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CAUTION: International Rectifier suggests the following guidelines for
safe operation and handling of IRAUDAMPS5 Demo Board;

e Always wear safety glasses whenever operating Demo Board

e Avoid personal contact with exposed metal surfaces when operating
Demo Board

e Turn off Demo Board when placing or removing measurement probes
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TR Rectifier

Introduction

The IRAUDAMPS reference design is a two-channel, 120W half-bridge Class D audio power
amplifier. This reference design demonstrates how to use the IRS2092S Class D audio controller
and gate driver IC, implement protection circuits, and design an optimum PCB layout using the
IRF6645 DirectFET MOSFETSs. The resulting design requires no heatsink for normal operation
(one-eighth of continuous rated power). The reference design provides all the required
housekeeping power supplies for ease of use. The two-channel design is scalable for power and
the number of channels.

Applications

AV receivers

Home theater systems

Mini component stereos

Powered speakers

Sub-woofers

Musical Instrument amplifiers
Automotive after market amplifiers

Features
Output Power: 120W x 2 channels,
Total Harmonic Distortion (THD+N) = 1%, 1 kHz
Residual Noise: 170V, IHF-A weighted, AES-17 filter
Distortion: 0.005% THD+N @ 60W, 4Q
Efficiency: 96% @ 120W, 4Q, single-channel driven, Class D stage

Multiple Protection Features: ~ Over-current protection (OCP), high side and low side
Over-voltage protection (OVP),
Under-voltage protection (UVP), high side and low side
DC-protection (DCP),
Over-temperature protection (OTP)

PWM Modulator: Self-oscillating half-bridge topology with optional clock
synchronization
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Specifications
General Test Conditions (unless otherwise noted) Notes / Conditions
Supply Voltage +35V
Load Impedance 8-4Q
Self-Oscillating Frequency 400kHz No input signal, Adjustable
Gain Setting 26dB 1Vrms input yields rated power
Electrical Data Typical Notes / Conditions
IR Devices Used IRS2092S Audio Controller and Gate-Driver,
IRF6645 DirectFET MOSFETSs
Modulator Self-oscillating, second order sigma-delta modulation, analog input
Power Supply Range +25V to £35V Bipolar power supply
Output Power CH1-2: (1% THD+N) 120W 1kHz
Output Power CH1-2: (10% THD+N) 170W 1kHz
Rated Load Impedance 8-4Q Resistive load
Standby Supply Current +100mA No input signal
Total Idle Power Consumption TW No input signal
Channel Efficiency 96% Single-channel driven,
120W, Class D stage
Audio Performance *Before Class D Notes / Conditions
Demodulator Output
THD+N, IW 0.009% 0.01%
THD+N, 10W 0.003% 0.004%  1kHz, Single-channel driven
THD+N, 60W 0.003% 0.005%
THD+N, 100W 0.008% 0.010%
Dynamic Range 101dB 101dB A-welghted, AES-17 ﬁlter,
Single-channel operation
Residual Noise, 22Hz - 20kHzAES17 170V 170uV  Self-oscillating — 400kHz
Damping Factor 2000 170 1kHz, relative to 4Q load
Channel Separation 95dB 90dB 100Hz
85dB 80dB 1kHz
75dB 65dB 10kHz
Frequency Response : 20Hz-20kHz N/A +1dB
T : 20Hz-35kHz w3gp | W-42-8Q Load
Thermal Performance Typical Notes / Conditions
Idling Tc =30°C No signal input, To=25°C
TPCB:37OC
2ch x 15W (1/8 rated power) Tc =54°C Continuous, T,=25°C
TPCB:67OC
2ch x 120W (Rated power) Tc =80°C At OTP shutdown @ 150 sec,
TPCB:106OC TA:250C
Physical Specifications
Dimensions 5.8”(L) x 5.2”(W)
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Note: Class D Specifications are typical

*Before demodulator refers to audio performance measurements of the Class D output power
stage only, with preamp and output filter bypassed this means performance measured before the
low pass filter.

Connection Setup

35V, 5A DC supply 35V, 5A DC supply
@O | Lee

&)
I'

Audio Signal Generator

Typical Test Setup
Fig 2
Connector Description

CHI IN J6 Analog input for CH1
CH2 IN J5 Analog input for CH2
POWER 17 Positive and negative supply (+B / -B)
CH1 OUT I3 Output for CH1
CH2 OUT J4 Output for CH2
EXT CLK J8 External clock sync
DCP OUT J9 DC protection relay output
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Test Procedures

—

Connect 4Q), 250W load to both output connectors, J3 and J4 and Audio Precision

analyzer (AP).

Connect Audio Signal Generator to J6 and J5 for CH1 and CH2 respectively (AP).

Connect a dual power supply to J7, pre-adjusted to =35V, as shown in Figure 2 above.

Set switch S3 to middle position (self oscillating).

Set volume level knob R108 fully counter-clockwise (minimum volume).

Turn on the power supply. Note: always apply or remove the +35V at the same time.

Orange LED (Protection) should turn on almost immediately and turn off after about 3s.

Green LED (Normal) then turns on after orange LED is extinguished and should stay on.

One second after the green LED turns on; the two blue LEDS on the Daughter Board

should turn on and stay on for each channel, indicating that a PWM signal is present at

LO

10. With an Oscilloscope, monitor switching waveform at test points TP1 and TP2 of CH1
and CH2 on Daughter Board.

11. If necessary, adjust the self-oscillating switching frequency of AUDAMPS to 400KHz
+5kHz using potentiometer R29P. For IRAUDAMPS, the self-oscillating switching
frequency is pre-calibrated to 400KHz. To modify the AUDAMPS frequency, change the
values of potentiometers R21 and R22 for CH1 and CH2 respectively.

12. Quiescent current for the positive supply should be 70mA +10mA at +35V.

13. Quiescent current for the negative supply should be 100mA +10mA at —-35V.

14. Push S1 switch, (Trip and Reset push-button) to restart the sequence of LEDs indicators,

which should be the same as noted above in steps 6-9.

A PR AT AP

Audio Tests:

15. Apply 1 V RMS at 1KHz from the Audio Signal Generator

16. Turn control volume up (R108 clock-wise) to obtain an output reading of 100Watts for
all subsequent tests as shown on the Audio Precision graphs below, where measurements
are across J3 and J2 with an AES-17 Filter

Typical Performance

The tests below were performed under the following conditions:

+B supply = £35V, load impedance = 4Q2 resistive load, 1kHz audio signal,

Self oscillator @ 400kHz and internal volume-control set to give required output with 1Vrms
input signal, with AES-17 Filter, unless otherwise noted.
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THD versus Power:
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Figure 18. Total Harmonics Distortion + Noise (THD+N) versus power output
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Fig 4
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THD versus Frequency:
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Floor Noise:
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Clipping Characteristics:

Red Trace: Total Distortion + Noise Voltage
Green Trace: Qutput Voltage

60W /483 1kHz, THD+N=0.008% 174W /4483 1kHz, THD+N=10%

Measured Output and Distortion Waveforms

Fig 9

IRAUDAMPS Theory of Operation

Referring to Fig 10 below, the input error amplifier of the IRS2092S forms a front-end second-
order integrator with C1, C21, C23 and R21. This integrator also receives a rectangular feedback
waveform from R31, R33 and C17 into the summing node at IN- from the Class D power stage
switching node (connection of DirectFET Q3 and DirectFET Q4). The quadratic oscillatory
waveform of the switch node serves as a powered carrier signal from which the audio is
recovered at the speaker load through a single-stage LC filter. The modulated signal is created by
the fluctuations of the analog input signal at R13 that shifts the average value of this quadratic
waveform through the gain relationship between R13 and R31 + R33 so that the duty cycle varies
according to the instantaneous signal level of the analog input signal at R13.

R33 and C17 act to immunize the rectangular waveform from possible narrow noise spikes that
may be created by parasitic impedances on the power output stage. The IRS2092S input
integrator then processes the signal from the summing node to create the required triangle wave
amplitude at the COMP output. The triangle wave then is converted to Pulse Width Modulation,
or PWM, signals that are internally level-shifted Down and Up to the negative and positive
supply rails. The level shifted PWM signals are called LO for low output, and HO for high
output, and have opposite polarity. A programmable amount of dead time is added between the
gate signals to avoid cross conduction between the power MOSFETs. The IRS2092S drives two
IRF6645 DirectFET MOSFETs in the power stage to provide the amplified PWM waveform. The
amplified analog output is reconstructed by demodulating the powered PWM at the switch node,
called VS. (Show as VS on the schematic)This is done by means of the LC low-pass filter (LPF)
formed by L1 and C23A, which filters out the Class D switching carrier signal, leaving the audio
powered output at the speaker load. A single stage output filter can be used with switching
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frequencies of 400 kHz and greater; lower switching frequencies may require additional filter
components.

