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KEY SPECIFICATIONS
® 2™ Generation EIGENTAKT 375W @ 80)
Analog-input Class D Amplifier Output Power @ 0.1% THD 750W @ 40
. 1400W @ 20
Bridged Output Stage THD+N <0.00006% @ 100W, 40, TkHz
Negligible THD and IMD Dynamic Range 140dB(A)

o ] Output Noise 4.5uV(A)
Extraordinarily Low Noise Gain 14 4dB
Load-invariant Response Efficiency 96% @ 1kHz, 750W, 40

. o Output Current 40A
Exceptionally Clean Clipping Supply 130V To £48V OC
Low Losses & High Efficiency  Size 100mm(width)x 100mmllength)x 35mm (height)
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1 Speci

fications

1.1 Absolute Maximum Ratings

Referenced t

0 GND unless otherwise noted.

Parameter Min Max Unit
Power Stage Supply, positive rail voltage (+VP) -0.3 50 \
Power Stage Supply, negative rail voltage (-VP) -50 0.3 \
Power Gate Drive Supply, voltage, referenced to -VP(VDR) -0.3 20 \
Supplies OPAMPs supply, positive rail voltage (+VOP) -0.3 16.5 \
OPAMPs supply, negative rail voltage (-VOP) -16.5 0.3 v
Analog low-level voltage supply (+5A) -0.3 6 %
Digital Supply, voltage (+5D) -0.3 6 v
Analog Inputs (+AIN, -AIN) -20 20 v
1/0's Logic-level outputs, continuous current (SMPS_OFF, GPIO/INT, ICL, VCL) 10 mA
Logic-level inputs, voltage (/AMPON, SDA, SCL, /FATAL) -0.3 (+5D)+0.3 \%
Open-drain, bi-directional, continuous current (SDA) 10 mA
Ambient temperature 0 100 °C
Env. Heatsink temperature 0 100 °C
Relative Humidity, non-condensing 85 %o

Stress beyond Absolute Maximum Ratings may cause permanent damage to TET3040BA and associated circuitry. Attempts to operate
1ET9040BA within Absolute Maximum Rating but outside Recommended Operation Conditions may result in non-functional circuits and
erroneous behavior.

Table TAbsolute Maximum Ratings

1.2 Recommended Operating Conditions

Amplifier operation is permitted only under conditions stated in Table 2.
Referenced to GND unless otherwise noted.

Parameter Min Typ” | Max | Unit
Power Supplies
+VP Power Stage, positive rail voltage 30 46 48 V
-VP Power Stage, negative rail voltage -48 -46 -30 V
VDR Gate Drive, voltage (must be referenced to -VP) 13.6 15 17.5 v
+VOP OPAMPs, positive rail voltage 1.4 12 15 V
-VOP OPAMPs, negative rail voltage -15 -12 -M.4 V
+5D Digital, voltage 4.5 5 5.5 V
+bA Analog, voltage 4.5 5 5.5 V
1/0's
Vi g Analog Inputs, differential rms voltage (pos. to neg. input) required for typ. rated 1052
power
Vin_em Analog Inputs, common-mode voltage (DC-only) -5 0 5 \Y
Re Speaker Load, resistive 2-16 0
ZL Speaker Load, capacitive 0 0.47 uF
Environmental
Ta Ambient temperature (ambient air temperature, free airflow) 0 25 75 °C
Ths Heatsink temperature 0 25 75 °C
Ohs-a Thermal resistance, Heatsink to Ambient see note? °C/W
RH Humidity, relative (non-condensing) 50 85 %

1) The amplifier is operational within the min-to-max range; audio performance specs may vary outside of Typical (Typ) operating

conditions.
2)Correspon

ds to approximately full Typ rated power in 40 load condition.

3) The required 6us-a depends highly on the desired sustained power delivery specification.
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1.3 Audio Characteristics

TET9040BA- Data Sheet

Ri=40), Ta=25° free operating air, f=1kHz, 20kHz AES17 filter (AP), typical operating conditions unless otherwise noted.

Parameter Conditions Min | Typ” | Max | Unit
R.=80, 0.1%THD 375 W
Output Power, Short term" Ri=40,0.1%THD 750 w
Po Ri=20Q,0.1%THD 1400 W
Output Power, Continuous - (as limited by -
thermal system)
Po=1W, f=1kHz 0.0003 %
Po=10W, f=TkHz 0.0001 %
Po=100W, f=1kHz 0.00006 %
. ) ) Po=400W, f=1kHz 0.000045 %
THD+N Total Harmonic Distortion + Noise PosIW, 1=20-20KH2 0.0003 o
Po=10W, f=20-20kHz 0.0001 %
Po=100W, f=20-20kHz 0.00015 %
Po=400W, f=20-20kHz 0.0001 %
Po=1W, f=18.5kHz+19.5kHz 0.0001 %
IMD Intermodulation Distortion, CCIF Po=10W, f=18.5kHz+19.5kHz 0.0001 %
Po=200W, f=18.5kHz+19.5kHz 0.0001 %
ICN ldle Noise, speaker output Ri=40Q, A-weighted 4.6 pv
DNR Dynamic Range A-weighted, rel. to short term Po, Ri= 40 140 dB
SNR Signal to Noise Ratio A-weighted, rel. to short term Po, Ri.= 40 140 dB
Ri=Q, Vo=2.83V@1kHz
R.=380, Vo=2.83V@1kHz (=1W)
24l -
Frequency Response, lower -3+2dB RL=40, V=2 83V @ kHz (DC coupled)
BW Ri=20Q, Vo=2.83V@1kHz
Ri=(, Vo=2.83V@1kHz 80 kHz
R.=80, Vo=2.83V@1kHz (=1W) 80 kHz
_34l
Frequency Response, upper -3t£/2dB R=40, Vo=2.83V @ kHz 80 Kz
R.=20, Vo=2.83V@1kHz 80 kHz
Frequency Response, flatness Ri= (), f= 20-20kHz 0.02 dB
Ri=8Q, f=20-20kHz 0.02 dB
RESP Ri=4Q, f=20-20kHz 0.02 dB
Ri=2Q, f=20-20kHz 0.02 dB
1kHz, louwr=1A 0.025 mQ
2) '
2 Outputimpedance 20-20kHz, lou=1A <0.2 ma

