JE  MERAKI
4V INTEGRATED

MD18011A/B/C

4-A Source, 7-A Sink, 5.7-kVrus Single-Channel Isolated Gate Driver

1. Description

The MD18011A/B/C is an isolated single channel
gate driver family designed with 4-A source
current and 7-A sink current to drive MOSFET,
IGBT and SiC MOSFET.

The device’s input is opto-compatible. The input
side is isolated from the output side by 5.7kVrms
isolation barrier with a minimum of 200-V/ns
common mode transient immunity.

The device’s input can handle -16V signal, and
VDD of output can handle 30V supply, which
increases robustness against ringing from
parasitic inductance of long routing traces.

2. Applications

Isolated AC-DC and DC-DC power supplies
e Sever, telecomm, datacomm, and industrial

3. Features

Pin-out compatible with general opto isolated

gate drivers

4-A Source/7-A Sink Peak Current

CMTI greater than 200V/ns

Input Pins Can Tolerate -16V

Recommended maximum 28V output driver

supply voltage.

80ns (typical) propagation delay

Safety-related certifications:

(1) 8000-Vpk reinforced Isolation per DIN EN
IEC 60747-17 (VDE 0884-17): 2021-10

(2) 5.7kVrwms isolation for 1minute per UL1577

(3) CQC certification per GB4943.1-2022

Wide body SOW-6 package with >8mm

creepage and clearance
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Figure 1.Typical Application Diagram
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5. Ordering Information
Order Code UVLO Package Pins Description
MD18011AWAH 5V SOW-6 6 MSL-2, 1000 pcs/ reel
MD18011BWAH 8V SOW-6 6 MSL-2, 1000 pcs/ reel
MD18011CWAH 12v SOW-6 6 MSL-2, 1000 pcs/ reel

6. Pin Configuration and Functions

1 |ANODE VDD | ©
2 INC OUT | 5
3 | CATHODE VEE | 4
SOW-6
Pin # Name Description
1 ANODE Anode
2 NC No Connection
3 CATHODE Cathode
4 VEE Negative output supply rail
5 ouT Gate-drive output
6 VDD Positive output supply rail
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7. Specifications

7.1 Absolute Maximum Ratings

Over operating free air temperature range (unless otherwise noted) ®

Parameter Symbol Min Max Unit
Average Input Current IFave) 25 mA
Peak Transient Input Current IrTRAN) <1US 1
Reverse Input Voltage VRr(MAX) 16
Output supply voltage VDD-VEE -0.3 30
-2V@200ns
Output signal voltage OUT-VEE VDD + 0.3 V
-5V@100ns
Junction Temperature (Tj) T; -40 150 °C
Storage Temperature Tste -65 150 °C

Note:
(1) Exceeding these ratings may cause permanent damage to the device. The device is not guaranteed to function outside of its

operating conditions.

7.2 ESD Ratings

Value Unit

Human body model (HBM), per ANSI/ESDA/JEDEC JS-
001, all pins @

4000 v

Electrostatic
discharge Veso | charged device model (CDM), per JEDEC specification +1500 v
JESD22-C101, all pins @ B

Notes:
(1) JEDEC document JEP155 states that 500V HBM allows safe manufacturing with a standard ESD control process.

(2) JEDEC document JEP157 states that 250V CDM allows safe manufacturing with a standard ESD control process.
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7.3 Recommended Operating Conditions
Parameter Symbol Min Max Unit
Output supply voltage VDD-VEE UVvLO 28 \%
Input Diode Forward Current (Diode "ON") IFoN) 7 16 mA
Anode voltage - Cathode voltage (Diode "OFF") VE©FF) -15 0.9 \%
Junction Temperature T, -40 150 °C
Ambient Temperature Ta -40 125 °C

7.4 Thermal Information ©

Reua ReJc Unit
SOW-6 98.4 50.1 °C/W

Note:

(1) According to Jedec JESD51-2, JESD51-7 at natural convection on FR4 1s0p board.
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7.5 Electrical Characteristics

Unless otherwise noted, all typical values are at Ta = 25°C, VDD=15V,1-yF capacitor from VDD to VEE,
C.=2.2nf. All min and max specifications are at recommended operating conditions T; =—40°C to 150°C.