+VCC is referenced to —B and provides the supply voltage to the LO gate driver. D6 and C5 form
a bootstrap supply that provides a floating voltage to the HO gate driver. The VAA and VSS
input supplies are derived from +B and -B via R52 and C18, and R50 and C12, respectively.
Thus, a fully functional Class D PWM amplifier plus driver circuit is realized in an SO16
package with just a few small components.

R31 R33
w R52
i ade ] T
ANV | s
l - DirectFet -Tr-ov
@ B ehyp 4 Rs20928 V8 -UE Q3 F{H
it ) R32
o 7%7 - _ HO IRF6645
= T N i LP Filter - —/~ - ov
o A Modulator vs [° v
o pagqE—.
o+ i
' aNo| Shift level VCC C23A
Q4
@ Integrator \_E\ LO \ IRF6645 s
7%—{> DirectFet 4
VsS coMm
Cl12
¥ -

R50

Simplified Block Diagram of IRAUDAMPS Class D Amplifier
Fig 10

System overview

IRS2092S Gate Driver IC

The IRAUDAMPS uses the IRS2092S, a high-voltage (up to 200V), high-speed power MOSFET
PWM generator and gate driver with internal dead-time and protection functions specifically
designed for Class D audio amplifier applications. These functions include OCP and UVP. Bi-
directional current protection for both the high-side and low-side MOSFETs are internal to the
IRS2092S, and the trip levels for both MOSFETs can be set independently. In this design, the
dead time can be selected for optimized performance by minimizing dead time while preventing
shoot-through. As a result, there is no gate-timing adjustment on the board. Selectable dead time
through the DT pin voltage is an easy and reliable function which requires only two external
resistors, R11 and R9 as shown on Figl1 below.
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Selectable Dead-Time

The dead time of the IRS2092S is based on the voltage applied to the DT pin. (Fig 12) An
internal comparator determines the programmed dead time by comparing the voltage at the DT
pin with internal reference voltages. An internal resistive voltage divider based on different ratios
of VCC negates the need for a precise reference voltage and sets threshold voltages for each of
the four programmable settings. Shown in the table below are component values for
programmable dead times between 15 and 45 ns. To avoid drift from the input bias current of the
DT pin, a bias current of greater than 0.5mA is suggested for the external resistor divider circuit.
Resistors with up to 5% tolerance can be used.

Selectable Dead-Time

Dead-time mode Dead time RS R13 DT voltage
DT1 ~15ns 3.3k 8.2k 0.71 x Vce Default
DT2 ~25ns 5.6k 4.7k 0.46 x Vce
DT3 ~35ns 8.2k 3.3k 0.29 x Vce
DT4 ~45ns open <10k 0x Vce

Operational Mode

Default
15nS

25nS
Dead-time

35nS

45nS

Shutdown } } } }
0.23xVec  0.36xVec  0.57xVec  0.89xVec Ve

Fig 12 Dead-time Settings vs. Vpr Voltage
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Over-Current Protection (OCP)
In the IRAUDAMPS, the IRS2092S gate driver accomplishes OCP internally, a feature discussed
in greater detail in the “Protection” section.

Offset Null (DC Offset)
The IRAUDAMPS is designed such that no output-offset nullification is required, thanks to
closed loop operation. DC offsets are tested to be less than £20mV.

Protection

The IRAUDAMPS has a number of protection circuits to safeguard the system and speaker as
shown in the figure 13 below, which fall into one of two categories — internal faults and external
faults, distinguished by the manner in which a fault condition is treated. Internal faults are only
relevant to the particular channel, while external faults affect the whole board. For internal faults,
only the offending channel is stopped. The channel will hiccup until the fault is cleared. For
external faults, the whole board is stopped using the shutdown sequencing described earlier. In
this case, the system will also hiccup until the fault is cleared, at which time it will restart
according to the startup sequencing described earlier.

e

: BAV19
|

: VB

|

4 . 5
12V = \[ T s
T o | A - IRF6645
LP Filter
_ oo Vs | —
csbl | ~sp ﬂx | o rmﬂ7.<
: VCC =

m 1_g o o me o .
n YoR IRF6645

OCREF S <

R19 RI18
5.1V L—AN—=e TS ® -B
OCREF OCSET COM
Trip
1Y
o) Green
YeIIow@ RESET uvP o DCP
LEDs
To next channel ‘
& (

Functional Block Diagram of Protection Circuit Implementation

Fig 13
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Internal Faults

OCP and OTP are considered internal faults, which will only shutdown the particular channel by
pulling low the relevant CSD pin. The channel will shutdown for about one-half a second and
will hiccup until the fault is cleared.

Over-Temperature Protection (OTP, Fig 14)

A separate PTC resistor is placed in close proximity to the high-side IRF6645 DirectFET
MOSFET for each of the amplifier channels. If the resistor temperature rises above 100°C, the
OTP is activated. The OTP protection will only shutdown the relevant channel by pulling the
CSD pin low and will recover once the temperature at the PTC has dropped sufficiently. This
temperature protection limit yields a PCB temperature at the MOSFET of about 100°C, which is
limited by the PCB material and not by the operating range of the MOSFET.

Rpl is thermally connected with Q3
Q3

R31 Rpl 5 .
-B }ﬁ AN\ —e
100K 100C 2 LPT + 3
Q7 o _
572:13}: IRF6645
OTP1

R47 R48 e

Bf— AN AN
100K 1K

Fig 14

Over-Current Protection (OCP)
The OCP internal to the IRS2092S shuts down the IC if an OCP is sensed in either of the output
MOSFETs. For a complete description of the OCP circuitry, please refer to the IRS2092S
datasheet. Here is a brief description:

Low-Side Current Sensing

Fig 15 shows the low side MOSFET as is protected from an overload condition by measuring the
low side MOSFET drain-to-source voltage during the low side MOSFET on state, and will shut
down the switching operation if the load current exceeds a preset trip level. The voltage setting on
the OCSET pin programs the threshold for low-side over-current sensing. Thus, if the VS voltage
during low-side conduction is higher than the OCSET voltage, the IRS2092S will trip and CSD
goes down. It is recommended to use VREF to supply a reference voltage to a resistive divider
(R19 and R18 for CH1) to generate a voltage to OCSET; this gives better variability against VCC
fluctuations. For IRAUDAMPS, the low-side over-current trip level is set to 0.65V. For IRF6645
DirectFET MOSFETSs with a nominal Rpgon of 28mOhms at 25°C, this results in a ~23A
maximum trip level. Since the Rps.on is a function of temperature, the trip level is reduced to
~15A at 100°C.
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R43 D1
S e p
ﬂ_ 1 VB 3
12v= 1 RN
T — HO IRF6645
LP Filter
CSDH| -5p <L Q\:Q VS MM 4
X 1 VCC ) =<
| Q4
I _J; w .
1) i CE | IRF6645
OCREF 8 ) <
R19 R18
SIVL e -B
OCREF OCSET COM
Simplified Functional Block Diagram of High-Side and Low-Side Current Sensing (CH1)
Fig 15

High-Side Current Sensing (Fig15)

The high-side MOSFET is protected from an overload condition and will shutdown the switching
operation if the load current exceeds a preset trip level. High-side over-current sensing monitors
detect an overload condition by measuring the high side MOSFET’s drain-to-source voltage
(Vps) through the CSH and VS pins. The CSH pin detects the drain voltage with reference to the
VS pin, which is the source of the high-side MOSFET. In contrast to the low-side current sensing,
the threshold of CSH pin to engage OC protection is internally fixed at 1.2V. An external
resistive divider R43+R25 and R41 (for Chl) can be used to program a higher threshold. An
additional external reverse blocking diode (D1 for CH1) is required to block high voltage feeding
into the CSH pin during low-side conduction. By subtracting a forward voltage drop of 0.6V at
D1, the minimum threshold which can be set for the high-side is 0.6V across the drain-to-source.
For IRAUDAMPS, the high-side over-current trip level is set to 0.6V across the high-side
MOSFET. For the IRF6645 MOSFETSs with a nominal Rpg.on of 28 mOhms at 25°C, this results
in a ~21A maximum trip level. Since the Rpson is a function of temperature, the trip level is
reduced to ~14A at 100°C.

For a complete description of calculating and designing the over-current trip limits, please refer to
the IRS2092S datasheet.

