MD8933
28V, 570KHz, 3A
Step-Down Converter

MINGDA
MICROELECTRONICS
FEATURES
® 3.5to0 28V Input Voltage Range
® Adjustable Output Voltage Down to 0.8V
® Integrated 60mQ High-Side MOSFET Supports up
to 3A Continuous Output Current
® High Efficiency at Light Loads With a Pulse Skipping
Eco-mode™
® Fixed 570kHz Switching Frequency
® Typical TpA Shutdown Quiescent Current
® Adjustable Slow-Start Limits Inrush Currents
® Programmable UVLO Threshold
® Overvoltage Transient Protection
® Cycle-by-Cycle Current Limit, Frequency Fold Back,
and Thermal Shutdown Protection
® Available in Easy-to-Use SOP8 Package or

Thermally Enhanced ESOP8 PowerPAD Package

APPLICATIONS

® Consumer Applications such as Set-Top Boxes, CPE
Equipment, LCD Displays, Peripherals, and Battery
Chargers

® Industrial and Car-Audio Power Supplies

® 5V, 12V, and 24V Distributed Power Systems

SIMPLIFIED SCHEMATIC

PRODUCT DESCRIPTION

The MD8933 device is a 28V, 3A non- synchronous buck
converter that integrates a low RDS(on) high-side
MOSFET. To increase efficiency at light loads, a pulse
skipping Eco-mode feature is automatically activated.
Furthermore, the 1pA shutdown supply-current allows
the device to be used in battery-powered applications.
Current mode control with internal slope compensation
simplifies the external compensation calculations and
reduces component count while allowing the use of
ceramic output capacitors. A resistor divider programs
the hysteresis of the input undervoltage lockout. An
overvoltage transient protection circuit limits voltage
overshoots during startup and transient conditions. A
cycle-by-cycle current-limit scheme, frequency foldback
and thermal shutdown protect the device and the load in
the event of an overload condition. The MD8933 device
is available in an 8-pin SOIC package and 8-pin SOIC
PowerPAD package that have been internally optimized
to improve thermal performance.
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MD8933

28V, 570KHz, 3A
Step-Down Converter

ORDER INFORMATION

Product Name Package Ordering Name Marking Package Information
MD8933 SOP8 MD8933ERF4 /D 8933 Tape and Reel, 4000
MD8933 ESOP8 MD8933ESF4 A 8933 Tape and Reel, 4000

PACKAGE REFERENCE
MD8933 MD8233
BoOT [ 1| ® 8] PH BoOT 1| ® 8] PH
[————— 1
| )
VIN [ 2] [ 7] GND VIN [2] | ) [7] GND
[ PowerpAD
[ ©noy |
EN [3] [ 6] COMP EN[3] | : | 6] COMP
|
[ ]
SS [ 4] | 5] VSENSE SS [ 4] | 5] VSENSE
SOP8 ESOP8
Pin Functions
PIN
I/O DESCRIPTION
NO NAME
A 0.1uF bootstrap capacitor is required between the BOOT and PH pins.

1 BOOT O | If the voltage on this capacitor falls below the minimum requirement, the
high-side MOSFET is forced to switch off until the capacitor is refreshed.

2 VIN I This pin is the 3.5V to 28V input supply voltage.

3 EN | This pin is the enable pin. To disable, pull below 0.5V. Float this pin to
enable. Programming the input undervoltage lockout with two resistors is
recommended.

4 ss I This pin is slow-start pin. An external capacitor connected to this pin sets
the output rise time.

5 VSENSE I This pin is the inverting node of the transconductance (gm) error amplifier.

6 COMP o This pin is the error-amplifier output and the input to the PWM
comparator. Connect frequency compensation components to this pin.

7 GND — Ground pin

8 PH ®) The PH pin is the source of the internal high-side power MOSFET.

PowerPAD o The PowerPAD is only available on the Esop8 package. For proper
operation, the GND pin must be connected to the exposed pad

Micro Corp
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28V, 570KHz, 3A

Step-Down Converter MD8933
ABSOLUTE MAXI MUM RATINGS (Unless otherwise indicated: Ta=25"C)
MIN MAX UNIT
VIN -0.3 30
EN -0.3 6
BOOT 38
Input voltage VSENSE 03 3 \%
COMP -0.3 3
SS -0.3 3
BOOT-PH 8
Output voltage PH : : 06 30 \Y
PH (10-ns transient from ground to negative -5
peak)
EN 100 MA
BOOT 100 mA
Source current VSENSE 10 A
PH 9 A
VIN 9 A
Sink current COMP 100
SS 200 bA
Operating Ambient Temperature | Topr -40 150 °C
Storage temperature range | Tstg -65 150 °C
i HBM -2500 2500
ESD Protection CDM 2000 5000 \%
Package Thermal Parameter
o SOP8 1068
Power Dissipation Po ESOPS 1500 mw
i SOP8 125 .
Thermal Resistance Resa ESOPS 6 C/w
Humidity sensitive level MSL 3

NOTE:

1) Stresses beyond those listed “Absolute Maximum Ratings” may cause permanent damage to the device.

