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Multiphase PWM Regulator for IMVP-6.5™ Mobile

CPUs and GPUs
I1SL62883C

The ISL62883C is a multiphase PWM buck regulator for
miroprocessor or graphics processor core power supply.
The multiphase buck converter uses interleaved phase to
reduce the total output voltage ripple with each phase
carrying a portion of the total load current, providing
better system performance, superior thermal
management, lower component cost, reduced power
dissipation, and smaller implementation area. The
ISL62883C uses two integrated gate drivers and an
external gate driver to provide a complete solution. The
PWM modulator is based on Intersil's Robust Ripple
Regulator (R3) technology™. Compared with traditional
modulators, the R3™ modulator commands variable
switching frequency during load transients, achieving
faster transient response. With the same modulator, the
switching frequency is reduced at light load, increasing
the regulator efficiency.

The ISL62883C can be configured as CPU or graphics
Vcore controller and is fully compliant with IMVP-6.5™
specifications. It responds to PSI# and DPRSLPVR signals
by adding or dropping PWM3 and Phase 2 respectively,
adjusting overcurrent protection threshold accordingly,
and entering/exiting diode emulation mode. It reports
the regulator output current through the IMON pin. It
senses the current by using either discrete resistor or
inductor DCR whose variation over temperature can be
thermally compensated by a single NTC thermistor. It
uses differential remote voltage sensing to accurately
regulate the processor die voltage. The adaptive body
diode conduction time reduction function minimizes
the body diode conduction loss in diode emulation
mode. User-selectable overshoot reduction function
offers an option to aggressively reduce the output
capacitors as well as the option to disable it for users
concerned about increased system thermal stress. In
2-Phase configuration, the ISL62883C offers the FB2
function to optimize 1-Phase performance.

Features

Programmable 1, 2- or 3-Phase CPU or GPU Mode of
Operation

Precision Multiphase Core Voltage Regulation

- 0.5% System Accuracy Over-Temperature

- Enhanced Load Line Accuracy

Microprocessor Voltage Identification Input

- 7-Bit VID Input, OV to 1.500V in 12.5mV Steps
- Supports VID Changes On-The-Fly

Supports Multiple Current Sensing Methods

- Lossless Inductor DCR Current Sensing

- Precision Resistor Current Sensing

Supports PSI# and DPRSLPVR modes

Superior Noise Immunity and Transient Response
Current Monitor and Thermal Monitor

Differential Remote Voltage Sensing

High Efficiency Across Entire Load Range

Two Integrated Gate Drivers

Excellent Dynamic Current Balance

FB2 Function Optimizes 1-Phase Mode Performance
Adaptive Body Diode Conduction Time Reduction
User-selectable Overshoot Reduction Function
Small Footprint 40 Ld 5x5 TQFN Packages
Pb-Free (RoHS Compliant)

-
)
F
o))
N
o]
0
W
@]

Applications*(see page 42)

Notebook Core Voltage Regulator
Notebook GPU Voltage Regulator

Related Literatu re*(see page 42)

See AN1460 for ISL62883/1SL62883C Evaluation
Board Application Note “ISL62883EVAL2Z User
Guide”
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ISL62883C

Ordering Information

PART NUMBER TEMP. RANGE PACKAGE PKG.

(Note 3) PART MARKING (°c) (Pb-Free) DWG. #
ISL62883CIRTZ (Note 2) 62883C IRTZ -40 to +100 40 Ld 5x5 TQFN L40.5x5
ISL62883CIRTZ-T (Notes 1, 2)  |62883C IRTZ -40 to +100 40 Ld 5x5 TQFN L40.5x5
ISL62883CHRTZ (Note 2) 62883C HRTZ -10 to +100 40 Ld 5x5 TQFN L40.5x5
ISL62883CHRTZ-T (Notes 1, 2) |62883C HRTZ -10 to +100 40 Ld 5x5 TQFN L40.5x5

NOTES:

1. Please refer to TB347 for details on reel specifications.

2. These Intersil Pb-free plastic packaged products employ special Pb-free material sets, molding compounds/die attach
materials, and 100% matte tin plate plus anneal (e3 termination finish, which is 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.

3. For Moisture Sensitivity Level (MSL), please see device information page for ISL62883C. For more information on MSL please

see techbrief TB363.
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ISL62883C

Functional Pin Descriptions

ISL62883C SYMBOL DESCRIPTION

- GND Signal common of the IC. Unless otherwise stated, signals are referenced to the GND pin.

1 PGOOD Power-Good open-drain output indicating when the regulator is able to supply regulated
voltage. Pull up externally with a 680Q resistor to VCCP or 1.9kQ to 3.3V.

2 PSI# Low load current indicator input. When asserted low, indicates a reduced load-current condition.

3 RBIAS A resistor to GND sets internal current reference. Use 147kQ or 47kQ. The choice of Rbias value,
together with the ISEN2 pin configuration and the external resistance from the COMP pin to
GND, programs the controller to enable/disable the overshoot reduction function and to select
the CPU/GPU mode.

4 VR_TT# Thermal overload output indicator.

5 NTC Thermistor input to VR_TT# circuit.

6 VW A resistor from this pin to COMP programs the switching frequency (8kQ gives approximately
300kHz).

7 COMP This pin is the output of the error amplifier. Also, a resistor across this pin and GND adjusts the
overcurrent threshold.

8 FB This pin is the inverting input of the error amplifier.

9 INSE3/FB2 | When the ISL62883C is configured in 3-phase mode, this pin is ISEN3. ISEN3 is the individual
current sensing for phase 3. When the ISL62883C is configured in 2-phase mode, this pin is
FB2. There is a switch between the FB2 pin and the FB pin. The switch is on in 2-phase mode
and is off in 1-phase mode. The components connecting to FB2 are used to adjust the
compensation in 1-phase mode to achieve optimum performance.

10 ISEN2 Individual current sensing for Phase 2. When ISEN2 is pulled to 5V VDD, the controller will
disable Phase 2.

11 ISEN1 Individual current sensing for phase 1.

12 VSEN Remote core voltage sense input. Connect to microprocessor die.

13 RTN Remote voltage sensing return. Connect to ground at microprocessor die.

14, 15 ISUM- and | Droop current sense input.
ISUM+

16 VDD 5V bias power.

17 VIN Battery supply voltage, used for feed-forward.

18 IMON An analog output. IMON outputs a current proportional to the regulator output current.

19 BOOT1 Connect an MLCC capacitor across the BOOT1 and the PHASE1 pins. The boot capacitor is
charged through an internal boot diode connected from the VCCP pin to the BOOT1 pin, each
time the PHASE1 pin drops below VCCP minus the voltage dropped across the internal boot
diode.

20 UGATE1 Output of the Phase-1 high-side MOSFET gate driver. Connect the UGATE1 pin to the gate of the
Phase-1 high-side MOSFET.

21 PHASE1 Current return path for the Phase-1 high-side MOSFET gate driver. Connect the PHASE1 pin to
the node consisting of the high-side MOSFET source, the low-side MOSFET drain, and the output
inductor of Phase-1.

22 VSSP1 Current return path for the Phase-1 low-side MOSFET gate driver. Connect the VSSP1 pin to the
source of the Phase-1 low-side MOSFET through a low impedance path, preferably in parallel
with the traces connecting the LGATEla and the LGATE1b pins to the gates of the Phase-1 low-
side MOSFETs.

23 LGATE1 Output of the Phase-1 low-side MOSFET gate driver. Connect the LGATE1 pin to the gate of the
Phase-1 low-side MOSFET.