Positive and Negative Side of Short Circuit, versus switching output shut down:

The plots below show the speed that the IRS2092S responds to a short circuit condition. Notice
that the envelope behind the sine wave output is actually the switching frequency ripple. Bus
pumping naturally affects this topology.
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Positive and Negative side of Short Circuit, versus switching output shut down:
CSD pin CSD pin

VS pin VS pin

| N, ¥ | . i
“‘ Il ‘ il Load current
\ ‘ o

VS pin

Load currént ‘Load current |

s s

OCP Waveforms Showing Load Current and Switch Node Voltage (VS)
Fig 16

Short Circuit Response:

CSD pin

VS pin

Load current

Load current

OCP Waveforms Showing CSD Trip and Hiccup
Fig 17

External Faults

OVP, UVP and DCP are considered external faults. In the event that any external fault condition
is detected, the shutdown circuit will disable the output for about three seconds, during which
time the orange AUDAMPS5 “Protection” LED will turn on. If the fault condition has not cleared,
the protection circuit will hiccup until the fault is removed. Once the fault is cleared, the green
“Normal” LED will turn on. There is no manual reset option.

Over-Voltage Protection (OVP Fig 18)

OVP will shut down the amplifier if the bus voltage between GND and -B exceeds 40V. The
threshold is determined by the voltage sum of the Zener diode Z105, R140, and Vgg of Q109. As
a result, it protects the board from hazardous bus pumping at very low audio signal frequencies
by shutting down the amplifier. OVP will automatically reset after three seconds. Since the +B
and —B supplies are assumed to be symmetrical (bus pumping, although asymmetrical in time,
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will pump the bus symmetrically in voltage level over a complete audio frequency cycle), it is
sufficient to sense only one of the two supply voltages for OVP. It is therefore up to the user to

ensure that the power supplies are symmetrical.

Q109 Over-Voltage Protection (OVP)

4L
A 2107
R149 18V
47K
R145
47K
JUvP
MMBTS5551 I\RAM?TSSSI C119 SW-PB
47k R146 0.1uF, 50V
47K T
L ovP i
= Trip and restart

Q110 Under-Voltage Protection (UVP)

Fig 18

Under-Voltage Protection (UVP, Figl8)
UVP will shutdown the amplifier if the bus voltage between GND and -B falls below 20V. The
threshold is determined by the voltage sum of the Zener diode Z107, R145 and Vg of Q110. As
with OVP, UVP will automatically reset after three seconds, and only one of the two supply

voltages needs to be monitored.

Speaker DC-Voltage Protection (DCP, Fig 19)
DCP is provided to protect against DC current flowing into the speakers. This abnormal condition
is rare and is likely caused when the power amplifier fails and one of the high-side or low-side
IRF6645 DirectFET MOSFETSs remain in the ON state. DCP is activated if either of the outputs
has more than +4V DC offset (typical). Under this fault condition, it is normally required to
shutdown the feeding power supplies. Since these are external to the reference design board, an
isolated relay P1 is provided for further systematic evaluation of DC-voltage protection. This
condition is transmitted to the power supply controller through connector J9, whose pins are

shorted during a fault condition.
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DCP

+B

Fig 19

CH1 0

CH20

Efficiency
Figs 20 demonstrate that IRAUDAMS is highly efficient, due to two main factors:

a.) DirectFETs offer low Rpgonyand very low input capacitance, and b). The PWM operates as
Pulse Density Modulation.

Power Stage Efficiency (%)

100.0%

90.0% -

80.0% -

20.0%

10.0%

0.0%

70.0% -

60.0% -

50.0%

40.0% -

30.0%

20 40

60 80 100 120

Output Power (W)

140

160 180

Fig20

Efficiency vs. Output Power, 402 Single Channel Driven, +B supply = 35V, 1kHz Audio Signal
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Thermal Considerations

The daughter-board design can handle one-eighth of the continuous rated power, which is
generally considered to be a normal operating condition for safety standards. Without the addition
of a heatsink or forced air-cooling, the daughter board cannot handle fully rated continuous
power. A thermal image of the daughter board is as shown in Fig 21 below.

Thermal Distribution

Thermal image of Daughter-Voard
Two-Channel x 1/8th Rated Power (15W) in Operation, TC = 54°C at Steady State
+B supply = +35V, 402 Load, 1kH7 audio signal, Temp ambient = 25°C

Fig 21

Click and POP noise:

One of the most important aspects of any audio amplifier is the startup and shutdown procedures.
Typically, transients occurring during these intervals can result in audible pop- or click-noise
from the output speaker. Traditionally, these transients have been kept away from the speaker
through the use of a series relay that connects the speaker to the audio amplifier only after the
startup transients have passed and disconnects the speaker prior to shutting down the amplifier.

Thanks to the click and pop elimination function in the IRS2092S, IRAUDAMPS does not use
any series relay to disconnect the speaker from the audible transient noise.
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Click-Noise Reduction Circuit (Solid-State Shunt)

IRS2092S controller is relatively quiet with respect to class AB, but for additional click or POP
noise reduction you may add a shunt circuit that further attenuates click or pop transients during
turn on sequencing. The circuit is not populated on the present demo board; for implementation
details, please refer to the IRAUDAMP4 user’s manual at http://www.irf.com/technical-
info/refdesigns/audiokits.html

Startup and Shutdown Sequencing (Fig 22)

The IRAUDAMPS sequencing is achieved through the charging and discharging of the CStart
capacitor C117. Along with the charging and discharging of the CSD voltage (C10 on daughter
board for CH1) of the IRS2092S, this is all that is required for complete sequencing. The startup
and shutdown timing diagrams are show in Figure 22A below:

CStart Ref2
A CStart Ref1 CStart Refi CStart Ref2
» > — >
CSD= 2/3VvDD
csD -~ \ /
N

______________ BN

External trip ——»

A Reset
1 _j[ CHx_O
SP MUTE
A _ . A ____ >
Audio MUTE
_______________ R | S
. Class D shutdown Class D startup
Music shutdown Music startup

Click Noise Reduction Sequencing at Trip and Reset

Fig 22A

For startup sequencing, the control power supplies start up at different intervals depending on the
+B supplies. As the +/-B supplies reach +5 volts and -5 volts respectively, the +/-5V control
supplies for the analog input start charging. Once +B reaches ~16V, VCC charges. Once —B
reaches -20V, the UVP is released and CSD and CStart (C117) start charging. The Class D
amplifier is now operational, but the preamp output remains muted until CStart reaches Ref2. At
this point, normal operation begins. The entire process takes less than three seconds.
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For Shutdown (Fig22B) sequencing is initiated once UVP is activated. As long as the supplies do
not discharge too quickly, the shutdown sequence can be completed before the IRS2092S trips
UVP. Once UVP is activated, CSD and CStart are discharged at different rates. In this case,
threshold Ref2 is reached first and the preamp audio output is muted. It is then possible to
shutdown the Class D stage (CSD reaches two-thirds VDD). This process takes less than 200ms.

A+ CStart Ref2 CStart Ref1

i
~] CSD= 2/3VDD
N
CSD
CStart
Ti
(> S S & - = S S S me__p
Vce
-B
\ 4
A UVP@-20V
i i -||_ CHx O
A SP MUTE
Audio MUTE
_______________________ >
A ! Class D shutdown

Music shutdown

Conceptual Shutdown Sequencing of Power Supplies and Audio Section Timing

Fig22B

For any external fault condition (OTP, OVP, UVP or DCP — see “Protection”) that does not lead
to power supply shutdown, the system will trip in a similar manner as described above. Once the
fault is cleared, the system will reset (similar sequence as startup).
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Power Supplies

The IRAUDAMPS has all the necessary housekeeping power supplies onboard and only requires
a pair of symmetric power supplies ranging from £25V to £35V (+B, GND, -B) for operation.
The internally-generated housekeeping power supplies include a +5V supply for analog signal
processing (preamp etc.), while a +12V supply (VCC), referenced to —B, is included to supply the
low and high side Class D gate-driver stages.

For the externally-applied power, a regulated power supply is preferable for performance
measurements, but is not always necessary. The bus capacitors, C31 and C32 on the motherboard,
along with high-frequency bypass-caps C14, C15; C32 and C33 on the daughter board, address
the high-frequency ripple current that results from switching action. In designs involving
unregulated power supplies, the designer should place a set of external bus capacitors having
enough capacitance to handle the audio-ripple current. Overall regulation and output voltage
ripple for the power supply design are not critical when using the IRAUDAMPS Class D
amplifier as the power supply rejection ratio (PSRR) of the IRAUDAMPS is excellent, as shown
on Figure 23 below.