2) These are stress ratings only, and functional operation of the device at these or any other conditions beyond those
indicated in the operational sections of the specifications is not implied.
3) Exposure to absolute maximum rating conditions for extended periods may affect device reliability

MD Micro Corp
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MD8933

28V, 570KHz, 3A
Step-Down Converter

ELECTRICAL CHARACTERISTICS

T,=—40°C to 150°C, VIN = 3.5 to 28 V (unless otherwise noted)

PARAMETER TEST CONDITIONS ‘ MIN TYP MAX UNIT
SUPPLY VOLTAGE (VIN PIN)
Internal undervoltage lockout threshold Rising and falling 35 Vv
Shutdown supply current EN =0V, VIN = 12V, —40°C to 85°C 1.2 4 pA
Operating — non-switching supply current VSENSE =0.85V 100 190 pA
ENABLE AND UVLO (EN PIN)
Enable threshold Rising 1.2 Vv
Enable threshold Falling 0.5 Vv
Input current Enable rise threshold — 50mV 3.2 uA
Input current Enable rise threshold + 50mV 3.5 uA
VOLTAGE REFERENCE
Voltage reference 0.772 0.8 0.828 Vv
HIGH-SIDE MOSFET
. BOOT-PH =3V, VIN = 3.5V 66
On resistance mQ
BOOT-PH =6V, VIN =12V 60
ERROR AMPLIFIER
Error amplifier transconductance (gm) —2PA <lcompy < 2UA, V(comp) = 1V 90 umhos
Error amplifier DC gain® VSENSE = 0.8V 800 VIV
Error amplifier unity gain bandwidth® 5pF capacitance from COMP to GND pins 2.7 MHz
Error amplifier source/sink current V(compy = 1V, 100-mV overdrive +3 LA
Satch surent o COVP 10 AV
PULSE SKIPPING ECO-MOD
i mA
CURRENT LIMIT
Current-limit threshold VIN = 12V | 35 50 A
THERMAL SHUTDOWN
Thermal Shutdown | 165 <
SLOW START (SS PIN)
Charge current Viss) = 0.4V 2 pA
SS to VSENSE matching Viss) = 0.4V -35 mV
SLOW START (SS PIN)
Switching Frequency VIN =12V 456 570 684 | KHz
Minimum controllable on time VIN =12V 160 200 ns
Maximum controllable duty ratio® BOOT-PH =6V 90% 93%
(1) Specified by design
4 Micro Corp

www.md-ic.com.cn




28V, 570KHz, 3A
Step-Down Converter

MD8933

TYPICAL PERFORMANCE CHARACTERISTICS
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MD8933

28V, 570KHz, 3A
Step-Down Converter

TYPICAL PERFORMANCE CHARACTERISTICS (CONTINUED)
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28V, 570KHz, 3A
Step-Down Converter MD8933

DETAILED DESCRIPTION

Overview

The MD8933 device is a 28V, 3A, step-down (buck) converter with an integrated high-side n-channel
MOSFET. To improve performance during line and load transients, the device implements a constant-
frequency,current mode control which reduces output capacitance and simplifies external frequency
compensation design.The MD8933 device has a preset switching frequency of 570kHz.

The MD8933 device requires a minimum input voltage of 3.5V for normal operation. The EN pin has an
internal pullup current source that can adjust the input-voltage undervoltage lockout (UVLO) with two
external resistors. In addition, the pullup current provides a default condition when the EN pin is floating for
the device to operate. The operating current is 100uA (typical) when not switching and under no load. When
the device is disabled, the supply current is 1.2uA (typical).

The integrated 60mQ high-side MOSFET allows for high-efficiency power-supply designs with continuous
output currents up to 3A.

The MD8933 device reduces the external component count by integrating the boot recharge diode. The bias
voltage for the integrated high-side MOSFET is supplied by an external capacitor on the BOOT to PH pin.
The boot capacitor voltage is monitored by an UVLO circuit and turns the high-side MOSFET off when the
voltage falls below a preset threshold of 2.1V (typical). The output voltage can be stepped down to as low as
the reference voltage.

By adding an external capacitor, the slow-start time of the MD8933 device can be adjustable which enables
flexible output filter selection.

To improve the efficiency at light load conditions, the MD8933 device enters a special pulse skipping Eco-
mode when the peak inductor current drops below 200mA (typical).

The frequency foldback reduces the switching frequency during startup and overcurrent conditions to help
control the inductor current. The thermal shutdown provides additional protection under fault condition

MD Micro Corp 7
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28V, 570KHz, 3A

MD8933 Step-Down Converter
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FEATURE DESCRIPTION

Fixed-Frequency PWM Control

The MD8933 device uses a fixed-frequency, peak-current mode control. The internal switching frequency of
the MD8933 device is fixed at 570kHz

Voltage Reference (Vref)

The voltage reference system produces a +2% initial accuracy voltage reference (£3.5% over temperature)
by scaling the output of a temperature-stable bandgap circuit. The typical voltage reference is designed at
0.8V.

Bootstrap Voltage (BOOT)

The MD8933 device has an integrated boot regulator and requires a 0.1uF ceramic capacitor between the
BOOT and PH pins to provide the gate-drive voltage for the high-side MOSFET. A ceramic capacitor with an
X7R or X5R grade dielectric is recommended because of the stable characteristics over temperature and
voltage. To improve drop out, the MD8933 device is designed to operate at 100% duty cycle as long as the
BOOT-to-PH pin voltage is greater than 2.1V (typical).