1) Assumes a thermal system of adequate size to keep the amplifier module well within its thermal recommended operating range.

2) The Output Impedance is measured with kelvin connection right on the speaker terminal pads (right after the LC filter).
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1.4 Typical Audio Performance, Graphs

Ta=25°free operating air, 20kHz AES17 filter (AP), typical operating conditions (Table 2) unless otherwise noted.
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Ta=25° free operating air, typical operating conditions (Table 2) unless otherwise noted.
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Ta=25° free operating air, typical operating conditions (Table 2) unless otherwise noted.

0.1% THD Output Power [W]

Power Stage Efficiency [ %]
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1) Output impedance is measured using 4-terminal connection. The test current is injected into the +/-
terminal pair of J2, the resulting voltage measured back via the remaining terminal pair.
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1.5 Electrical Characteristics

Ru=40), Ta=25° free operating air, f=1kHz, 20kHz AES17 filter (AP), typical operating conditions unless otherwise noted.

Parameter Conditions Min Typ Max | Unit
Current Consumption & Efficiency
[ Ive | Power Stage supply, current (+VP,-VP), Idle 43 mA
lor Gate Drive supply, current (VDR), Normal operation 60 mA
[lop] OPAMPs supply, current (+VOP, -VOP), Normal operation 34 mA
lvo uC and logic supply, current (VD), Normal operation 16 mA
lva Comparator/analog path supply, current | (VA), Normal operation 8 mA
R.=380 97 %
n Efficiency, full rated power Ri=40 96 %
R.=20 92 %
Audio Inputs & Output
. Differential, pos. to neg. input 1.5 kQ
Ri Inputimpedance Single-ended, input to GND 1.3 kO
Ay Voltage Gain Vol Vi 14.4 dB
Vinoiztho | Differential, or Single-ended input Toget 0.1%THD @ Ri= 40, VP=£45V 10.5 Vims
Vina%tio | voltage Toget 1% THD @ Ri= 40, VP=+45V 1.0 Vims
CMRR Common Mode Rejection Ratio Audio input, 1kHz >60 dB
PSRR Power Supply Rejection Ratio Forced 1Vrms f<lkHz ripple, either rail >90 dB
[Voocl Speaker Output, DC offset Ri=4Q, Grounded analog inputs <10 mV
Idle (indicative) 620 kHz
fs Switching frequency Positive clipping >50 kHz
Negative clipping 0 Hz
- Switching residual on output (ripple) Ri= (), Grounded analog inputs 0.25 Vims
Logic Control Signals
Vi High level input threshold 2.7 V
Vie Low level input threshold VENABLE] 0.65 V
Vin_ic High level input threshold (SDA) 2.3 V
ViL_i2e Low level input threshold 1 V
Von_izc High level output voltage [=6mA 2.6 \Y
VoL_izc Low level output voltage (SDA) Open-drain [=10mA 0.6 %
lot_i2c Low level sink current 10 mA
ViH_scL 1.65
Viso Open collector input (SCL) 0.5 v
liH_scL 0.001
liL_scL 1 mA
\'/ZZCC Open collector output (/FATAL) ]62 T/A
Von High level output voltage (READY, ICL, VCL, GPIO/INT) VD-0.7 V
Vou Low level output voltage 0.6 V
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Electrical Characterization, continued

Ri=40), TA=25° free operating air, f=1kHz, 20kHz AES17 filter (AP), typical operating conditions unless otherwise noted.