+0 £ A
A0E Q
-0k
-0
d -40 ;
5 sp
-80F
TOE
B0
-k
50 100 200 500 1K 2k 5k 10k 20k 40k
Hz
Power Supply Rejection Ratio
Green: IRAUDAMPS, Cyan: VAA/VSS are fed by Vbus
Fig 23
Bus Pumping (Fig24)

Since the IRAUDAMPS is a half-bridge configuration, bus pumping does occur. Under normal
operation during the first half of the cycle, energy flows from one supply through the load and
into the other supply, thus causing a voltage imbalance by pumping up the bus voltage of the
receiving power supply. In the second half of the cycle, this condition is reversed, resulting in
bus pumping of the other supply.

These conditions worsen bus pumping;:

1. Lower frequencies (bus-pumping duration is longer per half cycle)

2. Higher power output voltage and/or lower load impedance (more energy transfers
between supplies)
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3. Smaller bus capacitors (the same energy will cause a larger voltage increase)

The IRAUDAMPS has protection features that will shut down the switching operation if the bus
voltage becomes too high (>40V) or too low (<20V). One of the easiest countermeasures is to
drive both of the channels in a stereo configuration out of phase so that one channel consumes the
energy flow from the other and does not return it to the power supply. Bus voltage detection is
only done on the —B supply, as the effect of the bus pumping on the supplies is assumed to be
symmetrical in amplitude (although opposite in phase) with the +B supply.

Tek Prevu | [ ]

cha[ 10.0V

M10.0ms A Cha £ $.00V|
WiE 100V Ch4[ 1.00V 5 Mar 2007
0.00000 5 19:15:20
Bus Pumping Figure:

Cyan = Positive Rail voltage (+B)
Green = Speaker Output
Pink = Negative Rail voltage (-B)
Fig 24

Input Signal

A proper input signal is an analog signal below 20 kHz, up to £3.5V peak, having a source
impedance of less than 600 ohms. A 30-60 kHz input signal can cause LC resonance in the output
LPF, resulting in an abnormally large amount of reactive current flowing through the switching
stage (especially at 8 ohms or higher impedance towards open load), and causing OCP activation.
The IRAUDAMPS has an RC network (Fig25), or Zobel network (R47 and C25 [CHI]), to
dampen the resonance and protect the board in such an event, but is not thermally rated to handle
continuous supersonic frequencies. These supersonic input frequencies therefore should be
avoided. Separate mono RCA connectors provide input to each of the two channels. Although
both channels share a common ground, it is necessary to connect each channel separately to limit
noise and crosstalk between channels.

www.irf.com
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LP Filter - - -0V

C23

Zobel Filter and Output ﬁltef demodulator
Fig 25

Output

Both outputs for the IRAUDAMPS are single-ended and therefore have terminals labeled (+) and
(-), with the (-) terminal connected to power ground. Each channel is optimized for a 4-Ohm
speaker load for a maximum output power (120W), but is capable of operating with higher load
impedances (at reduced power), at which point the frequency response will have a small peak at
the corner frequency of the output LC low pass filter. The IRAUDAMPS is stable with
capacitive-loading; however, it should be noted that the frequency response degrades with heavy
capacitive loading of more than 0.1uF.

Gain Setting / Volume Control

The IRAUDAMPS has an internal volume control (potentiometer R108 labeled, ”"VOLUME”, Fig
26) for gain adjustment. Gain settings for both channels are tracked and controlled by the volume
control IC (U_2), setting the gain from the microcontroller IC (U _1). The maximum volume
setting (clockwise rotation) corresponds to a total gain of +37.9dB (78.8V/V). The total gain is a
product of the power-stage gain, which is constant (+23.2dB), and the input-stage gain that is
directly-controlled by the volume adjustment. The volume range is about 100dB, with minimum
volume setting to mute the system with an overall gain of less than -60dB. For best performance
in testing, the internal volume control should be set to a gain of 21.9V/V, such that 1Vrms input
will result in rated output power (120W into 4€2), allowing for a >11dB overdrive.

+5V
€109
C107 Audio in
4.7uF, 16V U2 4.7uF, 16V U1 s
A -
2 8 | vss VDD ZCEN  AINL
i ; |, R 4R 7 100R
=5 @ VRO cs cs AGNDL —D
a RS 47R 100K
© VRl  SDATA >SDATAI SDATAI AOUTL Level OUT 1 Rl
. RO 10R
CLK  SIMUL %HVHW o VD+ VA- ——]-5V
33105068 1 SUV/P,— DGRD  VA+ ——|+5V
SEE SCLK  AOUTR Level OUT 2
47R R2
Control Volume SDATACAGNDR —D
RI1 - R4 100K
MUTB— A"\ ————— MUTE  AINR
47R o 100R i
Audio in
Fig 26 Digital volume Control
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Bridged Output

The IRAUDAMPS is not intended for a bridge-tied-load, or BTL configuration. However, BTL
operation can be achieved by feeding out-of-phase audio input signals to the two input channels
as shown in the figure 27 below. In BTL operation, minimum load impedance is 8 Ohms and
rated power is 240W non-clipping. The installed clamping diodes D5 — D8 are required for BTL
operation, since reactive energy flowing from one output to the other during clipping can force
the output voltage beyond the voltage supply rails if not clamped.

R31 R33
+VAA
1 3 P =Y
I[P QOMP
LAY Ul i
S 5 IRF6645
) [3) .E
RI3 $ IN- LP Filter I
Modulator Vs A
and L ﬁ
o+ A =
CH1 < GND|S Shift level vee ) a ‘
Q4
Integrator LO \L Ehij l
: IRF6645
-B
; R32 R34 COM

C24
IRF6645

ey CiOMP 74 IRs20028
é e ﬁ >
RI4 $ IN- LP Filter .
- Modulator VS a
and 12
CH2 < GND%+ Shift level VGG S%
l

L @
Integrator LO J
= IRF6645
i L

COoM

Bridged configuration

Fig 27

Output Filter Design, Preamplifier and Performance

The audio performance of IRAUDAMPS depends on a number of different factors. The section
entitled, “Typical Performance” presents performance measurements based on the overall system,
including the preamp and output filter. While the preamp and output filter are not part of the
Class D power stage, they have a significant effect on the overall performance.

Output filter

Since the output filter is not included in the control loop of the IRAUDAMPS, the reference
design cannot compensate for performance deterioration due to the output filter. Therefore, it is
important to understand what characteristics are preferable when designing the output filter:
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1) The DC resistance of the inductor should be minimized to 20 mOhms or less.
2) The linearity of the output inductor and capacitor should be high with respect to load

current and voltage.

Preamplifier (Fig 28)

The preamp allows partial gain of the input signal, and controls the volume in the IRAUDAMPS.
The preamp itself will add distortion and noise to the input signal, resulting in a gain through the
Class D output stage and appearing at the output. Even a few micro-volts of noise can add
significantly to the output noise of the overall amplifier.

Audio in

R1J5
U2 100K

ZCEN

AINL

cs AGNDL

R3 R71
100R »OPEN

SDATAI AOUTL

VD+ VA-

DGRD VA+

SCLK ~ AOUTR

SDATAOAGNDR

o P e e e

MUTE
CS3310 R2

AINR

100K

16
Audio in

cs Feedback
RI3 10u},‘ 50V I)l;l R31 R33
K [ 47k 1% 1K
RS CHI1 IN
0.0 C17
IIS(Y})F. 500V
4 1 —oc ==
Q 5 2 {-sv =
HSV—— 6 3 —
JA
Lc: D
TW o IRS2092S MODULE
At
+5V
‘Lcib JIB
leuﬁsov ] rcc
% c6 | ; i? HSD\C(
9 12
RI4 10uF, 50V
m—{ R56 ,
CH2 INSoo ~ —vee
- Feedback
_l; R32 R34
47k 1% T 1K
Preamplifier
Fig28

It is possible to evaluate the performance without the preamp and volume control, by moving
resistors R13 and R14 to R71 and R72, respectively. This effectively bypasses the preamp and
connects the RCA inputs directly to the Class D power stage input. Improving the selection of
preamp and/or output filter components will improve the overall system performance,
approaching that of the stand-alone Class D power stage. In the “Typical Performance” section,
only limited data for the stand-alone Class D power stage is given. For example, Fig 20 below
shows the results for THD+N vs. Output Power are provided, utilizing a range of different
inductors. By changing the inductor and repeating this test, a designer can quickly evaluate a

particular inductor.
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I
IRAUDAMPS can be used as output inductors evaluation tool
100
10 /|
1 /
/,"
|
|
9% 0.1 L~ |
"
— y)
0.01 JREEE /
= =
— A
0.001 -
0.0001
100m  200m 500m 1 2 5 10 20 50 100 200
w
Results of THD+N vs. Output Power with Different Output Inductors
Fig 29

Self-Oscillating PWM Modulator

The IRAUDAMPS Class D audio power amplifier features a self-oscillating type PWM
modulator for the lowest component count, highest performance and robust design. This topology
represents an analog version of a second-order sigma-delta modulation having a Class D
switching stage inside the loop. The benefit of the sigma-delta modulation, in comparison to the
carrier-signal based modulation, is that all the error in the audible frequency range is shifted to
the inaudible upper-frequency range by nature of its operation. Also, sigma-delta modulation
allows a designer to apply a sufficient amount of correction.