8 Micro Corp
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28V, 570KHz, 3A
Step-Down Converter MD8933

Feature Description (continued)

Enable and Adjustable Input Undervoltage Lockout (VIN UVLO)

The EN pin has an internal pullup current-source that provides the default condition of the device while
operating when the EN pin floats.

The MD8933 device is disabled when the VIN pin voltage falls below the internal VIN UVLO threshold.
Using an external VIN UVLO to add hysteresis is recommended unless the VIN voltage is greater than
(VOUT + 2V). To adjust the VIN UVLO with hysteresis, use the external circuitry connected to the EN pin as
shown in Figure 9.When the EN pin voltage exceeds 1.2V, an additional 3uA of hysteresis is added. Use
Equation 1 and Equation 2 to calculate the resistor values required for the desired VIN UVLO threshold
voltages. The Vstop threshold should always be greater than 3.5V.

MD8933
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Ren2
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L
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Figure 9. Adjustable Input Undervoltage Lockout

V. -V
Renil= START— VSTOP

3uA

where

* VsrarT IS the input start threshold voltage

* Vsrop is the input stop threshold voltage (L
Ren2= VSTARTY\EEN

Renl +1P‘A

where

* Ven is the enable threshold voltage of 1.2V (2)
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28V, 570KHz, 3A
MD8933 Step-Down Converter

Feature Description (continued)

Programmable Slow Start Using SS Pin

Programming the slow-start time externally is highly recommended because no slow-start time is
implemented. The MD8933 device effectively uses the lower voltage of the internal voltage reference or the
SS pin voltage as the reference voltage of the power supply that is fed into the error amplifier and regulates
the output accordingly. A capacitor (Css ) on the SS pin to ground implements a slow-start time.The MD8933
device has an internal pullup current-source of 2uA that charges the external slow-start capacitor. Use
Equation 3 to calculate the slow-start time (10% to 90%).
_ Css(nF)XVyef(V)
Tss(ms)= Iss(HA)
where

* Vref = 0.8V

. |ss = 2|JA (3)
The slow-start time should be set between 1ms to 10ms to ensure good startup behavior. The value of the
slow-start capacitor should not exceed 27nF.
During normal operation, the MD8933 device stops switching if the input voltage drops below the VIN UVLO
threshold, the EN pin is pulled below 0.5V, or a thermal shutdown event occurs.

Error Amplifier

The MD8933 device has a transconductance amplifier for the error amplifier. The error amplifier compares
the VSENSE voltage to the internal effective voltage reference presented at the input of the error amplifier.
The transconductance of the error amplifier is 90uA/V during normal operation. Frequency compensation
components are connected between the COMP pin and ground.

Slope Compensation

To prevent the sub-harmonic oscillations when operating the device at duty cycles greater than 50%, the
MD8933 device adds a built-in slope compensation which is a compensating ramp to the switch-current
signal.

Current-Mode Compensation Design

To simplify design efforts using the MD8933 device, the typical designs for common applications are listed in
Table 1. For designs using ceramic output capacitors, proper derating of ceramic output capacitance is
recommended when performing the stability analysis because the actual ceramic capacitance drops
considerably from the nominal value when the applied voltage increases. See the Detailed Design
Procedure section for the detailed guidelines

10 Micro Corp
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28V, 570KHz, 3A
Step-Down Converter MD8933

Feature Description (continued)

Table 1. Typical Designs (Refer to the Simplified Schematic)

VIN VOUT Fsw Lo Co Ro1 Ro2 C2 C:1 Rs

) ) (kHz) (uH) (kQ) (kQ) (pF) (pP (kQ)
12 5 570 6.8 Ceramic 33 pF, x2 10 1.91 39 4700 49.9
12 3.3 570 6.8 Ceramic 47uF, x2 10 3.24 47 1000 29.4
12 1.8 570 4.7 Ceramic 100 yF 10 8.06 68 5600 29.4
12 0.9 570 3.3 Ceramic 100 pF, x2 10 80.6 56 5600 29.4
12 5 570 6.8 Aluminum 330 pF, 160 mQ 10 1.91 68 120 294
12 3.3 570 6.8 Aluminum 470 pF, 160 mQ 10 3.24 82 220 10

12 1.8 570 4.7 SP 100 pF, 15 mQ 10 8.06 68 5600 29.4
12 0.9 570 3.3 SP 330 pF, 12 mQ 10 80.6 100 1200 49.9

Overcurrent Protection and Frequency Shift

The MD8933 device implements current mode control that uses the COMP pin voltage to turn off the high-
side MOSFET on a cycle-by-cycle basis. During each cycle the switch current and the COMP pin voltage
are compared. When the peak inductor current intersects the COMP pin voltage, the high-side switch is
turned off.During overcurrent conditions that pull the output voltage low, the error amplifier responds by
driving the COMP pin high, causing the switch current to increase. The COMP pin has a maximum clamp
internally, which limit the output current.
The MD8933 device provides robust protection during short circuits. Overcurrent runaway is possible in the
output inductor during a short circuit at the output. The MD8933 device solves this issue by increasing the
off time during short-circuit conditions by lowering the switching frequency. The switching frequency is
divided by 1,2, 4, and 8 as the voltage ramps from 0 to 0.8 V on VSENSE pin. The relationship between the
switching frequency and the VSENSE pin voltage is listed in Table 2.

