MICROCHIP

Obsolete Device

MD1813

High-Speed Quad-MOSFET Driver

Features

* 6 ns Rise and Fall Time

» 2A Peak Output Source and Sink Currents
* 1.8V to 5V Input CMOS Compatible

» Smart Logic Threshold

* Low-jitter Design

* Four Matched Channels

* Drives Two N-channel and Two P-channel
MOSFETs

» Outputs can Swing below Ground

+ Built-in Level Translator for Negative Gate Bias
* Noninverting Gate Driver OUTD for Easy Logic
+ Low-inductance Quad Flat No-lead Package

* Thermally Enhanced Package

Applications

+ Ultrasound PN Code Transmitter
* Medical Ultrasound Imaging

» Piezoelectric Transducer Drivers
* Non-destructive Testing

* High-speed Level Translator

» High-voltage Bipolar Pulser

Package Type

General Description

The MD1813 is a high-speed quad-MOSFET driver.
It is designed to drive two N-channel and two
P-channel, high-voltage, DMOS FETs for medical
ultrasound applications and may be used in any
application requiring a high output current for a
capacitive load. The input stage of the MD1813 is a
high-speed level translator that is able to operate from
logic input signals of 1.8V to 5V amplitude. An adaptive
threshold circuit is used to set the level translator
threshold to the average of the input logic 0 and logic 1
levels. The level translator uses a proprietary circuit,
which provides DC coupling together with high-speed
operation.

The output stage of the MD1813 has separate power
connections, enabling the output signal L and H levels
to be chosen independently from the driver supply
voltages. As an example, the input logic levels may be
0V and 1.8V, the control logic may be powered by
+5V and -5V and the output L and H levels may be
varied anywhere over the range of -5V to +5V. The
output stage is capable of peak currents of up to +2
amps, depending on the supply voltages used and load
capacitance. The OE pin serves a dual purpose. First,
its logic H level is used to compute the threshold
voltage level for the channel input level translators.
Second, when OE is low, the outputs are disabled, with
the A output high and the B output low. This assists in
properly precharging the coupling capacitors that may
be used in series in the gate drive circuit of an external
PMOS and NMOS. A built-in level shifter is for PMOS
gate negative bias driving. It enables the user-defined
damping control to generate return-to-zero bipolar
output pulses. The MD1813 has a noninverting driver
OUTD for easy logic.

16-lead QFN
(Top view)

See Table 2-1 for pin information.
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MD1813

Functional Block Diagram
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MD1813

Typical Application Circuit
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MD1813

1.0 ELECTRICAL CHARACTERISTICS

Absolute Maximum Ratingst

SUPPIY VOIRAGE, VoDV GG 1 urterrrerrieiiiiitee ittt ettt ettt ettt ettt ettt bt e sae e st b e e seneeane e -0.5V to +13.5V
Output High SUpply VOIRRGE, VI .viieieii e e V-0.5V to Vpp +0.5V
Output Low Supply VORGGE, V| . .oooii e e Vgg-0.5V to V+0.5V
Low-side Supply VOIAGE, Vgg . .uur i e e -7V to +0.5V
SUPPIY VOIRAGE, VD=V NEG «veervrreremriiriitie ittt st s e s s s -0.5V to +20V
Negative Supply VOIAGE, VINEGTVSS «-w-vrrreerrraeermraieie e s Vgs-10V to Vgg +0.5V
LOGIC INPUL LEVEIS ...t e e e e s e e s enn e seneeeenne Vg5-0.5V to GND +7V
Maximum Junction TEMPErAtUIE, T .....coiiiiiiiiie ettt sttt sr e ne e nanes +125°C
Operating Ambient TEMPErature, Tp . ..ccooei e s -20°C to +85°C
Storage TEMPEratUre, T .....ii i e e s -65°C to +150°C
Lo T DI ] o = i o o USSP 2.2W
ESD RaAtiNG (NOTE 1) ..ottt ettt et e e et e e et e e et e e e nee e e smneeeeteeeeaneeeesnneeeanneee e ESD Sensitive

1 Notice: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the
device. This is a stress rating only, and functional operation of the device at those or any other conditions above those
indicated in the operational sections of this specification is not intended. Exposure to maximum rating conditions for
extended periods may affect device reliability.