The self-oscillating frequency (Fig 30) is determined by the total delay time inside the control
loop of the system. The delay of the logic circuits, the IRS2092S gate-driver propagation delay,
the IRF6645 switching speed, the time-constant of front-end integrator (e.g.R13, R33, R31, R21,
P1, C17, C21, C23 and C1 for CHI1) and variations in the supply voltages are critical factors of
the self-oscillating frequency. Under nominal conditions, the switching-frequency is around
400kHz with no audio input signal and a +/-35V supply.
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R31 R33
& D
C21 (‘23R21 ~ v
R <
o
R13 g IN- LP Filter
(INPUT Modulator —_—
e~ MM
CH1 < GND%+ Shift level 1
Integrator RE664s .
=D <
COM

° -B

Self Oscillating determined components
Fig 30

Adjustments of Self-Oscillating Frequency

The PWM switching frequency in this type of self-oscillating switching scheme greatly impacts
the audio performance, both in absolute frequency and frequency relative to the other channels. In
absolute terms, at higher frequencies distortion due to switching-time becomes significant, while
at lower frequencies, the bandwidth of the amplifier suffers. In relative terms, interference
between channels is most significant if the relative frequency difference is within the audible
range. Normally, when adjusting the self-oscillating frequency of the different channels, it is best
to either match the frequencies accurately, or have them separated by at least 25kHz. With the
installed components, it is possible to change the self-oscillating frequency from about 300kHz
up to 450kHz, as shown on Fig 30

Switches and Indicators
There are four different indicators on the reference design as shown in the figure 31 below:

1. An orange LED, signifying a fault / shutdown condition when lit.
A green LED on the motherboard, signifying conditions are normal and no fault
condition is present.

3.
4.

A blue LED on the daughter board module, signifying there are HO pulses for CH1
A blue LED on the daughter board module signifying there are HO pulses for CH2

There are three switches on the reference design:

1. Switch S1 is a trip and reset push-button. Pushing this button has the same effect as a
fault condition. The circuit will restart about three seconds after the shutdown button is
released.

2. Switch S2 is an internal clock-sync frequency selector. This feature allows the designer

www.irf.com

to modify the switching frequency in order to avoid AM radio interference. With S3 set
to INT, the two settings “H” and “L” will modify the internal clock frequency by about
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20 kHz to 40 kHz, either higher “H” or lower “L.” The actual internal frequency is set
by potentiometer R113 - “INT FREQ.”

3. Switch S3 is an oscillator selector. This three-position switch is selectable for internal
self oscillator (middle position — “SELF”), or either internal (“INT”) or external
(“EXT”) clock synchronization.

Cl12

}_{ lzooSF, 50V +5V

R120
100R
U3

1A vce *—0

1Y 6A ——

2A 6Y ——
5K POT
100pF, 50V oy SA

SW-3WAY A-B
3B 3A sy
3y 4A
RII6) —— GND 4y — o
A 74HC14 I OnF, 50V
CIK
CIK +5V
& RIIS 3
BNC 1k o
A24497 NORMAL
EXT. CLK R119 2
3
1k PROTECTION
MUTE RI117

MUTE

47R

LED, Switches and Sync frequencies
Fig 31

Switching Frequency Lock / Synchronization Feature

For single-channel operation, the use of the self-oscillating switching scheme will yield the best
audio performance. The self-oscillating frequency, however, changes with the duty ratio. This
varying frequency can interfere with AM radio broadcasts, where a constant-switching frequency
with its harmonics shifted away from the AM carrier frequency is preferred. In addition to AM
broadcasts, multiple channels can also reduce audio performance at low power, and can lead to
increased residual noise. Clock frequency locking/synchronization can address these unwanted
characteristics.

Please note that the switching frequency lock / synchronization feature is not possible for all
frequencies and duty ratios, and operates within a limited frequency and duty-ratio range around
the self-oscillating frequency (Figure 32 below).
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Fig 32

The output power range, for which frequency-locking is successful, depends on what the locking
frequency is with respect to the self-oscillating frequency. As illustrated in Figure 33, the locking
frequency is lowered (from 450kHz to 400kHz to 350kHz and then 300kHz) as the output power
range (where locking is achieved) is extended. Once locking is lost, however, the audio
performance degrades, but the increase in THD seems independent from the clock frequency.
Therefore, a 300 kHz clock frequency is recommended, as shown on Fig 34

It is possible to improve the THD performance by increasing the corner frequency of the high
pass filter (HPF) (R17 and C15 for Chl Fig 33) that is used to inject the clock signal, as shown in
Figure 33 below.

This drop in THD, however, comes at the cost of reducing the locking range. Resistor values of
up to 100 kOhms and capacitor values down to 10pF may be used.

I
gw oA )
cls R22 B V *'«—D VB —|_|_L 7?£|]L70V
LT (e Qpp " ; é\ %OMP IRS2092S o I : I::M —
oV £ (meuT " e Modulator vs L;er .
CH1 N GND%+ Shift level vee M ;(E[l
Integrator LO J/ Er; 1::6645 Ji
> P? 14
com ™
Switching Frequency Lock / Synchronization Feature
Fig 33
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In IRAUDAMPS, this switching frequency lock/synchronization feature (Fig 31 and Fig 33) is
achieved with either an internal or external clock input (selectable through S3). If an internal
(INT) clock is selected, an internally-generated clock signal is used, adjusted by setting
potentiometer R113 “INT FREQ.” If external (EXT) clock signal is selected, a 0-5V square-
wave (~50% duty ratio) logic signal must be applied to BNC connector J17.

10 >
2 /
1
0.5
0.2
% o /|
0.05 N — I
| ™~ | \\ ~ /
0.02 | \”\v/\\‘l M [~ /
I =di1IN}
0.01 A
0.005 — =)
0.002
0.001
100m  200m 500m 1 2 5 10 20 50 100 200
w
Red CH1, = Self Oscillator @ 400kHz
Pink CH1, = Sync Oscillator @ 400kHz
Blue CH1, = Sync Oscillator @ 450kHz
Cyan CHI1, = Sync Oscillator @ 350kHz
THD+N Ratio vs. Output Power for Different Switching Frequency Lock/Synchronization Conditions
Fig 34

www.irf.com IRAUDAMPS5 REV 3.0 Page 30 of 49



61 4o L€ obed

0°¢ A3d SdNvANvdl

W00 LI MMM

woo JN@)GIUPOIN  ZonJUpoy N :Aq Suimelq
- An01 sng AG¢E-
ETHTOIENRE & "L
B - 1sa C ST60ZSMI TS e
DUOHDUISJU| + &
_ h _ _ 14800| —¢
, a8 dnee
g Ace 5 NOO  AT¥A| i~ N_vw|:,,
01
[4d1 03 nding 1HD
o o1 SSA| 5 ¢ /W Ac ?m?
AN-0LS9TV Ano1 01D 39001
,:‘ 91 Tl Z 00A asd| — DE »—{as
1L €20 1w B v
+ v o1 du01_L_ AN-89597V
€16 SA dINOD T\A E—
T €l y o dAul 00 VYA s ¢
Vi OTHD Iy T AosTdur AOST'AUT - ¢ 7 ssA
IHD & 57 OH NI — . v 1 {o0
PE— - 9
A0OTANT 0 = NI Vit
¥10
o A AND| 1 pur oipiy % {1aND
A00IAT0 s RO
@ 57 HSO VVA| —— 14 .l AN—] VYA
AS+ S
Aang'g
o 1n + .
&g Acer Ij THO
810
Q uado
e 43
a
m sng ASe+
~ g
€O yIm pa3oduuod Ajreunsoy st dy 19y Ied
[3
dnewdYdS THD dMPON ST60ZSUI Preog 13ysne( ‘( Sse[)