Table 2. Switching Frequency Conditions

SWITCHING FREQUENCY VSENSE PIN VOLTAGE
570kHz VSENSE = 0.6V
570kHz / 2 0.6V > VSENSE = 0.4V
570kHz / 4 0.4V > VSENSE = 0.2V
570kHz / 8 0.2V > VSENSE

Overvoltage Transient Protection

The MD8933 device incorporates an overvoltage transient-protection (OVTP) circuit to minimize output
voltage overshoot when recovering from output fault conditions or strong unload transients. The OVTP
circuit includes an overvoltage comparator to compare the VSENSE pin voltage and internal thresholds.
When the VSENSE pin voltage goes above 109% x Vref , the high-side MOSFET is forced off. When the
VSENSE pin voltage falls below 107% x Vref , the high-side MOSFET is enabled again.

Thermal Shutdown

The device implements an internal thermal shutdown to protect the device if the junction temperature
exceeds 165°C. The thermal shutdown forces the device to stop switching when the junction temperature
exceeds the thermal trip threshold. When the die temperature decreases below 165°C, the device reinitiates
the power-up sequence

MD Micro Corp 11
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28V, 570KHz, 3A
MD8933 Step-Down Converter

DEVICE FUNCTIONAL MODES

Eco-mode

The MD8933 device is designed to operate in pulse skipping Eco-mode at light load currents to boost light
load efficiency. When the peak inductor current is lower than 220mA (typical), the COMP pin voltage falls to
0.5 V(typical) and the device enters Eco-mode. When the device is in Eco-mode, the COMP pin voltage is
clamped at 0.5 V internally which prevents the high-side integrated MOSFET from switching. The peak
inductor current must rise above 220mA for the COMP pin voltage to rise above 0.5V and exit Eco-mode.
Because the integrated current comparator catches the peak inductor current only, the average load current
entering Eco-mode varies with the applications and external output filters.

Operation With VIN< 3.5V

The device is recommended to operate with input voltages above 3.5V. The typical VIN UVLO threshold is
not specified and the device can operate at input voltages down to the UVLO voltage. At input voltages
below the actual UVLO voltage, the device does not switch. If the EN pin is externally pulled up or left
floating, the device becomes active when the VIN pin passes the UVLO threshold. Switching begins when
the slow-start sequence is initiated.

Operation With EN Control

The enable threshold voltage is 1.2V (typical), When the EN pin is below 0.5V, the device is disabled and
switching is inhibited even if the VIN pin is above the UVLO threshold, The IC quiescent current is reduced
in this state. If the EN voltage increases above the threshold while the VIN pin is above the UVLO threshold,
the device becomes active. Switching is enabled, and the slow-start sequence is initiated. Between 0.5V and
1.2V, the device output voltage is below its design value.

APPLICATION AND IMPLEMENTATION

NOTE
Information in the following applications sections is not part of the MD component
specification, and MD does not warrant its accuracy or completeness. Customers are
responsible for determining suitability of components for their purposes. Customers should
validate and test their design implementation to confirm system functionality.

Typical Application

Vout 3.3V
out Max 3A

c4 _I_ cs co
0.1yF u b1 s R
MD8933 T o@
1
VIN 7Vv-28V BOOT PH
2 < R5
B PS VIN GND 2 e
l Slen comp
4
c1 L ¢c2 —-C3 < RIL ss
4.7uF T 4.7uF .01 F =332 KO VSNS 1000pF
\ 4 c7 R6
¢ s 47pF T < 3.24kQ
= = R2 0.01pF T
< 68.1kQ R3
29.4 kQ a
Figure 10. Typical Application Schematic
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28V, 570KHz, 3A
Step-Down Converter MD8933

Design Requirements

For this design example, use the values listed in Table 3 as the input parameters.
Table 3. Design Parameters

DESIGN PARAMETER EXAMPLE VALUE
Input voltage range 7t028V
Output voltage 3.3V
Input ripple voltage 300 mV
Output ripple voltage 30 mv
Output current rating 3A
Operating Frequency 570 kHz

Detailed Design Procedure
The following design procedure can be used to select component values for the MD8933 device.

B Switching Frequency

The switching frequency for the MD8933 device is fixed at 570kHz.

B Output Voltage Set Point

The output voltage of the MD8933 device is externally adjustable using a resistor divider network. As shown

in Figure 10, this divider network is comprised of R5 and R6. The relationship of the output voltage to the
resistor divider is given by Equation 4 and Equation 5..

R5XV
R6=——— (4
VouT—Vref
R5
Vour=Vref x [g + 1] (5)

Select a value of R5 to be approximately 10 kQ. Slightly increasing or decreasing the value of R5 can result
in closer output-voltage matching when using standard value resistors. In this design, R5 = 10.2kQ and R6 =
3.24kQ, resulting in a 3.31V output voltage. The 0Q resistor, R4, is provided as a convenient location to
break the control loop for stability testing.

