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High Voltage Integrated Power Module

FEATURES

e 40 A Continuous Output Current
e Up to 1 MHz Switching Frequency
e 600V Supply Voltage

¢ Internal Bootstrap Operation

¢ Under-Voltage Lockout

¢ Active Miller Clamping

APPLICATIONS

¢ Motor Control

e Variable Frequency Drives
e DC/AC converters

e Power Inverters

e Test Equipment

DESCRIPTION

The MSA303 is a fully integrated three-phase driver designed primarily to drive Brush-Less DC (BLDC),
Permanent Magnet Synchronous (PMSM) motors or, DC/AC converters. The module uses Silicon Carbide
MOSFET technology to improve efficiency over other devices in its class. Three fully independent half-bridges
provide 40 A of continuous current. MSA303 is built on a thermally conductive, but electrically isolated sub-
strate to provide the most versatility and ease in heatsinking.

Protection features include under-voltage lockout (UVLO) function and active Miller clamping to improve
reliability. Also included in the module are Silicon Carbide Schottky Barrier free-wheeling diodes in parallel to
the body diode of each MOSFET. No external output protection diodes are required.

MSA303's integrated gate drivers provide isolation between the inputs and high-voltage outputs. By inte-
grating the gate drive with the output MOSFETSs, parasitics that impact the switching behavior are kept at a
minimum, improving the switching characteristics while reducing potential oscillations.
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Figure 1: Equivalent Schematic
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IMPORTANT: N /
PGND_U is internally connected to DGND_U

PGND_V is internally connected to DGND_V
PGND_W is internally connected to DGND_W
Please be aware of potential ground loops in the design!
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PINOUT AND DESCRIPTION TABLE

Figure 3: Pinout Diagram
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Pin Number Name Description
1 DGND_U Return path for digital circuit. Connected internally to PGND_U
2 INLS_U Input signal to command channel U low-side FET
3 INHS_U Input signal to command channel U high-side FET
4 ENA U Output enable channel U. Drive HIGH to enable. A LOW signal will cause
- the output of channel U to be high impedance
Voltage supply for logic circuit. The ground terminal of the
5 Vee supply must
be connected to at least one of the DGND pins
DGND_V Return path for digital circuit. Connected internally to PGND_V
INLS_V Input signal to command channel V low-side FET
INHS V Input signal to command channel V high-side FET
9 ENA V Output enable channel V. Drive HIGH to enable. A LOW signal will cause
- the output of channel V to be high impedance
10 DGND_W Return path for digital circuit. Connected internally to PGND_W
1 INLS W Input signal to command channel W low-side FET. Drive pin HIGH to sink
- current through OUT_W.
Input signal to command channel W high-side FET. Drive pin HIGH to
12 INHS_W
source current through OUT_V.
13 ENA W Output enable channel W. Drive HIGH to enable. A LOW signal will cause
- the output of channel W to be high impedance
14 +Vg W High-voltage supply for channel W
15 OouT_W Output of channel W
16 PGND_W Return path for channel W. Signal is internally connected to DGND.
17 +Vg_V High-voltage supply for channel V
18 OUT_V Output of channel V
19 PGND_V Return path for channel V. Signal is internally connected to DGND.
20 +Vg_U High-voltage supply for channel U
21 OUT_U Output of channel U
22 PGND_U Return path for channel U. Signal is internally connected to DGND.
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SPECIFICATIONS

Unless otherwise noted: T = 25 °C. Power supply voltages are typical ratings.

ABSOLUTE MAXIMUM RATINGS

Parameter Symbol Min Max Units
Total Supply Voltage +V, to PGND 650 \Y
Logic Supply Voltage Vee 22 \Y
Logic Supply Surge Voltage, tsrge < 300 ns 26 \Y
Current, peak, SiC MOSFET 1 pEAK MOSFET 170 A
Current, peak, up to 1 second, within SOA IpEAK 40 A
Output Current, continuous, within SOA, MSA303 louT 30 A
Output Current, continuous, within SOA, MSA303A louT 40 A
Switching frequency, soft switching fow,sort 1 MHz
Switching frequency fow 500 kHz
Input Voltage, Logic Level VN -0.3 Vcct0.3 \Y
Temperature, pin solder, 10s 260 °C
Temperature, junction3 T, 175 °C
Temperature, storage -55 150 °C
Operating Temperature Range, case Tc -55 125 °C

1. Does not consider temperature rise of the device pins
2. Maximum pulse width 10us, duty cycle less than 1%. Repetition rate might be limited by the temperature rise of device

pins.

