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4CH Digital Audio Amplifier

Features Product Summary

e 4 channel integrated analog input Class D audio
|z;mplifier dri\t/jzrs ina 48 pintMLCt)P tpackage Vorrser (Max) +100V
o rogrammable over current protection Gate driver lo+ 0.5A (typ)
e Programmable dead-time generation .
e Versatile protection control enabling latched, non- Gate driver lo- 0.6A (typ)
latched, or host controlled shutdown function Selectable Dead-time 45/65/85/105ns
e Versatile input structure for self-oscillating PWM, OC protection delay 1 usec (max)
external clock synchr_onization, or natural carrier DC offset <20mV
based PWM modulations PWM § ~800KH
e Start and stop click noise reduction requency z
e Under voltage protection Error amplifier open loop gain >60dB
e High noise immunity THD+N* (1kHz, 50W, 4Q) 0.01% (typ)
L Residual Noise* (BW=20kHz) 200uVrms (typ)
Description . o
The IRS2093 integrates four channels of high voltage, high measured with recommended circuit

performance Class D audio amplifier drivers with PWM modulators
and protections. In conjunction with external MOSFET and external Pgc kage

components, a complete 4 channel Class D audio amplifier can be
realized. The IRS2093 is designed with floating analog inputs and
protection control interface pin especially for half bridge topology.
High and low side MOSFET are protected from over current
conditions by a programmable bi-directional current sensing.
Essential elements of PWM modulator section allow flexible system
design. A small MLQP48 package enhances the benefit of smaller

size of Class D topology. MLPQ48 £7X7mm, 0.50mm pitch!
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Absolute Maximum Ratings

Absolute Maximum Ratings indicate sustained limits beyond which damage to the device may occur. All voltage

IRS2093

parameters are absolute voltages referenced to Vss; all currents are defined positive into any lead. The Thermal
Resistance and Power Dissipation ratings are measured under board mounted and still air conditions.

Symbol Definition Min. Max. Units
Vg High side floating supply voltage -0.3 215 Vv
Vs High side floating supply voltage (Note2) (See lgsz) Vg +0.3 \Y
Vho High side floating output voltage Vs -0.3 Vg +0.3 V

Vesh CSH pin input voltage Vs -0.3 Vg +0.3 \Y
Vee Low side supply voltage (Note2) -0.3 20 \Y
Veez Low side output supply voltage (Note2) -0.3 20 \Y
COM2 Low side output supply return -0.3 +0.3 \%
Vio Low side output voltage -0.3 Vce+0.3 \
Vaa Floating input positive supply voltage (See laaz) 213 \Y
Vss Floating input negative supply voltage (Note1) (See lssz) GND +0.3 \Y
Veno Floating input supply ground voltage Vss -0.3 Vap +0.3 V
IiN- Inverting input current - +3 mA
Vesp SD pin input voltage Vss -0.3 Vaa +0.3 \Y
Vecomp COMP pin input voltage Vss -0.3 Vaa +0.3 \Y
Vor DT pin input voltage -0.3 Ve +0.3 V
VocseT OCSET pin input voltage -0.3 Vee +0.3 \Y
lanz Floating input positive supply zener clamp current - 20 mA
Issz Floating input negative supply zener clamp current - 20 mA
lecz Low side supply Vcc zener clamp current (Note3) - 5 mA
lcczo Low side supply Vcc2 zener clamp current (Note3) - 5 mA
lgsz Floating supply zener clamp current (Note3) - 5 mA
lorer Reference output current - 2 mA
dVg/dt Allowable Vs voltage slew rate - 50 Vins
dVss/dt | Allowable Vss voltage slew rate (Note3) - 50 V/ns
dVss/dt | Allowable Vss voltage slew rate upon power-up (Note4) - 50 V/ms
Pd Maximum power dissipation @ Ta< +25°C - TBD w
Rthya Thermal resistance, Junction to ambient - TBD °C/W
T, Junction Temperature - 150 °C
Ts Storage Temperature -55 150 °C
T, Lead temperature (Soldering, 10 seconds) - 300 °C
Note1: IN+ pin and IN- pin have two clamping diode crossing each other.
Note2: Vpp — IN+, IN+ -Vss, Vcc-COM and VB-VS contain internal shunt zener diodes. Please note that
the voltage ratings of Vs and Vcc can be limited by the clamping current.
Note3: For the rising and falling edges of step signal of 10V. Vss=15V to 200V.
Note4: Vss ramps up from 0V to 200V.
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IRS2093
Recommended Operating Conditions
For Proper operation, the device should be used within the recommended conditions below. The Vs and COM offset
ratings are tested with supplies biased at Vaa-Vss=10V and Vg-Vs=12V.
Symbol Definition Min. Max. Units