Parameter Conditions Min Typ Max | Unit
Protection Systems
Overcurrent Protection, no.minal Re=10, f= one pulse TkHz 40 A
loce threshold at normal gperat|or.1
Overcurrent Protection, nominal derated | R.=1Q, f=one pulse TkHz ,VP=0VPve, 25 A
threshold at high temp Temp=0TE
Overcurrent Protection Voltage
45 Y
loce_vp threshold
Overcurrent Protection Voltage rate loce reduction for VP above loce_ve 2 ANV
Overcurrent Protection temperature 50 o0
locp_T threshold for deration of OC limit
Overcurrent Protection Voltage rate loce reduction for Temp above locp_t 0.5 A/°C
foce . ) Detection filter corner frequency 2.5 Hz
[Voce | DC Protection, Speaker terminal Voltage limit, low-pass filtered signal 12 V
Tore_Hs Thermal Protection, Heatsink Over-temperature, 2°[2 hysteresis. 75 :C
Tutp_Hs Under-temperature, 2°C hysteresis 0 C
Torp_rM . Over-temperature, 2°C hysteresis 85 °C
Tute_RM Thermal Protection, Output Inductors Under-temperature, 2°C hysteresis 0 °C
| OVPw| (+VP, -VP), 1V hysteresis 50l v
OVPor Overvoltage Protection, threshold (VDR), 0.5V hysteresis 17.5 \
| OVPee| (+VOP, -VOP), 0.5V hysteresis l16l v
[UVPw| (+VP, -VP), 1V hysteresis 20 v
UVPor Undervoltage Protection, threshold (VDR), 0.5V hysteresis 12.5 \
| UVPop| (+VOP, -VOP), 0.5V hysteresis 10.5 %
Table 5 Electrical Characteristics
1.6 Timing Characteristics
Typical operating conditions unless otherwise noted.
Parameter Conditions Min Typ Max | Unit
Control Signals
/AMPON Mute time Pin asserted high to Amp output HiZ 300 s
Un-mute time Pin asserted low to Amp output LoZ 300 us
/FATAL Amplifier failure to signal assertion Failure to /FATAL low 10 s
HS/ADDR | Mode Selection Power-up to Mode latched 40 s
GPIO General Purpose 1/0 pin (flexible use) 20 us
Protection Systems
U/ovpP Under-/overvoltage protection recovery | From voltage good to Amp output LoZ 20 us
OLP Overload Protection, threshold Ratio of OCP cycles to non-OCP cycles 12 %o
torp OLP Mute cycle duration OLP even toreenable outputs 1 S
toce DCP Mute cycle duration DCP even to reenable outputs 1 S

Table 6 Timing Characteristics
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1.7 Mechanical & Mounting

Parameter Conditions Min Typ Max | Unit
Length 100
Width 100 mm
Height 35 mm
Diameter M3 -
Mounting | Threaded standoff Available thread depth 4 mm
Torque” 0.5 Nm

1) Observe torque spec for the selected standoff/screw/nut.
Table 7 Mechanical & Mounting
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1.8 Overview
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Figure 14 1TET9040BA top view
Node | Signal Rating | 110 | Description
J1
J1:1 GND - Common ground for all circuits
J1: 2 +5D P External Voltage supply logic-level circuits
J1: 3 READY 0 Amplifier "Ready” - signal goes low on error
J1t 4 /ENABLE | Amplifier Enable (HW Mode) - pull low to enable Amp
J1I: 6 ICL 0 Output Current clipping
J1: 6 VCL 0 Output Voltage clipping
J1:7 ADDR | HW/SW Mode/I2C Address Selection; set by one 1% resistor.
J1: 8 GPIO/INT? X General Purpose I/0 pin; function depends on Register map configuration
J1: 9 SDA X 12C Data(SW Mode)
J1:10 SCL Table 1 | 12C clock (SW Mode)
J1: 1 /FATAL Table 2 0 Amplifier “error/fail’(HW Mode) - signal goes low on error
J1:12 +bA P External Voltage supply analog low-voltage circuits
J1: 13 GND - Common ground for all circuits
J1: 14 GND - Common ground for all circuits
J1: 15 IN+ | Analog Input, positive
J1: 16 IN- | Analog Input, negative
J1:17 GND - Common ground for all circuits
J1:18 GND - Common ground for all circuits
J1: 19 +VOP P OPAMPs, positive rail
J1: 20 -VOP P OPAMPs, negative rail
J2
J2:1 OUT+ 0 Speaker Output, positive
J2:2 ouUT- 939 0 Speaker Output, negative
J2:3 ouUT+ o 0 Speaker Output, positive
J2: 4 OuUT- 0 Speaker Output, negative
J3
J3: 1 VDR P Gate Drive Supply, referenced to -VP
J3: 2 +VP P Power Stage Supply, positive rail
J3:3 GND Table 1 - Common ground for all circuits
J3: 4 -VP Table 2 P Power Stage Supply, negative rail
J3:5 -VP P Power Stage Supply, negative rail
J3:6 GND - Common ground for all circuits

1)GPIO pin can used to pull an interrupt on the system uC where after the protection status can be read via 12C.

Table 81/0
Connector Equivalent Type Matching cable part
J1 Wiirth 61302021121 IDC-20 Female
J2 JST: BO4P-VL JST: VLP-04V
J3 JST: BOBP-VL JST: VLP-08V
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2 Configuration Requirements & System Considerations

2.1 Power Supplies

Voltage, current and power ratings are described in detail in Table 2 Recommended Operating Conditions and
Table 4 Electrical Characteristics.

2.1.1  Power Stage Supply (+VP, -VP)

TETY040BA requires a ground-centered (GND) split-rail supply for the amplifier output stage.

2.1.2  Gate Drive Supply (VDR)

The design requires an external supply for the gate drive circuitry. It is essential that the supply is designed as a
floating rail, that must be referenced to -VP. VDR directly feeds the low-side gate driver; the amplifier utilizes
boot-strap circuitry to create a rail relative to the high-side driver.

2.1.3  OPAMPs Supply (+VOP, -VOP)

TET9040BA requires an external ground-centered split-rail supply for the op-amp circuitry.

2.1.4  Low power circuitry supply (+5A, +5D)

TET9040BA requires an external supply for digital and low power analog circuitry.