3. Longterm operation at the maximum junction temperature will result in reduced product life. De-rate internal power dis-

sipation to achieve high MTTF
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INPUT LOGIC
MSA303 MSA303A
Parameter Test Conditions Units
Min Typ Max | Min Typ Max
Input Low 0 0.8 * * \"
Input High 2.0 Vee * * \Y
Isolation 650 * \"
OouTPUT
MSA303 MSA303A
Parameter Test Conditions Units
Min Typ Max | Min Typ Max

Current, Continuous® 25°C Case Temperature 30 40 A
Rise Time 45 * ns
Fall Time 30 * ns
Turn-on Delay (module, gate

driver input to module out- 85 * ns
put)

Turn-off Delay (module, gate

driver input to module out- 120 * ns
put)

ON Resistance (Each Switch)? | 27A Load, T,=25°C 35 30 mQ
ON Resistance (Each Switch)? | 27A Load, T,=125°C 50 40 mQ

0, -
Switching Frequency 3 50% duty cycle, 1A out 400 * kHz
put current

Duty Cycle * 0 98 * * %
High-side Switch On 1 * ms
Minimum Pulse Time 500 * ns

1. The MSA303 is rated for 40A of continuous current by design but tested up to 35A on ATE.

2. Does not include parasitic resistance of internal wirebonds.

3. If the load is greater than 100 Q, the maximum switching frequency might be reduced due to the required discharge of
the parasitic capacitances of the SiC MOSFETs through the load.
4. Device supports 100% duty cycle events up to the maximum “High-side Switch On” time.
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POWER SUPPLY AND UVLO
MSA303 MSA303A
Parameter Test Conditions Units
Min Typ Max | Min Typ Max
Supply Voltage, +Vs 600 * \"
Supply Voltage, Vccl 14 18 22 * * * \%
Supply Current, Ve All channels idle 8 14 * * mA
for reference only - see
UVLO, kick-in2 footnotes 1 and 2 for 8.0 8.5 9.0 * * * \Y;
details
for reference only - see
UVLO, release? footnotes 1 and 2 for 9.0 9.5 10.0 * * * v
details

1. MSA303 can operate with logic supply voltages below 14 V, up to the UVLO kick-in, but with some operating parameters
no longer being applicable. See also typical performance graphs. Apex recommends to never operate MSA303 below 12
V.

2. MSA303 uses a bootstrap circuit for the high-side gate supply. Thus, the high side gate drive supply voltage needs to be
considered to be around 1V lower than the provided supply voltage VCC. In addition, the high side supply voltage will
drop while the high-side FET is on, further lowering the high-side gate voltage supply.

THERMAL
MSA303 MSA303A
Parameter Test Conditions Units
Min Typ Max | Min Typ Max
Resistance, Junction to Case, R
each MOSFET fow > 60 Hz 1.35 ’ c/w
Resistance, Junction to Case
’ 7| fey > 60 Hz * °

Schottky-Barrier Diode SW 2.0 c/w
Temperature Range, Casel! -40 125 * * °C

1. Case temperature must be derated with switching frequency

Note: *The specification of MSA303A is identical to the specification for MSA303 in applicable column to
the left.
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SILICON CARBIDE MOSFET PARAMETERS

T, = 25°C unless otherwise specified. MSA303 has a Schottky Barrier diode in parallel per switch. See Fig-
ure 1 for illustration.

Parameter Symbol Conditions Min Typ Max Unit
VGS = OV, VDS = 650V, TJ = 25°C 1 10 u.A
Zero gate voltage drain current Ipss .
Vs = OV, Vpg = 650V, T; = 125°C 2 LA
lgss+ Vgs =0V, Vps = 0V 100 |nA
Gate-Source leakage current
lgss- Vs =-4V, Vps = 0V 100 |nA
Gate input resistance! Rg f =1 MHz, open drain 7 Q
MOSFET transductance 8fs Vps = 10V, [p=27A 9.4 S
Input capacitance Ciss 1526 pF
Output capacitance Coss Vgs=0V, Vps=500V, f=1 MHz 89 pF
Reverse transfer capacitance Crss 42 pF
Effective output capacitance Coer) Vgs=0V, Vps=0V to 300V 230 pF
Turn-on switching loss Eon VDS=300V, VGS=0V/18V, 168 w
ID=27A, RG=0Q, L=250uH. Egy
Turn-off switching loss Eorr includes diode reverse recov- 112 |
ery L;=50nH, C;=200pF
Total gate charge Qg 104 nC
Gate-Source charge Qg Vps=300V, V55=18V, Ip=27A 19 nC
Gate-Drain charge Qgq 55 nC
Gate plateau voltage 9.6 \"
Body diode, forward current,
5 lsm 175 |A
peak
Body diode, forward voltage? Vsp Vgs=0V, Is=27A 3.2 \Y
Reverse recovery time? e 26 ns
5 a Ir=27A, Vg=300V, di/dt=1100A/ 130 c
Reverse recovery charge rr s, Ly=50nH, C,=200pF n
Reverse recovery current? lrrm 10 A