24 PWM3 PWM output for Phase 3. When PWM3 is pulled to 5V VDD, the controller will disable Phase-3
and allow other phases to operate.
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ISL62883C

Functional Pin Descriptions (continued)

ISL62883C SYMBOL DESCRIPTION

25 VCCP Input voltage bias for the internal gate drivers. Connect +5V to the VCCP pin. Decouple with at
least 1uF of an MLCC capacitor to VSSP1 and VSSP2 pins respectively.

26 LGATE2 Output of the Phase-2 low-side MOSFET gate driver. Connect the LGATE2 pin to the gate of the
Phase-2 low-side MOSFET.

27 VSSP2 Current return path for the Phase-2 converter low-side MOSFET gate driver. Connect the VSSP2
pin to the source of the Phase-2 low-side MOSFET through a low impedance path, preferably in
parallel with the trace connecting the LGATE2 pin to the gate of the Phase-2 low-side MOSFET.

28 PHASE2 Current return path for the Phase-2 high-side MOSFET gate driver. Connect the PHASE2 pin to
the node consisting of the high-side MOSFET source, the low-side MOSFET drain, and the output
inductor of Phase-2.

29 UGATE2 Output of the Phase-2 high-side MOSFET gate driver. Connect the UGATE?2 pin to the gate of the
Phase-2 high-side MOSFET.

30 BOQOT2 Connect an MLCC capacitor across the BOOT2 and the PHASE2 pins. The boot capacitor is
charged through an internal boot diode connected from the VCCP pin to the BOOT2 pin, each
time the PHASE?2 pin drops below VCCP minus the voltage dropped across the internal boot
diode.

31 thru 37 VIDO thru | VID input with VIDO = LSB and VID6 = MSB.
VID6

38 VR_ON Voltage regulator enable input. A high level logic signal on this pin enables the regulator.

39 DPRSLPVR | Deeper sleep enable signal. A high level logic signal on this pin indicates that the microprocessor
is in deeper sleep mode.

40 CLK_EN# | Open drain output to enable system PLL clock. It goes low 13 switching cycles after Vcore is
within 10% of Vboot.

pad BOTTOM The bottom pad of ISL62883C is electrically connected to the GND pin inside the IC.It should
also be used as the thermal pad for heat removal.
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ISL62883C

Block Diagram
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ISL62883C

Absolute Maximum Ratings

Supply Voltage, VDD. . . . .. .. ... oo -0.3V to +7V
Battery Voltage, VIN. . . . ... .................. +28V
Boot Voltage (BOOT) .................. -0.3V to +33V

Boot to Phase Voltage (BOOT-PHASE). ... -0.3V to +7V(DC)
........................... -0.3V to +9V(<10ns)

Phase Voltage (PHASE). . . .. -7V (<20ns Pulse Width, 10uJ)

UGATE Voltage (UGATE) ....... PHASE-0.3V (DC) to BOOT
......... PHASE-5V (<20ns Pulse Width, 10uJ) to BOOT

LGATE Voltage

........... -2.5V (<20ns Pulse Width, 5uJ) to VDD+0.3V

All OtherPins. . ................ -0.3V to (VDD +0.3V)
Open Drain Outputs, PGOOD, VR_TT#,
CLK_EN# . . e -0.3V to +7V

Thermal Information

Thermal Resistance (Typical) 03a (°C/W) 03¢ (°C/W)
40 Ld TQFN Package (Notes 4, 5). . 31 2
Maximum Junction Temperature . . . .. ... ....... +150°C
Maximum Storage Temperature Range ... -65°C to +150°C
Maximum Junction Temperature (Plastic Package). . . +150°C
Storage Temperature Range. . ......... -65°C to +150°C
Pb-Free Reflow Profile . . . .. ............. see link below
http://www.intersil.com/pbfree/Pb-FreeReflow.asp

Recommended Operating Conditions

Supply Voltage, VDD . . . . . .. ... oo +5V 5%
Battery Voltage, VIN . . . . . . .. ... ... ..... +4.5V to 25V
Ambient Temperature
ISL62883CHRTZ. . . . . ... oo v -10°Cto +100°C
ISL62883CIRTZ . . . . . v v v v i -40°C to +100°C
Junction Temperature
ISL62883CHRTZ. . . . ... ..o v v -10°C to +125°C
ISL62883CIRTZ . . . . . v v v v e -40°C to +125°C

CAUTION: Do not operate at or near the maximum ratings listed for extended periods of time. Exposure to such conditions may adversely impact

product reliability and result in failures not covered by warranty.

NOTE:

4. 03p is measured in free air with the component mounted on a high effective thermal conductivity test board with “direct attach”

features. See Tech Brief TB379.

5. For 0jc, the “case temp” location is the center of the exposed metal pad on the package underside.

Electrical Specifications

Operating Conditions: VDD = 5V, Tp = -40°C to +100°C, fgy = 300kHz,

unless otherwise noted. Boldface limits apply over the operating temperature range,

-40°C to +100°C.

PARAMETER SYMBOL TEST CONDITIONS (N:’)Itlgs) TYP (N':::exs) UNITS
INPUT POWER SUPPLY
+5V Supply Current Ivpp VR_ON = 1V 4 4.6 mA
VR_ON = 0V MA
Battery Supply Current Ivin VR_ON = 0V HA
Vin Input Resistance RvIN VR_ON = 1V 900 kQ
Power-On-Reset Threshold POR, Vpp rising 4.35 4.5 \
POR¢ Vpp falling 4.00 4.15 Y,
SYSTEM AND REFERENCES
System Accuracy HRTZ No load; closed loop, active mode
%Error range
(Vcc_core) | VID = 0.75V to 1.50V, -0.5 +0.5 %
VID = 0.5V to 0.7375V -8 +8 mV
VID = 0.3V to 0.4875V -15 +15 mV
IRTZ No load; closed loop, active mode
%Error range
(Vec_corg) | VID = 0.75V to 1.50V -0.8 +0.8 %
VID = 0.5V to 0.7375V -10 +10 mV
VID = 0.3V to 0.4875V -18 +18 mV
VBooT ISL62883CHRTZ 1.0945 | 1.100 | 1.1055 \%
I1SL62883CIRTZ 1.0912 | 1.100 | 1.1088 \
Maximum Output Voltage Vcc_COoRE(max) | VID = [0000000] 1.500 \"
Minimum Output Voltage VcC_CORE(min) | VID = [1100000] 0.300 \"
Rpias Voltage Rpias = 147kQ 1.45 1.47 1.49 Vv
7 | Jintersil March 18, 2010
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ISL62883C

Electrical Specifications Operating Conditions: VDD = 5V, Ty = -40°C to +100°C, fgy = 300kHz,
unless otherwise noted. Boldface limits apply over the operating temperature range,
-40°C to +100°C. (Continued)