2.2 Control Signals

221 SDA

SDAisused in SW mode and is a bi-directional I/0 and complies with the general I2C specification in terms of
levels and timing.

SDAis tied directly to an onboard microcontroller GPIO pin.

222 SCL

SCL is used in SW mode and is an input complying with the general I2C specification in terms of levels and
timing.

SCL is tied directly to an onboard microcontroller GPIO pin.
2.2.3 /ENABLE
/ENABLE is used in HW mode. The amplifier is enabled when /ENABLE is pulled low (refer to section 4).

/ENABLE is tied directly to an onboard microcontroller GPIO pin.

2.2.4 /FATAL

/FATAL is connected to the collector of a transistor which has the emitter tied to an onboard microcontroller
GPIO pin and the base tied permanently to VD via a 3.3k(Q resistor. The pin will pass output from the
microcontroller and function as open-collector output.
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2.25 ADDR

A programming resistor must be connected between the ADDR pin and GND in order to enable SW mode and to
set 12C register address. Please refer to Table 10 for resistor values and 12C addresses. HW mode is enabled
when ADDR is left open (when the programming resistor is not mounted).

2.2.6  GPIO/INT
General-purpose I/0, may be programmed to signal status changes. Please refer to section 4.2.2 for details.

GPIO/INT is tied directly to a microcontroller GPIO pin.

227 ICL&VCL

ICL indicates current clipping and is asserted high each time a PWM cycled is terminated early by OC detection.
ICL status is updated by the system microcontroller with a delay less than 40us.

VCL indicates voltage clipping and is asserted high each time voltage clipping is detected. VCL status is
updated by the system microcontroller with a delay less than 40us.

2.3 Audio Inputs & Output

2.3.1  Audio Input (IN+, IN-)
TET9040BA has a differential analog input.

The behavior of the input can be described as equivalent to a traditional floating differential, op-amp
configuration with gain and input resistance as listed in Table 4.

—
Rin/2
+ e
Rin/2
—

Figure 15 1ET9040BA Equivalent Input Impedance

2.3.2  Speaker Output (OUT+, OUT-)
TETS040BA has a ground-centered bridge-tied-load (BTL) speaker output.

The output impedance of TET9040BA is significantly lower than the resistance of even a single high quality
output binding post. To derive the greatest benefit of the ultra-low output impedance, 1ET9040BA is fitted with
a four-pole output connector which permits bi-wiring. This prevents load dependent currents from e.g. the
bass section of a speaker from impacting the mid/tweeter section. IET9040BA’s ultra-low output impedance
offers a degree of isolation that can otherwise only be matched by full bi-amping.
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2.4 Thermal Requirements

While the TET9040BA has very low idle losses and high overall efficiency, adequate cooling is essential for
sustained power delivery. Careful consideration must be given to the design of the thermal system in order to
achieve desired output power specifications. TET9040BA’s power efficiency and power loss is illustrated in
Figure 12 and Figure 13

2.5 Mechanical Requirements

It is the responsibility of the system integrator to ensure integrity of mounting method and materials used. Itis
recommended to thoroughly test the final product for robustness against, e.g., shock and vibration.
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3 Protection System

TET9040BA is protected from overload and failure by means of several protection circuits. All systems are
continuously active while the amplifier is powered and operational.

3.1 Environmental checks

Environmental checks denote circuits that monitor operating conditions maintained or affected by external
sources or influences such as power supply voltages and ambient/system temperature.

Environmental checks are enabled in both HW Mode and SW Mode.

3.1.1 Over/Under-Voltage Protection, +VP, -VP, VDR, +VOP, -VOP

The high voltage supply rails (Power Stage Supply), op-amp and gate drive supply rails must be within certain
thresholds for safe operation. If supply levels are outside min-to-max thresholds denoted in Table b the
Amplifier power stage output is brought immediately into high-impedance state (HIZ). Normal operation
automatically resumes once the voltage supply rails return within the tolerable range, i.e., no involvement from
user or system host controller is required.

In SW Mode OVP/UVP status and actual measured supply voltages are reported in 12C registers.

3.1.2  Temperature Protection

TET9040BA utilizes circuitry to monitor the temperature of the aluminum back plate (used for cooling the FET's)
and take appropriate action if conditions are outside the recommended operating range. A second sensor is
placed on the top side of the PCB to monitor the temperature of the two output coils.

An OTP/UTP condition brings the amplifier output into high-impedance state (stop switching). Normal operation
automatically resumes once temperatures return within the tolerable range, i.e., no involvement from user or
system host controller is required.

In SW Mode OTP/UTP status and actual measured temperature are reported in the 12C register.
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3.2 Overcurrent Protection (OCP)

TETY040BA is protected against short-circuits between speaker output terminals (OUT+to OUT-), and from

speaker output terminals to ground. Additionally, the amplifier is protected against extended-time high-current
overload situations.

A system monitors the output stage current and abruptly engages a protection cycle (OCP cycle)if the pre-set
overcurrent threshold is exceeded. During a protection cycle the output stage reverses state until the following
PWM frame. This behavior is comparable to a current-limiter function. Following a protection cycle, normal
operation is automatically resumed and no involvement from user or system host controller is required.

Short-circuits from speaker output terminal(s)to ground is detected as an error situation and the protection
system immediately shuts down the amplifier.