1. Forreference only. MSA303 uses additional resistors between the gate driver and the MOSFET to optimize the switching
behavior of the module.

2. Under normal operation, the body diode of MSA303 will not be conducting, as the Schottky Barrier Diode put in parallel to
the MOSFET conducts at a lower forward voltage.
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SILICON CARBIDE SCHOTTKY-BARRIER DIODE PARAMETERS

T, = 25°C unless otherwise specified. All parameters are per die. MSA303 has a Schottky Barrier diode in
parallel per switch. See Figure 1 for illustration.

Parameter Symbol Conditions Min Typ Max Unit

Reverse voltage (repetitive peak) |Vgrm 650 |V
Continuous forward current le Limited by T; 20 |A

PW=10us square 260 |A
Surge forward current lesm

10% duty cycle 76 |A

I=20A, Tj=25°C 1.35 155 |V
Forward voltage Ve

[=20A, Tj=150°C 1.55 \"

Vg=600V, Tj=25°C 4 HA
Reverse current Ir

Vg=600V, TJ-=150°C 60 HA

Vg=1V, f=1MHz 730 pF
Total capacitance C

Vg=600V, f=1MHz 74 pF
Total capacitance charge Qc Vg=400V, di/dt=350A/ps 31 nC
Switching time tc V=400V, di/dt=350A/ps 19 ns
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TYPICAL PERFORMANCE GRAPHS

All MOSFET performance graphs are per MOSFET. MSA303 has one MOSFET die and a Schottky Barrier

diode in parallel per switch. See Figure 1 for illustration.

Figure 4: I vs. Switching Frequency

| |
all 3 phases commutating
90

80

i
70 l
60 /

50

40

30

/l

20

Figure 5: MOSFET Output Characteristics 1
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Figure 6: MOSFET Output Characteristics 2
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Figure 8: MOSFET Output Characteristics 4 Figure 9: MOSFET VGS vs ID (1)
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Figure 12: Transconductance vs ID
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Figure 16: Capacitance vs VDS
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Figure 17: Switching Time vs ID
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Figure 19: Cross-Stored Energy vs VDS
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Figure 20: Switching Energy vs VDS

400

Figure 21: Switching Energy vs ID

MSA303 ¢ MSA303A

T 1200 T
T,=25°C ] T=2c
=27A vD_D-soov
V,_=18V/0V 000 L Ves=18V/0V
2 0 Re=00 El LRS;SQH
= - = =250u
= L=250pH y =
5 % ’
S 200 on w600 E
a0 / [V} ON / /
€ y, c / b
<
2 / 5 / /
S = /
@ 100 / 7 EOFF » 300 ///
/ /4 EOFF
///
0 0 —
100 200 300 400 500 0 20 40 60 80

Drain-Source Voltage V  [V] Drain Current | [A]

Figure 22: Switching Energy vs RG Figure 23: SBD IF vs VF (1)

1200 ‘ ‘ 100 .

T=25°C Pulsed

V_ =300V |

V_=18V/0V V= i75c A
3 Re=00 T i
= L=250pH =
w800 H / - T =125°C
> - A 1
8o / s !
2 E / e °
uc_| OFF P 5 TA=75 C TA=25°C
2 - 5 G
5 = Fo g 0.1 T,=-25°C
S 400 7 2 /

7
U;’ // £ /
A 0.01
Z
0 0.001
0 10 20 30 0 0.5 1.0 1.5 2.0 25

Additional Gate Resistance R_ [Q] Forward Voltage V, [V]

MSA303U Rev B 13



MSA303 ¢ MSA303A

Figure 24: SBD IF vs IF (2)
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Figure 25: SBD IR vs VR
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GENERAL

Please read Application Note 1 “General Operating Considerations” which covers stability, supplies, heat
sinking, mounting, current limit, SOA interpretation, and specification interpretation. Visit www.apexana-
log.com for Apex Microtechnology's complete Application Notes library, Technical Seminar Workbook, and
Evaluation Kits.