B Input Capacitors

The MD8933 device requires an input decoupling capacitor and depending on the application, a bulk input
capacitor. The typical recommended value for the decoupling capacitor is 10 yF. A high-quality ceramic type
X5R or X7R is recommended. The voltage rating should be greater than the maximum input voltage. A
smaller value can be used as long as all other requirements are met; however a value of 10uF has been
shown to work well in a wide variety of circuits. Additionally, some bulk capacitance may be required,
especially if the MD8933 circuit is not located within about 2 inches from the input voltage source. The value
for this capacitor is not critical but should be rated to handle the maximum input voltage including ripple
voltage, and should filter the output so that input ripple voltage is acceptable. For this design two 4.7uF
capacitors are used for the input decoupling capacitor. The capacitors are X7R dielectric rated for 50V. The
equivalent series resistance (ESR) is approximately 2mQ and the current rating is 3A. Additionally, a small
0.01pF capacitor is included for high frequency filtering.

Use Equation 6 to calculate the input ripple voltage.

MD Micro Corp 13
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28V, 570KHz, 3A
MD8933 Step-Down Converter

Io(max)X0.25
AVIN=MAX)Z 272
CpyLkXfsw

+ (Iomax) X ESRymax)

where

* lout(max) is the maximum load current.

* fsw is the switching frequency.

* Cguik is the bulk capacitor value.

* ESRwax is the maximum series resistance of the bulk capacitor. (6)
The maximum RMS ripple current must also be checked. For worst case conditions, use Equation 7 to
calculate the maximum-RMS input ripple current, lcingwms) -

Tomax)
2
In this case, the input ripple voltage is 143mV and the RMS ripple current is 1.5A.
NOTE

The actual input voltage ripple is greatly affected by parasitics associated with the layout
and the output impedance of the voltage source.

(7

lcinRMS)=

The actual input voltage ripple for this circuit is listed in Table 3 and is larger than the calculated value. This
measured value is still below the specified input limit of 300mV. The maximum voltage across the input
capacitors would be V IN(MAX) + AV IN / 2. The selected bulk and bypass capacitors are each rated for 50V
and the ripple current capacity is greater than 3A, both providing ample margin. The maximum ratings for
voltage and current must not be exceeded under any circumstance.

B Output Filter Components

Two components must be selected for the output filter, L1 and C2. Because the MD8933 device is an
externally compensated device, a wide range of filter component types and values can be supported.

® Inductor Selection

To calculate the minimum value of the output inductor, use Equation 8.

_Vourmax)* (Vinmax)—Vout)

L ViINMax) XKinp XlouTXfsw

where
* Kinp is a coefficient that represents the amount of inductor ripple current relative to the
maximum output current. (8)

In general, this value is at the discretion of the designer; however, the following guidelines may be used. For
designs using low-ESR output capacitors, such as ceramics, a value as high as Kinp = 0.3 may be used.
When using higher ESR output capacitors, Kinp = 0.2 yields better results.

For this design example, use Kinp = 0.3 and the minimum inductor value is calculated as 5.7uH. For this
design, a large value was selected: 6.8uH.

For the output filter inductor, do not exceed the RMS current and saturation current ratings. Use Equation 9
to calculate the inductor ripple current (Iep ).

Vour X (Vinmax) — Vour)

|\ pp= (9
ai Vinmax) X Loyt X fsw X 0.8

Use Equation 10 to calculate the RMS inductor current.
ILPP(RMS)zJIZOUT(MAX) + % + 121pp (10)

Use Equation 11 to calculate the peak inductor current.

14 Micro Corp
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28V, 570KHz, 3A

Step-Down Converter MD8933
ILek)=louTmax) + IL% an

For this design, the RMS inductor current is 3.01A and the peak inductor current is 3.47A. The selected
inductor is a Sumida CDRH103-6R8, 6.8uH. This inductor has a saturation current rating of 3.84A and an
RMS current rating of 3.6A, which meets these requirements. Smaller or larger inductor values can be used
depending on the amount of ripple current the designer wants to allow, so long as the other design
requirements are met. Larger value inductors will have lower AC current and result in lower output voltage
ripple, while smaller inductor values will increase AC current and output voltage ripple. In general, inductor
values for use with the MD8933 device are in the range of 6.8 to 47uH.
B Capacitor Selection
The important design factors for the output capacitor are DC voltage rating, ripple current rating, and
equivalent series resistance (ESR). The DC voltage and ripple current ratings cannot be exceeded. The
ESR is important because along with the inductor current it determines the amount of output ripple voltage.
The actual value of the output capacitor is not critical, but some practical limits do exist. Consider the
relationship between the desired closed-loop crossover frequency of the design and LC corner frequency of
the output filter. In general, keeping the closed-loop crossover frequency at less than 1/5 of the switching
frequency is desired. With high switching frequencies such as the 570kHz frequency of this design, internal
circuit limitations of the MD8933 device limit the practical maximum crossover frequency to about 25 kHz. In
general, the closed-loop crossover frequency should be higher than the corner frequency determined by the
load impedance and the output capacitor. Use Equation 12 to calculate the limits of the minimum capacitor
value.