Extended current-limiting will result in triggering of the Overload Protection, OLP.
OCPis enabled in all modes of operation (SW Mode, HW Mode) and reported on ICL.
OCPisreportedin the 12C register when operating in SW Mode.

While OVP and OTE protection disables the amplifier when thresholds for voltage and temperature are
exceeded, operation at high temperature and VP voltages higher than nominal is still allowed until VP_ OVP,
and/or OTE thresholds. Above nominal VP and/or above locr_t threshold (see Table 5) the OC threshold will
decrease as shown in Figure 16 until OVPyp, or Torp_ss.

OC limit vs. Temperature OC limit vs. Supply Voltage
11 11

0,9 0,9

VPnom = T=50degC

0,8 — 0,8

TN\ C

0,6 = \/Pmax 0,6 ——T=75degC

0,7

Normalized OC Threshold
Normalized OC Threshold

0,5 0,5
25 35 45 55 65 75 40 42 44 46 48 50
Temperature [degC] VP Supply [V]

Figure 16 OC Threshold versus Temperature and Supply Voltage
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3.3 Overload Protection (OLP)

To safequard TET9040BA against continuous operation at the OCP threshold(i.e., in current limiting) a circuit
keeps track of OCP cycles as function of time. If the amplifier is running in current limiting more than
approximately 12% over time an OLP mute cycle is triggered.

In events of continuous OCP the OLP mute cycle triggers after approximately 10ms.
During a mute cycle the output stage is disabled (left in high-impedance state) approximately 1second.

Following a mute cycle, normal operation is automatically resumed, i.e., no involvement from user or system
host controller is required.

OLPis enabled in all modes of operation (SW Mode, HW Mode).

OLPisreportedinthe 12C register when operating in SW Mode.

3.4 Output Voltage Clip Protection (CLIP)

To safequard TET9040BA against output voltage clipping, a circuit ensures continuous operation of the power
stage high-side boot-strap circuitry by inserting narrow pulses in the output PWM signal.

CLIPis enabled in all modes of operation (SW Mode, HW Mode) and reported on VCL.

CLIPisreported in the I2C register when operating in SW Mode

3.5 DC Protection (DCP)

TETQ040BA is capable of passing DC signals, i.e., the audio channel does not include any form of low-cut (high-
pass)filtering.

To protect the speaker against potentially harmful DC signals TETS040BA includes a circuit that monitors the
speaker output and disables the power stage should certain conditions be exceeded. The speaker output signal
is low-pass filtered with a corner frequency below the audible range and if the filtered signal exceeds a pre-set
threshold (see Table 5) a DCP mute cycle is triggered.

Following a mute cycle, normal operation is automatically resumed only if the DC is reduced within safe
thresholds. If so, no involvement from user or system host controller is required. However, if DC persists at the
end of the mute cycle, the power stage is latched off and will stay off until the user or system host controller
takes deliberate action to restart operation.

DCP is enabled in SW Mode and HW Mode.

DCP-latch-off condition is reported in the I2C register when operating in SW Mode. Note that a BCP mute cycle
is not reported.

In HW Mode, DCP-latch-off condition asserts /FATAL signal low. It is recommended that the /FATAL signal is
used to switch off the power supplies.

sales@purifi-audio.com PURIFI Information (1.10) June 2024



TET9040BA- Data Sheet

PURIFI

4 Operating Modes & Status Reporting

TET9040BA can operate in two modes:

1. HW Mode: all control via pins (HW interface)
2. SW Mode: enables 12C control (I2C interface)

Setting of the HS/ADDR signal (by connecting a 1% resistor from HS/ADDR, J1:7, to GND) defines operation
mode and 12C address per following table:

Mode I2C Address Resistor: ADDR to GND
Hardware Mode - (not populated)
0x50 0
0x51 1K9
0x52 3K9
0x53 BK8
0x54 10K
0x55 12K
0x56 18K
Software Mode 0x57 22K
0x58 27K
0x59 33K
0x5A 47K
0x5B 56K
0x6C 82K
0x5D 120K
Ox5E 190K
Ox5F 390K

*) Resistors must be 1% or better.
Table 10 Mode Selection via HS/ADDR

4.1 HW Mode

In HW mode operation, the protection system controller monitors and operates available circuits for
environmental checks (Over/Under-voltage, Temperature)and all protection circuits (Current limiting, Overload
protection, DC protection and voltage clipping protection).

In HW Mode, status and control information are accessible via the following signals:

Signal Rating [/0 | Description
/FATAL 0 Amplifier “error/fail” - signal goes low on error
/ENABLE | Amplifier Enable - pull low to enable Amp
READY 0 | Amplifier ready(running, no errors)
Table 1 —
cL 0 Current clip s!gnal. . - .
Pulses each time a PWM cycled is terminated early by OC detection.
VCL 0 Voltage clip signal. High during clip
Table 11 Status/Control signals in HW Mode
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4.2 SW Mode

In SW mode operation, the channel controller monitors and operates available circuits for environmental
checks(Over/Under-voltage, Temperature)and all protection circuits (Current limiting, Overload protection, DC
protection and voltage clipping protection).

In SW mode 1ET9040BA can be turned on and off by I2C (see Table 13) when /ENABLE is left unconnected. If
/ENABLE is pulled low, TET9040BA is enabled.

