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Enhanced 6-Phase PWM Controller with 
8-Bit VID Code and Differential Inductor 
DCR or Resistor Current Sensing
The ISL6327 controls microprocessor core voltage regulation 
by driving up to 6 synchronous-rectified buck channels in 
parallel. Multiphase buck converter architecture uses 
interleaved timing to multiply channel ripple frequency and 
reduce input and output ripple currents. Lower ripple results in 
fewer components, lower component cost, reduced power 
dissipation, and smaller implementation area.

Microprocessor loads can generate load transients with 
extremely fast edge rates. The ISL6327 utilizes Intersil’s 
proprietary Active Pulse Positioning (APP) and Adaptive 
Phase Alignment (APA) modulation scheme to achieve the 
extremely fast transient response with fewer output 
capacitors.

Today’s microprocessors require a tightly regulated output 
voltage position versus load current (droop). The ISL6327 
senses the output current continuously by utilizing patented 
techniques to measure the voltage across the dedicated 
current sense resistor or the DCR of the output inductor. 
Current sensing provides the needed signals for precision 
droop, channel-current balancing, and overcurrent 
protection. A programmable integrated temperature 
compensation function is implemented to effectively 
compensate the temperature variation of the current sense 
element. The current limit function provides the overcurrent 
protection for the individual phase.

A unity gain, differential amplifier is provided for remote 
voltage sensing. Any potential difference between remote 
and local grounds can be completely eliminated using the 
remote-sense amplifier. Eliminating ground differences 
improves regulation and protection accuracy. The threshold-
sensitive enable input is available to accurately coordinate 
the start up of the ISL6327 with any other voltage rail. 
Dynamic-VID™ technology allows seamless on-the-fly VID 
changes. The offset pin allows accurate voltage offset 
settings that are independent of VID setting.

Features
• Proprietary Active Pulse Positioning and Adaptive Phase 

Alignment Modulation Scheme

• Precision Multiphase Core Voltage Regulation
- Differential Remote Voltage Sensing
- ±0.5% System Accuracy Over Life, Load, Line and 

Temperature
- Adjustable Precision Reference-Voltage Offset

• Precision Resistor or DCR Current Sensing
- Accurate Load-Line Programming
- Accurate Channel-Current Balancing
- Differential Current Sense

• Microprocessor Voltage Identification Input
- Dynamic VID™ Technology
- 8-Bit VID Input with Selectable VR11 code and 

Extended VR10 Code at 6.25mV Per Bit
- 0.5V to 1.600V Operation Range

• Thermal Monitoring

• Integrated Programmable Temperature Compensation

• Overcurrent Protection and Channel Current Limit

• Overvoltage Protection with OVP Output Indication

• 2, 3, 4, 5 or 6 Phase Operation

• Adjustable Switching Frequency up to 1MHz Per Phase

• Package Option
- QFN Compliant to JEDEC PUB95 MO-220 QFN - Quad 

Flat No Leads - Product Outline
- QFN Near Chip Scale Package Footprint; Improves 

PCB Efficiency, Thinner in Profile

• Pb-Free Plus Anneal Available (RoHS Compliant)

Ordering Information
PART 

NUMBER
PART

MARKING
TEMP. 

(°C)
PACKAGE
(Pb-Free)

PKG. 
DWG. #

ISL6327CRZ ISL6327CRZ 0 to70 48 Ld 7x7 QFN L48.7x7

ISL6327IRZ ISL6327IRZ -40 to 85 48 Ld 7x7 QFN L48.7x7

Add “-T” suffix for tape and reel.
NOTE: Intersil Pb-free plus anneal products employ special Pb-free 
material sets; molding compounds/die attach materials and 100% 
matte tin plate termination finish, which are RoHS compliant and 
compatible with both SnPb and Pb-free soldering operations. Intersil 
Pb-free products are MSL classified at Pb-free peak reflow 
temperatures that meet or exceed the Pb-free requirements of 
IPC/JEDEC J STD-020.
CAUTION: These devices are sensitive to electrostatic discharge; follow proper IC Handling Procedures.
1-888-INTERSIL or 1-888-468-3774 | Intersil (and design) is a registered trademark of Intersil Americas Inc.

