~3PEAK

TPAFEA008

4-Channel EML Monitor and Controller with Positive/Negative

Features

4-Channel 12-Bit Voltage Output DAC

— Positive and Negative Output Range:

-5V,-25V,25V,5V
— 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
— 25V
Serial Interfaces
— 4 Wire SPI
— 12C with 4 Slave Addresses
Temperature Range: —-40°C to +125°C
Package: Wafer-Level CSP

Applications

High-Speed Optical Module

Voltage and Current DAC

Description

The TPAFEAOO8 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 TPAFEAOQ08 supports both negative and
positive output ranges, and the current capability is large
enough to bias EAM (Electro-Absorption Modulator).

The IDAC in TPAFEAQ008 can support large output current
range, and the output voltage range is also large enough
to support different laser diodes.

The TPAFEAOQO08 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.
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Voltage and Current DAC
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TPAFEAO008

Product Family Table

4-Channel EML Monitor and Controller with Positive/Negative
Voltage and Current DAC

Order Number VDAC Channel IDAC Channel ADC Channel Package
TPAFEAO008-WLPR 4 4 4 WLCSP
Revision History

Date Revision Notes

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

2023-08-18 RevA 1 Updated the.output compliance voltage range and application information, and
corrected unit typo.

2024-07-12 Rev.A.2 Updated the minimum operating voltage of VDAC.
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TPAFEAO008

4-Channel EML Monitor and Controller with Positive/Negative
Voltage and Current DAC

Pin Configuration and Functions

TPAFEAO008
WLCSP Package
Top View
1 2 3 4 5 6
A Il IDAC4 \| I\/ IDAC3 \\I Il IDAC2 \| Il IDAC1 \| Il VDAC4 \\I Il vss2 |
B Il PVDD4 \| Il PVDD3 \\I Il PVDD2 \| Il PVDDL \\| Il veez \\I Il VDAC3 \|
S T A S T A A
D Il SDA/SCLK \| I/ RESET \\I / GND \\| Il GND \\| Il ADC2 \\I Il ADCL \|
E Il A0/SDI \| Il ALARM \\I / vDD1 | Il PWOWN \| Il veel \\I Il VDACI
F |/ A1/SDO \| |/ vio \\ |/ vDD2 \| |/ REFOUT \| |/ VDAC2 \| |/ vss1 \|
Table 1. Pin Functions: TPAFEA008
Pin
110 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.
VDAC3~4 output buffers negative analog power supply. Must be
A6 VSS2 Power _ P S neg gp PPy
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.
VDAC3~4 output buffers positive analog power supply. This pin
B5 VCC2 Power T outp POSIIVE gp PPy ThiS P
must be tied to the same potential as VCCA1.
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TPAFEAO008

4-Channel EML Monitor and Controller with Positive/Negative

Voltage and Current DAC

Pin
110 Description

No. Name

B6 VDAC3 Output VDACS output.
I2C: Clock input.

c1 SCL/ CS 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.
Active-low DAC synchronization signal. A high-to-low transition
on the LDAC pin simultaneously updates the outputs of the
IDA VDACs th i i h .

c2 LDAC/ CLR Input Cs a?nd .Cs.t at are con |9ured in syncl ro_nous 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 ADCS3 analog input.

D1 SDA/SCLK Input/Output I12C: Bidirectional data line. SPI: Clock input.
Active low reset input. Logic low on this pin initiates a reset

D2 RESET Input
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 ADCA1 Input ADC1 analog input.
I2C: Slave address selector. SPI: Data input.

E1 A0/SDI Input Data are clocked into the input shift register on each falling edge
of the SCLK pin.
Alarm output. This pin is an open-drain, active-low output by

E2 ALARM Output default but can also be configured as a push-pull output or as an
active-high output.
Analog supply voltage. This pin must be tied to the same

E3 VDD1 Power 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 inp.ut. This pin is used to power
down the IDACs or VDACSs configured for power-down control.

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

E6 VDACA1 Output VDAC1 output.
I2C: Slave address selector. SPI: Data output.