PARAMETER SYMBOL TEST CONDITIONS (NI:’)I:(I:G) TYP (NI:::eXG) UNITS
CHANNEL FREQUENCY
Nominal Channel Frequency fsw(nom) Rfset = 7k, 3-channel operation, 285 300 315 kHz
Vcomp = 1V
Adjustment Range 200 500 kHz
AMPLIFIERS
Current-Sense Amplifier Input Irg = OA -0.15 +0.15 mV
Offset
Error Amp DC Gain (Note 7) Avo 90 dB
Error Amp Gain-Bandwidth GBW CL = 20pF 18 MHz
Product (Note 7)
ISEN
Imbalance Voltage Maximum of ISENs - Minimum of 1 mV
ISENs
Input Bias Current 20 nA
POWER-GOOD AND PROTECTION MONITORS
PGOOD Low Voltage VoL Ipgoop = 4mA 0.26 0.4 \
PGOOD Leakage Current IoH PGOOD = 3.3V -1 1 HA
PGOOD Delay tpgd CLK_ENABLE# LOW to PGOOD HIGH 6.3 7.6 8.9 ms
GATE DRIVER
EJ'\?O,?ZE;)’uII-Up Resistance RuGpy 200mA Source Current 1.0 1.5 Q
UGATE Source Current (Note 7) IUGSRC UGATE - PHASE = 2.5V 2.0 A
UGATE Sink Resistance (Note 7) RucprD 250mA Sink Current 1.0 1.5 Q
UGATE Sink Current (Note 7) IugsNk UGATE - PHASE = 2.5V 2.0 A
I(‘SC?J;E;;U”_UP Resistance RLGPU 250mA Source Current 1.0 1.5 Q
LGATE Source Current (Note 7) ILGSRC LGATE - VSSP = 2.5V 2.0 A
LGATE Sink Resistance (Note 7) RLGPD 250mA Sink Current 0.5 0.9 Q
LGATE Sink Current (Note 7) I GsnK LGATE - VSSP = 2.5V 4.0 A
UGATE to LGATE Deadtime tUGFLGR UGATE falling to LGATE rising, no load 23 ns
LGATE to UGATE Deadtime tLGFUGR LGATE falling to UGATE rising, no load 28 ns
BOOTSTRAP DIODE
Forward Voltage VE PVCC = 5V, I = 2mA 0.58 \"
Reverse Leakage Ir VR = 25V 0.2 HA
PROTECTION
Overvoltage Threshold OVH VSEN rising above setpoint for >1ms 150 195 240 mV
Severe Overvoltage Threshold OVys VSEN rising for >2pus 1.525 1.55 1.575 \%
OC Threshold Offset at 3-phase configuration, ISUM- pin 28.4 30.3 32.2 MA
Rcomp = Open Circuit current
2-phase configuration, ISUM- pin 18.3 20.2 22.1 MA
current
1-phase configuration, ISUM- pin 8.2 10.1 12.0 MA
current
Current Imbalance Threshold One ISEN above another ISEN for 9 mV
>1.2ms
Undervoltage Threshold UVs VSEN falling below setpoint for -355 -295 -235 mV
>1.2ms
8 | Jntersil March 18, 2010




ISL62883C

Electrical Specifications

Operating Conditions: VDD = 5V, Tp = -40°C to +100°C, fgy = 300kHz,
unless otherwise noted. Boldface limits apply over the operating temperature range,
-40°C to +100°C. (Continued)

PARAMETER SYMBOL TEST CONDITIONS (NI:’)ItI(I:G) TYP (N:I)Iaex6) UNITS

LOGIC THRESHOLDS

VR_ON Input Low ViL 0.3 \

VR_ON Input High VIH ISL62883CHRTZ 0.7 \%

Vin ISL62883CIRTZ 0.75 v

VIDO-VID6, PSI#, and ViL 0.3 \%

DPRSLPVR Input Low

VIDO-VID6, PSI#, and DPRSLPVR ViH 0.7 \%

Input High

PWM

PWM3 Output Low VoL Sinking 5mA 1.0 Vv

PWM3 Output High VoH Sourcing 5mA 3.5 \%

PWM Tri-State Leakage PWM = 2.5V 2 A

THERMAL MONITOR

NTC Source Current NTC = 1.3V 53 60 67 HA

Over-Temperature Threshold V (NTC) falling 1.18 1.2 1.22 \

VR_TT# Low Output Resistance Ryt I =20mA 6.5 9 Q

CLK_EN# OUTPUT LEVELS

CLK_EN# Low Output Voltage VoL I=4mA 0.26 0.4 \

CLK_EN# Leakage Current IoH CLK_EN# = 3.3V -1 1 HA

CURRENT MONITOR

IMON Output Current IiMoON ISUM- pin current = 20pA 114 120 126 MA
ISUM- pin current = 10pA 54 60 66 HA
ISUM- pin current = 5pA 25.5 30 34.5 HA

IMON Clamp Voltage VIMONCLAMP 1.1 1.15 Vv

Current Sinking Capability 275 MA

INPUTS

VR_ON Leakage Current IvrR_ON VR_ON = 0V -1 0 MA
VR_ON = 1V 0 1 PA

VIDx Leakage Current Ivipx VIDx = 0V -1 0 HA
VIDx = 1V 0.45 1 MA

PSI# Leakage Current Ipsis# PSI# = OV -1 0 HA
PSI# = 1V 0.45 1 HA

DPRSLPVR Leakage Current IDPRSLPVR DPRSLPVR = 0V -1 0 MA
DPRSLPVR = 1V 0.45 1 HA

SLEW RATE

Slew Rate (For VID Change) SR 5 6.5 mV/us

NOTES:

6. Parameters with MIN and/or MAX limits are 100% tested at +25°C, unless otherwise specified. Temperature limits established
by characterization and are not production tested.

7. Limits established by characterization and are not production tested.

intersil

FN7557.1

March 18, 2010




ISL62883C

Gate Driver Timing Diagram
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Simplified Application Circuits
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VID<0:6> >———| VIDs UGATE2 T < K#Y\ Vo
PSI# >——— PSI# PHASE2 +
DPRSLPVR >——— DPRSLPVR H} T
VR_ON >——— VR_ON Lsgggg —
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ISEN2 2_L’\/\/\,
T IsL62883¢c BOOT1 —— CsZT
I UGATE1 T t T L1
PHASE1 - Y Y YL
—AMA—| cowmp |
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FIGURE 1. TYPICAL 3-PHASE APPLICATION CIRCUIT USING DCR SENSING
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Simplified Application Circuits (continued)

V45 V45  Vin V45 )
T T T —>Vin
Rbias VDD VCCP VIN m‘”ﬁsm—'% ; g L3 Rsen3
& VVV— RBIAS IsLe308> ] == 2000 Vv
Rnt: BOO
NTC PWM3 PWM LGAT%'J—,
C GND
— Rs3 =
PGOOD ¢——— PGOOD ISEN3 AN
VR_TT# ¢«——— VR_TT# BOOT2 [— Cs3=TE )
CLK_EN# ¢« CLK_EN# T
VID<0:6> >——— VIDs UGATE2 %’ L L2 Rsen2 | v,
PSl# >———— PSH# PHASE2 Y'Y ANA——-
DPRSLPVR >——— DPRSLPVR T
VR ON>—— VR ON Leéggg L
vw Rs2 —
ISEN2 AN
L IsLe2883c BOOT1[—_ CSZ‘JE
I UGATE1 %’ T L1 Rsent
PHASE1 = YYMm
=AWk comp $
LGATE1
B VSSP1 I
Rdroop ISEN1 AN
AN\ VSEN CsZ—JE
Rsum3
LAM—{ ISUM+ .
Rsum2
VCCSENSE —
VSSSENSE RTN ek Rsum1
Rimol
Ri
IMON IMO! UM- AN