CALCULATING POWER DISSIPATION

Power dissipation internal to MSA303 consists mostly of 2 elements, which may be calculated as follows:
1. Conduction Losses

Pconpucrion = (Ig)* % Rpscony X XIW]
X =1.5 for Wye or Delta loads
X = 2 for Single Ended loads having sinking AND sourcing current
X =1 for Single Ended loads having sinking OR sourcing current

2. Switching Losses

3
Pswircning = 3% Ve xIsX fowrrerivg * (risg T tpar) [W]

Given in above specification tables and performance graphs:
Ros(on) =ON Resistance (for the paralleled FETs) [Q]
trisg=Rise Time [s]

tpa =Fall Time [s]

Application Specific:

Is=Average Supply Current from Vg Power Supply [A]
Vs=Supply Voltage [V]

fswitcHing=Switching Frequency of Input Signal [Hz]

UNDER-VOLTAGE LOCKOUT FUNCTION

MSA303 has a built-in under-voltage lockout function. When V. drops below approximately 9V, the out-
puts will be high impedance. When V. rises above approximately 10V, the outputs will return to normal

operating mode. In addition, to prevent malfunctions due to noise, a mask time of approximately 2.5us is set
onVec.
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BYPASSING

Adequate bypassing of the power supplies is required for proper operation. Failure to do so can cause
erratic and low efficiency operation as well as excessive ringing at the outputs. The Vg supply should be
bypassed with at least a 1uF ceramic capacitor in parallel with another low ESR capacitor of a least 10uF per
amp of output current. Capacitor types rated for switching applications are the only types that should be con-
sidered. The 1uF ceramic capacitor must be physically connected directly to the +Vg and PGND nodes. Even
one inch of lead length will cause excessive ringing at the outputs. This is due to the very fast switching times
and the inductance of the lead connection. The bypassing requirements of the V¢ supply are less stringent,

but still necessary. A 0.1uF to 0.47pF ceramic capacitor connected directly from the V¢ pin to DGND close to
MSA303 will suffice.

POWER SUPPLY PROTECTION

Unidirectional transient Voltage suppressors are recommended as protection on the supply pins as
shown in Figure 27. TVS diodes clamp transients to voltages within the power supply rating and clamp power
supply reversals to ground. Whether the TVS diodes are used or not, the system power supply should be eval-
uated for transient performance including power-on overshoot and power-off polarity reversal as well as line
regulation. Conditions which can cause open circuits or polarity reversals on either power supply rail should
be avoided or protected against. Unidirectional TVS diodes prevent this, and it is desirable that they be both
electrically and physically as close to the amplifier as possible.

Figure 27: TVS Diodes

Vee Vs

!
= ]
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20| 17

VCC n
+Vs_U
+Vs_V
+Vs_W

MSA303

INPUT PROTECTION

It is recommended to connect two small-signal diodes at each of the input signals to provide external pro-
tection for MSA303, as shown in the typical connection diagram. A 100pF capacitor can be connected from
each input to ground to provide ESD protection from coaxial cables and other ESD sources. A series resistor
(approximately 200 Q) may be added in series with the input pins to limit excessive current going into the
pins. Without these protection features, MSA303 is susceptible to permanent input stage failure.

Each INX_LS and INX_HS has an internal pull-down resistance to DGND of 50 kQ typical.
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DEAD TIME

Dead time is entirely user-selectable and must be considered when generating an input signal. Generally,
dead time is chosen as a multiple of clock-cycles from the system controller; this makes the coordination of
_HS and _LS inputs easy. The absolute minimum dead time is 60ns. A dead time of 120ns is recommended for
margin.

OUTPUT LOGIC
MSA303 follows the following truth table for each phase:
ENA_X INX_LS INX_HS OUT_X
L X X High-Impedance
H L L High-Impedance
H L H H
H H L L
H H H High-Impedance

POWER SUPPLY SEQUENCING

During power-on of MSA303, turn on power supplies in the following order:
1.vCC

2. +VS

During power-off of the MSA303, turn off power supplies in the reverse order.

BOOTSTRAP CONSIDERATIONS

The high side drives inside MSA303 each relies on a bootstrap circuit. It consists of a capacitor that is
charged when the low-side is active through a diode circuit and operates as a floating supply when the high
side is turned on. To ensure that the internal capacitance is properly charged, the device needs to be supplied
with an active INX_L signal for several microseconds after power-on prior to starting any PWM operation.