F1 A1/SDO Input/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.

www.3peak.com
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TPAFEAO008

4-Channel EML Monitor and Controller with Positive/Negative

Voltage and Current DAC

Pin
110 Description

No. Name

E2 VIO Power 10 sfupply voltage. This pin sets the 1/0 operating voltage for the
device.
Analog supply voltage. This pin must be tied to the same

F3 VDD2 Power 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.
VDAC1~2 output buff i I ly. This pi

F6 VSS1 Power C : output buffers negatlYe analog power supply. This pin
must be tied to the same potential as VSS2.
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TPAFEAO008

4-Channel EML Monitor and Controller with Positive/Negative
Voltage and Current DAC

Specifications

Absolute Maximum Ratings (1)

Parameter Min Max Unit

VDD to GND -0.3 6 \Y
Digital 10 to GND -0.3 VDD + 0.3 \Y
Analog 10 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 (M) 2 kv
CDM Charged Device Model ESD ANSI/ESDA/JEDEC JS-002 @ 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 \Y
VIO Digital 10 Supply Voltage 1.65 3.6 \%
PVDD[1:4] IDAC Output Buffer Supply Voltage 15 VDD-0.5 \%
VCC[1,2] (M | VDAC Output Buffer Positive Supply Voltage 25 55 \Y
VSS[1,2] @ | VDAC Output Buffer Negative Supply Voltage -55 -25 \%
VCCI[1,2] -
VDAC Output Buffer Supply Voltage 2.5 5.5 \Y
VSS[1,2] P pply Yorag
TA Operating Ambient Temperature —40 125 °C
(1) Vee 11,21 must be connected to GND when VDACs are configured for negative output voltage range operation.
(2) Vss 1,27 must be connected to GND when VDACs are configured for positive output voltage range operation.
Thermal Information
Package Type 0. 0.c Unit
WLCSP 57 0.3 °C/W
www.3peak.com 7140 BA20230701A2
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TPAFEA008

4-Channel EML Monitor and Controller with Positive/Negative
Voltage and Current DAC

Electrical Characteristics

All minimum/maximum specifications at T, = —40°C to +125°C and all typical specifications at Ty = 25°C, Vpop 1,21 = 3.0 V to
3.6V,Vio=165V 1o 3.6V, PVopi4 =15V to Vbop-0.5V, positive output ranges: Vcc 1,21 = 3.0 V to 5.5V, Vss 1,27 = GND,
negative output ranges: Vss1,21=-5.5V t0 =3.0 V, Vcc 11,21 = GND, and DAC outputs unloaded, unless otherwise noted.

Parameter Test Conditions ‘ Min ‘ Typ ‘ Max ‘ Unit
VDAC Characteristics
Resolution 12 Bits
-2.5 0 \Y,
-50 0 \Y,
Full-Scale Output Voltage Range
0 25 \Y,
0 5 \Y,
DNL Differential Nonlinearity Specified 12-bit monotonic -1 0.5 1 LSB
INL Integral Nonlinearity -4 12 4 LSB
TUE Total Unadjusted Error Positive output Ranges -0.7 0.2 0.7 %FSR
Positive output ranges -12 +2 12 mV
OE Offset Error
Negative output ranges -12 12 12 mV
Positive output ranges 5 ppm/°C
Offset Error Temperature Drift
Negative output ranges 5 ppm/°C
Positive output ranges -0.5 +0.1 0.5 %FSR
Gain Error
GE Negative output ranges -0.5 0.1 0.5 %FSR
Positive output ranges +20 ppm/°C
Gain Error Temperature Drift
Negative output ranges +20 ppm/°C
Positive output ranges 0 2 12 mV
Zero-Scale Error
7oE Negative output ranges -12 -2 0 mV
Zero-Scale Error Temperature Positive output ranges +20 ppm/°C
Drift Negative output ranges £20 ppm/°C
Positive output ranges -0.6 0.2 0.6 %FSR
Full-Scale Error
FSE Negative output ranges -0.6 0.2 0.6 %FSR
Positive output ranges +20 ppm/°C
Full-Scale Error Temperature Drift
Negative output ranges +20 ppm/°C
VDAC_CAP_LOAD=0 0 100 nF
CL Capacitive Load Stability (1)
VDAC_CAP_LOAD=1 100 nF
RL Pull-down Resistance 2 kQ
To Vecpr 23, IOUT = 60 mA,
Output Voltage Head @ 0.5 \Y
utput Voltage Headroom AVOUT < 5mV
To V. , IOUT =-60 mA,
Output Voltage Footroom ) sel121 0.5 \%
AVOUT < 5mV
Short Circuit Current @) +75 mA
www.3peak.com 8/40 BA20230701A2
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TPAFEAO008

4-Channel EML Monitor and Controller with Positive/Negative
Voltage and Current DAC