N IS!
(Bottom Pad)
VSS

FIGURE 2. TYPICAL 3-PHASE APPLICATION CIRCUIT USING RESISTOR SENSING

V+5 V+5 Vin
Rbias VDD VCCP VIN
RBIAS PWM3
Rnt
NTC BOOT2———] —>Vin
PGOOD «——— PGOOD UGATE2 %’ $ L2 Vo
VR_TT# ¢—— VR_TT# PHASE2 AR e s
CLK_EN# < CLK_EN#
VID<0:6> >——— VIDs LGATE2 —@hgl} -1:
PSl# >—— PSi# VssP2 Rs2 L
DPRSLPVR >——— DPRSLPVR ISEN2 TVW
VR_ON>——— VR_ON Cs2=F
vw
BOOT1
fset ISL62883C L+ hHx
UGATET HJ T L1
— PHASE1 - Y Y YL
LGATE1a —@E}}
VW cowmp VSSP1 3
T {FB2 Rs1  —
B ISEN1 T AN
Rdroop Cs1—|—
VSEN
ISUM+ AN
AA—] Rsum2
Rn

VCCSENSE £
Cn=,

Rsum1
VSSSENSE E RTN B
Rimol )
Ri
IMON IMON UM- AN

IS!
(Bottom Pad)
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FIGURE 3. TYPICAL 2-PGHASE APPLICATION CIRCUIT USING DCR SENSING
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Simplified Application Circuits (continued)

V+5 V+5 Vin

 ——"
Rbias VDD VCCP VIN
RBIAS PWM3 —
Rnt
A NTC BOOT2 |—
PGOOD ¢——— PGOOD UGATE2 [—
VR_TT# ¢——— VR TT# PHASE2|—
CLK_EN# ¢ CLK_EN#
VID<0:6> ———| VIDs LGATE2 —
PSi#t > PSi# V8sP2
DPRSLPVR >——— DPRSLPVR ISEN2 |—
VR_ON >——— VR ON
w
BOOT{ —————— Vin
set ISL62883C
UGATE1 H—' T L v
— PHASE1 - YY", 2
L
AMA comp LGATE1a —@LEII} T
VSSP1 —4 =
T___|fB2 =
FB ISEN1 —
Rdroop
VSEN
ISUM+ AN
AMA—] Rsum
Rn
VCCSENSE Cn==°g/
VSSSENSE E RTN
Rimo |
Ri
IMON IMON (Bottom Pad) ISUM. AN
VSS

&=

FIGURE 4. TYPICAL 1-PHASE APPLICATION CIRCUIT USING DCR SENSING
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Theory of Operation
Multiphase R3™ Modulator

W MASTER CLOCK CIRCUIT

MASTER

CLOCK(| |- Clock1

s Phase | o ciock2
equencer| o, clock3

MASTERT comp
CcLOCK ' |verm

SLAVE CIRCUIT 1

o E ClockA E pwm1 Phasel___ -1

Vers1 +
gm

:g
=4
—I$s

Crs1——

<H

SLAVE CIRCUIT 2
L2

VWD Clock2 PwM2 Phase2
—»
ILZ

Vcrs2 +
q gm

Crs2——

H

SLAVE CIRCUIT 3
L3

- Clock3 Pwm3 Phased___—° ___
—>
ILJ

Vcrs3 +
[ gm

Crs3——

H

FIGURE 5. R3™ MODULATOR CIRCUIT

- NS
verm Window
COMP D G S
yroedl | N | | | | |
Clock1 I ~
PWM1 -
Clock2 I I N
PWM2 X
Clock3 —| -| o
PWM3 _

\_\__A VW i ~ AL AL o
Vcrs2 Vers3 Vecersi

\j

FIGURE 6. R3™ MODULATOR OPERATION
PRINCIPLES IN STEADY STATE

Vcrm
NClock | | | O I | I
Clock1 I I 1,
PWM1
Clock2 I ] 1 -
PWM2 .
Clock3 I I .
PWM3 i _ _ N
S vyv_ A4 -_,\é__,\
: \a\Qgggﬁ
S
Vcers1
Vcrs3
Vcrs2

\

FIGURE 7. R3™ MODULATOROPERATION
PRINCIPLES IN LOAD INSERTION
RESPONSE
The ISL62883C is a multiphase regulators implementing
Intel™ IMVP-6.5™ protocol. It can be programmed for
1-, 2- or 3-phase operation. It uses Intersil patented
R3™ (Robust Ripple Regulator™) modulator. The R3™
modulator combines the best features of fixed
frequency PWM and hysteretic PWM while eliminating
many of their shortcomings. Figure 5 conceptually
shows the ISL62883C multiphase R3™ modulator
circuit, and Figure 6 shows the operation principles.

A current source flows from the VW pin to the COMP
pin, creating a voltage window set by the resistor
between the two pins. This voltage window is called
VW window in the following discussion.

Inside the IC, the modulator uses the master clock
circuit to generate the clocks for the slave circuits. The
modulator discharges the ripple capacitor C.yy with a
current source equal to gmVe, Where g, is a gain
factor. Cymy voltage Verm is @ sawtooth waveform
traversing between the VW and COMP voltages. It
resets to VW when it hits COMP, and generates a
one-shot master clock signal. A phase sequencer
distributes the master clock signal to the slave circuits.
If the ISL62883C is in 3-phase mode, the master clock
signal will be distributed to the three phases, and the
Clock1~3 signals will be 120° out-of-phase. If the
ISL62883C is in 2-phase mode, the master clock signal
will be distributed to Phases 1 and 2, and the Clock1l
and Clock2 signals will be 180° out-of-phase. If the
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ISL62883C is in 1-phase mode, the master clock signal
will be distributed to Phases 1 only and be the Clock1
signal.

Each slave circuit has its own ripple capacitor Cg,
whose voltage mimics the inductor ripple current. A gm
amplifier converts the inductor voltage into a current
source to charge and discharge Cs. The slave circuit
turns on its PWM pulse upon receiving the clock signal,
and the current source charges Crs. When C,g voltage
Vcrs hits VW, the slave circuit turns off the PWM pulse,
and the current source discharges Cys.

Since the ISL62883C works with Vs, which are
large-amplitude and noise-free synthesized signals,
the ISL62883C achieves lower phase jitter than
conventional hysteretic mode and fixed PWM mode
controllers. Unlike conventional hysteretic mode
converters, the ISL62883C has an error amplifier that
allows the controller to maintain a 0.5% output voltage
accuracy.

Figure 7 shows the operation principles during load
insertion response. The COMP voltage rises during load
insertion, generating the master clock signal more
quickly, so the PWM pulses turn on earlier, increasing
the effective switching frequency, which allows for
higher control loop bandwidth than conventional fixed
frequency PWM controllers. The VW voltage rises as
the COMP voltage rises, making the PWM pulses wider.
During load release response, the COMP voltage falls.
It takes the master clock circuit longer to generate the
next master clock signal so the PWM pulse is held off
until needed. The VW voltage falls as the VW voltage
falls, reducing the current PWM pulse width. This kind
of behavior gives the ISL62883C excellent response
speed.

The fact that all the phases share the same VW
window voltage also ensures excellent dynamic current
balance among phases.

Diode Emulation and Period Stretching
A

Phase

\

UGATE

\

LGATE

[

\

FIGURE 8. DIODE EMULATION

ISL62883C can operate in diode emulation (DE) mode
to improve light load efficiency. In DE mode, the low-
side MOSFET conducts when the current is flowing from
source to drain and doesn’t not allow reverse current,
emulating a diode. As Figure 8 shows, when LGATE is
on, the low-side MOSFET carries current, creating
negative voltage on the phase node due to the voltage
drop across the ON-resistance. The ISL62883C
monitors the current through monitoring the phase
node voltage. It turns off LGATE when the phase node
voltage reaches zero to prevent the inductor current
from reversing the direction and creating unnecessary
power loss.

