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HIGH-SIDE BOOTSTRAP DESIGN USING Si823x ISODRIVERS
IN POWER DELIVERY SYSTEMS

1. Introduction

Silicon Labs 1SOdrivers are isolated gate drivers that combine low latency, high-drive-strength gate drive circuits
with on-chip isolation (for more information, please see the Si823x data sheet).

For robust and safe operation, designers of ac-dc and isolated dc-dc switch mode power supplies (SMPS),
uninterruptible power supplies (UPS), solar inverters, and electronic lighting ballasts must rely not only on a
properly selected high side/low-side gate driver IC, but also on an external bootstrap circuit and its PCB layout.

The ISOdriver high-side drive channel(s) require(s) a bootstrap circuit when the high-side switch has a drain
voltage greater than the 1ISOdriver's VDDA supply.

The bootstrap capacitor, Cg (shown in Figure 1), charges when the low-side driver is active, then supplies driver
bias to the high side driver when active. At first glance, the bootstrap appears as a simple, low-cost circuit
consisting only of diode D1 and capacitor Cg (and sometimes resistor Rg). But beneath this humble facade lurks
potential design challenges. This application note discusses the operation and design of the high side bootstrap
circuit and presents a methodology for bootstrap design.
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Figure 1. ISODriver with High-Side Bootstrap Circuit

Rev. 0.1 3/10 Copyright © 2010 by Silicon Laboratories AN486



AN486

2. Bootstrap Operation

Bootstrap operation (Figure 2a) is straightforward: Cpg is charged during low-side drive where Q2 is on and Q1 is
off. During this period, charge current flows from VDD into both the 1ISOdriver VDDA input and through the charge
loop from bootstrap resistor Rg through diode D1, Cg, and Q2 to ground. At the end of the low-side drive period,
Q2 is turned off and Q1 turned on causing the voltage at Q1's source to quickly rise toward its drain voltage. This
action reverse biases bootstrap diode D1 disconnecting the ground-based VDD supply from Cg.

Since the low side of Cy is referenced to the MOSFET source (GNDA), a high-side bias voltage of VDD-0.7 V is
maintained between the Q1 source and gate via the OUTA pin. From this point until the end of the high-side drive

period, Cg supplies all of the current required to maintain high-side driver operation.
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a) Bootstrap Circuit — Cg Charging

Figure 2. Bootstrap Current Flow and Equivalent Circuit
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Figure 3. Typical Cg Ripple Cycle

Figure 3 shows typical Cg ripple. The end of the Cg charge cycle is closely followed by a high negative dV/dt as Cg
sources gate charge to Q1. After Qg is transferred, the voltage on Cp falls as current is sourced to the VDDA input
to maintain OUTA in its high state. Note that the difference between the actual and maximum attainable value of
Vg is due to the drop across Rg and D1, and that Cg ripple amplitude is a function of the values of Qg, VDD
current and Cg. Also, Rg is typically used in low-frequency systems to limit peak current and is seldom used in
systems running above 100 kHz.

2.1. Bootstrap Design

While it is a simple circuit, the bootstrap can be problematic if not designed correctly. In particular, care must be
taken to ensure low Cg ripple to avoid triggering the driver's undervoltage lockout, which can halt converter
operation; additionally, the refresh period must be sufficient to fully charge Cg. The inherent limitation of the high-
side bootstrap circuit is the time required to sufficiently refresh Cg. Some power topologies may have an
excessively high duty cycle or frequency to support refresh, or they may have a high-side circuit that causes the
load to be in series with the charge path. For those applications, a charge pump (instead of a high-side bootstrap)
may be required.

A typical bootstrap design flow first determines the total charge that Cg must deliver during the high-side drive
cycle (Qcg). With Qcg known, the value of Cp is calculated based on allowable ripple amplitude and verified
adequate refresh under worst-case timing conditions. Figure 4 shows the equivalent circuit for the bootstrap circuit
of Figure 1 where bootstrap diode D1 is modeled as an ideal switch having a threshold voltage of V1. The high-side
driver has as a current source that represents the 1SOdriver's VDDA input current requirements. Other leakage
currents, such as diode reverse leakage and transistor gate leakage, are not considered as they are insignificant
compared to the VDDA bias current. Note in Figure 4 that D is defined as the duty cycle at the high-side (active)
switch and not the low-side (passive) switch.
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Figure 4. Bootstrap Equivalent Circuit

2.2. Design Example

High-side MOSFET Qg =85nC, Vgg =10V, tg =35ns
Diode D1 Vg =0.7 V

Vppa input =12 V at 3 mA (high-side VDD input of 1ISOdriver)
Fpwm = 200 kHz, D = 10% to 90%

ISOdriver UVLO threshold = 9.0 V (falling)

The design begins with the calculation of the total charge (Qcg) that must be delivered by Cg at maximum duty
cycle. There are two primary components of this charge: VDDA supply bias current Ig and Q1 gate charge Qg
Other sources of leakage, such as Q1 gate and D1 leakage, are negligible in comparison and are assumed to be
zero.