Comny=1/(2 X 11 X Ro X Fcomax))

where

* Ro is the output load impedance (Vo / lo).
* Fcouax) is the desired crossover frequency. (125

For a desired maximum crossover of 25kHz the minimum value for the output capacitor is approximately 5.8
MF. This value may not satisfy the output ripple voltage requirement. The output ripple voltage consists of
two components; the voltage change because of the charge and discharge of the output filter capacitance
and the voltage change because the ripple current times the ESR of the output filter capacitor. Use Equation
13 to estimate the output ripple voltage.

(D-0.5)
Vopp = ltpp [———F— + RESR] (13

4 x few X Co
The maximum ESR of the output capacitor can be determined from the amount of allowable output ripple as
specified in the initial design parameters. The contribution to the output ripple voltage because the ESR is
the inductor ripple current times the ESR of the output filter. Therefore, use Equation 14 to calculate the
maximum specified ESR as listed in the capacitor data sheet.

Vorrmax)y _ (D-05)

ESRMAX = ILpp 4 x fgw %X Co
where
* Voppvax) IS the desired maximum peak-to-peak output ripple. (14)

Use Equation 15 to calculate the maximum RMS ripple current.

1 Vour X (Vinmax) — VouT)
lcoutrRMS) = NG

Vinmmax) X LouTt X fsw X N¢
where

MD Micro Corp 15
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* Nc is the number of output capacitors in parallel. (15
For this design example, two 47uF ceramic output capacitors are selected for C8 and C9. These capacitors
are TDK C3216X5R0J476MT, rated at 6.3V with a maximum ESR of 2mQ and a ripple current rating in
excess of 3AThe calculated total RMS ripple current is 161mA (80.6mA each) and the maximum total ESR
required is 43mQ. These output capacitors exceed the requirements by a wide margin and result in a
reliable, high-performance design.

NOTE
The actual capacitance in circuit may be less than the catalog value when the output is
operating at the desired output of 3.3V.

The selected output capacitor must be rated for a voltage greater than the desired output voltage plus half of
the ripple voltage. Any derating amount must also be included. Other capacitor types work well with the
MD8933 device, depending on the needs of the application.

B Compensation Components

The external compensation used with the MD8933 device allows for a wide range of output filter
configurations. A large range of capacitor values and types of dielectric are supported. The design example
uses ceramic X5R dielectric output capacitors, but other types are supported. A Type Il compensation
scheme is recommended for the MD8933 device. The compensation components are selected to set the
desired closed-loop crossover frequency and phase margin for output filter components. The Type Il
compensation has the following characteristics: a DC gain component, a low frequency pole, and a
midfrequency zero-pole pair.

Use Equation 16 to calculate the DC gain.

where
* Vggm = 800.
b VREF =0.8V. (16)
Use Equation 17 to calculate the low-frequency pole.
Vpo = 1/(2 X 1 X Roo X Cz) (17)
Use Equation 18 to calculate the mid-frequency zero.
F21= 1/(2 X 1 X Rz X Cz) (18)
Use Equation 19 to calculate the mid-frequency pole
Vp]_: 1/(2 X 1T X Rz X CP) (19)
The first step is to select the closed-loop crossover frequency. In general, the closed-loop crossover
frequency should be less than 1/8 of the minimum operating frequency. However, for the MD8933 device,
not exceeding 25 kHz for the maximum closed-loop crossover frequency is recommended. The second step
is to calculate the required gain and phase boost of the crossover network. By definition, the gain of the
compensation network must be the inverse of the gain of the modulator and output filter. For this design
example, where the ESR zero is much higher than the closed-loop crossover frequency, the gain of the
modulator and output filter can be approximated by Equation 20.
Gain = -20 log(2 X 1 X Rsense X Fco X Co)
where
b RSENSE = 1Q/12
* Fco = Closed-loop crossover frequency.
* Co = Output capacitance. 20)
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Use Equation 21 to calculate the phase loss.

PL=atan(2 X m X Fco X ResrX Co)-atan(2 X m X Fco X RoX Co)

where
* Resr = Equivalent series resistance of the output capacitor.
*Ro=Vo/lo. @D

The actual closed-loop crossover frequency is higher than intended at about 25kHz which is primarily
because variation in the actual values of the output filter components and tolerance variation of the internal
feed-forward gain circuitry. Overall, the design has greater than 60 degrees of phase margin and will be
completely stable over all combinations of line and load variability.
Now that the phase loss is known, the required amount of phase boost to meet the phase margin
requirement can be determined. Use Equation 22 to calculate the required phase boost.

PB = (PM - 90deg) — PL

where

* PM = the desired phase margin. (22)

A zero-pole pair of the compensation network will be placed symmetrically around the intended closed-loop
frequency to provide maximum phase boost at the crossover point. The amount of separation can be
calculated with Equation 23. Use Equation 24 and Equation 25 to calculate the resultant zero and pole
frequencies.

PB
k = tan (7 + 45deg) (23)
F
F21= % (24)
Fpl = Fco X k (25)

The low-frequency pole is set so that the gain at the crossover frequency is equal to the inverse of the gain
of the modulator and output filter. Because of the relationships established by the pole and zero
relationships, use Equation 26 to calculate the value of Rz .