If the load current is light enough, as Figure 8 shows,
the inductor current will reach and stay at zero before
the next phase node pulse, and the regulator is in
discontinuous conduction mode (DCM). If the load
current is heavy enough, the inductor current will
never reach 0A, and the regulator is in CCM although
the controller is in DE mode.

Figure 9 shows the operation principle in diode
emulation mode at light load. The load gets
incrementally lighter in the three cases from top to
bottom. The PWM on-time is determined by the VW
window size, therefore is the same, making the inductor
current triangle the same in the three cases. The
ISL62883C clamps the ripple capacitor voltage Vs in
DE mode to make it mimic the inductor current. It takes
the COMP voltage longer to hit Vg, naturally stretching
the switching period. The inductor current triangles
move further apart from each other such that the
inductor current average value is equal to the load
current. The reduced switching frequency helps increase
light load efficiency.

A CCM/DCM BOUNDARY

Vers W

\

\

\J

\J

\

FIGURE 9. PERIOD STRETCHING
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Start-up Timing

With the controller's Vpp voltage above the POR
threshold, the start-up sequence begins when VR_ON
exceeds the 1.1V logic high threshold. Figure 10 shows
the typical start-up timing when the ISL62883C is
configured for CPU VR application. The ISL62883C uses
digital soft-start to ramp-up DAC to the boot voltage of
1.1V at about 2.5mV/us. Once the output voltage is
within 10% of the boot voltage for 13 PWM cycles
(43us for frequency = 300kHz), CLK_EN# is pulled low
and DAC slews at 5mV/ps to the voltage set by the VID

Voltage Regulation and Load Line
Implementation

After the start sequence, the ISL62883C regulates the
output voltage to the value set by the VID inputs per
Table 1. The ISL62883C will control the no-load output
voltage to an accuracy of £0.5% over the range of
0.75V to 1.5V. A differential amplifier allows voltage
sensing for precise voltage regulation at the
microprocessor die.

TABLE 1. VID TABLE

pins. PGOOD is asserted high in approximately 7ms. Vo
Similar results occur if VR_ON is tied to Vpp, with the VID6 | VID5 | VID4 | VID3 | VID2 | VID1 | VIDO | (V)
soft-start sequence starting 120ps after Vpp crosses the o ) o o o o o 15000
POR threshold.
. . L 0 0 0 0 0 0 1 1.4875
Figure 11 shows the typical start-up timing when the
ISL62883C is configured for GPU VR application. The 0 0 0 0 0 1 0 ]1.4750
ISL62883C uses digital soft start to ramp up DAC to the 0 0 0 0 0 1 1 1.4625
voltage set by the VID pins. The slew rate is 5mV/us
0 0 0 0 1 0 0 1.4500
when there is DPRSLPVR = 0, and is doubled when there
is DPRSLPVR = 1. Once the output voltage is within 10% 0 0 0 0 1 0 1 ]1.4375
of the target voltage for 13 PWM cycles (43ps for 0 0 0 0 1 1 0 1.4250
frequency = 3_00kHz), _CLK_EN# is puI_Iec.jl low. PGOOD is 0 0 0 0 1 1 1 1.4125
asserted high in approximately 7ms. Similar results occur
if VR_ON is tied to Vpp, with the soft-start sequence 0 0 0 1 0 0 0 |1.4000
starting 120ps after Vpp crosses the POR threshold. 0 0 0 1 0 0 1 1.3875
VDD 0 0 0 1 0 1 0 1.3750
VR_ON 5mVis 0 0 0 1 0 1 1 ]1.3625
2.5mViys 0 0 0 1 1 0 0 |1.3500
< | 90y Vhoot COMMAND
800us i VOLTAGE 0 0 0 1 1 0 1 1.3375
DAC -~ 0 0 0 1 1 1 0 |[1.3250
13 SWITCHING
CYCLES 0 0 0 1 1 1 1 1.3125
CLK_EN# —_— 0 0 1 0 0 0 0 |1.3000
M
PGOOD 0 0 1 0 0 0 1 1.2875
FIGURE 10. SOFT-START WAVEFORMS FOR CPU VR
APPLICATION 0 0 1 0 0 1 0 1.2750
0 0 1 0 0 1 1 1.2625
0 0 1 0 1 0 0 1.2500
VDD 0 0 1 0 1 0 1 1.2375
VR_ON | sLew 0 0 1 0 1 1 0 |1.2250
RATE VID COMMAND
< o | 50%,_VOLTAGE 0 0 1 0 1 1 1 1.2125
120psf | 0 0 1 1 0 0 0 |1.2000
DAC <—>
73 SWITCHING 0 0 1 1 0 0 1 1.1875
CYCLES 0 0 1 1 0 1 0 |1.1750
CLK_EN# 0 0 1 1 0 1 1 |1.1625
M
PGOOD 0 0 1 1 1 0 0 1.1500
FIGURE 11. SOFT-START WAVEFORMS FOR GPU VR
APPLICATION 0 0 1 1 1 0 1 1.1375
0 0 1 1 1 1 0 1.1250
0 0 1 1 1 1 1 1.1125
FN7557.1
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TABLE 1. VID TABLE (Continued)

TABLE 1. VID TABLE (Continued)

VID6 | VID5 | VID4 | VID3 | VID2 | VID1 | VIDO (V\;)) VID6 | VID5 | VID4 | VID3 | VID2 | VID1 | VIDO EIVO)
0 1 0 0 0 0 1.1000 1 0 0 0 1 1 1 0.6125
0 0 0 0 0 1 1.0875 1 0 0 1 0 0 0 0.6000
0 1 0 0 0 1 0 1.0750 1 0 0 1 0 0 1 0.5875
0 1 0 0 0 1 1 1.0625 1 0 0 1 0 1 0 0.5750
0 1 0 0 1 0 0 1.0500 1 0 0 1 0 1 1 0.5625
0 1 0 0 1 0 1 1.0375 1 0 0 1 1 0 0 0.5500
0 1 0 0 1 1 0 1.0250 1 0 0 1 1 0 1 0.5375
0 1 0 0 1 1 1 1.0125 1 0 0 1 1 1 0 0.5250
0 1 0 1 0 0 0 1.0000 1 0 0 1 1 1 1 0.5125
0 1 0 1 0 0 1 0.9875 1 0 1 0 0 0 0 0.5000
0 1 0 1 0 1 0 0.9750 1 0 1 0 0 0 1 0.4875
0 1 0 1 0 1 1 0.9625 1 0 1 0 0 1 0 0.4750
0 1 0 1 1 0 0 0.9500 1 0 1 0 0 1 1 0.4625
0 1 0 1 1 0 1 0.9375 1 0 1 0 1 0 0 0.4500
0 1 0 1 1 1 0 0.9250 1 0 1 0 1 0 1 0.4375
0 1 0 1 1 1 1 0.9125 1 0 1 0 1 1 0 0.4250
0 1 1 0 0 0 0 0.9000 1 0 1 0 1 1 1 0.4125
0 1 1 0 0 0 1 0.8875 1 0 1 1 0 0 0 0.4000
0 1 1 0 0 1 0 0.8750 1 0 1 1 0 0 1 0.3875
0 1 1 0 0 1 1 0.8625 1 0 1 1 0 1 0 0.3750
0 1 1 0 1 0 0 0.8500 1 0 1 1 0 1 1 0.3625
0 1 1 0 1 0 1 0.8375 1 0 1 1 1 0 0 0.3500
0 1 1 0 1 1 0 0.8250 1 0 1 1 1 0 1 0.3375
0 1 1 0 1 1 1 0.8125 1 0 1 1 1 1 0 0.3250
0 1 1 1 0 0 0 0.8000 1 0 1 1 1 1 1 0.3125
0 1 1 1 0 0 1 0.7875 1 1 0 0 0 0 0 0.3000
0 1 1 1 0 1 0 0.7750 1 1 0 0 0 0 1 0.2875
0 1 1 1 0 1 1 0.7625 1 1 0 0 0 1 0 0.2750
0 1 1 1 1 0 0 0.7500 1 1 0 0 0 1 1 0.2625
0 1 1 1 1 0 1 0.7375 1 1 0 0 1 0 0 0.2500
0 1 1 1 1 1 0 0.7250 1 1 0 0 1 0 1 0.2375
0 1 1 1 1 1 1 0.7125 1 1 0 0 1 1 0 0.2250
1 0 0 0 0 0 0 0.7000 1 1 0 0 1 1 1 0.2125
1 0 0 0 0 0 1 0.6875 1 1 0 1 0 0 0 0.2000
1 0 0 0 0 1 0 0.6750 1 1 0 1 0 0 1 0.1875
1 0 0 0 0 1 1 0.6625 1 1 0 1 0 1 0 0.1750
1 0 0 0 1 0 0 0.6500 1 1 0 1 0 1 1 0.1625
1 0 0 0 1 0 1 0.6375 1 1 0 1 1 0 0 0.1500
1 0 0 0 1 1 0 0.6250 1 1 0 1 1 0 1 0.1375
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TABLE 1. VID TABLE (Continued)