The high-side capacitor will discharge while the high-side is actively driven. When operating MSA303, any
output sequence needs to have the low side enabled periodically to allow for the capacitor to be re-charged.
Thus, the maximum PWM duty cycle can’t be 100% for an extended operating period.

The voltage drop through the diode when charging the high side supply capacitor and the discharge of
the capacitor while the high side is turned-on need to be considered when operating the device at low supply
voltages, as it can cause the under-voltage lock-out to kick-in at voltage level above the values in the specifi-
cation tables.

DIGITAL AND ANALOG GROUND CONNECTIONS

The digital ground (DGND_X) and power (PGND_X) ground pins are connected inside MSA303. When
designing the external circuitry, ground loops should be avoided.

If low-side current sensing is used, it is recommended to use a current sense circuit with a ultra-low volt-
age drop to avoid any accidental low-side turn-off during peak currents.
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DIGITAL INPUTS EQUIVALENT CIRCUIT

The equivalent circuit for the digital inputs is shown in Figure 28. In case of a failure of the internal power
supply or the inputs not connected, the signals are pulled to the digital ground through an internal resistor.

Figure 28: Digital Input Equivalent Circuit
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PACKAGE OPTIONS
Part Number Apex Package Style Description
MSA303 KU 22-pin with vertical mounting pins
PACKAGE OUTLINE
1.650 +0.012
[41.91 + 0.305]
0.120 0.04
= &y
0.040
1 13 Q[l_oz] 0.113
v [2.87]
© © © © 6 0 © © 6 0 0 @/ —1
1.200 + 0.012
[30.48 + 0.305] R0.085
*Y/ [2.16]
T Q
[30.48]
0.650
[16.51] fw[cnl.%%e])
0O 0 0 O O 0 O @/ -
22 14 . .10.157
[3.99]
0.048£0.012 | | 0.175 0.825 P8'30157]
[1.22 + 0.305] [4.45] [20.96] :
PITCH
|
0.020 +0.012
[0.51 + 0.305]
0.650
[16.51]
- Bottom Side: -
L e
1.200 £ 0.012
[30.48 + 0.305]

Substrate Thickness: .0498 + 10% Notes:
1. Dimensions are in inches [mm]

2. Unless otherwise specified, tolerances are +0.005 [0.127]

3. Mininum Distance between high voltage traces 0.031 [0.79]
4. Pins (@ 0.040): nickel-plated brass alloy (100-150 micro-inch)
5. Pins (@ 0.059): nickel-plated copper (125 micro-inch)

6. Mount with #4 (M3) fasteners
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NEED TECHNICAL HELP? CONTACT APEX SUPPORT!

For all Apex Microtechnology product questions and inquiries, call toll free 800-546-2739 in North America. For
inquiries via email, please contact apex.support@apexanalog.com. International customers can also request
support by contacting their local Apex Microtechnology Sales Representative. To find the one nearest to you,
go to www.apexanalog.com

IMPORTANT NOTICE

Apex Microtechnology, Inc. has made every effort to insure the accuracy of the content contained in this document. However, the information is
subject to change without notice and is provided "AS IS" without warranty of any kind (expressed or implied). Apex Microtechnology reserves the right
to make changes without further notice to any specifications or products mentioned herein to improve reliability. This document is the property of
Apex Microtechnology and by furnishing this information, Apex Microtechnology grants no license, expressed or implied under any patents, mask
work rights, copyrights, trademarks, trade secrets or other intellectual property rights. Apex Microtechnology owns the copyrights associated with the
information contained herein and gives consent for copies to be made of the information only for use within your organization with respect to Apex
Microtechnology integrated circuits or other products of Apex Microtechnology. This consent does not extend to other copying such as copying for
general distribution, advertising or promotional purposes, or for creating any work for resale.

APEX MICROTECHNOLOGY PRODUCTS ARE NOT DESIGNED, AUTHORIZED OR WARRANTED TO BE SUITABLE FOR USE IN PRODUCTS USED FOR LIFE
SUPPORT, AUTOMOTIVE SAFETY, SECURITY DEVICES, OR OTHER CRITICAL APPLICATIONS. PRODUCTS IN SUCH APPLICATIONS ARE UNDERSTOOD TO BE
FULLY AT THE CUSTOMER OR THE CUSTOMER'S RISK.

Apex Microtechnology, Apex and Apex Precision Power are trademarks of Apex Microtechnology, Inc. All other corporate names noted herein may be
trademarks of their respective holders.
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