Vg High side floating supply absolute voltage Vg +10 Vs +17 \%
Vs High side floating supply offset voltage Note 1 200 \Y,

lanz Floating input positive supply zener clamp current 0 10 mA

Issz Floating input negative supply zener clamp current 0 10 mA

lgsz Floating high side supply zener clamp current 0 10 mA
Vaa Floating input supply positive supply voltage Vss +10 Vss +15 Vv
Vss Floating input supply absolute voltage 0 100 \%
Vo High side floating output voltage Vs Vg V
Vee Low side fixed supply voltage 10 17 \Y,
Veea Low side output supply voltage 10 17 \%
COM2 Low side output supply return voltage 0 - V
Vio Low side output voltage 0 Vece \
Venp GND input voltage Vss (Note 3) Vaa (Note 3) \
Vin- Inverting input voltage Venp -0.5 Venp 0.5 \

Iin- Inverting input current - 2 mA
Vesp SD pin input voltage Vss Vaa Vv
Vcomp COMP pin input voltage Vss Vaa \%
Vo DT pin input voltage 0 Vce \%

lorer Reference output current to COM (Note 2) 0.3 0.8 mA
VocseT OCSET pin input voltage 0.5 5 \
VcsH CSH pin input voltage Vs Vi \%

fsw Switching Frequency - 800 kHz

Ta Ambient Temperature -40 125 °C

Note 1: Logic operational for Vs equal to -5V to +200V. Logic state held for Vs equal to -5V to —Vas.
Note 2: Nominal voltage for Vrer is 5.1V. lorer of 0.3 — 0.8mA dictates total external resistor value on VREF to be 6.3k to

16.7k ohm.
Note 3: GND input voltage is limited by Iaaz and Issz.
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Electrical Characteristics
Ve ,Ves= 12V, Van=25V, Vss=15V, Venp=20V, C =1nF and Ta=25°C unless otherwise specified.