Note 1: Device is ESD sensitive. Handling precautions are recommended.

DC ELECTRICAL CHARACTERISTICS
Electrical Specifications: V| = Vpp = 12V, V| =Vgg = GND = 0V, Vygg = -6V, Vog = 3.3V and Tp = 25°C

Parameter Sym. Min. Typ. Max. | Unit Conditions
Supply Voltage Vpp—Vss 4.5 — 13 V |25V <Vpp=s13V
Supply Voltage Vpo—VNEG — — 18 \Y
Low-side Supply Voltage Vss -5.5 — 0 Vv
Output High Supply Voltage Vy Vgg+2 | — Vob \Y
Output Low Supply Voltage Vi Vss — Vpp-2 \Y
. ) - ) May be connected to Vgg if
Negative Supply Voltage VNEG 9 Vgg-2 \Y OUTG is not used.
Vpp Quiescent Current Ibbq — 1.5 — mA
V4 Quiescent Current lha — — 10 MA | No input transitions, OE = 1
VNEeg Quiescent Current INEGQ — 150 — MA
Vpp Average Current Iob — 7 — mA
One channel on at 5 MHz,
V4 Average Current IH — 22 — mA
no load
Vneg Average Current INEG — 1.5 — mA
Input Logic Voltage High ViH Vog-03 | — 5 \Y,
Input logic Voltage Low Vi 0 — 0.3 V' | For logic inputs INA, INB, INC
Input Logic Current High A — — 1 pA |and IND
Input Logic Current Low m — — 1 MA
OE Input Logic Voltage High ViH 1.7 — 5 \%
OE Input Logic Voltage Low Vi 0 — 0.3 V | For logic input OE
OE Input Resistance Rin 10 20 30 kQ
Logic Input Capacitance CiN — 5 10 pF
) ) OUTA-D — — 12.5 Q |lgink =50 mA
Output Sink Resistance Rsink
OUTG — — 200 Q ISINK =5mA
Output Source OUTA-D R — — 12.5 Q ISOURCE =50 mA
Resist SOURCE —
esistance OUTG — — | 200 | Q |lsource=5mA
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MD1813

DC ELECTRICAL CHARACTERISTICS (CONTINUED)
Electrical Specifications: Vi = Vpp = 12V, V| =Vgg = GND = 0V, Vygg = -6V, Vo = 3.3V and Ty = 25°C

Parameter Sym. Min. Typ. | Max. | Unit Conditions
Peak Output Sink Current IsINK — 2 — A
Peak Output Source Current Isource — 2 — A

AC ELECTRICAL CHARACTERISTICS
Electrical Specifications: Vi = Vpp = 12V, V| = Vgg = GND = 0V, V\gg = -6V, Vo = 3.3V and Ty = 25°C

Parameter Sym. Min. Typ. | Max. | Unit Conditions
Input or OE Rise and Fall t . o 10 ns Logic input edge speed
Time irf requirement
Propagation Delay INC to t . 40 . ns 10 MQ load to GND
OUTG PCG
Propagation Delay when
Output is from Low to High tpLH — 7 — ns
for OUTA-D
Propagation Delay when Cioap = 1000 pF, input signal
Output is from High to Low tPHL — 7 — ns r|se/fall. tlr.ne of? ns
for OUTA-D (See Timing Diagram.)
Output Rise Time t, — 6 — ns
Output Fall Time t — 6 — ns
Rise and Fall Time Matching [ t-te | — 1 — ns
Propagation Low-to-high and o ctor | . 1 . ns For each channel
High-to-low Matching PLHTPHL
Propagation Delay Matching Aty — 12 — ns | Device-to-device delay match
Output Enable Time tpoE — 9 — ns

TEMPERATURE SPECIFICATIONS

Parameter ‘ Sym. ‘ Min. ‘ Typ. ‘ Max. | Unit ‘ Conditions
TEMPERATURE RANGE
Maximum Junction Temperature T, — — +125 | °C
Operating Ambient Temperature Ta -20 — +85 °C
Storage Temperature Ts -65 — +150 °C
PACKAGE THERMAL RESISTANCE
16-lead QFN | 6a | — [ 25 | — [°cw [Note1