1811j00y Wes
jlouoljouIBju|

N9IS3ad FINI4343d




61 4o g€ abed 0°¢ A4 SdNvaNvyl WO T MMM

woo JN@SSUPOIN  Zon3uUpoy N :Aq Suimelq
»
Aot sng ASE- i
\_m_thU@N_ .m‘uw o | e Az 1< uedo -
- sd at!
ST60TSAL
OUOIDUIBIU| + % o L w  x
_ A_ A_v _ N ¢ 1d 19800| —
Sz ord 9 - anee N:Q
_l L AN g s .
T 5ng Ace- o7 WOod dTIA| —7 ~ i j
01
74d'1 01 ndinQ zHD
. 1 01 SSA| 5 /ﬁ AT %mm\/
AN-0LS9TY NP Ano1 1o 001
8 ¥ on v 771 0A asd| — v as > {as
m 5t M sa | o 3 a
ab— s 1 —+ o SA INOD| ¢ | W mHHm
g OTHO 2o T AosTIAUL AOSTHUL < cou yroeCN AN-8959TY =
THD N&\\ o on NI| — , 1 a6 1 |
A0OTANT0 [ Ange = = cm,uu\c k w ,NS&wm>
SIO 01 , an ano Al o ,
A0OTANT0 6cd a,w ot LA I T o A
€€0 N0t 01
= o7 | HSO VVA| - At &wy_\/\|A<<>
| wa 00 0 ,.mr:wm 7 3
T sng Acer - I :
vl 615
m 1 Aee uado M
~ 684 154 g
o
= g ASEF &
S @
a
. Lo 1410 30
SO YIm pajoouod A[jeutsay) st zdy oy sed
4
dNeWIYIS THD MPOIA ST6OISUI preog 1)ysne( ‘q sse[d

191IOSY ¥es
N9IS3a 3INIYIIY |jouoHoUIBlU|




61 o €€ obed

0°¢ A3d SdNvANvdl

W00 LI MMM

WO JUD)GIUPOIN  ZonFLPOY W :Aq Surmelq

>
Aot Sng AGE- o
- . La
IETITTRI=NRE (2 R
B sa ot SZ60TS o
ST60TSHI
DUOIDUIBIU| + %2 5
_ A— A_ _ N AN 5 1a L3800 (5
. shl oy ol
ATy
o = WOD  d<A
S Ase ot 0o THD
- 01
Tdd1 01 mding THO T o1 SSA Ac %%‘
IN-0LS9TY w001
8 Z] 00A aso »—as
‘ - 2l €
! P £l .
E s o SA ANOD| ¢ G=== 2 pup opny
o T AT < Yot NI N-8959TV  —
<CHD 71 OH NI| ¢ 1 a6 Hmnz:
fr— I
AOOLANT0 | ~ € ast 8 S
D a o In. — DDAF—— o1 ».
A001AR10 o ¢ A za e’} A
€60 01
57 HSO VVA| 9 AT %li;
dng'e i
+] o0 + )
B shg Acer i
610
= z
= 2
o =
o] I
= Sne ASE+ %
IS @
7dIo 1410 50
SO A patoauuiod Afjeunayy st zdy
sng ASE-
yo1d uado
STE0TSHI L oSy
o a Ld80| —¢
- ane'e [oFoT ]
m.gm ATE o7 Wod ATAA | o NT '
. : 01
14d7 01O THD 1 o1 SSA| 5 T AV lssa
IN-0LS9TY Al 401 ==015 Soor
L8l 20A aso »+—]as
a e W oea
— IN-8959TV
) S OO T A VVAF—— 9 € —
Vi o 1T Aoszdul - ¢z ssa
THD e e 71 OH NI| ¢ Y ! ——20
AOOIANTO T THre M = BN} Vit
v LD - SP99IUL A ano 1 {1ano
(REEST] < 3 N1 1plo orpny !
A0OL'ANT0 — AN
ST 01
fire) ) 1d 24
o7 HSD VVA| A ? VVA
| n
&g Ases THD
=] uado
=t s
)
=} sng ASE+

€0 im parooution Ajeuuioys st [dy

dEWAYIS IMPOJA ST6OTSUI PIeog 193y3ne( ‘d SSE[D

N9IS3ad FINI4343d

191}1j00y W&T
jlouoljouIBju|



6% J0 y¢ 8bed

0°¢ A3d SdNvANvdl

W00 LI MMM

VAN VAN i
‘ A0S ‘01
A0S dnot A0S g.é\h /ﬁ L\Zm ol - -
01D 0o w0 = =
- a 00£TAATYIN a 1015
S?Pf,wﬁm_ Z LOIAVTELINZ loia. E4 LOIAVTIELINZ SH
¢ MINMLE  MINLy ALY MUY MINLy ALY
1n0 NI A ja—|g- NOA wA ¢ g JuIS JeoH DDA}
nir SONGLON <n ot R o1z % SONSION ¥ N wnt 101 1012 TINSLOW
90
AS - As+ A1ddng 10m0
A1ddng 1omod AS A1ddng 1omog AG+ [adang d DDA z
| ]
2
s
= v PODIOHVHL
AOO “4N1°0 it
= 9 = = S 1 LR co1z - AN DDA
o A00S “4d0S 1 A9IANTT
. 81D T‘V
Mol R
P A0OF“ANLEO wod JM)SSUpoIy  ZanSupoy' N :Aq Suimelq
8d [&5) bl %1 ALy omn
SUS e AN S DO T oy 19141100y WS
7 LNOTHD o {109y "
HNTT J3eqpadq ¢HD N4dO T
4
ar 20— omm NI THD T\/\Mm\m _OCO_A—OC._QA—C_
i 0I€€SD
puD sisseq) R % o1 v - Ly
© e I = N ey e
) o s 1 oOA—— 01 L — A0S “4not 57| AANOVOVLVAS f—— $V e
= )
iy air o T HLNOV. DS g O 1S
L Jopun 2081, AS+H—A~AN ] VA @uod A0S ‘4001 $90801€€
LY UL ' W
15
- ASF—AA VA +aA AN AsH nms YD
ATNAOIN ST60TSUI o € v ML 64 v
A0s 101 TLNOV IVIVAS (= - —{ vivas A
© ¥ € gy VAVAS €
)i z
. var N A o] N9V S w2t 2 OdA e}
H i NV NEDZ [ T aaa SSA (5
. i v‘ 91 Tl — ¢ 9 ——as+
~ A00F“An10 B a - As 7 e V ASL a0y 7n A9L LY
= O = m+_|m v o1 == ob—1 ¥ Nado Y LT~
€6 Cdne 1 ﬁ e
A00S “adogT [TASE H
L1D 00 601D
A00Y “ANLE0 NITHD < ur or 3< AS+
€0 NI %1 ALY | E€ . @ AUWINJOA [03U0)
AN 0 4+ T>‘?
¢ LNO IHD *@ oty 1 I-NI £ N FODIDHVHL
HITE g 3oeqpadq THD ALy
N1
i e

IneuRYdS sAddng Jomo pue dwnjo A [013U0)) pIeog JIYIOIAl ‘ SSEID

AIT'ANT'T

T‘V

61D

68

N9IS3ad FINI4343d

191}1j00y W&T
jlouoljouIBju|



6% 40 G¢ abed

0°¢ A3d SdNvANvdl

W00 LI MMM

Id

AS+ -
TIvLAd T Ag
e WO JN@®)GSUPOIN  ZanSLPOY A :Aq Fumerq
Z ATS
1 6017
-
. 1SSSLENIN bm_uﬁ;U@N_ Al
TIo s
89 389 ALb ;— ._
SIS s _OCO. oulalu
107S LANIN Ab
NNy &
051 ar
o Nl
sd oal -
g | AOTR00T ALy
ALy ALt . - W0 | = Wé.a Lk As Vs Yy Aton AL
1zrd @i Iy €1l H $010 A
aoa NOLLOALO¥d %[
(@] (@) uonpayoud Da |
3 = Ly ALy - AT "1X3
$ v il Le1d s TVIION L6trTv
5 Al v
< ONd
1SSSLENN 3 <
A ¢ 81T 8f
& ASH N0
00 8010 NHV
107SLANIN ped .
A0S %_om FIOHPL
o T L ar ano W_wwy_
Y AT -
10 801Z A0S Fano1 \%4 A€
N> )
| o AS ve 4cs
ar i vs AT aosadoor BV AVAEMS
oLl 10d 315 VAN
) A9 vt
Jejsad pue diig dno & H g e
% ! V9 Al
Ly
Adsanro S opT B aN 2O vi 028
NS et ISSSLANN 1SSSTENIN : o1 £n and ~Jaos
o1l .
H 6010 X0l o0zrd 011
Fr 01 A spId 2 A |
91 4001 8FIPNI z AS+ A0s “4900z1] |
(10 > L11D Lo1a¥ — |5 T
DLy . - Gt bl
[N L uels;
o 8t w,ﬂ ALY ——fumisd 601
ASI ow_wm sord ser 81 SPIPNI .‘
A 10PSLANIN
L01Z 9012Y, 189 Bt 4 g or
_ i o w
- L ALy
; As P [ . ves
g Mot 4V AVMEMS
” c 1
erld &