Parameter |Symbo| |Conditions | Min | Typ ‘ Max | Unit

INPUT

Input quward Threshold Current e w | Vour 5V, CL=2.2nF 1 15 2 A

Low to High -

Input Forward Threshold Voltage

. Vein | Vour>5V,C.=22nF | 092 | 1.09 | 1.21 \

Low to High

Threshold Input Voltage Highto Low | Ve ue | CL=2.2nF 09 | 1.08 | 1.21 vV

Temp Coefficient of Input Forward AVE/ I = 10mA 0.55 mV/

Voltage AT C

Input Reverse Breakdown Voltage VR Ir = 10uA 16 vV

UNDERVOLTAGE LOCKOUT

VDD rising threshold VDDR 5.2 5.5 5.8 \%

VDD falling threshold Voor | For MD18011A 4.9 5.2 5.5 \%

VDD threshold hysteresis VDDHYS 0.3 \%

VDD rising threshold Vbbr 7.7 8.3 8.9 \%

VDD falling threshold Voor | For MD18011B 7 7.6 8.2 \%

VDD threshold hysteresis VDDHYS 0.4 0.7 1 \%

VDD rising threshold VbbRr 10.5 | 12.0 | 135 \%

VDD falling threshold Vppr | For MD18011C 95 | 105 | 115 vV

VDD threshold hysteresis VDppHYs 1 15 2 \%

OUTPUTS (OUTA, OUTB)

Source peak current Isrc Ir = 10 méA, 4 A

Croap=0.1uF
. Il =10 mA,
Sink peak current Isnk Cronn=0.1UF 7 A
. VvDD | VDD

High output voltage Vou I =10mA, lout = 10mA 12 20 mV

Low output voltage VoL | VE =0V, lout = -10mA 6 10 mV

Output pullup resistance Ron Il =10mA, loutr = 10mA 1.2 2 Q

Output pulldown resistance Ro. | VE=0V, lout =-10mA 0.6 1 Q

Output Supply Current (Diode On) Ilvoo 1 | Ir =10mA, lout =OmA 145 | 2.2 mA

Output Supply Current (Diode Off) Ilvop L | VE =0V, lout =OmA 1.21 2 mA
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7.6 Switching Characteristics
Parameter Symbol | Conditions Min | Typ | Max | Unit
Rise time tr Croap=2.2nF 16 25 ns
Fall time te 20%-80% VDD 8 15 ns
Minimum input pulse width
putp trwmIN 50 80 ns
that passes to output
Rising propagation delay tRPDAB) 80 110 ns
X X CLoap=2.2nF,
Falling propagation delay trPDAB) I-=10mA 80 110 ns
Pulse width distortion Tewp F 25 ns
VDD rising from 0V
VDD power-up time delay TsTART VDD g 5 10 us
- to 15V
Common mode transient immunity | CMTI @ 200 V/ins
Notes:
(1) Not subject to production test, guarantee by design
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7.7 Typical Characteristics

VDD= 15V, 1-pF capacitor from VDD to VEE, CLoap = 2.2nF for timing tests and 100nF for lon and loL tests, T,
=—40°C to +150°C, (unless otherwise noted)
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7.8 Power Ratings

Value Unit
Power dissipation 750 mw
Power dissipation by input side | VPP =26V, IF=10mA 1MHz, 10 mw
50% duty cycle, Croap = 2.2nF
Power dissipation by output side 740 mw
7.9 Insulation Specifications
Parameter Symbol |Conditions Value Unit
Shortest pin-to-pin distance through
External clearance CLR air P P g >8 mm
Shortest pin-to-pin distance across
External creepage CPR P P >8 mm
the package surface
Distance through insulation DTI Distance through insulation >100 um
Comparative tracking index CTI >600 V
Material group According to IEC60664-1 |
Overvoltage category per IEC Rated mains voltage<600Vrwms -1V
60664-1 Rated mains voltage<1000Vgrws -1l
DIN VDE V 0884-17
Maximum  repetitive eak
. . P P Viorm | AC voltage (bipolar) 1768 Vek
isolation voltage
AC voltage (sine wave); time
Maximum working isolation dependent dielectric breakdown 1250
V V
voltage 'oWM | (TDDB) RMS
DC voltage 1768
Maximum transient isolation Vrest = Viorw, £ =60 sec
Viotm (qualification) V1EST :1.2XV|0Tm, 8000 Vpk

voltage )
g t=1s (100% production)