Copyright Intersil Americas Inc. 2006. All Rights Reserved
All other trademarks mentioned are the property of their respective owners.



ISL6327
Pinout ISL6327 (48 LD QFN)
TOP VIEW
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ISL6327
ISL6327 Block Diagram
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ISL6327
Typical Application - 6-Phase Buck Converter with DCR Sensing and External TCOMP
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ISL6327
The optional capacitor C2, is sometimes needed to bypass 
noise away from the PWM comparator (see Figure 18). Keep 
a position available for C2, and be prepared to install a high-
frequency capacitor of between 22pF and 150pF in case any 
leading-edge jitter problem is noted.

Once selected, the compensation values in Equation 35 
assure a stable converter with reasonable transient 
performance. In most cases, transient performance can be 
improved by making adjustments to RC. Slowly increase the 
value of RC while observing the transient performance on an 
oscilloscope until no further improvement is noted. Normally, 
CC will not need adjustment. Keep the value of CC from 
Equation 35 unless some performance issue is noted.

COMPENSATION WITHOUT LOAD-LINE REGULATION
The non load-line regulated converter is accurately modeled 
as a voltage-mode regulator with two poles at the L-C 
resonant frequency and a zero at the ESR frequency. A 
type III controller, as shown in Figure 18, provides the 
necessary compensation. 

The first step is to choose the desired bandwidth, f0, of the 
compensated system. Choose a frequency high enough to 
assure adequate transient performance but not higher than 
1/3 of the switching frequency. The type-III compensator has 
an extra high-frequency pole, fHF. This pole can be used for 
added noise rejection or to assure adequate attenuation at 
the error-amplifier high-order pole and zero frequencies. A 
good general rule is to choose fHF = 10f0, but it can be 
higher if desired. Choosing fHF to be lower than 10f0 can 
cause problems with too much phase shift below the system 
bandwidth.

In the solutions to the compensation equations, there is a 
single degree of freedom. For the solutions presented in 
Equation 36, RFB is selected arbitrarily. The remaining 
compensation components are then selected according to 
Equation 36.

In Equation 36, L is the per-channel filter inductance divided 
by the number of active channels; C is the sum total of all 
output capacitors; ESR is the equivalent-series resistance of 
the bulk output-filter capacitance; and VPP is the peak-to-
peak sawtooth signal amplitude as described in Electrical 
Specifications.

Output Filter Design
The output inductors and the output capacitor bank together 
form a low-pass filter responsible for smoothing the pulsating 
voltage at the phase nodes. The output filter also must 
provide the transient energy until the regulator can respond. 
Because it has a low bandwidth compared to the switching 
frequency, the output filter necessarily limits the system 
transient response. The output capacitor must supply or sink 
load current while the current in the output inductors 
increases or decreases to meet the demand.

In high-speed converters, the output capacitor bank is 
usually the most costly (and often the largest) part of the 
circuit. Output filter design begins with minimizing the cost of 
this part of the circuit. The critical load parameters in 
choosing the output capacitors are the maximum size of the 
load step, ΔI; the load-current slew rate, di/dt; and the 
maximum allowable output-voltage deviation under transient 
loading, ΔVMAX. Capacitors are characterized according to 
their capacitance, ESR, and ESL (equivalent series 
inductance).

At the beginning of the load transient, the output capacitors 
supply all of the transient current. The output voltage will 
initially deviate by an amount approximated by the voltage 
drop across the ESL. As the load current increases, the 
voltage drop across the ESR increases linearly until the load 
current reaches its final value. The capacitors selected must 
have sufficiently low ESL and ESR so that the total output-
voltage deviation is less than the allowable maximum. 