Note 1: 1 oz. 4-layer 3" x4” PCB
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MD1813

Timing Diagram

INPUT 50% 50%
~ tF’LH ™ tPHL"
90% 90%
OUTPUT
10% 10%

— |- [—

TABLE 1-1: TRUTH FUNCTION TABLE

Logic Inputs Outputs

OE INA INB OUTA OouTB
H L L Vy Vh
H L H Vy Vi
H H L A Vy
H H H A Vi

L X X Vy Vi
oE (1) INC IND ouTC OUTG outp (2
— L L Vy Vss Vi
— L H Vi Vss Vi
— H L Vi VNEG Vi
— H H Vi VNEG VH

Note 1: No control to OUTG, OUTC or OUTD
2: OUTD is noninverting output.
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MD1813

2.0 PIN DESCRIPTION

The details on the pins of MD1813 are listed on
Table 2-1. See Package Type for the location of pins.

TABLE 2-1: PIN FUNCTION TABLE
Pin Number | Pin Name Description

1 INB Logic input. Controls OUTB when OE is high.
2 VL Supply voltage for N-channel output stage
3 GND Device ground
4 VNEG Supply voltage for the auxiliary gate drive. (Note 1)
5 INC Logic input. Controls OUTC. Not controlled by OE.
6 IND Logic input. Controls OUTD. Not controlled by OE.
7 VSS Supply voltage for low-side analog, level shifter and gate drive circuit
8 OuUTD Output driver
9 ouTC Output driver
10 ouTG Not controlled by OE
11 VH Supply voltage for P-channel output stage
12 ouTB Output driver
13 OUTA Output driver
14 VDD Supply voltage for high-side analog, level shifter and gate drive circuit
15 INA Logic input. Controls OUTA when OE is high.
16 OE Output enable logic input (See Figure 3-1.)

Note 1: Thermal pad and pin 4, VNEG must be connected externally.
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MD1813

3.0 APPLICATION INFORMATION

For proper operation of the MD1813, low-inductance
bypass capacitors should be used in the various supply
pins. The GND pin should be connected to the logic
ground. The INA, INB, INC, IND and OE pins should be
connected to a logic source with a swing of GND to
Ve, Where Vg is 1.8V to 5V. Good trace practices
should be followed corresponding to the desired
operating speed. The internal circuitry of the MD1813
is capable of operating up to 100 MHz, with the primary
speed limitation being the loading effects of the load
capacitance. Because of this speed and the high
transient currents due to the capacitive loads, the
bypass capacitors should be as close to the chip pins
as possible. Unless the load specifically requires
bipolar drive, the Vgg and V| pins should have
low-inductance feed-through connections directly to a
ground plane. If these voltages are not zero, they need
bypass capacitors in a manner similar to the positive
power supplies. The power connections Vpp should
have a ceramic bypass capacitor to the ground plane
with short leads and decoupling components to prevent
resonance in the power leads.

Output drivers, OUTA and OUTC drive the gate of an
external P-channel MOSFET, while output drivers
OUTB and OUTD drive the gate of an external
N-channel MOSFET, and they all swing from Vi to V.
The auxiliary output drive, OUTG, swings from Vgg to
VNEG, and drives the external P-channel MOSFET as
negative bias via a 2 kQ series resistor.

The voltages of V and V| decide the output signal
levels. These two pins can draw fast transient currents
of up to 2A, so they should be provided with an
appropriate bypass capacitor located next to the chip
pins. A ceramic capacitor of up to 1 yF may be
appropriate, with a series ferrite bead to prevent
resonance in the power supply lead going to the
capacitor. Pay particular attention to minimizing trace
lengths, current loop area, and using sufficient trace
width  to reduce inductance. Surface-mount
components are highly recommended. Since the
output impedance of this driver is very low, in some
cases it may be desirable to add a small series resistor
in series with the output signal to obtain better
waveform transitions at the load terminals. This will
reduce the output voltage slew rate at the terminals of
a capacitive load.