Test method per IEC 62368, 1.2/50

Maximum surge isolation
9 Viosm us waveform, Vtest = 1.6XViosm = 8000 Vpk

voltage e
g 12800 Vek (qualification)
Method a: After I/O safety test
subgroup 2/3, Vini=V , tini = 60
g p 2/ ini 10TM, Uini <5 oC
S; Vpdm) = 1.2XViorm = 1500 VRrums,
Apparent charge Q tm=10s
PP g pd Method a: After environmental tests
subgroup 1, Vini = Viotwm, tini = 60 s;
g P ini 10TM;, lini <5 pC
Vpdm) = 1.6XViorm = 2000 Vrus, tm
=10s
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Method b1: At routine test (100%
production) and preconditioning
(type test), Vini = 1.2XViomm, tini= 1 <5 pC
S; Vpdm) = 1.875 XViorm = 2344
VrRms, Imn=1s
Barrier capacitance, input to Cio Vio = 1V, = 1 MHz 05 OF
output
. . . V10=500V, Ta=25C 1012 Q
Isolation resistance, input to Rio Vio=500V. TA=100C to 125C 1ot o
output .
Vi0=500V, TA=150C 10° Q
Pollution degree 2
Climatic category 40/125/21
UL 1577
Vr1est=Viso, t=60s (qualification),
Withstand isolation voltage Viso V1est=1.2%XV)so, t=1s (100% 5700 VRMms
production)
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7.10 Safety-limiting Values®

Parameter ‘ Symbol Conditions ‘ Min ‘ Typ ‘ Max ‘ Unit
Safety output supply current I VDD=15V >0 mA
utput su u
put stipply s VDD=30V 25 | mA
Input side 10 mw
Safety supply power Ps Output side 740 | mW
Total 750 | mw
Safety temperature Ts 150 °C
Note:
(1) Safety limiting intends to minimize potential damage to the isolation barrier upon failure of input or output circuitry.
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Figure 14 Thermal Derating Curve for
Limiting Current per VDE

Note:

TA (O

Figure 15 Thermal Derating Curve for

Limiting Power per VDE

(1) The maximum safety temperature (Ts) has the same value as the maximum junction temperature (T;). The maximum limits of Is and

Ps should not be exceeded. These limits vary with the ambient temperature (Ta).
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7.11 Safety-Related Certifications
VDE UL CcQC

Certified accordingto DIN EN
IEC 60747-17 (VDE 0884-17):
2021-10

UL 1577 Component
Recognition Program

certification per GB4943.1-2022

Reinforced insulation
Maximum transient isolation
voltage, 8000 Vpk;
Maximum repetitive peak
isolation voltage, 1768 Vpx;
Maximum surge isolation
voltage, 8000 Vpk

Single Protection,
5700VRMS Isolation Voltage

Reinforced insulation

40059122

E537168

CQC24001428841

MD18011A/B/C Rev. 0.9
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8. Parameter Measurement Information

8.1 Propagation

Delay

Figure 16 shows the propagation delay from the input forward current Ir, to Vour. This figure also shows
the circuit used to measure the rise (tr) and fall (tr) times and the propagation delays tepLH and tepi.

Figure 16
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8.2 CMTI Testing

Figure 17 is the simplified diagram of the CMTI testing. Common mode voltage is set to 800V. The test is
performed with Ir = 7mA (Vour= High) and Ir = OmA (Vour = LOW). The diagram also shows the failing
criteria for both cases. During the application on the CMTI pulse with Ir = 7mA, it is considered as a failure
if VOUT drops from VDD to ¥2VDD. With Ir.= OmA, if Vour rises above 1V, it is considered as a failure.
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Simplified CMTI Testing Setup
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9. Detailed Description

9.1 Overview

The MD18011A/B/C is an isolated single channel gate driver family designed with 4-A source current and
7-A sink current to drive MOSFET, IGBT and SiC MOSFET. The device’s input is opto-compatible. The
input side is isolated from the output side by 5.7kVrwus isolation barrier with a minimum of 200-V/ns common
mode transient immunity. The inputs can handle -16V DC, which increases robustness against ringing from
parasitic inductance of long routing traces.

9.2 Functional Block Diagram

TF LT T DT Tronemittr | a” Recefer -~ -~ T T - T - - = - = = - = = VDD
AnodeE , — VBIAS ransmitter , %I eCetver . . I E
i : % I UVLO ﬂ !
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| Co VEE | ,
] 1 .
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Nel g Transmitter T Receiver Demadulator g?;& T .
I E ¥ driver |
z ' IJ
' 0 .
' E I ! ROL
| ‘ |
Cathode| B lves
El S iz l iy

9.3 Power supply and Undervoltage Lockout

The input of this device is an emulated diode, so no power supply is needed at the input side.
MD18011A/B/C’s driver side is powered by VDD pin. When VDD has a lower voltage than Vppr during
the VDD ramp up phase or VDD drops below Vppr, the undervoltage lockout function is activated, holding
the effected output low until the VDD voltage is greater than Vppr again. The VDD UVLO hysteresis Vpphys
is equal to Vppr - Vopr, Which prevents output chattering caused by switching noise and sudden changes
on operating current.