Parameter Test Conditions Min Typ Max Unit
DC Small Signal Output
9 Htpd Midscale code 0.1 Q
Impedance
Output Voltage Enable Settling RL =2 kQ, CL = 200 pF, Disable
Ten . . 150 us
Time to 1/2 scale settling to +1 LSB
RL=2kQ, CL =200 pF, 1/4
Tst Output Voltage Settling Time to 3/4 scale settling to +1 LSB 30 us
Vpac_setTing1:0]=00
Slew Rate 1/4 to 3/4 scale transition, 10% to 0.3 Vius
W .
90% H
Vn Output Noise 0.1 Hz to 10 Hz, midscale code 150 uVpp
Output Noise Density 1 kHz, midscale code 700 nV/\VHz
Midscale code, frequency = 1M
Hz, amplitude = 100 mV 80 dB
PP superimposed on VDD
Midscale code, frequency = 1M
PSRRac |AC PSRR Hz, amplitude = 100 mV 80 dB
PP superimposed on Vccii,2)
Midscale code, frequency = 1M
Hz, amplitude = 100 mV 80 dB
PP superimposed on Vssi1,2]
PSRRdc | DC PSRR Midscalg code, £10% variation on 0.3 MV
all supplies
1 LSB change around major
Code Change Glitch Impulse ] 9 J 1 nV-s
carrier
1 LSB change around major
Code Change Glitch Amplitude _ g I 1 mv
carrier
M d DAC output at
Channel-to-Channel DC faasure output
midscale, 100 1\Y
Crosstalk
all other DAC outputs at full-scale
www.3peak.com 9/40 BA20230701A2



= 3PEAK TPAFEA008

4-Channel EML Monitor and Controller with Positive/Negative
Voltage and Current DAC

All minimum/maximum specifications at T, = —40°C to +125°C and all typical specifications at Ty = 25°C, Vbp 1,21 = 3.0 V to
3.6V,Vio=165V103.6V,PVbp14 =15V to Vop - 0.5V, positive output ranges: Vcc1,2 = 3.0 Vto 5.5V, Vssi1,27 = GND,
negative output ranges: Vss1,21=-5.5V t0 -3.0 V, Vcc 1,21 = 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 11 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 15 ppm/°C
Full-scale error -1 +0.05 1 %FSR
Full-scale error temperature drift +20 ppm/°C
Output compliance voltage PV::? B \%
Pull down resistance @) 2 kQ
Output current settling time 1/4 to 3/4 scale settling to +1 LSB 30 us
Slew rate 1/4 to 3/4 scale transition, 10% to 8 mA/uS
90%
Output noise 0.1 Hz to 10 Hz, midscale code 5 UARMS
( no ref)
Output noise density 1 kHz, midscale code (no ref) 50 nA/NHz

Midscale code, frequency = 1M,
amplitude = 20 mV 1000 WA
PP superimposed on VDD

AC PSRR
Midscale code, frequency = 1M,
amplitude = 20 mV 1000 HAV
PP superimposed on PVDD
Midscale code, +10% variation on
DC PSRR i 80 dB
all supplies
Code change glitch impulse 1 LSB change around major carrier 500 pA-s
Code change glitch amplitude 1 LSB change around major carrier 200 MA

Measured DAC output at midscale,
Channel-to-channel DC crosstalk 100 MA
all other DAC outputs at full-scale

www.3peak.com 10/40 BA20230701A2



~3PEAK TPAFEA008

4-Channel EML Monitor and Controller with Positive/Negative
Voltage and Current DAC

All minimum/maximum specifications at T, = —40°C to +125°C and all typical specifications at Ty = 25°C, Vbp 1,21 = 3.0 V to
3.6V, Vio=165Vto 3.6V, PVop4 = 1.5V to Vop-0.5V, positive output ranges: Vcc 121 = 3.0 Vto 5.5V, Vss 1,21 = GND,
negative output ranges: Vss1,21=-5.5V t0 -3.0 V, Vcc 1,21 = 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 \%
DL Differential nonlinearity Specified 12-bit monotonic -1.5 0.5 3.5 LSB
INL Integral nonlinearity -4 11 4 LSB
Offset error After calibration -6 +1 6 LSB
Offset error match 11 LSB
Gain error -0.5 10.05 0.5 %FSR
Gain error match +1 LSB
Input capacitance 12 pF
Input bias current ADC not converting 1 MA
Conversion time 0.7 us
Acquisition time 0.3 us
Conversion rate 1 MSPS