The OE pin sets the threshold level of logic for inputs
(Vog + Vgnp)/2. When OE is low, OUTAs at V. OUTB
is at V|, regardless of the inputs INA and INB. This pin
will not control OUTC, OUTD or OUTG.

Ensure that parasitic couplings are minimized from the
output to the input signal terminals. The parasitic
feedback may cause oscillations or spurious waveform
shapes on the edges of signal transitions. Since the
input operates with signals down to 1.8V, even small
coupled voltages may cause problems. The use of a

solid ground plane and good power and signal layout
practices will prevent this problem. Make sure that a
circulating ground return current from a capacitive load
will not react with common inductance to cause noise
voltages in the input logic circuitry. Best timing
performance is obtained for OUTC when the voltage of
Vss— Vneg = Vi — VL. When input logic is high, output
will swing to V|, and when input logic is low, output will
swing to V. All inputs must be kept low until the device
is powered up.

A V.,.vs V.
VOE/2
2.0
1.5
VTH
1.0
$—==0.6V
05 4
7/
7/
,/
0 0 1.0 2.0 3.0 4.0 5.(?
VOE
FIGURE 3-1: Vr/Vog Curve.
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MD1813

4.0 PACKAGING INFORMATION

4.1 Package Marking Information

16-lead QFN

Example

XXXXXX
XXXXXX
@YYWW
NNN

MD
1813K6
714
895

Legend: XX...X Product Code or Customer-specific information
Y Year code (last digit of calendar year)
YY Year code (last 2 digits of calendar year)
ww Week code (week of January 1 is week ‘01’)
NNN Alphanumeric traceability code
@ Pb-free JEDEC® designator for Matte Tin (Sn)
* This package is Pb-free. The Pb-free JEDEC designator (@)

can be found on the outer packaging for this package.

the corporate logo.

Note: In the event the full Microchip part number cannot be marked on one line, it will
be carried over to the next line, thus limiting the number of available characters
for product code or customer-specific information. Package may or not include

© 2017-2026 Microchip Technology Inc. and its subsidiaries
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MD1813

16-Lead QFN Package Outline (K6)
4.00x4.00mm body, 1.00mm height (max), 0.65mm pitch

Note 1

16 D | _ L] U D2 U 5 _ grlgixEA;rz;aa
1 = et
N—Note 1 e
(e by a
4 E + E2
4 -
B ANANININA
. S oo N Views
Top View Bottom View
7~ - ~ XNote3

A a \
A s hans T‘TV -------------- Y, L

.

A1 Note 2
Side View View B

Note: For the most current package drawings, see the Microchip Packaging Specification at www.microchip.com/packaging.

Notes:
1. A Pin 1 identifier must be located in the index area indicated. The Pin 1 identifier can be: a molded mark/identifier; an embedded metal marker; or
a printed indicator.
2. Depending on the method of manufacturing, a maximum of 0.15mm pullback (L1) may be present.
3. The inner tip of the lead may be either rounded or square.

MIN | 0.80 | 0.00 0.25 | 3.85* | 250 | 3.85* | 2.50 0.307 | 0.00 0°
Dimension 0.20 0.65 T
(mm) NOM | 0.90 | 0.02 REF 0.30 | 400 | 265 | 400 | 265 BSC 0.40 - -
MAX | 1.00 | 0.05 035 | 415 | 2.80 | 4.15* | 2.80 0.50" | 0.15 14°

JEDEC Registration MO-220, Variation VGGC-2, Issue K, June 2006.
* This dimension is not specified in the JEDEC drawing.

1 This dimension differs from the JEDEC drawing.

Drawings not to scale.
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MD1813

APPENDIX A: REVISION HISTORY

Revision B (March 2026)

» Added the Obsolete Device label on the first
page.

Revision A (May 2017)

» Converted Supertex Doc# DSFP-MD1813 to
Microchip DS20005747B.

» Changed the package marking format

» Changed the quantity of the 16-lead QFN K6
package from 3000/Reel to 3300/Reel.