In SW mode, status and control information is accessible via 12C as well as via several HW signals:

Signal Rating [/0 | Description
/FATAL 0 Amplifier “error/fail” - signal goes low on error
/ENABLE | Amplifier Enable - pull low to force enable Amp
SCL [ 12C clock
SDA [ 12C Data
GPIO/INT Table 1 0 Interrupt signal, pulls low when any failure flags an error
READY 0 | Amplifier ready(running, no errors)
Current clip signal - pulses high each time a PWM cycled is terminated early by
ICL 0 .
OC detection
VCL 0 Voltage clip signal. High during clip
Table 12 Status/Control signals in SW Mode

421 12C Register Map

Reg Name Data type | R/W | Description
0x00 Channel count High Nibble R 1=module has one active channels
Product Type Low Nibble R 1=amplifier module
g;g; Model Integer R 8:5)8 0x2350 = 9040 (dec)
0x03 Version High Nibble R Hardware revision number
Revision Low Nibble R Hardware sub-revision number
gigg Serial Integer R Serial number(convert hex to dec to get serial number)
0x06 Firmware High Nibble R Firmware revision number
Low Nibble R Firmware sub-revision number
0xQ7 Reserved - -
0x08 Reserved - -
Reserved Bits 7-4 -
Set to make GPIO an interrupt pin. In that case, GPIO will go high
GPIOint Bit3 W whenever a non-masked bit in registers 0x0B-0x0D changes, and go low
0x09 as soon as any of them are read
GPIODir Bit 2 W | GPIO pindirection, 1=input, O=output
GPIOVal Bit 1 R/W | GPIQO pin value
AmpEnable Bit 0 W Request to turn on amplifier
Reserved Bits 7-3 -
0xOA ICLIP Bit 2 R Flags that current limiting has happened since this flag was last read
VCLIP Bit 1 R Flags that at clipping has happened since this flag was last read
AmpReady Bit 0 R Power stage is switching and passing signal
AmpFail Bit7 R Flags that DC at the output persisted after turning the power stage off
OverTemp_Coil Bit 6 R Temperature at Coil sensor too high.
OverTemp_PS Bitb R Temperature at FET sensor too high.
0x0B MinVOPQver Bit 4 R Negative op-amp supply too high.
PlusVOPOver Bit 3 R Positive op-amp supply too high.
VDROver Bit 2 R VDR too high.
MinHVQOver Bit 1 R Negative high-voltage supply too high.
PlusHVOver Bit 0 R Positive high-voltage supply too high.
0x0C Reserved Bits 7 -
UnderTemp_Cail Bit6 R Temperature at Coil sensor too low.
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Reg Name Data type | R/W | Description
UnderTemp_PS Bitb R Temperature at Fet sensor too low.
MinVOPUnder Bit 4 R Negative op-amp supply too low.
PlusVOPUnder Bit 3 R Positive op-amp supply too low.
VDRUnder Bit 2 R VDR too low.
MinHVUnder Bit 1 R Negative high-voltage supply too low.
PlusHVUnder Bit 0 R Positive high-voltage supply too low.
Reserved Bits 5-7 -
MOSFailError Bit 4 R Power stage is turned off after one half stopped responding
CMError Bit 3 R Power stage is temporarily turned off after a common-mode OC event
0x0D -
Reserved Bit 2 R
OverloadError Bit 1 R Power stage is temporarily turned off after a sustained OC event
DCError Bit0 R Power stage is temporarily turned off after DC detected on the output
0x0E PlusVP Unsigned short| R Measured positive high-voltage rail in volts
0OxOF MinVP Unsigned short| R Measured negative high-voltage rail in volts
0x10 VDR Unsigned short| R Measured VDR in decivolts.
0x11 Temperature_PS Signed short R Measured temperature at power stage in °C
0x12 Temperature_Coil Signed short R Measured temperature at coil in °C
0x13 DC Signed short R Measured output DC in decivolts
822 Fsw Unsigned int R Measured switching frequency in units of 250Hz.
0x16 PlusVOP Unsigned short| R Measured positive op amp supply, in decivolts
0x17 MinVOP Unsignedshort| R Measured negative op amp supply, in decivolts
Reserved - -
AmpReadyMask Bit 0 R/W | AmpReady Masking bit (default 0)
VClipMask Bit 1 R/W | VClip Masking bit (default 0)
IClipMask Bit 2 R/W | IClip Masking bit (default 0)
0x18 Reserved Bit 3 -
Reserved Bit 4 -
Reserved Bitb -
Reserved Bit 6 -
Reserved Bit7 -
PlusHVOverMask Bit 0 R/W | PlusHVOver Masking bit (default 0)
MinHVOverMask Bit 1 R/W | MinHVOver Masking bit (default 0)
VDROverMask Bit 2 R/W | VDROver Masking bit (default 0)
0x19 PlusVOPOverMask Bit 3 R/W | PlusVOPOver Masking bit (default O)
MinVOPQOverMask Bit 4 R/W | MinVOPOver Masking bit (default 0)
OverTemp_PSMask Bit5 R/W | OverTempPS Masking bit (default 0)
OverTemp_CoilMask Bit 6 R/W | OverTempCoil Masking bit (default 0)
AmpFailMask Bit 7 R/W | AmpFail Masking bit (default 0)
PlusHVUnderMask Bit 0 R/W | PlusHVUnder Masking bit (default 0)
MinHVUnderMask Bit 1 R/W | MinHVUnder Masking bit (default 0)
VDRUnderMask Bit 2 R/W | VDRUnder Masking bit (default 0)