Sensors Characteristics

VDAC current sense gain error -0.8 0.8 %FSR
Positive output ranges -0.5 0.1 0.5 %FSR
VDAC current sense offset error
Negative output ranges -0.5 0.1 0.5 %FSR
VDAC current sense accuracy 1 %FSR
Thermal alarm accuracy T, =-40°C to 150°C 5 °C
Reference Characteristics
VRerouT Internal referencel voltage Ta=25°C 2.492 2.5 2.508 \Y,
Internal reference temperature
. T, =-40°C to 105°C 25 ppm/°C
coefficient
Internal reference impedance 0.5 Q
. \%
Internal reference output noise 0.1 Hzto 10 Hz 20 PP
. . nV/
Internal reference noise density 200
sqrtHz
Internal reference load current +10 mA
Internal reference load cap 100 nF
Digital Input Characteristics
\Y, High-level input volt 0.7 \Y,
igh-level input voltage
" g P 9 VIO
\Y Low-level input voltage 03 x \%
w-level input v
I p 9 VIO

www.3peak.com 11740 BA20230701A2
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4-Channel EML Monitor and Controller with Positive/Negative
Voltage and Current DAC

Parameter Test Conditions Min Typ Max Unit
Input current 1 MA
Input pin capacitance 8 pF
Digital Output Characteristics
Von High-level output voltage Isource = 0.2 mA V(|)O4_ \Y,
VoL Low-level output voltage Isink = 0.2 mA 0.4 \%
Output pin capacitance 8 pF
VoL Open-drain low-level output s = 2 MA 0.4 v
voltage
Supply Monitor Characteristics
Vcc to .
Vssr Vcce to Vss threshold detector Vcce to Vss supply failure detect 2 \%
VopTH Vpp threshold detector Vpp supply failure detect 2 Vv
PVbotH PVDD threshold detector PVDD supply failure detect 1.3 \%
www.3peak.com 12/40 BA20230701A2




~3PEAK TPAFEA008

4-Channel EML Monitor and Controller with Positive/Negative
Voltage and Current DAC

All minimum/maximum specifications at T, = —40°C to +125°C and all typical specifications at Ty = 25°C, Vbp 1,21 = 3.0 V to
3.6V,Vio=165V103.6V,PVbp14 =15V to Vop - 0.5V, positive output ranges: Vcc1,2 = 3.0 Vto 5.5V, Vssi1,27 = GND,

negative output ranges: Vss1,21=-5.5V to — 3.0 V, Vec 1,21 = GND, and DAC outputs unloaded, unless otherwise noted.

Parameter Test Conditions ‘ Min ‘ Typ ‘ Max ‘ Unit
Power Consumption Characteristics
Ivop Vpp supply current No DAC load, VDACs in positive 7 9 mA
Iveer, 2 Ve supply current per channel | "ange at midscale code, IDACs 2 3.5 mA
lpvoD PVDD supply current :Ltzc?'ct:\?zlrzi’oi[::t:,t ::Z fsatzttie:t 0.1 0.15 mA
Ivio Vio supply current serial interface 1 10 MA
Ivobp Vbb supply current No DAC load, VDACs in negative 7 9 mA
lvss Vss supply current range at midscale code, IDACs 2 35 mA
IpvoD PVDD supply current :LtZ:::c::\ler:i‘oiDr:t:,t ;:Z f:tztt?:t 0.1 0.15 mA
Ivio Vio supply current serial interface 1 10 HA
Ivop Vpp supply current 2.1 3 mA
Ivee Vce supply current ALL DACs in Power-down mode, 0.06 1 mA
IpvoD PVDD supply current VDACs in positive range 0.005 0.01 mA
Ivio Vio supply current 1 10 MA
Ivbp Vpp supply current 2.6 3 mA
lvss Vss supply current ALL DACs in Power-down mode, | —0.7 -0.5 mA
IPvDD PVDD supply current VDACs in negative range 0.005 | 0.01 mA
Ivio Vio supply current 1 10 MA

www.3peak.com 13/40 BA20230701A2
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TPAFEA008

4-Channel EML Monitor and Controller with Positive/Negative
Voltage and Current DAC

All minimum/maximum specifications at T, = —40°C to +125°C and all typical specifications at Ty = 25°C, Vbp 1,21 = 3.0 V to
3.6V, Vio=165Vto 3.6V, PVop4 = 1.5V to Vop-0.5V, positive output ranges: Vcc 121 = 3.0 Vto 5.5V, Vss 1,21 = GND,
negative output ranges: Vss1,21=-5.5V t0 -3.0 V, Vcc 1,21 = GND, and DAC outputs unloaded, unless otherwise noted.