* Made minor text changes throughout the
document.
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MD1813

PRODUCT IDENTIFICATION SYSTEM

To order or obtain information, e.g., on pricing or delivery, contact your local Microchip representative or sales office.

PART NO. XX

- X - X

Environmental: G

Media Type: (blank)

Device Package Environmental Media Type
Options
Device: MD1813 = High-Speed Quad-MOSFET Driver
Package: K6 = 16-lead QFN

Lead (Pb)-free/RoHS-compliant Package

3300/Reel for a K6 Package

Example:

a) MD1813K6-G: High-Speed Quad-MOSFET Driver,
16-lead QFN, 3300/Reel

DS20005747B-page 12
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Microchip Information

Trademarks

The “Microchip” name and logo, the “M” logo, and other names, logos, and brands are registered and
unregistered trademarks of Microchip Technology Incorporated or its affiliates and/or subsidiaries in the
United States and/or other countries (“Microchip Trademarks”). Information regarding Microchip
Trademarks can be found at https://www.microchip.com/en-us/about/legal-information/microchip-
trademarks.

ISBN: 979-8-3371-3070-5

Legal Notice

This publication and the information herein may be used only with Microchip products, including to design,
test, and integrate Microchip products with your application. Use of this information in any other manner
violates these terms. Information regarding device applications is provided only for your convenience and
may be superseded by updates. It is your responsibility to ensure that your application meets with your
specifications. Contact your local Microchip sales office for additional support or, obtain additional support
at www.microchip.com/en-us/support/design-help/client-support-services.

THIS INFORMATION IS PROVIDED BY MICROCHIP "AS IS". MICROCHIP MAKES NO
REPRESENTATIONS OR WARRANTIES OF ANY KIND WHETHER EXPRESS OR IMPLIED, WRITTEN
OR ORAL, STATUTORY OR OTHERWISE, RELATED TO THE INFORMATION INCLUDING BUT NOT
LIMITED TO ANY IMPLIED WARRANTIES OF NON-INFRINGEMENT, MERCHANTABILITY, AND
FITNESS FOR A PARTICULAR PURPOSE, OR WARRANTIES RELATED TO ITS CONDITION,
QUALITY, OR PERFORMANCE.

IN NO EVENT WILL MICROCHIP BE LIABLE FOR ANY INDIRECT, SPECIAL, PUNITIVE, INCIDENTAL,
OR CONSEQUENTIAL LOSS, DAMAGE, COST, OR EXPENSE OF ANY KIND WHATSOEVER
RELATED TO THE INFORMATION OR ITS USE, HOWEVER CAUSED, EVEN IF MICROCHIP HAS
BEEN ADVISED OF THE POSSIBILITY OR THE DAMAGES ARE FORESEEABLE. TO THE FULLEST
EXTENT ALLOWED BY LAW, MICROCHIP'S TOTAL LIABILITY ON ALL CLAIMS IN ANY WAY
RELATED TO THE INFORMATION OR ITS USE WILL NOT EXCEED THE AMOUNT OF FEES, IF ANY,
THAT YOU HAVE PAID DIRECTLY TO MICROCHIP FOR THE INFORMATION.

Use of Microchip devices in life support and/or safety applications is entirely at the buyer's risk, and the
buyer agrees to defend, indemnify and hold harmless Microchip from any and all damages, claims, suits,
or expenses resulting from such use. No licenses are conveyed, implicitly or otherwise, under any
Microchip intellectual property rights unless otherwise stated.

Microchip Devices Code Protection Feature

Note the following details of the code protection feature on Microchip products:
» Microchip products meet the specifications contained in their particular Microchip Data Sheet.

» Microchip believes that its family of products is secure when used in the intended manner, within
operating specifications, and under normal conditions.

» Microchip values and aggressively protects its intellectual property rights. Attempts to breach the code
protection features of Microchip product is strictly prohibited and may violate the Digital Millennium
Copyright Act.

* Neither Microchip nor any other semiconductor manufacturer can guarantee the security of its code.
Code protection does not mean that we are guaranteeing the product is “unbreakable”. Code
protection is constantly evolving. Microchip is committed to continuously improving the code protection
features of our products.
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