_2xmXxFgoxCoXRpy

RZ =
GMicomp X VggmX VREr

where
* Vo = Output voltage.
» Co = Output capacitance.
* Fco = Desired crossover frequency.
b ROA =8 MQ.
b GMCOMP = 10A/V.
* Vggm = 800.
* Vrer = 0.8V. (26)
With the value of R Z known, use Equation 27 and Equation 28 to calculate the values of Cz and Cp .
B 1
7 2xmx Fz1X Ry
B 1
" 2xmxFpyX Ry

(27>

(28)

For this design, the two 47uF output capacitors are used. For ceramic capacitors, the actual output
capacitance is less than the rated value when the capacitors have a DC bias voltage applied which occurs in

MD Micro Corp 17
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a DC-DC converter. The actual output capacitance may be as low as 54pF. The combined ESR is
approximately 0.001Q.Using Equation 20 and Equation 21, the output stage gain and phase loss are
equivalent as:

Gain = -2.26 dB.

PL =-83.52 degrees.
For 70 degrees of phase margin, Equation 22 requires 63.52 degrees of phase boost.
Use Equation 23, Equation 24, and Equation 25 to calculate the zero and pole frequencies of the following
values:

Fz1 = 5883 Hz.
Fr1 = 106200 Hz.
Use Equation 26, Equation 27, and Equation 28 to calculate the values of Rz, Cz, and Cp .

—6 6
_2XTx2500%33x54%x10 % x8x10° _
Rz = 5 800X 0.8 = 29.2kQ (29)
1
Cz= = 928pF (30)
2 X T X 6010 X 29200
1
= 51pF (31)

"7 2 X1 x 103900 X 29200
Referring to Figure 10 and using standard values for R3, C6, and C7, the calculated values are as follows:

R3 = 29.4kQ
C6 = 1000pF
C7 = 47pF

B Bootstrap Capacitor

The MD8933 design requires a bootstrap capacitor, C4. The bootstrap capacitor must have a value of
0.1uF.The bootstrap capacitor is located between the PH pin and BOOT pin. The bootstrap capacitor should
be a high-quality ceramic type with X7R or X5R grade dielectric for temperature stability.

B Catch Diode

The MD8933 device is designed to operate using an external catch diode between the PH and GND pins.
The selected diode must meet the absolute maximum ratings for the application. The reverse voltage must
be higher than the maximum voltage at the PH pin, which is V IN(MAX) + 0.5 V. The peak current must be
greater than | OUT(MAX) plus half the peak-to peak-inductor current. The forward-voltage drop should be
small for higher efficiencies. The catch diode conduction time is (typically) longer than the high-side FET on
time, so attention paid to diode parameters can make a marked improvement in overall efficiency.
Additionally, check that the selected device is capable of dissipating the power losses. For this design, a
Diodes, Inc. B340A was selected,with a reverse voltage of 40 V, forward current of 3 A, and a forward-
voltage drop of 0.5 V.

B Output Voltage Limitations

Because of the internal design of the MD8933 device, any given input voltage has both upper and lower
output voltage limits. The upper limit of the output-voltage set point is constrained by the maximum duty
cycle of 91% and is calculated with Equation 32.

Vomaxy = 0.91 X ((Vinminy — logwaxy X Rpsnymax) + Vo) — (lomax) X RL) - Vb

where
* Vinewiny = Minimum input voltage.
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* loqwaxy = Maximum load current.
* Vp = Catch diode forward voltage.
* R. = Output inductor series resistance. (32)

The equation assumes the maximum ON resistance for the internal high-side FET.

The lower limit is constrained by the minimum controllable on time which can be as high as 200ns. Use
Equation 33 to calculate the approximate minimum output voltage for a given input voltage and minimum
load current.

Vomaxy = 0.089 X ((Vinminy — logwaxy X Rpsnymax) + Vb) — (loimaxy X RL) - Vb

where
* Vinviny = Minimum input voltage.
* loimax) = Maximum load current.
* Vp = Catch diode forward voltage.
* R = Output inductor series resistance. (33)

The nominal on-resistance for the high-side FET in Equation 33 is assumed. Equation 33 accounts for the
worst case variation of operating-frequency set point. Any design operating near the operational limits of the
device should be carefully checked to ensure proper functionality.

B Power Dissipation Estimate
The following formulas show how to estimate the device power dissipation under continuous-conduction
mode (CCM) operations. These formulas should not be used if the device is working in the discontinuous-
conduction mode (DCM) or pulse-skipping Eco-mode.
The device power dissipation includes:
1. Conduction loss:
Pcon = lout? X Rps(on) X Vout / Vin
where
* lour is the output current (A).
* RDS(on) is the on-resistance of the high-side MOSFET (Q).
* VOUT is the output voltage (V).
* VIN is the input voltage (V).
2. Switching loss:
Psw =0.5x 10° x Vi\2 X lout X fsw
where
* fswis the switching frequency (Hz).
3. Gate charge loss:
Pgc =22.8 x 10° x fsw
4., Quiescent current loss:
Pg=0.1x10%xVp
Therefore:
Ptot = Pcon + Psw + Pgc + Pq
where
* Ptot is the total device power dissipation (W).

For given Ta:
T; = Ta + Rth x Ptot

MD Micro Corp 19
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where
* T, is the junction temperature (°C).
* Ta is the ambient temperature (°C).

* Rth is the thermal resistance of the package (°C/W).