Parameter Test Conditions ‘ Min ‘ Typ ‘ Max ‘ Unit
Reset Characteristics
Time for valid serial interface
tamcroY Device ready wait time access, measured from reset 100 us
event
treseT RESET pulse width 20 ns
DAC Characteristics
IDAC power-down response time 100 ns
Measured from alarm condition,
N YDAC power-down response DAC outputs unloaded 05 us
time
VDAC clear response time Measured from CLEAR trigger, 150 ns
tbaccLr IDAC clear response time DAC outputs unloaded 2 us
tccrRwotH | CLEAR pulse width 20 ns
tioacwoTH | LDAC pulse width 20 ns
ADC Characteristics
Time from when the ADC enters
tapcwart ADC wait time IDLE state to when the ADC is 2 us
ready for trigger
— ALARM response time Measured from anal9g input out- 20 s
of-range alarm condition
www.3peak.com 14/ 40 BA20230701A2
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TPAFEAO008

4-Channel EML Monitor and Controller with Positive/Negative

Timing Requirements

Voltage and Current DAC

All minimum/maximum specifications at Ty = —40°C to +125°C and all typical specifications at Ty = 25°C, Vppy1,21= 3.0 V 10 5.5
V, Vio =1.65V to 5.5V, PVpp1:41 = 1.3 V to 5.5V, positive output ranges: Vccpiz = 3.0 V to 5.5 V, Vssp1,21 = GND, negative

output ranges: Vssj1,21 = -5.5 V 10 =3.0 V, Vccpi,21 = GND, and DAC outputs unloaded, unless otherwise noted.

Parameter Min Typ Max Unit

I2C Timing Requirements
fisc) I2C Clock Frequency 10 400 kHz
tow) SCL Clock Low Period 1.3 us
tHicH) SCL Clock High Period 0.6 us
tpsT) H(.)Id time after rfapeated §taﬂ condition. After 0.6 us

this period, the first clock is generated
tsusta) Repeated Start Condition Setup Time 0.6 Js
tsusto) Stop Condition Setup Time 0.6 uS
teur Bus F'r.ee Time between Stop and Start 13 us

Condition
t(subar) Data Setup Time 100 ns
tHopaT) Data Hold Time 0 900 ns
tr.spa Data Fall Time 20 300 ns
trscL Clock Fall Time 300 ns
trscL Clock Rise Time 300 ns
trscL100 Rise Time for SCL < 100 kHz 1000 ns

SCL and SDA Timeout 20 30 ms
SPI Timing Requirements
fscLk) SCLK Frequency 20 MHz
tiscLkHiGH) SCLK High Time 23 ns
tscLkLow SCLK Low Time 23 ns
t(spisu) SDI Setup Time 7 ns
t(spiHD) SDI Hold Dime 7 ns
t(spotoz) SDO Driven to Tri-State 0 15 ns
t(spoTob) SDO Tri-state to Driven 0 18 ns
t(spobLy) SDO Output Delay 0 30 ns
tcssu) CS Setup Time 10 ns
t(csHp) CS Hold Time 20 ns
tcsHiH) CS High Time 20 ns
(1) Values based on design and characterization.
www.3peak.com 15/40 BA20230701A2
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4-Channel EML Monitor and Controller with Positive/Negative
Voltage and Current DAC

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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TPAFEAO008

4-Channel EML Monitor and Controller with Positive/Negative

Typical Performance Characteristics

Voltage and Current DAC

All test condition: Vbb 1,21 =5V, Vio = 3.3 V, PVbp 1141 = 3 V, positive output ranges: Vcc 1,21 = 3.0 V to 5.5V, Vss 1,21 = GND,
negative output ranges: Vss1,21 = =5V, Vcc 1,21 = GND, unless otherwise noted.

vref(v)

2,501
25
2499
S 2498
s
S 2497
2.496

2.495

2.494
-0.015 -0.01 -0.005 0 0.005

lload(A)

0.01 0.015

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

VDAC Output Noise Density vs Frequency
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Figure 9. VDAC Noise with Cload=1

VDAC Output Noise Density vs Frequency
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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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4-Channel EML Monitor and Controller with Positive/Negative
Voltage and Current DAC

Detailed Description

Overview

The TPAFEAO008 is an integrated product with 4-channel negative/positive output VDAC and 4-channel IDAC, which is
optimized for the optical module with 4-channel EML (Electro-absorption Modulated Laser).