FIGURE 18. COMPENSATION CIRCUIT FOR ISL6327 BASED 
CONVERTER WITHOUT LOAD-LINE 
REGULATION
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ISL6327
Neglecting the contribution of inductor current and regulator 
response, the output voltage initially deviates by an amount:

The filter capacitor must have sufficiently low ESL and ESR 
so that ΔV < ΔVMAX.

Most capacitor solutions rely on a mixture of high-frequency 
capacitors with relatively low capacitance in combination 
with bulk capacitors having high capacitance but limited 
high-frequency performance. Minimizing the ESL of the 
high-frequency capacitors allows them to support the output 
voltage as the current increases. Minimizing the ESR of the 
bulk capacitors allows them to supply the increased current 
with less output voltage deviation.

The ESR of the bulk capacitors also creates the majority of 
the output-voltage ripple. As the bulk capacitors sink and 
source the inductor ac ripple current (see Interleaving and 
Equation 2), a voltage develops across the bulk-capacitor 
ESR equal to IC,PP (ESR). Thus, once the output capacitors 
are selected, the maximum allowable ripple voltage, 
VPP(MAX), determines the lower limit on the inductance.

Since the capacitors are supplying a decreasing portion of 
the load current while the regulator recovers from the 
transient, the capacitor voltage becomes slightly depleted. 
The output inductors must be capable of assuming the entire 
load current before the output voltage decreases more than 
ΔVMAX. This places an upper limit on inductance. 

Equation 39 gives the upper limit on L for the cases when 
the trailing edge of the current transient causes a greater 
output-voltage deviation than the leading edge. Equation 40 
addresses the leading edge. Normally, the trailing edge 
dictates the selection of L because duty cycles are usually 
less than 50%. Nevertheless, both inequalities should be 
evaluated, and L should be selected based on the lower of 
the two results. In each equation, L is the per-channel 
inductance, C is the total output capacitance, and N is the 
number of active channels.

Input Supply Voltage Selection
The VCC input of the ISL6327 can be connected either 
directly to a +5V supply or through a current limiting resistor 
to a +12V supply. An integrated 5.8V shunt regulator 

maintains the voltage on the VCC pin when a +12V supply is 
used. A 300Ω resistor is suggested for limiting the current 
into the VCC pin to a worst-case maximum of approximately 
25mA.

Switching Frequency
There are a number of variables to consider when choosing 
the switching frequency, as there are considerable effects on 
the upper-MOSFET loss calculation. These effects are 
outlined in MOSFETs, and they establish the upper limit for 
the switching frequency. The lower limit is established by the 
requirement for fast transient response and small output-
voltage ripple as outlined in Output Filter Design. Choose the 
lowest switching frequency that allows the regulator to meet 
the transient-response requirements.

Switching frequency is determined by the selection of the 
frequency-setting resistor, RT (see the figures labelled 
Typical Application on pages 4 and 5). Equation 3 is 
provided to assist in selecting the correct value for RT.

Input Capacitor Selection
The input capacitors are responsible for sourcing the AC 
component of the input current flowing into the upper 
MOSFETs. Their RMS current capacity must be sufficient to 
handle the AC component of the current drawn by the upper 
MOSFETs that is related to duty cycle and the number of 
active phases.

ΔV ESL( ) di
dt
----- ESR( ) ΔI+≈ (EQ. 37)
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FIGURE 19. NORMALIZED INPUT-CAPACITOR RMS CURRENT 
vs DUTY CYCLE FOR 2-PHASE CONVERTER
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ISL6327
For a two phase design, use Figure 19 to determine the 
input-capacitor RMS current requirement given the duty 
cycle, maximum sustained output current (IO), and the ratio 
of the per-phase peak-to-peak inductor current (IL,PP) to IO. 
Select a bulk capacitor with a ripple current rating which will 
minimize the total number of input capacitors required to 
support the RMS current calculated. The voltage rating of 
the capacitors should also be at least 1.25 times greater 
than the maximum input voltage. 