WY 3urdody] ISNO[ pue YI0[) pieoq JYIOA ‘d SSe[D

N9IS3ad FINI4343d

191}1j00y W&T
jlouoljouIBju|



6% J0 9¢ abed 0°¢ A3d SdNVANVYHI WO AT MMM

AIM 191a AN-1OVMe'ed | € MEE G080 9y ‘6y
AIM I191a aN-12VvoLd | L1 a0l G080 gy ‘Zey 0S8z L2 9L 'S LY 0L Y ‘6 P ‘S
AIM 191d AaN-1oVvooLd | ¢ p=[1]1]2 G080 2y ‘1
Al G994l | Vv G994l 'S 394 3103.1a ¥134-a ‘c134-a ‘2134-a ‘1134-a
AIA 191d AaN-1o1dlLovSs1ldiNN | L-LOYSLENIN 309-¢€210S LD ‘20
A3X 1910 aN-10SdISSSLININ | L LSSS1GININ 308-€210S 10
A3X 1910 aN-0.592v | | ¥3IMOd NOD | ¥IMOd NOD azr
A3M 1910 aN-0.592V | L d¥3IMod NOD ¥3IMOod NOD ver
A3X 1910 aN-89s9zV | | LEVSIA NOD LEVSIT NOD air
A3IX 1910 aN-89592V | | LEVSIA NOD LEVSIT NOD vir
A3X 1910 aN-1-5¥91-091 | Z IMELLZ19-1S11 G508 Zsa‘isa
A3X 1910 aN-10s4aisa | 1 ars3 VINS .d
A3X 1910 AaN-12S09¢10ZLVININ | 2 9¢10ZLVININ VIS 9d ‘sa
A3X 1910 aN-101a4-SM8VIPNL | 2 4-/-SM8VLYNL £2£-A0S ¥a ‘ca
A3X 1910 AaN-121a4-SM6LAVSE | 2 4-/-SM61LAVSE £2€-A0S za‘ia
A3X 1910 aN-1ONSE01L00d | 2 dIX ‘A0S 4UO0L 5080 1€D ‘0€D
uado | | uado G080 029
A3X 1910 aN-106€£2209d | € dLX ‘A00L°ANL'0 90zl £€0 ‘7€D 'S1LD P1D
A3X 1910 aN-1-98¥€-66€ | T X ‘A00LANL0 5080 L1D‘€1D
A3X 1910 an-L-zevL-svy | v dIX ‘A9l ‘Ang'e g-NV1 610 ‘810 ‘910 21D
A3X 1910 aN-1-90.£-66€ | T ue] ‘A9l ‘4no} g-NV1 11D 01D
A3X 1910 aN-109€8109d | € UIX ‘A0S Huly 5080 629 ‘820 ‘6D
A3X 1910 aN-1-90.£-66€ | T ue] ‘A9l ‘4nQ} g-NV1 90 ‘6D
A3X 1910 aN-1-9£22-S6V | T ue] ‘A9l ‘4no} V-NVL ¥0 ‘€O
A3X 1910 aN-1-62€T-Shv | 9 90I‘N0SZ 4ul G08 ¥22°€20°220°12D 2O ‘1D

YIAN3IA ON 1yvd fyuenp adA]ped jundjood Jojeubisag

INOF 0°¢ A9y 2602 9d sdwy
:pieog 19)ysne( ‘q sserd
S[eLId)BIAL JO [T SdAINVAN VI
IOII}OSY ¥

N9IS3ad FINI4343d

|ouoloUIB)U|



6% 4o L€ abed 0°¢ A4 SdNvaNvyl WO T MMM

Al S2602S¥l | € JaAuQ HI 91010S Zn N
AIM 1910 AN-LOIDMLO'SNHY AL0'E G608 [RRI2Y
A3M 191 aN-¥120ig13cels Al DS wwg ze-1S Zd'ld
y3snow 10012-629-22€2-v65 | © 2001 508 zdy “1dy
uado | ¢ uado 90zl ‘76 ‘1LSY ‘0SY ‘6¥d
A 191d AN-LOYUVO'ONHY | € 0 G080 v ‘chd
Aax 1oia AN-LOUVMEENHY | € Mee G080 ovY ‘6gd
A 1910 aN-1ovo'ld | € Al 5080 8cy ‘L8
A 1914 aN-LOVMoLd | S MOl 5080 Zvd ‘Ivd‘ogd’eTy ‘e
A 191 aN-1oV.Zvd | ¢ ALY G080 9z ‘ez
A 191 aN-LOvMO'Ld | 2 Al G080 zzd ‘12d
Aax 1oia AN-LOUVMAZ LINHY 2L G08 ETRYAY]
A 1910 aN-LoOvMo'Ld | T Ml 5080 8y ‘vz
AaMIoia aN-1LovMZ'8d | ¢ MZ'8 5080 ozy'6LavIY ‘€LY
A 191 AN-LOVMZPd | 2 MY G080 Svd ‘ThY
A3 191 aN-1ovMoold | ¢ 00l G080 LY ‘G ped ‘e€d ‘1ed ‘11
AN 191d adN-1030id | | (]2 9021 LY
IS0y Hes