Functional Block Diagram

TPAFEA008
VCC1~2 - - - T
r |
: REFERENCE
VDAC1~4 VDAC 1~4 <—‘»
EAM | Buffer DAC
le-P—p
E '__—___—__—___—_J
PVDD1~4 | 1 |
Laser diode \_1 s ‘_L
DACL~4 | | | IDAC 1~4 | SPI/IEC
#Z @ai va1 DAC 'Tr P Interface [
SPI/IC
| J
| T ——————_ |
V_IDAC1~4
1. VDAC1~4
AoCLd . MUX ADC
O
GND %
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
lbac = ——3522= x FSR (1)
2
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Voltage and Current DAC

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:

VDACcope
12

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

12
VDAC -2
Vbac = C;BE xFSR ©

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:
ADC;
input < 212

ADCcopE = ADCRANGE

4)
For output voltage of IDAC, ADC equation is as followings, and ADC range is 2.5 V:

x ADCRANGE (5)

Vinar = ADCcopE
IDAC >

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

In 30 mA range:

_ 25  ADCcope
IVDAC - 83.31 x 212 (6)

In 60 mA range:

| -_25 , ADCcope
VDAC ~ 1166

()

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 TPAFEAQ08 supports either 12C-compatible two-wire bus, or an SPl-compatible bus. The device detectsbetween an
SPI-compatible or 12C -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 I12C
configurations. The page for that register must first be selected to read and write. by writing the 5-bit representation of
the page number (PAGEu:0) to address 0x01. The page value is held until a new page address is programmed.
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Addresses 0x00 to O0x2F on each page are global registers, thus enabling access to these bits regardless of the page
configuration.

12C Interface

In 12C mode, the device works as a slave device. The device supports the transmission protocol for fast mode. All data bytes
are transmitted MSB first.

12C Bus Overview

In 12C 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. I12C Slave Address

A1 A0 Addressias:ao
0 0 1000000
0 1 1000001
1 0 1000010
1 1 1000011

I12C 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.

12C 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.

I12C 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.

SPIl 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 TPAFEAOQOQ8 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
no operation register.
0x00 NOP 16 | [15:0] NOP WO 0 peration regi
Always read 0;
[15:2] RESERVED RO 0 reserved
0x01 PAGE 16 0: DAC page sel;
[1:0] PAGE_SEL RW 0
1: ADC page sel;
0x02 CHIP_ID 16 [15:0] CHIP_ID RO 16'hA008 |CHIP_ID
[15:4] RESERVED RO 0 reserved
0x03 CHIP_VER 16
[3:0] VERSION_ID RO 0 VERSION ID
[15:8] RESERVED RO 0 reserved
0x04 SW_RST 16 Writing 0xA5 to this
[7:0] SW_RST RW 0 register causes a power-
on-reset.
[15:12] RESERVED RO 0 reserved
[11:8] ADC_ALR RO 0 0 = corresponding ADC
0x08 ALARM_ST 16 [7:4] IDAC_ALR RO 0 channel is in the normal
SO range
[3:0] VDAC_ALR RO 0 1 = corresponding ADC
channel is out-of-range
[15:8] RESERVED RO 0 reserved
ALARM ST 1: idac temperature is over
0x09 - 16 150°C
S1 [7 OTP_ERR_ALR RO 0

0: idac temperature is
under 150°C
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Address

RegName

Width

Bit

FieldName

ResetValue

Description

(6]

OTP_WARN_ALR

RO

1: idac temperature is over
105°C

0: idac temperature is
under 105°C

[5]

VCC2_VSS2_ALR

RO

[4]

VCC1_VSS1_ALR

RO

1: Voltage range from VSS
to VCC is smaller than the
threshold

0: Voltage range from VSS
to VCC is normal

(3]

PVDD4_ALR

RO

(2]

PVDD3_ALR

RO

(1]

PVDD2_ALR

RO

[0]

PVDD1_ALR

RO

0 = PVDD-n is no less
than the PVDD threshold
voltage

1 =PVDD-nis less

than the PVDD threshold
voltage

0x0A

GLB_STS

16

[15:12]

RESERVED

RO

reserved

[11:8]

VDAC_SC

RO

0 = The corresponding
vdac has no short circuit
detected

1 = The corresponding
vdac has short circuit
detected

(7]

ADC_BUSY

RO

0 = ADC is not working; 1
= ADC is working

(6]

RESERVED

RO

reserved

(3]

VCC_VSS_GALR

RO

1: at least one vcc_vss has
alarm event

0: no vcc_vss alarm event
happened

(4]

PVDD_GALR

RO

1: at least one pvdd has
alarm event

0: no pvdd alarm event
happened

(3]

VDAC_GALR

RO

1: at least one vdac has
alarm event

0: no pvdd alarm event
happened

(2]

IDAC_GALR

RO

1: at least one idac has
alarm event

0: no idac alarm event
happened

(1]

ADC_GLAR

RO

1: at least one adc external

channel has alarm event
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Address RegName

Width

Bit

FieldName

ResetValue

Description

0: no adc external channel
alarm event happened

[0]

GALR

RO

1: at least one alarm has
alarm event

0: no alarm event
happened. Exclude
VCC_VSS alarm

0x10 TRIGGER

16

[15:2]

RESERVED

RO

reserved

(1]

DAC_TRIG

wo

Software DAC trigger.
Used in DAC synchronous
and self cleared.