Symbol Definition Min Typ Max Units Test
Conditions
Low Side Supply
UVce+ Vce supply UVLO positive 8.4 8.9 9.4 \
threshold
UVce. Vce supply UVLO negative 8.2 8.7 9.2 V
threshold
UVcchys UVce hysteresis - 0.2 - V
lacc Low side quiescent current - - tbd mA
VeiavpPL Low side zener diode clamp 19.8 20.8 21.8 \Y lcc=5mA
voltage
High Side Floating Supply
UVgs+ High side well UVLO positive 8.0 8.5 9.0 \Y
threshold
UVps. High side well UVLO negative 7.8 8.3 8.8 \Y
threshold
UVBSHYS UVBS hysteresis - 0.2 - \
loss High side quiescent current - - tbd mA
I kH High to Low side leakage current - - 50 A Ve=Vs =200V
Veavpn | High side zener diode clamp 14.9 15.6 16.4 \% Igs=5mA
voltage
Floating Input Supply
UVaa+ VA+, VA- floating supply UVLO 8.2 8.7 9.2 \% Vss =0V
positive threshold
UVaa- VA+, VA- floating supply UVLO 7.7 8.2 8.7 \% Vss =0V
negative threshold
UVaanvs | UVaa hysteresis - 0.5 - \ Vss =0V
loaao Floating Input positive quiescent - 2 8 mA Van =GND + 4.5V
supply current Vesp =VSS
lasso Floating Input negative - 2 8 mA Vss = GND 4.5V
quiescent supply current Vcsp =VSS
loaat Floating Input positive quiescent - 24 40 mA Vaa =GND + 4.5V
supply current Vesp =VAA
lass1 Floating Input negative - 24 40 mA Vss = GND -4.5V
quiescent supply current Vesp =VAA
loans Floating Input positive quiescent - 24 40 mA Vaa =GND + 4.5V
supply current Vcesp =GND
loss2 Floating Input negative - 24 40 mA Vss = GND -4.5V
quiescent supply current Vcsp =GND
ILkm Floating input side to Low side - - 50 MA Va:=Va. =100V
leakage current
Veiavew+ | Floating supply zener diode 104 - \%
clamp voltage, positive
Veavem- | Floating supply zener diode - -10.4 \
clamp voltage, negative
Audio Input
Vos Input offset voltage -20 0 20 mV
IgiN Input bias current - - 40 nA
BW Small signal bandwidth - 5 - MHz Ccomp=2nF,
Rf=3.3k
www.irf.com Rev.1.4
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Vcowmp OTA Output voltage VAA-1 VSS+1 \
Im OTA transconductance tbd 100 - mS Vin.=40mVpp
Gy OTA gain 60 - - dB
Vocwum Common-mode output voltage Vgst2.5 - Van-2.5 \Y
range
Vorn Noise voltage - tbd tbd uvrms BW=20kHz
SR Slew rate - 5 - V/us Cload=1nF
CMRR Common-mode rejection ratio - tbd - dB
PSRR Supply voltage rejection ratio - 70 - dB Vaa =5V, Vgg =-5V
PWM comparator
Vthpwm | PWM comparator threshold - (Vana - - \%
Vss)/2
fora Star-up local oscillation tbd 800 tbd kHz Vesp =GND
frequency
Afosc Self-oscillation frequency -20 - +20 % Tj=-40to +125
temperature drift with respect to degC,
25 degC 400kHz @Tj=25
degC
Protection
VRer Reference output voltage 4.6 5.1 5.6 \% lorer =0.5mA
VthocL Low side OC threshold in Vs 1.0 (1.2) 14 \Y OCSET=1.2V,
Fig.6
Vthoch High side OC threshold in V¢sy 1.0+ Vs 1.2+ Vs 1.4+ Vs V Vs=200V,
Vth1 CSD pin shutdown release 0.62xVaa | 0.70xVaa | 0.78xVaa \Y Vgs =0V
threshold
Vth2 CSD pin self reset threshold 0.26xVaa | 0.30xVaa | 0.34xVaa \ Vss =0V
lcsp+ CSD pin discharge current 50 100 150 MA Vgp = Vgs +5V
lcsp. CSD pin charge current 50 100 150 MA Vgp = Vgs +5V
tso Shutdown propagation delay - 0.15 0.5 us
from V¢gp > Vg + Vthoch to
Shutdown
tocH Propagation delay time from - 0.4 1 us Fig.3
Vcsh > Vthoch to Shutdown
tocL Propagation delay time from Vs> - 0.4 1 us Fig.4
VthoCL to Shutdown
Gate Driver (Notel)
lo+ Output high short circuit current 0.4 0.5 - A Vo=0V, PW<10uS
(Source)
lo- Output low short circuit current 0.5 0.6 - A Vo=12V,
(Sink) PW<10uS
VoL Low level out put voltage - - 0.1 \Y
LO - COM, HO - VS
Vou High level out put voltage - - 1.2 \Y, lo=0A
VCC-LO, VB -HO
ton High and low side turn-on - 115 - ns Vo1 = Vce
propagation delay (Note2) Vs=COM
VSS =10V
toff High and low side turn-off - 100 - ns Vo1 = Vce
propagation delay (Note2) Vs=COM
VSS =10V
tr Turn-on rise time (Note2) - 25 - ns
tf Turn-off fall time (Note2) - 20 - ns
DT1 Deadtime: LO turn-off to HO 30 45 60 ns Vor>Vor1,
www.irf.com Rev.1.4
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turn-on (DT o.Ho) & HO turn-off Vss= COM
to LO turn-on (DTho.10)

DT2 Deadtime: LO turn-off to HO 65 ns Vpr1>Vpr> Vo2,
turn-on (DT o.1o) & HO turn-off Vss= COM
to LO turn-on (DTyo.10)

DT3 Deadtime: LO turn-off to HO 85 ns VDT2>VDT> VDT3,
turn-on (DT o.1o) & HO turn-off Vss= COM
to LO turn-on (DTyo.10)

DT4 Deadtime: LO turn-off to HO 105 ns Vo13>Vpr> Vo1,
turn-on (DT o0.4o) & HO turn-off Vss= COM
to LO turn-on (DTHO-LO)VDT= VDT4

ADT Dead-time temperature drift with -20 - +20 % Tj=-40 to +125
respect to DT at 25 degC degC,

VbT1 DT mode select threshold 2 0.51xVce | 0.57xVee | 0.63xVcee V

Vo2 DT mode select threshold 3 0.32xVce | 0.36xVee | 0.40xVece V

Vors DT mode select threshold 4 0.21xVce | 0.23xVee | 0.25xVcece V
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IRS2093
Block Diagram
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Lead Definitions

Pin # Symbol Description
1-6 NC
7 CSH2
8 VB2
9 HO2
10 VS2
11 VS1
12 HO1
13 VBA1
14 CSH1
15 LO1
16 LO2
17 VCC2

18, 19 NC
20 COM2
21 LO4
22 LO3
23 CSH3
24 VB3
25 HO3
26 VS3
27 V34
28 HO4
29 VB4
30 CSH4
31 NC
32 COM
33 VCC
34 DT
35 OCSET
36 VREF
37 COMP3
38 IN3
39 COMP4
40 IN4
41 GND
42 VSS
43 VAA
44 IN2
45 COMP2
46 IN1
47 COMP1
48 CSD
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