VID6 | VID5 | VID4 | VID3 | VID2 | VID1 | VIDO (v\?)
1 1 1 1 1 0 |o0.1250
1 1 0 1 1 1 1 |0.1125
1 1 1 0 0 0 0 | 0.1000
1 1 1 0 0 0 1 |0.0875
1 1 1 0 0 1 0 | 0.0750
1 1 1 0 0 1 1 |0.0625
1 1 1 0 1 0 0 | 0.0500
1 1 1 0 1 0 1 |0.0375
1 1 1 0 1 1 0 | 0.0250
1 1 1 0 1 1 1 |0.0125
1 1 1 1 0 0 0 | 0.0000
1 1 1 1 0 0 1 |0.0000
1 1 1 1 0 1 0 | 0.0000
1 1 1 1 0 1 1 |0.0000
1 1 1 1 1 0 0 | 0.0000
1 1 1 1 1 0 1 |0.0000
1 1 1 1 1 1 0 0.0000
1 1 1 1 1 1 1 |0.0000

Il AN—|
Rdroop
—A—| +\mp_ ! VCCsense
mmmmmmmes i | LéX\T,(\:L VRLOCAL
i ldroop | RESISTOR
[ ]

COMP VID<0:6>

VSSsense
INTERNAL

ToIC AN
“CATCH”
RESISTOR
FIGURE 12. DIFFERENTIAL SENSING AND LOAD LINE
IMPLEMENTATION

As the load current increases from zero, the output
voltage will droop from the VID table value by an amount
proportional to the load current to achieve the load line.
The ISL62883C can sense the inductor current through
the intrinsic DC Resistance (DCR) of the inductors as
shown in Figure 1 on page 10 or through resistors in
series with the inductors as shown in Figure 2 on

page 11. In both methods, capacitor C, voltage
represents the inductor total currents. A droop amplifier
converts Cy, voltage into an internal current source with
the gain set by resistor R;. The current source is used for

load line implementation, current monitor and
overcurrent protection.

Figure 12 shows the load line implementation. The
ISL62883C drives a current source Igrgop OUt Of the FB
pin, described by Equation 1.

_ 2Ven (EQ. 1)

Idroop R;
When using inductor DCR current sensing, a single NTC
element is used to compensate the positive temperature
coefficient of the copper winding thus sustaining the load
line accuracy with reduced cost.

I4roop flows through resistor Rgroop and creates a
voltage drop as shown in Equation 2.

\ R |

droop = droop>< droop (EQ. 2)

Vdroop is the droop voltage required to implement load
line. Char_lglng Rdroop or scaling Igrgop can both change
the load line slope. Since Igroop also sets the overcurrent
protection level, it is recommended to first scale Igroop
based on OCP requirement, then select an appropriate
Rdroop Value to obtain the desired load line slope.

Differential Sensing

Figure 12 also shows the differential voltage sensing
scheme. VCCggnse and VSSgensE are the remote
voltage sensing signals from the processor die. A unity
gain differential amplifier senses the VSSggnsg voltage
and add it to the DAC output. The error amplifier
regulates the inverting and the non-inverting input
voltages to be equal as shown in Equation 3:

VCCsensE * Vgroop = VDAC+ VSSsense (EQ. 3)

Rewriting Equation 3 and substitution of Equation 2 gives

VCCsense ~VSSsense = Vpac ~Rdroop * ldroop (EQ. 4)

Equation 4 is the exact equation required for load line
implementation.

The VCCggnse and VSSgensg signals come from the
processor die. The feedback will be open circuit in the
absence of the processor. As Figure 12 shows, it is
recommended to add a “catch” resistor to feed the VR
local output voltage back to the compensator, and add
another “catch” resistor to connect the VR local output
ground to the RTN pin. These resistors, typically
100Q~1009, will provide voltage feedback if the system is
powered up without a processor installed.
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Phase Current Balancing

_________

ISEN3
INTERNAL Vo
TOIC
ISEN2 $
Phase1
Rs | T/
ISEN1 L1
————————— TCs

FIGURE 13. CURRENT BALANCING CIRCUIT

The ISL62883C monitors individual phase average
current by monitoring the ISEN1, ISEN2, and ISEN3
voltages. Figure 13 shows the current balancing circuit
recommended for ISL62883C. Each phase node
voltage is averaged by a low-pass filter consisting of Rg
and Cg, and presented to the corresponding ISEN pin.
Rg should be routed to inductor phase-node pad in
order to eliminate the effect of phase node parasitic
PCB DCR. Equations 5 thru 7 give the ISEN pin
voltages:

Visent = (Rgert ¥ Rpep1) < 1L (EQ. 5)
Visenz = (Rgera * Rpep2) * 112 (EQ. 6)
(EQ.7)

Visens = (Rgerz * Rpeps) x 13

where Rqcr1, Rder2 and Ryer3 are inductor DCR; Rpep1,
Rpcb2 and Rpcp3 are parasitic PCB DCR between the
inductor output side pad and the output voltage rail;
and I 1, I o> and I 3 are inductor average currents.