OxIA PlusVOPUnderMask Bit 3 R/W | PlusVOPUnder Masking bit (default 0)
MinVOPUnderMask Bit 4 R/W | MinVOPUnder Masking bit (default 0)
UnderTemp_PSMask Bit5 R/W | UnderTempPS Masking bit (default 0)
UnderTemp_CoilMask Bit 6 R/W | UnderTempCoil Masking bit (default 0)

Reserved Bit7 -
DCErrorMask Bit 0 R/W | DCError Masking bit (default 0)
OverloadErrorMask Bit 1 R/W | OverloadError Masking bit (default 0)
Reserved Bit 2 -
Ox1B CMErrorMask Bit 3 R/W | CMError Masking bit (default 0)
MOSFailErrorMask Bit 4 R/W | MOSFailError Masking bit (default 0)
Reserved Bitb -
Reserved Bit 6 -
Reserved Bit7 -
0x1C... Reserved - -
Ox1F
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4.2.2 Programmable GPIO

When configured as output, the programmable GPIO allows setting an interrupt for an external system host to
read status whenever an error occurs, or when configured as input, to allow function as 12C expander to read
one external logic signal via I2C.

4.2.2.1 GPIO as output

Any protection system error flag available in 12C register 0x0A-0x0D can be set to assert the GPIO output high
as interrupt for a system host to read back error status. The GPIO value clears upon read back of any of these
registers.

The GPIO output can be forced either high or low by 12C. This value is cleared either by setting it low, or by
reading any 12C register.

Which error/status flags to trigger the GPIO can be selected by writing de-masking bits to I2C register 0x18-
0x1B. Each de-masking bit is active high: Each bit set high will allow the corresponding signal to assert the GPIO
signal.

Register 0x18-0x1B can be read back for current list of masking bit status.

4.2.2.2 GPIOasinput

If configured as input, the logic level of the GPIO pin is monitored by the on-board uC and mapped to a
dedicated I12C register (0x09, bit 1). This feature can be thought of as a"HW-logic-level to SW-register-bit”
converter, i.e., the system host controller can read a physical logic-level signal via the TET9040BA.

Forexample, in case the System Controller lacks available logic-level inputs, but it is desirable to monitor the
Ready signal from a PSU, the Ready signal can be physically wired to the GPIO and the System Controller can
access its status via the 1ET9040BA register map.
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5 Mechanical Specifications

5.1 Module Dimensions
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Figure 17 Dimensions.

6 Compliance & Robustness Testing

TET9040BA is designed with considerations for robustness of the end application. However, it is the
responsibility of the system integrator to ensure any form of design-for-compliance and associated
testing/certification which may be required.

7 Revision History

Rev Date Description D
1.00 2024-03 First release version CNN
1.10 2024-06 Corrected recommended +VOP maximum to 15V KNM

Table 14 Revision History
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TMODULE Use Restrictions and Warnings: 1.1 MODULES ARE NOT FOR USE IN FUNCTIONAL SAFETY AND/OR SAFETY CRITICAL EVALUATIONS, INCLUDING BUT NOT
LIMITED TO EVALUATIONS OF LIFE SUPPORT APPLICATIONS. 1.2 User must read and apply the user guide and other available documentation provided by PURIFI
ApS regarding the MODULE prior to handling or using the MODULE. 1.5 Safety-Related Warnings and Restrictions: 1.3.1 User shall operate the MODULE within
PURIFI ApS's recommended specifications and environmental considerations stated in the specification or other available documentation provided by PURIFI
APS, and any other applicable requirements and employ reasonable and customary safequards. Exceeding the specified performance ratings and specifications
(including but not limited to input and output voltage, current, power, and environmental ranges) for the MODULE may cause personal injury or death, or property
damage. Any loads applied outside of the specified output range may also result in unintended and/or inaccurate operation and/or possible permanent damage
to the MODULE and/or interface electronics. Please consult the MODULE documentation prior to connecting any load to the MODULE output. During normal
operation, even with the inputs and outputs are kept within the specified allowable ranges, some circuit components may have elevated case temperatures.
When working with the MODULE, please be aware that the MODULE may become very warm. If there is uncertainty as to the ratings and specifications, please
contact PURIFI ApS prior to connecting interface electronics including input power and intended loads. 1.3.2 MODULES are intended solely for use by technically
qualified, professional electronics experts who are familiar with the dangers and application risks associated with handling electrical mechanical components,
systems, and subsystems. User assumes all responsibility and liability for proper and safe handling and use of the MODULE by User or its employees, affiliates,
contractors or designees. User assumes all responsibility and liability to ensure that any interfaces (electronic and/or mechanical) between the MODULE and any
human body are designed with suitable isolation and means to safely limit accessible leakage currents to minimize the risk of electrical shock hazard. User
assumes all responsibility and liability for any improper or unsafe handling or use of the MODULE by User or its employees, affiliates, contractors or designees.
1.4 User assumes all responsibility and liability ta determine whether the MODULE is subject ta any applicable international, federal, state, or local laws and
requlations related to User's handling and use of the MODULE and, if applicable, User assumes all respansibility and liability for compliance in all respects with
such laws and regulations. User assumes all responsibility and liability for proper disposal and recycling of the MODULE consistent with all applicable
international, federal, state, and local requirements.