When VDD drops below Vppr and the drop time is greater than 2us, Tsrart voo occurs on the output
when the supply voltage rises above Vppr again.
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Figure 18 UVLO functionality

9.4 Input Stage

The input stage of MD18011A/B/C can be functionally simplified by an electronic diode with an anode
(pin 1) and a cathode (pin 3). Pin 2 has no internal connection and can remain open or connected to
ground. There are no power and ground pins in the input stage. When an electronic diode is forward
biased by applying a positive voltage to the anode relatively to the cathode, a forward current Ir flows
into the electronic diode. The forward voltage drop of the electronic diode is 1.2V. External resistors
should be used to limit the forward current. The recommended range for forward current is 7mA to
16mA. When the I exceeds the threshold current lr .y (1.5mA typical), the internally generated high-
frequency signal is transmitted to the other side of the isolation barrier. The receiver detects the high-
frequency signal and Vour is pulled up. The temperature coefficient of the forward voltage drop of the
electronic diode is less than 0.7mV/°C. This results in very good stability of the forward current Iz under
all operating conditions. If the anode voltage drops below Ve 1 (0.9V min) or is reverse-biased, the gate
driver output is pulled low. The reverse breakdown voltage of the electronic diode is greater than 16V.
Therefore, for normal operation, reverse bias up to 16V is allowed. The large reverse breakdown voltage
of the electronic diode allows the MD18011A/B/C to operate in an interlocked architecture (see the
example in Figure 1), where the VSUP can be as high as 12V. System designers have the flexibility to
choose PWM sources of 3.3V, 5.0V, or up to 12V to drive the input stages of the MD18011A/B/C using
the appropriate input resistors. The example shows two gate drivers driving a group of IGBTs. The input
connection of the gate driver is shown in the diagram (Figure 1) and is driven by two buffers controlled
by the MCU. The interlocking architecture prevents both electronic diodes from being "on" at the same
time, thus preventing cross conduction in the IGBTS. It also ensures that if both PWM signals are
mistakenly held high (or low) at the same time, the output of both gate drivers will be pulled low.
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9.5 Output Stage

The output stage of MD18011A/B/C features the PMOS as pull up structure and the pull-down structure
with NMOS. PMOS provides the pull up capability when Input is ‘HIGH’, and the Ron parameter is a DC
measurement which is representative of the on-resistance of the P-Channel device. N-MOS provides the
pull-down capability when Input is ‘LOW’, the RoL parameter is a DC measurement which is representative

of the on-resistance of the N-Channel device.

VDD
—I r_ &P
Anti Shoot-
Input ____ | Tyrough
Signal Circuitry L
|
— Ra
VEE

ouT

Figure 19 MD18011A/B/C Gate Driver Output Structure

Each output stage in MD18011A/B/C can supply 4-A peak source and 7-A peak sink current capabilities.
The output voltage swings between VDD and VEE providing rail-to-rail operation, with very low drop-out

due to low Ron and Roy.
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10.Application and Implementation

10.1 Application Information

The MD18011A/B/C is a single channel, isolated gate driver with opto-compatible input for power
semiconductor devices, such as MOSFETS, IGBTS, or SIC MOSFETS. It is intended for use in
applications such as motor control, industrial inverters, and switched-mode power supplies. It differs from
standard opto-coupled isolated gate drivers as it does not have a LED input stage, but an emulated diode
(e-diode) instead. To turn the e-diode "ON", a forward current in the range of 7mA to 16mA should be
driven into the Anode. This will drive the gate driver output High and turn on the power FETs. Typically,
MCUs are not capable of providing the required forward current. Hence using a single NMOS and split
resistor combination to drive the input stage of MD18011A/B/C (see Figure 20). A resistor is needed to
limit the input current regardless of the supply voltage and anode (pinl) or between cathode (pin3) and
the NMOS. The right value of resistance should be chosen to ensure that the e-diode forward current stays
within the recommended range of 7mA to 16mA. The current driven input stage offers excellent noise
immunity that is required in high power motor drive systems, especially in cases where the MCU cannot
be located close to the isolated gate driver. MD18011A/B/C offers best in class CMTI performance
of >200kV/us.