The ISL62883C will adjust the phase pulse-width

WA
Rs
TOIC vap | | | 1-aAo<RACr2, Rpeb2 | Vo
Phase2 A AA | T
e
ISEN2 [H- «5\?\,—] L2 y2n ;

<
—
%]

Phas

i

uf

________ ns
s

i

FIGURE 14. DIFFERENTIAL-SENSING CURRENT
BALANCING CIRCUIT

Sometimes, it is difficult to implement symmetrical
layout. For the circuit shown in Figure 13, asymmetric
layout causes different Rpch1, Rpeb2 and Rpep3 thus
current imbalance. Figure 14 shows a
differential-sensing current balancing circuit
recommended for ISL62883C. The current sensing
traces should be routed to the inductor pads so they
only pick up the inductor DCR voltage. Each ISEN pin
sees the average voltage of three sources: its own
phase inductor phase-node pad, and the other two
phases inductor output side pads. Equations 8 thru 10
give the ISEN pin voltages:

Visent = Vip*Vaon V3, (EQ. 8)
Visenz = VintVop t V3, (EQ. 9)
Visens = Vin*tVon V3, (EQ. 10)

The ISL62883C will make Visen1 = Visen2 = VISEN3
as shown in Equations 11 and 12:

relative to the other phases to make Vip*Van+Vay = Vyp+ Vo, + V3, (EQ. 11)
JISEN1 = VISEN2 = VISEN3, fhus fo achieve Vin+Vap*Van = Vin* Van + Vg Q. 12)
IL1 = I 2 = I 3, when there are Rqcr1 = Rdcr2 = Rdcr3
and Rpeb1 = Rpeb2 = Rpeb3. Rewriting Equation 11 gives Equation 13:
Using same components for L1, L2 and L3 will provide Vip=Vin = Vap~Van (EQ. 13)
a good match of Rqcri, Rder2 and Rycrs. Board layout and rewriting Equation 12 gives Equation 14:
will determine Rpch1, Rpeb2 and_RpCb3. Itis Vap~Van = Vap-Va, (EQ. 1)
recommended to have symmetrical layout for the
power delivery path between each inductor and the Combining Equations 13 and 14 gives:
output voltage rail, such that Rpech1 = Rpeb2 = Rpeb3- Vip=Vin = Vop—Von = V3,- V3, (EQ. 15)
Therefore:
Racr1 %L1 = Ryera 12 = Ryera %13 (EQ. 16)
FN7557.1
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Current balancing (I 1 = I = I 3) will be achieved
when there is Rgcr1 = Rder2 = Rder3: Rpeb1s Rpeb2 and
Rpcb3 Will not have any effect.

Since the slave ripple capacitor voltages mimic the
inductor currents, R3™ modulator can naturally achieve
excellent current balancing during steady state and
dynamic operations. Figure 15 shows current balancing
performance of the ISL62883C evaluation board with load
transient of 12A/51A at different rep rates. The inductor
currents follow the load current dynamic change with the
output capacitors supplying the difference. The inductor
currents can track the load current well at low rep rate,
but cannot keep up when the rep rate gets into the
hundred-kHz range, where it's out of the control loop
bandwidth. The controller achieves excellent current
balancing in all cases installed.

CCM Switcing Frequency

The Rgget resistor between the COMP and the VW pins
sets the sets the VW windows size, therefore sets the
switching frequency. When the ISL62883C is in
continuous conduction mode (CCM), the switching
frequency is not absolutely constant due to the nature of
the R3™ modulator. As explained in the Multiphase R3™
Modulator section, the effective switching frequency will
increase during load insertion and will decrease during
load release to achieve fast response. On the other hand,
the switching frequency is relatively constant at steady
state. Variation is expected when the power stage
condition, such as input voltage, output voltage, load,
etc. changes. The variation is usually less than 15% and
doesn’t have any significant effect on output voltage
ripple magnitude. Equation 17 gives an estimate of the
frequency-setting resistor Rfget value. 8kQ Reget gives
approximately 300kHz switching frequency. Lower
resistance gives higher switching frequency.

Riset(KQ) = (Period(us)-0.29) x 2.65 (EQ.17)
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FIGURE 15. ISL62883 EVALUATION BOARD CURRENT
BALANCING DURING DYNAMIC
OPERATION. CH1: IL1, CH2: I; oap, CH3:
IL2, CH4: IL3
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Modes of Operation
TABLE 2. ISL62883C CONFIGURATIONS

OVERSHOOT
RBias REDUCTION
PWM3 | ISEN2 CLK_EN#| (k) |[CONFIG.| FUNCTION
To To External 147 |3-phase Disabled
E);it\i;:al zczgvgeer pull-up 47 CPU VR Enabled
Tied to 147 |3-phase Disabled
?I;c')\la[zir?g 47 GPU VR Enabled
Tied to External 147 |2-phase Disabled
5V pull-up 47 CPU VR Enabled
Tied to 147 |2-phase Disabled
ﬁc’ja'iigg 47 [CPUVR T Enabled
Tied to |x 147 |1-phase See Table 4
5V CPU
47 |1-phase
GPU
TABLE 3. ISL62883C MODES OF OPERATION
OPERATIONAL| SLEW
CONFIG. |PSI# DPRSLPVR MODE RATE
3-phase CPU 0 0 2-phase CCM 5mV/us
Config. 1 0 3-phase CCM
0 1 1-phase DE
1 1 1-phase DE
3-phaseGPU| O 0 2-phase CCM
Config. 1 0 3-phase CCM
0 1 1-phase DE 10mV/us
1 1 1-phase DE
2-phase CPU 0 0 1-phase CCM 5mV/ps
Config. 1 0 2-phase CCM
0 1 1-phase DE
1 1 1-phase DE
2-phase GPU 0 0 1-phase CCM
Config. 1 0 2-phase CCM
0 1 1-phase DE 10mV/us
1 1 1-phase DE
1-phase CPU X 0 1-phase CCM 5mV/us
Config. 1 1-phase DE
1-phase GPU X 0 1-phase CCM
Config. 1 1-phase DE 10mV/us

The ISL62883C can be configured for 3, 2 or 1-phase

operation.

For 2-phase configuration, tie the PWM3 pin to 5V. In this
configuration, phases 1 and 2 are active. For 1-phase
configuration, tie the ISEN2 pin to 5V. In this
configuration, only phase-1 is active.

Table 2 shows the ISL62883C configurations,
programmed by the PWM3 pin, the ISEN2 pin, the
CLK_EN# pin status and the Rgrag value.

When the ISL62883C is in 3- or 2-phase configuration,
external pull-up on the CLK_EN# pin puts the ISL62883C
in CPU VR configuration; Tying the CLK_EN# pin to GND
or leaving it floating puts the ISL62883C in GPU VR
configuration. In 3- or 2-phase configuration,

Rpias = 147kQ disables the overshoot reduction function
and Rpias = 47kQ enables it.

If the PWM3 pin and the ISEN2 pin are both tied to 5V,
the ISL62883C is in 1-phase configuration. The CLK_EN#
pin status has no effect. Rgiag = 147kQ puts the
ISL62883C in CPU VR configuration and Rgias = 47kQ
puts the ISL62883C in GPU configuration. In 1-phase
configuration, the enabling and disabling of the
overshoot reduction function are programmed by the
resistance from COMP to GND, as Table 4 shows.

Table 3 shows the ISL62883C operational modes,
programmed by the logic status of the PSI# and the
DPRSLPVR pins.

In 3-phase configuration, the ISL62883C enters 2-phase
CCM for (PSI# = 0 and DPRSLPVR = 0). It drops phase 3
and operates phases 1 and 2 180° out-of-phase. It also
reduces the overcurrent and the way-overcurrent
protection levels to 2/3 of the initial values. The
ISL62883C enters 1-phase DE mode for DPRSLPVR = 1
by dropping phase 2 and reduces the overcurrent and
the way-overcurrent protection levels to 1/3 of the initial
values.

In 2-phase configuration, the ISL62883C enters 1-phase
CCM for (PSI# = 0 and DPRSLPVR = 0). It drops phase 2
and reduces the overcurrent and the way-overcurrent
protection levels to 1/2 of the initial values. The
ISL62883C enters 1-phase DE mode for DPRSLPVR = 1
by dropping phase 2 and reduces the overcurrent and
the way-overcurrent protection levels to 1/3 of the initial
values.

In 1-phase configuration, the ISL62883C does not
change the operational mode when the PSI# signal
changes status. It enters 1-phase DE mode when
DLPRSLPVR = 1.