N9IS3a 3INIYIIY |jouoHoUIBlU|




| REFERENCE DESIGN

Class D Motherboard:
IRAUDAMP5 MOTHERBOARD BILL OF MATERIAL
NO Designator # Footprint Part Type Part No Vender
1 8625(’:10165 C101, €102, €103, C104, €105, | 1 | pys 10uF, 50V 565-1106-ND Digikey
2 C2,C3 2 | RB2/5 2.2uF, 50V 565-1103-ND Digikey
3 C7,C8, C9, C10 4 open
4 Cl1,Cl12,C13,Cl4 4 | open
5 Cl5,Cl6 2 | 805 33pF 478-1281-1-ND Digikey
6 Cl7,CI8 2 | AXIALO.19R 150pF, 500V 338-1052-ND Digikey
7 C19,C20 2 | 1206 2.2uF, 16V PCC1931CT-ND Digikey
3 C119 1 [ 1206 0.1uF, 50V, PCC104BCT-ND Digikey
9 C23,C24 2 | CAP MKP 0.47uF, 400V 495-1315-ND Digikey
10
11| C25,C26 2 | CAP MKPs 0.1uF, 400V 495-1311-ND Digikey
C27, C28, C29, C30, C40, C41, C42, C43,
12| a4, 45, Ca6.C47 12] 805 OPEN
R29, R30, R55, R56, R60, R61, R62, R63,
13| R64. R65. R66, R67, R71. RT2 14] 805 OPEN
14 | C31,C32 2 | RB5/12 5 1000uF,50V 565-1114-ND Digikey
15 | C33,C34,C48,C49 4 | AXIALO.IR OPEN - Digikey
16| C107,C109 2 | 805 4.7uF, 16V PCC2323CT-ND Digikey
17 | Cl08,Cl14 2 | 805 10nF, 50V PCCI03BNCT-ND Digikey
18 | Cl10 1 | 805 InF, 50V PCC102CGCT-ND Digikey
19 | CIIL,CII3 2 | 805 100pF, 50V PCCI01CGCT-ND Digikey
20 | Cl12 1 | 805 1200pF, 50V 478-1372-1-ND Digikey
21 | Cll6,Cl17 2 | b2/ 100uF, 16V 565-1037-ND Digikey
22 | D103, D104, D105, D106, D107 5 | sop-123 IN4148W-7-F 1N4148W-FDICT-ND Digikey
23 | D5,D6,D7,D8 4 | SMA MURAI20T3G MURA120T3GOSCT-ND Digikey
24 | DIOL, D102 2 | SOD-123 MA2YD2300 MA2YD2300LCT-ND Digikey
25 | HSI 1 | Heat S6inl HEAT SINK 294-1086-ND Digikey
26| JIA 1B 2 | CONEISA-31 CON EISA31 A26453-ND Digikey
27 | DA, 2B 2 | CON_POWER CON_POWER A26454-ND Digikey
28 | 13,74 2 | MKDS5/2-9.5 277-1022 277-1271-ND or 651-1714971 Dﬁiesyer"r
29 | 35,36 2 | Blue RCA RCJ-055 CP-1422-ND Digikey
30 |17 1 | JHEADER3 277-1272 277-1272-ND or 651-1714984 | Digikeyor
Mouser
31| 18 BNC RA CON BNC A32248-ND Digikey
32 |19 ED1567 ED1567 ED1567 Digikey
Inductor from ETQA21ZA220 or ..
33 | L2 2| pductor ETg N P13504-ND Digikey
34 | NORMAL 1 | Ledrb2/5 404-1106-ND 160-1143-ND Digikey
35 | Pl 1_| DIP-6 PVT412 PVT412-ND Digikey
36| PROTECTION 1 | Ledrb2/5 404-1109-ND 160-1140-ND Digikey
37| Qlol 1 | SOT89 FX941 FCX491CT-ND Digikey
38 | Q102,Q104, Q106, Q111 4 | SOT23-BCE MMBT5401-7-F MMBT5401-FDICT-ND Digikey
39 8}(3 Q105,Q107, Q108, Q109, Q110, 7 | SOT23-BCE MMBTS5551 MMBT5551-7DICT-ND Digikey
40| RI,R2, R57, R58, R110, R126 6 | 805 100K P100KACT-ND Digikey
41| R3,R4,R114 3 | 805 100R P100ACT-ND Digikey
42| R5.R6 2 | 1206 4.7R P4.7JECT-ND Digikey
43 EZ’WR& R10,R11, R27, R28, R115, R116, 9 | 805 47R P47ACT-ND Digikey
44| R9,R105 2 | 805 10R PI0ACT-ND Digikey
45 | RI3,R14 2 | 805 33K, 1% P33KZCT-ND Digikey
46 | RI7.RI8 2 | 805 22k P22KACT-ND Digikey
R106, R121, R122, R130, R131, R132,
47 | R133,R137,R139, R141, R145, R146, 16 | 805 47k P47KACT-ND Digikey
R147, R149, R150, R151
48| RI52 1 | 805 OPEN - Digikey
49 | R55,R56 2 | 805 0.0 Ohms P0.OACT-ND Digikey
50 | R39,R40 2 | 805 470R P470ACT-ND Digikey
51 R21, R22,R23,R24 4 open
52 | RI20 1 | 1206 100R P100ECT-ND Digikey
53 | R29P,R30P 2 | open
54 | R31,R32 2 | 2512 47K, 1% PT47KAFCT-ND Digikey
55 | R33,R34 2 | 1206 1K P1.OKECT-ND Digikey
56_| RI109,R118,R119,R123 4 | 805 1K P1.OKACT-ND Digikey
57 | R47,R48 2 | 2512 10, IW PTI0XCT Digikey
58 | R49,R50 2 | 1206 2.2k P2.2KECT-ND Digikey
59 | R68, R69 2 | AXIAL-0.3 OPEN - Digikey
www.irf.com IRAUDAMP5 REV 3.0 Page 38 of 49
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60 R101, R102, R103, R104 4 | 2512 47R, 1W PT47XCT-ND Digikey
61 R107, R138 2 | 805 4.7K P4.7KACT-ND Digikey
62 R108 1 V_Control CT2265 CT2265-ND Digikey
R111, R124, R125, R134, R140, R143, -

63 R144, R148 8 | 805 10K P10KACT-ND Digikey
64 R112 1 805 820R P820ACT-ND Digikey
65 R113 1 POTs SK POT 3362H-502LF-ND Digikey
66 R127, R128, R129 3 1206 6.8k P6.8KECT-ND Digikey
67 R135 1 805 82k P82KACT-ND Digikey
68 R136, R142 2 | 805 68k P68KACT-ND Digikey
69 S1 1 Switch SW-PB P8010S-ND Digikey
70 S2 1 SW-EG1908-ND SW_H-L EG1908-ND Digikey
71 S3 1 SW-EG1944-ND SW-3WAY EG1944-ND Digikey
72 U1, U2 2 | open

73 U3, U4 2 | SOT25 74AHC1G04 296-1089-1-ND Digikey
74 U7, U8 2 MINIS open open

75 U9, U10 2 | SO-8 open open

76 U_1 1 SOIC16 CS3310 73C8016 or 72J5420 Newark
77 U2 1 NSA 3310S06S 3310-IR01 T .

achyonix

78 U3 1 MI4A 74HC14 296-1194-1-ND Digikey
79 U 4 1 TO-220 MC78MO5CTG MC78MO05CTGOS-ND Digikey
80 U 5 1 TO-220 LM79MO5CT LM79MO05CT-ND Digikey
81 U_6 1 TO-220 LM78MI12CT LM78MI12CT-ND Digikey
82 71,72,7103 3 SOD-123 15V BZT52C15-FDICT-ND Digikey
83 7101, 2102 2 | SMA 47V 1SMA5917BT3GOSCT-ND Digikey
84 7104 1 SOD-123 24V BZT52C24-FDICT-ND Digikey
85 7105 1 SOD-123 39V BZT52C39-13-FDICT-ND Digikey
86 7106, 2107 2 | SOD-123 18V BZT52C18-FDICT-ND Digikey
87 7108, 2109 2 | SOD-123 8.2V BZT52C8V2-FDICT-ND Digikey
88 Volume Knob 1 Blue Knob MC21060 10M7578 Newark
89 Thermalloy TO-220 mounting kit with screw 3 Kit screw, ROHS AAVID 4880G 82K 6096 Newark
90 1/2" Standoffs 4-40 5 | Standoff 8401K-ND Digikey
91 4-40 Nut 5 100 per bag H724-ND Digikey
92 No. 4 Lock Washer 5 100 per bag H729-ND Digikey

info@tachyonix.co.jp

*Tachyonix Corporation, 14 Gonaka Jimokuji Jimokuji-cho, Ama-gun Aichi, JAPAN 490-1111 http://www.tachyonix.co.jp
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IRAUDAMPS Hardware
Voltage regulator mounting:
o+ § T
Iltem |Description
1 |Insulator Thermalfilm
2 i e 2 |Shoulder Washer
| 1
I 3 |Flat Washer #4
L - 1 4 |No. 4-40 UNC-2B Hex Nut
. Pan Head Screw
| 6 |Lockwasher, No.4
7 |Heatsink
ml:m
&> ez 8 |PCB
- 3
: a— B
TDe— 4
+— §
Item |Description
1 |Insulator Thermalfilm
& — L
iy : 2 |Shoulder Washer
3 |Flat Washer #4
2 - 1 4 |No. 4-40 UNC-2B Hex Nut
5 ‘ . No. 4-40 UNC-2A X 1/2 Long Phillips
—> AT TIRAERNANNNNNSN]
/ ARSI 5 Pan Head Screw
I 6 |Lockwasher, No.4
7 |Heatsink
£—>»
I 8 |PCB
- 3
I 6
D+ 4
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IRAUDAMPS PCB Specifications

2

Core (01 0RZmil]
Top Laver —s
Bottom Layer —s
Figure 34. Motherboard and Daughter-board Layer Stack

Daughter board:
Material: FR4, UL 125°C
Layer Stack: 2 Layers, 1 oz. Cu each, Through-hole plated
Dimensions: 3.125” x 1.52” x 0.062”
Solder Mask: LPI Solder mask, SMOBC on Top and Bottom Layers
Plating: Open copper solder finish
Silkscreen: On Top and Bottom Layers
Motherboard:
Material: FR4, UL 125°C
Layer Stack: 2 Layers, 1 oz. Cu
Dimensions: 5.2”x5.87x0.062”
Solder Mask: LPI Solder mask, SMOBC on Top and Bottom Layers
Plating: Open copper solder finish
Silkscreen: On Top and Bottom Layers
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IRAUDAMPS PCB layers
Class D, Daughter-board:

Figure 40. PCB Layout — Top-Side Solder-Mask and Silkscreen
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Figure 41. PCB Layout — Bottom Layer and Pads and bottom silk screen
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Figure 39. PCB Layout Motherboard:

C5:)0'00000
op gqo O
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Lo—— ]
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O

Top Layer
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Top silk screen
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Bottom Silkscreen

International
IR Rectifier

WORLD HEADQUARTERS: 233 Kansas St., El Segundo, California 90245 Tel: (310) 252-7105
Data and specifications subject to change without notice. 7/27/2007
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