Figures 20 and 21 provide the same input RMS current 
information for three and four phase designs respectively. 
Use the same approach to selecting the bulk capacitor type 
and number as described above.

Low capacitance, high-frequency ceramic capacitors are 
needed in addition to the bulk capacitors to suppress leading 
and falling edge voltage spikes. They result from the high 

current slew rates produced by the upper MOSFETs turning 
on and off. Select low ESL ceramic capacitors and place one 
as close as possible to each upper MOSFET drain to 
minimize board parasitic impedances and maximize 
suppression.

MULTIPHASE RMS IMPROVEMENT
Figure 22 is provided as a reference to demonstrate the 
dramatic reductions in input-capacitor RMS current upon the 
implementation of the multiphase topology. For example, 
compare the input RMS current requirements of a two-phase 
converter versus that of a single phase. Assume both 
converters have a duty cycle of 0.25, maximum sustained 
output current of 40A, and a ratio of IL,PP to IO of 0.5. The 
single phase converter would require 17.3Arms current 
capacity while the two-phase converter would only require 
10.9Arms. The advantages become even more pronounced 
when output current is increased and additional phases are 
added to keep the component cost down relative to the 
single phase approach.

Layout Considerations
The following layout strategies are intended to minimize the 
impact of board parasitic impedances on converter 
performance and to optimize the heat-dissipating capabilities 
of the printed-circuit board. These sections highlight some 
important practices which should not be overlooked during the 
layout process.

Component Placement
Within the allotted implementation area, orient the switching 
components first. The switching components are the most 
critical because they carry large amounts of energy and tend 
to generate high levels of noise. Switching component 
placement should take into account power dissipation. Align 
the output inductors and MOSFETs such that spaces 
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FIGURE 20. NORMALIZED INPUT-CAPACITOR RMS CURRENT 
vs DUTY CYCLE FOR 3-PHASE CONVERTER
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FIGURE 21. NORMALIZED INPUT-CAPACITOR RMS CURRENT 
vs DUTY CYCLE FOR 4-PHASE CONVERTER
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FIGURE 22. NORMALIZED INPUT-CAPACITOR RMS 
CURRENT vs DUTY CYCLE FOR SINGLE-PHASE 
CONVERTER
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ISL6327
between the components are minimized while creating the 
PHASE plane. Place the Intersil MOSFET driver IC as close 
as possible to the MOSFETs they control to reduce the 
parasitic impedances due to trace length between critical 
driver input and output signals. If possible, duplicate the 
same placement of these components for each phase. 

Next, place the input and output capacitors. Position one 
high-frequency ceramic input capacitor next to each upper 
MOSFET drain. Place the bulk input capacitors as close to 
the upper MOSFET drains as dictated by the component 
size and dimensions. Long distances between input 
capacitors and MOSFET drains result in too much trace 
inductance and a reduction in capacitor performance. Locate 
the output capacitors between the inductors and the load, 
while keeping them in close proximity to the microprocessor 
socket.

The ISL6327 can be placed off to one side or centered 
relative to the individual phase switching components. 
Routing of sense lines and PWM signals will guide final 
placement. Critical small signal components to place close 
to the controller include the ISEN resistors, RT resistor, 
feedback resistor, and compensation components. 

Bypass capacitors for the ISL6327 and ISL66XX driver bias 
supplies must be placed next to their respective pins. Trace 
parasitic impedances will reduce their effectiveness.

Plane Allocation and Routing
Dedicate one solid layer, usually a middle layer, for a ground 
plane. Make all critical component ground connections with 
vias to this plane. Dedicate one additional layer for power 
planes; breaking the plane up into smaller islands of 
common voltage. Use the remaining layers for signal wiring.

Route phase planes of copper filled polygons on the top and 
bottom once the switching component placement is set. Size 
the trace width between the driver gate pins and the 
MOSFET gates to carry 4A of current. When routing 
components in the switching path, use short wide traces to 
reduce the associated parasitic impedances.
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