10.2 Typical Application

VSUP

BARRIER
g
H
o

ISOLATION

Figure 20 Typical Application Circuit for MD18011A/B/C to Drive IGBT
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11.Layout

11.1 Layout Guidelines

Designers must pay close attention to PCB layout to achieve optimum performance for the
MD18011A/B/C. Some key guidelines are:

» Component placement:

— Low-ESR and low-ESL capacitors must be connected close to the device between the VDD and VEE
pins to suppress switching spikes and to support high peak currents when turning on the external power
devices.

— To avoid larger negative transient spikes on the VEE pins connected to the switch node, the parasitic
inductances between the source of the top power device and the source of the bottom power device
must be minimized.

» Grounding considerations:

— Limiting the high peak currents that charge and discharge the gates of the power devices to a minimal
physical area is essential. This limitation decreases the loop inductance and minimizes noise on the gate
terminals of the power devices. The gate driver must be placed as close as possible to the power
devices.

* High-voltage considerations:

— To ensure isolation performance between the primary and secondary side, avoid placing any PCB
traces or copper below the driver device. A PCB cutout or groove is recommended to prevent
contamination that may compromise the isolation performance.

* Thermal considerations:

—Increasing the PCB copper connection to the VDD and VEE pins is recommended, with priority on
maximizing the connection to VEE. However, the previously mentioned high-voltage PCB considerations
must be maintained.

—If the system has multiple layers, we also recommend connecting the VDD and VEE pins to internal
ground or power planes through multiple vias of adequate size. These vias should be located close to
the IC pins to maximize thermal conductivity. However, keep in mind that no overlapping between traces
or coppers from different high voltage planes.

11.2 Layout Example

o 2
> VDI VDD

Y
VEE

Figure 21  Layout Example
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d L MERAKI

V) INTEGRATED MD18011A/B/C
12. Mechanical Data and Land Pattern Data
12.1 Mechanical Packaging Data
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Figure 12.22 Side View
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Figure 12.24 Side View

Figure 12.23 Top View

Dimensions In Millimeters

Symbol MIN MAX
A - 2.65
Al 0.10 0.30
A2 2.25 2.35
b 0.39 0.47
C 0.25 0.29
D 4.58 4.78
E 11.3 11.7

E1l 7.4 7.6

e 1.270(BSC)
0.5 1
6 0 8’
Unit: mm
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12.2 Land Pattern Data
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- — EXPOSED METAL
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all around

Figure 12.4 SOW-6 Land Pattern Data
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13.Pinl Information

@0.800+0.025
PIN1

:

XXXXXXXX

W

XTTO8TAW

Eject pin
®1.000+0.025

Figure 25 Pinl information
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4L MERAKI
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14.Reel and Tape Information

SENSITIVE
DEVICES

3
-
z
u
-
-
<

]

ELECTROSTATIC

FOR WL ING

A

$330+1.0

I

178%5.0

1oFvee

10%v9r

Figure 26  Reel Dimensions

Sprocket
P Holes
— —K
OO0 O OJ |
QL Q2 QL Q2 B W User Direction
Q31 Q4 Q31 Q4 of Feed
N ,
A
Device Package | Pins | SPQ A B K P % Pinl
Type (pcs) (mm) (mm) (mm) (mm) (mm) Quadrant
MD18011AWAH SOW-6 6 1000 | 11.954+0.1 | 5.1+0.1 | 3.0+0.1 | 16.0+0.1 | 16.0+0.1 Q1
MD18011BWAH SOW-6 6 1000 | 11.954+0.1 | 5.1+0.1 | 3.0+0.1 | 16.0+0.1 | 16.0+0.1 Q1
MD18011CWAH SOW-6 6 1000 | 11.954+0.1 | 5.1+0.1 | 3.0+0.1 | 16.0+0.1 | 16.0+0.1 Q1

Figure 27  Tape Dimensions and Quadrant Assignments for PIN 1 Orientation in Tape
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4L MERAKI
4V INTEGRATED MD18011A/B/C

15. Tape and reel box dimensions

Device Package Pins SPQ Length Width Height
Type (pcs) (mm) (mm) (mm)
MD18011AWAH SOW-6 6 2000 360 360 65
MD18011BWAH SOW-6 6 2000 360 360 65
MD18011CWAH SOW-6 6 2000 360 360 65

Figure 28  Box Dimensions
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