[0]

ADC_TRIG

R/W

ADC conversion trigger.

0x11 SDO_EN

16

[15:1]

RESERVED

RO

reserved

[0]

SDO_EN

R/W

SDO Enable. SDO is
enabled to read and write
operations whenever the
SPI CS pin is low. SDO

is always disabled in 12C
mode regardless of this bit
set.

0 = SDO disabled;

1 = SDO enabled during
read/write operations

0x12 GEN_CFG

16

[15:6]

RESERVED

RO

reserved

(3]

ALARM_POL

R/W

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

(4]

ALARM_ODE

R/W

0 = ALARM pin is push-pull
output;

1 = ALARM pin is open-
drain output

(3]

ALARM_LATCH_DIS

R/W

0 = Alarm bits are latched;
1 = Alarm bits are not
latched

(2]

CLR_PIN_EN

R/W

0 = LDAC/CLR pinis
configured as a hardware
LDAC pin;

1 =LDAC/CLR pinis
configured as a hardware
CLR pin
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Address RegName | Width Bit FieldName R/W | ResetValue Description
0 = SDO updates on SCLK
rising edges, normal mode,
max support 20M SCLK;
[1] FSDO R/W 0
1 = SDO updates on SCLK
falling edges, fast mode,
max support 25M SCLK;
1: enable VDAC power
[0] | SUPPLY MONITOR | R/W 0 supply monitor;
- 0: mask VDAC power
supply alarm event
[15:8] RESERVED RO 0 reserved
[3:0] ~ IDAC4~1. IDAC-n
[7:4] IDAC_EN W/R 0
0x13 DAC_EN 16 power on enable
[3:0] ~ VDAC4~1. VDAC-n
[3:0] VDAC_EN WI/R 0
power on enable
[15:8] RESERVED RO 0 reserved
3:0] ~ IDAC4~1. IDAC-n
[7:4] IDAC_CLR W/R 0 [3:0]
0x14 DAC_CLR 16 clear mode enable
[3:0] ~ VDAC4~1. VDAC-n
[3:0] VDAC_CLR WI/R 0
clear mode enable
[15:12] RESERVED RO 0 reserved
Writing this register will
0x15 DAC_BC 16 write the bc_code to
[11:0] DAC_BC_CODE WO 0 ) -
all registers that enable
broadcast mode
[15:12] RESERVED RO 0 reserved
0x16 IDAC_CLR_ 16 o P 4in DAG
X ear code used in
CODE [11:0] IDAC_CLR_CODE W/R 0
clear mode;
[15:12] RESERVED RO 0 reserved
o0x17 VDAC_CLR 16 o P 4in DAG
ear code used in
_CODE [11:0] VDAC_CLR_CODE W/R 0
clear mode;
[15:12] RESERVED RO 0 reserved
[3:0] ~ ADC4~1 ,
1: ADC-n alarm event
will cause ALARM PAD
ALR_OUT_ )
0x18 SRCO 16 [11:8] ADC_ALR OUT W/R 0 assertion;
0: ADC-n alarm event will
not cause ALARM PAD
assertion.
[7:4] IDAC_ALR_OUT WI/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] ~ VDAC4~1 ,
1: VDAC-n alarm event
will cause ALARM PAD
[3:0] VDAC_ALR_OUT W/R 0 assertion;
0: VDAC-n alarm event will
not cause ALARM PAD
assertion.
[15:8] RESERVED RO 0 reserved
7 OTP_ERR_ALR_OUT | W/IR 0
[6] OTP_WARN_ALR _OUT| W/R 0
(5] VCC2_vss2 ALR_OU W/R 0 1: The corresponding
ALR OUT T alarm event will cause
0x19 - - 16 VCC1_VSS1_ALR _OU ion:
SRC1 [4] _ _ _ WIR 0 ALARM PAD assertion;
T 0: The corresponding
[3] PVDD4_ALR_OUT W/R 0 alarm event will not cause
2] PVDD3_ALR_OUT W/R 0 ALARM PAD assertion.
[1] PVDD2_ALR_OUT WI/R 0
[0] PVDD1_ALR_OUT W/R 0
[15:1] RESERVED RO 0 reserved
2C TIMEO 1: enable 12C timeout
0x1A - 16 function;
UT_EN [0] [2C_TIMEOUT_EN R/W 0 . 2 AL
0: disable I” C timeout
function
[15:4] RESERVED RO 0 reserved
0x20 ADC_DIS 16 1: ADCn PAD will be used
[3:0] ADC_DIS RO 0 )
as GPIO function
[15:12] RESERVED RO 0 reserved
0 = GPIO pin is push-pull
output;
[11:8] GPIO_ODE WI/R 0 . .
1 = GPIO pin is open-drain
output
0x21 GPIO_EN 16
config in_en to 0 when
[7:4] GPIO_IN_EN WI/R 0 GPIO PAD is Hi-Z status to
save Power
config out_ento 1 to
[3:0] GPIO_OUT EN WIR 0 g out_
enable GPIO output mode.
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Address RegName | Width Bit FieldName R/W | ResetValue Description
[15:4] RESERVED RO 0 reserved
The gpio_out will write to
0x22 GPIO_OUT 16 the corresponding GPIO
[3:0] GPIO_OUT WI/R 0 .
PADs which out_en are set
to 1.
[15:4] RESERVED RO 0 reserved
Read the gpio_in will read
0x23 GPIO_IN 16 (3:0] GPIO IN RO 0 the corresponding GPIO
’ - PADs which in_en are set
to 1.
DAC Register Page
Address | RegName | Width Bit FieldName R/W | ResetValue Description
[15:3] RESERVED RO 0 reserved
1: VDAC buffer capacitive
load drive capability is
reater than 47nF
[4] VDAC_CAP_LOAD R/W 1 9 .