2. Accuracy of Information: To the extent PURIFI ApS provides information on function of MODULES, PURIFI ApS attempts to be as accurate as possible. However,
PURIFI ApS does not warrant the accuracy of MODULE descriptions or other information on its websites as accurate, complete, reliable, current, or error-free.

3. Disclaimers: 3.1 EXCEPT AS SET FORTH ABOVE, MODULEs AND ANY WRITTEN MODULE MATERIALS PROVIDED WITH THE MODULE (AND THE DESIGN OF THE
MODULE ITSELF) ARE PROVIDED "AS IS". PURIFI APS DISCLAIMS ALL WARRANTIES, EXPRESS OR IMPLIED, REGARDING TO E.G. BUT NOT LIMITED TO ANY IMPLIED
WARRANTIES OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF ANY THIRD PARTY INTELLECTUAL PROPERTY RIGHTS. 3.2
EXCEPT FOR THE LIMITED RIGHT TO USE THE MODULE SET FORTH HEREIN, NOTHING IN THESE TERMS AND CONDITIONS SHALL BE CONSTRUED AS GRANTING OR
CONFERRING ANY RIGHTS BY LICENSE, PATENT, OR ANY OTHER INDUSTRIAL OR INTELLECTUAL PROPERTY RIGHT OF PURIFI APS, ITS SUPPLIERS/LICENSORS OR
ANY OTHER THIRD PARTY, TO USE THE MODULE IN ANY FINISHED END-USER OR READY-TO-USE FINAL PRODUCT, OR FOR ANY INVENTION, DISCOVERY OR
IMPROVEMENT MADE, CONCEIVED OR ACQUIRED PRIOR TO OR AFTER DELIVERY OF THE MODULE.

4. USERS INDEMNITY OBLIGATIONS AND REPRESENTATIONS. USER WILL DEFEND, INDEMNIFY AND HOLD PURIFT APS, ITS LICENSORS AND THEIR REPRESENTATIVES
HARMLESS FROM AND AGAINST ANY AND ALL CLAIMS, DAMAGES, LOSSES, EXPENSES, COSTS AND LIABILITIES (COLLECTIVELY, ‘CLAIMS") ARISING OUT OF OR IN
CONNECTION WITH ANY HANDLING OR USE OF THE MODULE THAT IS NOT IN ACCORDANCE WITH THESE TERMS AND CONDITIONS. THIS OBLIGATION SHALL APPLY
WHETHER CLAIMS ARISE UNDER STATUTE, REGULATION, OR LAW OF TORT, CONTRACT OR ANY OTHER LAW, AND EVEN IF THE MODULE FAILS TO PERFORM AS
OESCRIBED OR EXPECTED.

b. Limitations on Damages and Liability: 5.1 General Limitatians. IN NO EVENT SHALL PURIFI APS BE LIABLE FOR ANY SPECIAL, COLLATERAL, INDIRECT, PUNITIVE,
INCIDENTAL, CONSEQUENTIAL, OR EXEMPLARY DAMAGES IN CONNECTION WITH OR ARISING OUT OF THESE TERMS AND CONDITIONS OR THE USE OF THE MODULES
PROVIDED HEREUNDER, REGARDLESS OF WHETHER PURIFI APS HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH DAMAGES. EXCLUDED DAMAGES INCLUDE, BUT
ARE NOT LIMITED TO, COST OF REMOVAL OR REINSTALLATION, ANCILLARY COSTS TO THE PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES, RETESTING,
OUTSIDE COMPUTER TIME, LABOR COSTS, LOSS OF GOODWILL, LOSS OF PROFITS, LOSS OF SAVINGS, LOSS OF USE, LOSS OF DATA, OR BUSINESS INTERRUPTION. NO
CLAIM, SUIT OR ACTION SHALL BE BROUGHT AGAINST PURIFI ApS MORE THAN ONE YEAR AFTER THE RELATED INCIDENCE HAS OCCURRED. 5.2 Specific Limitations.
IN'NO EVENT SHALL PURIFI APS'S AGGREGATE LIABILITY FROM ANY WARRANTY OR OTHER OBLIGATION ARISING OUT OF OR IN CONNECTION WITH THESE TERMS
AND CONDITIONS, OR ANY USE OF ANY PURIFI APS MODULE PROVIDED HEREUNDER, EXCEED THE TOTAL AMOUNT PAID TO PURIFI APS FOR THE PARTICULAR UNITS
SOLD UNDER THESE TERMS AND CONDITIONS WITH RESPECT TO WHICH LOSSES OR DAMAGES ARE CLAIMED. THE EXISTENCE OF MORE THAN ONE CLAIM AGAINST
THE PARTICULAR UNITS SOLD TO USER UNDER THESE TERMS AND CONDITIONS SHALL NOT ENLARGE OR EXTEND THIS LIMIT.

6. Governing Law: These terms and canditions shall be governed by and interpreted in accordance with the laws of Denmark, excluding Denmark's canflict-of-law
rules, leading to the use of other law than the laws of Denmark. User agrees that non-exclusive jurisdiction for any dispute arising out of or relating to these
terms and conditions lies within the courts of Denmark and cansents ta venue in Copenhagen, Denmark. Notwithstanding the foregoing, any judgment may be
enforced in Danish court, and PURIFI ApS may seek injunctive relief in Denmark or foreign countries.
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