which VDD1/2 (analog supply) should be powered up before VCC1/2
(VDAC supply) or PVDD1/2/3/4 (IDAC supply).

The TPAFEA008 has a protection strategy to prevent un-expected writing to config register in normal operation, so if
customer want to change DAC range, make sure DAC is disabled and then change DAC range register. Writing operation to
DAC range register will be ignored when DAC is enabled.
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Layout

Layout Guideline

• Both input capacitors and output capacitors must be placed to the device pins as close as possible.

• It is recommended to bypass the input pin to ground with a 0.1 μF bypass capacitor.

• It is recommended to use wide trace lengths or thick copper weight to minimize I×R drop and heat dissipation.

• Exposed pad must be connected to the PCB ground plane directly, the copper area must be as large as possible.
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Tape and Reel Information

Order Number Package D1 (mm) W1 (mm) A0 (mm) B0 (mm) K0 (mm) P0 (mm) W0 (mm)
Pin1

Quadrant

TPAFEA008-WLPR WLCSP 175.0 12.4 2.7 2.7 0.57 4.0 12.0 Q1
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Package Outline Dimensions

WLCSP
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Order Information

Order Number
Operating Temperature

Range
Package Marking Information MSL Transport Media, Quantity Eco Plan

TPAFEA008-WLPR −40 to 125°C WLCSP 008 1 Tape and Reel, 3000 Green

(1) For future products, contact the 3PEAK factory for more information and sample.

Green: 3PEAK defines "Green" to mean RoHS compatible and free of halogen substances.
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IMPORTANT NOTICE AND DISCLAIMER
Trademarks. Any of the 思瑞浦 or 3PEAK trade names, trademarks, graphic marks, and domain names(“Trademarks”)
contained in this document/material are the property of 3PEAK. You may NOT reproduce, modify, publish, transmit or
distribute any Trademark without the prior written consent of 3PEAK.

Performance Information. Performance tests or performance range contained in this document/material are results of
design simulation or actual tests conducted under designated testing environment. Any differences in testing environment or
simulation environment, including but not limited to testing method, testing process or testing temperature, may affect actual
performance of the product.

Forward-Looking Statements. The information in this document/material may contain forward-looking statements, except
for statements or descriptions of historical facts. These forward-looking statements are based upon our current understanding
of our industry, management philosophy and certain assumptions and speculative calculations. These forward-looking
statements are subject to risks and uncertainties and our actual results may differ. Please do not rely solely on the above
information to make your business decisions.

Disclaimer. 3PEAK provides technical and reliability data (including data sheets), design resources (including reference
designs), application or other design recommendations, networking tools, security information and other resources "As
Is". 3PEAK makes no warranty as to the absence of defects, and makes no warranties of any kind, express or implied,
including, without limitation, implied warranties as to merchantability, fitness for a particular purpose or non-infringement of
any third-party’s intellectual property rights.
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