0: VDAC buffer capacitive
0x30 VDAC_CTR 16 load drive capability is less
L than 47nF

0:-5V; 1: -2.5V;
[3:2] VDAC34_RANGE R/W 0
2:5V; 3: 2.5V
0:-5V; 1: -2.5V;
[1:0] VDAC12_RANGE R/W 0
2:5V; 3:2.5V
[15:12] IDAC_BC_EN R/W 0 enable the broadcast
mode for the
0x31 DAC_MODE 16 [11:8] VDAC_BC_EN R/W 0 corresponding DAC
CFG
- [7:4] IDAC_SYNC_EN R/W 0 enable the sync mode for
[3:0] VDAC_SYNC_EN R/W 0 the corresponding DAC
[15:12] IDAC_HPD_EN R/W F The corresponding DAC
will enter Power-Down
[11:8] VDAC_HPD_EN R/W F mode when PWDWN PAD
DAC_HW_C ; .
0x32 FG 16 is low;
[7:4] IDAC_HCLR_EN R/W F The corresponding DAC
will enter Clear mode when
[3:0] VDAC_HCLR_EN R/W F CLR PAD is low:
[15:8] RESERVED RO 0 reserved
[7:4] IDAC_APD_EN R/W F The corresponding DAC
0x33 DAC_APD_ 16 will enter Power Down
EN mode when the Auto-
[3:0] VDAC_APD_EN R/W F
Power-Down-alarm event
happens.
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Address RegName | Width Bit FieldName R/W | ResetValue Description
[15:12] RESERVED RO 0 reserved
DAC APD [11:8] ADC_ALR_APD R/W 0 1: The corresponding alr is
0x34 srco | 10| a4 IDAC_ALR_APD | R/W 0 a source of APD event
0: The corresponding alr is
(3:0] VDAC_ALR_APD RIW 0 not a source of APD event
[15:8] RESERVED RO 0 reserved
[7] OTP_ERR_ALR_APD R/W 1 1: The corresponding alr is
a source of APD event
[6] OTP_WARN_ALR_APD| R/W 0 0: The corresponding alr is
DAC APD not a source of APD event
0x35 srct | 16 54 RESERVED RO 0 reserved
[3] PVDD4_ALR_APD R/W 0 1: The corresponding alr is
[2] PVDD3_ALR_APD R/W 0 a source of APD event
[1] PVDD2_ALR_APD R/W 0 0: The corresponding alr is
[0] PVDD1_ALR_APD RIW 0 not a source of APD event
[15:12] RESERVED RO 0 reserved
VDAC1 BU vdac1 buf register, which
0x40 F_RE_G 10 [11:0] VDAC1_BUF_REG R/W 0 stores the data t(.) be
loaded to the active
register in sync mode
[15:12] R