Qcg is calculated using Equation 1 (tcyc is the period shown in Figure 4) and substituting values from the list of
givens above:

Qce = Qg+ (D xteycxlp)
= 85x107°+(0.9x5x10°x3x107%)
= 98.5nC

Equation 1.

Per Equation 1, Cg must supply a total of 98.5 nano Coulombs of charge during the high-side drive cycle, and the
value of Cg is driven by the maximum allowable ripple (AVcg), and calculated using Equation 2. In this design,
AVg is chosen to be 5% of VDD.
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QCB

Cp>
BT AV g

. 985x107°

~ 0.05x12

> 164 nF; use closest standard value: 180 nF
Equation 2.

With a known value for Cg, the value of bootstrap resistor Rg can now be calculated for peak Cg charge using
Equation 3 (as previously noted, Rg is typically not used in systems that operate at relatively high frequencies):

(1 -Dypax) xteve

B~ 5xCg
_(1-0.9)x5x10"°
5x 180 x 10™°

<0.556 mQ - eliminate Ry from design
Equation 3.

In this design, 99 nC of charge must be transferred into Cg within the minimum low-side on time t, ). Equation 4
calculates the current required to meet this criterion:

Qcs

t miny

_985x107°
05x107°

ICHRG -

197 mA
Equation 4.

From Equation 4, a maximum average current of 197 mA is required to fully refresh Cg at maximum duty cycle
time. The average current through diode D1 can be calculated using Equation 5:

Qg

— |
teve

IrBAV(MAX) =

_ 85x10°°

" +3x107°
5x 10

=20 mA
Equation 5.

The voltage rating of bootstrap diode D1 must be sufficiently high to stand-off the high-side MOSFET drain voltage
and a current rating (IF) greater than or equal to the maximum average current as calculated in Equation 5. It must
also have a sufficiently fast reverse recovery time to avoid momentarily sourcing current from the high-voltage
drain supply into the lower voltage VDD supply. In addition, the operating temperature of the system may require
D1 to have low reverse leakage at high temperature.
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3. Layout Considerations

Good layout is important in high-side bootstrap design. Cg should be located as close to the driver IC pins as
possible. A tantalum or ceramic capacitor (preferably ceramic) can be used for Cg as they provide low leakage and
low ESR. If an electrolytic capacitor is used for Cg, it is recommended that a small, low-ESR decoupling capacitor
be added in parallel with the electrolytic, as shown in Figure 5.
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Figure 5. Bootstrap Layout Guidelines

4. Conclusion

Proper attention to bootstrap component selection and PCB layout are critical to ensure reliable, high-performance
isolated gate driver circuits using the Si823x 1SOdrivers.
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NOTES:
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CONTACT INFORMATION

Silicon Laboratories Inc.
400 West Cesar Chavez
Austin, TX 78701

Tel: 1+(512) 416-8500

Fax: 1+(512) 416-9669

Toll Free: 1+(877) 444-3032

Please visit the Silicon Labs Technical Support web page:
https://www.silabs.com/support/pages/contacttechnicalsupport.aspx
and register to submit a technical support request.

The information in this document is believed to be accurate in all respects at the time of publication but is subject to change without notice.
Silicon Laboratories assumes no responsibility for errors and omissions, and disclaims responsibility for any consequences resulting from
the use of information included herein. Additionally, Silicon Laboratories assumes no responsibility for the functioning of undescribed features
or parameters. Silicon Laboratories reserves the right to make changes without further notice. Silicon Laboratories makes no warranty, rep-
resentation or guarantee regarding the suitability of its products for any particular purpose, nor does Silicon Laboratories assume any liability
arising out of the application or use of any product or circuit, and specifically disclaims any and all liability, including without limitation conse-
quential or incidental damages. Silicon Laboratories products are not designed, intended, or authorized for use in applications intended to
support or sustain life, or for any other application in which the failure of the Silicon Laboratories product could create a situation where per-
sonal injury or death may occur. Should Buyer purchase or use Silicon Laboratories products for any such unintended or unauthorized ap-
plication, Buyer shall indemnify and hold Silicon Laboratories harmless against all claims and damages.

Silicon Laboratories and Silicon Labs are trademarks of Silicon Laboratories Inc.
Other products or brandnames mentioned herein are trademarks or registered trademarks of their respective holders.
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