For given Tyvwax = 150°C:
Tamax = Tamax — Rth x Ptot
where
* Timax IS maximum junction temperature (°C).
* Tawax is maximum ambient temperature (°C).
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POWER SUPPLY RECOMMENDATIONS

The devices are designed to operate from an input-voltage supply range between 3.5V and 28V. This input
supply should be well regulated. If the input supply is located more than a few inches from the converter
additional bulk capacitance may be required in addition to the ceramic bypass capacitors. An electrolytic
capacitor with a value of 100uF is a typical choice.

LAYOUT

Layout Guidelines

The VIN pin should be bypassed to ground with a low-ESR ceramic bypass capacitor. Care should be taken
to minimize the loop area formed by the bypass capacitor connections, the VIN pin, and the anode of the
catch diode. The typical recommended bypass capacitor is 10uF ceramic with a X5R or X7R dielectric and
the optimum placement is closest to the VIN pins and the source of the anode of the catch diode. Figure 25
shows a PCB layout example. The GND pin should be tied to the PCB ground plane at the pin of the device.
The source of the low-side MOSFET should be connected directly to the top side PCB ground area used to
tie together the ground sides of the input and output capacitors as well as the anode of the catch diode. The
PH pin should be routed to the cathode of the catch diode and to the output inductor. Because the PH
connection is the switching node, the catch diode and output inductor should be located very close to the PH
pins, and the area of the PCB conductor minimized to prevent excessive capacitive coupling. For operation
at full rated load, the top-side ground area must provide adequate heat dissipating area. The MD8933
device uses a fused lead frame so that the GND pin acts as a conductive path for heat dissipation from the
die. Many applications have larger areas of internal or back-side ground plane available, and the top-side
ground area can be connected to these areas using multiple vias under or adjacent to the device to help
dissipate heat. The additional external components can be placed approximately as shown. Obtaining
acceptable performance with alternate layout schemes may be possible, however this layout has been
shown to produce good results and is intended as a guideline.

Layout Example
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FILTER Vout
TOPSIDE CAPACITOR Feedback Trace
GROUND & | | o>
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Route BOOT CAPACITOR OUTPUT
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wide path for topside ground DIODE
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BYPASS EEEEEEEEn I-.
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Figure 25. MD8933 device Board Layout
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Electromagnetic Interference (EMI) Considerations

As EMI becomes a rising concern in more and more applications, the internal design of the MD8933 device
includes features to reduce the EMI. The high-side MOSFET gate drive is designed to reduce the PH pin
voltage ringing. The internal IC rails are isolated to decrease the noise sensitivity. A package bond wire
scheme is used to lower the parasitics effects.

To achieve the best EMI performance, external component selection and board layout are equally important.
Follow the steps listed in the Detailed Design Procedure section to prevent potential EMI issues.
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PACKAGING INFORMATION
SOP8 PACKAGE OUTLINE DIMENSIONS
[}
HH 0 =
O )
L/
B :.J
o I—\ 1 L=
Svmbol Dimensions In Millimeters Dimensiens In Inches
ymbo Min Max Min Max
A 1..350 1. 750 0, 053 0. 069
Al 0.100 0, 250 0. 004 0.010
A2 1. 350 1. 550 0,053 0. 061
b 0.330 0.510 0.013 0.020
|:~, 0.170 (0. 250 0. 006 0.010
D 4.700 5.100 0.185 0.200
E 3. 800 4. 000 0. 150 0.157
E1 5. 800 6. 200 0,228 0. 244
e 1. 270 (BSG) 0. 050 (BSC)
L 0. 400 1.270 0. 016 0. 050
- 0 T 0 5
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PACKAGING INFORMATION(CONTINUED)

ESOP8 PACKAGE OUTLINE DIMENSIONS

A i ”7‘\91 _#ﬂ'ﬁ

\ a3

7|\T

AYUE I Bajg}‘mg
\
:

E e (L1)
D

M=M=

==

T—HEAT SLUG

—5— [

THEEL 5971

BTM]

COMMON DIMENSIONS
(UNITS OF MEASURE=MILLIMETER)

SYMBOL MIN NOM MAX
1A 1.35 1.55 1.70
Al 0 0.10 0.15
AZ 1.25 1.40 1.65
A3 0.50 0.60 | 0.70
b 0.38 - 0.51
b1 0.37 0.42 0.47
b WITH PLATING B 0.17 1 - 9.2
BASE METALk%AAAETAAA%ﬂ et 017 0.20 0.23
e — =
* ., 0 4.80 490 | 5.00
A4 Joptien 1| 3.10 3.30 3.50
\\ 7 cle I|0pl:ion 2 2.09 2.29 2.49
v £ 5.80 6.00 | 6.20
E£1 3.80 3.90 | 4.00
SECTION B-B gaeien ] 220 | 2.40 | 260
| “ostion 2| 2.09 2.29 2,49
le 117 1.27 1.37
L 0.45 | 0.60 | 0.80
L1 1.04REF
L2 0.25B5C
R 0.07 = -
R1 0.07 - -
h 0.30 0.40 0.50
[¢] o - 8
al 15 17 19
o2 11 13 15
a3 15 17 19
o4 55 13 15
For the newest datasheet, please see the website: www.md-ic.com.cn
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