Dynamic Operation

When the ISL62883C is configured for CPU VR
application, it responds to VID changes by slewing to the
new voltage at 5mV/pus slew rate. As the output
approaches the VID command voltage, the dv/dt
moderates to prevent overshoot. Geyserville-III
transitions commands one LSB VID step (12.5mV) every
2.5us, controlling the effective dv/dt at 5mv/us. The
ISL62883C is capable of 5mV/us slew rate.

When the ISL62883C is configured for GPU VR
application, it responds to VID changes by slewing to the
new voltage at a slew rate set by the logic status on the
DPRSLPVR pin. The slew rate is 5mV/us when
DPRSLPVR=0 and is doubled when DPRSLPVR = 1.
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When the ISL62883C is in DE mode, it will actively drive
the output voltage up when the VID changes to a higher
value. The DE mode operation will resume after reaching
the new voltage level. If the load is light enough to
warrant DCM, it will enter DCM after the inductor current
has crossed zero for four consecutive cycles. The
I1SL62883C will remain in DE mode when the VID
changes to a lower value. The output voltage will decay
to the new value and the load will determine the slew
rate. Overvoltage protection is blanked during VID down
transition in DE mode until the output voltage is within
60mV of the VID value.

During load insertion response, the Fast Clock function
increases the PWM pulse response speed. The
I1SL62883C monitors the VSEN pin voltage and compares
it to 100ns-filtered version. When the unfiltered version
is 20mV below the filtered version, the controller knows
there is a fast voltage dip due to load insertion, hence
issues an additional master clock signal to deliver a PWM
pulse immediately.

The R3™ modulator intrinsically has voltage
feed-forward. The output voltage is insensitive to a fast
slew rate input voltage change.

Protections

The ISL62883C provides overcurrent, current-balance,
undervoltage, overvoltage, and over-temperature
protections.

The ISL62883C determines overcurrent protection
(OCP) by comparing the average value of the droop
current Igroop With an internal current source threshold.
It declares OCP when Igroqp is above the threshold for
120ps. A resistor Reomp from the COMP pin to GND
programs the OCP current source threshold, as well as
the overshoot reduction function in 1-phase
configuration, as Table 4 shows. It is recommended to
use the nominal Reomp value. The 1SL62883C detects
the Rcomp Value at the beginning of start-up, and sets
the internal OCP threshold accordingly. It remembers
the Reomp value until the VR_ON signal drops below the
POR threshold.

TABLE 4. 1SL62883C Rcomp PROGRAMMABILITY

3-PHASE 2-PHASE
Rcomp CONFIG. |[CONFIG.| 1-PHASECONFIG.
OVERSHOOT

MIN NOM|MAX OCP THRESHOLD REDUCTION
(kQ) | (kQ) | (k) (HA) FUNCTION

none|none 60 40 60 Disabled
320 | 400 | 480 68 45.3 68
210 | 235 | 260 62 41.3 62
155 | 165 | 175 54 36 54
104 | 120 | 136 56 37.33 60 Enabled
78 | 85 | 92 58 38.7 68
62 | 66 | 70 64 42.7 62
45 | 50 | 55 66 44 54

The default OCP threshold is the value when Reomp is not
populated. It is recommended to scale the droop current
Idroop such that the default OCP threshold gives
approximately the desired OCP level, then use Reomp to
fine tune the OCP level if necessary.

For overcurrent conditions above 2.5x the OCP level, the
PWM outputs will immediately shut off and PGOOD will
go low to maximize protection. This protection is also
referred to as way-overcurrent protection or
fast-overcurrent protection, for short-circuit protections.

The ISL62883C monitors the ISEN pin voltages to
determine current-balance protection. If the ISEN pin
voltage difference is greater than 9mV for 1ms, the
controller will declare a fault and latch off.

The ISL62883C will declare undervoltage (UV) fault and
latch off if the output voltage is less than the VID set
value by 300mV or more for 1ms. It'll turn off the PWM
outputs and de-assert PGOOD.

The ISL62883C has two levels of overvoltage
protections. The first level of overvoltage protection is
referred to as PGOOD overvoltage protection. If the
output voltage exceeds the VID set value by +200mV for
1ms, the ISL62883C will declare a fault and de-assert
PGOOD.

The ISL62883C takes the same actions for all of the
above fault protections: de-assertion of PGOOD and
turn-off of the high-side and low-side power MOSFETs.
Any residual inductor current will decay through the
MOSFET body diodes. These fault conditions can be reset
by bringing VR_ON low or by bringing Vpp below the
POR threshold. When VR_ON and Vpp return to their
high operating levels, a soft-start will occur.

The second level of overvoltage protection is different.
If the output voltage exceeds 1.55V, the ISL62883C will
immediately declare an OV fault, de-assert PGOOD, and
turn on the low-side power MOSFETs. The low-side
power MOSFETs remain on until the output voltage is
pulled down below 0.85V when all power MOSFETs are
turned off. If the output voltage rises above 1.55V
again, the protection process is repeated. This behavior
provides the maximum amount of protection against
shorted high-side power MOSFETs while preventing
output ringing below ground. Resetting VR_ON cannot
clear the 1.55V OVP. Only resetting Vpp will clear it. The
1.55V OVP is active all the time when the controller is
enabled, even if one of the other faults have been
declared. This ensures that the processor is protected
against high-side power MOSFET leakage while the
MOSFETs are commanded off.

The ISL62883C has a thermal throttling feature. If the
voltage on the NTC pin goes below the 1.18V OT
threshold, the VR_TT# pin is pulled low indicating the
need for thermal throttling to the system. No other
action is taken within the ISL62883C in response to NTC
pin voltage.

Table 5 summarizes the fault protections.
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TABLE 5. FAULT PROTECTION SUMMARY

FAULT
DURATION
BEFORE PROTECTION| FAULT
FAULT TYPE PROTECTION ACTION RESET
Overcurrent 120us PWM tri-state, [VR_ON
_ PGOOD toggle or
Way-Overcurrent <2us latched low VDD
(2.5x0C)
toggle
Overvoltage 1ms
+200mV
Undervoltage -
300mV
Phase Current
Unbalance
Overvoltage 1.55V | Immediately |Low-side VDD
MOSFET on toggle
until veore
<0.85V, then
PWM tri-state,
PGOOD
latched low.
Over-Temperature ims N/A

Current Monitor

The ISL62883C provides the current monitor function.
The IMON pin outputs a high-speed analog current
source that is 3 times of the droop current flowing out of
the FB pin. Thus Equation 18:

IIMON = 3x Idroop (EQ. 18)
As Figures 1 and 2 show, a resistor Rjmon is connected to
the IMON pin to convert the IMON pin current to voltage.
A capacitor can be paralleled with Rjmon to filter the
voltage information. The IMVP-6.5™ specification
requires that the IMON voltage information be referenced
to VSSgeNSE.

The IMON pin voltage range is OV to 1.1V. A clamp circuit
prevents the IMON pin voltage from going above 1.1V.

FB2 Function

The FB2 function is only available when the ISL62883C is
in 2-phase configuration.

CONTROLLERIN ¢ R CONTROLLERIN )
2-PHASE MODE —||:'3V\/\f— 1-PHASE MODE —||—'C3W\f—
1 Y
Tl Tl
1 1
C2 g3 |FB2 C3 C2 g3 |mB2 C32
R1 ‘ R1 ;
- “E"LWP
FB
cowp 0 cowp
VREF

FIGURE 16. FB2 FUNCTION

Figure 16 shows the FB2 function. A switch (called FB2
switch) turns on to short the FB and the FB2 pins when
the controller is in 2-phase mode. Capacitors C3.1 and
C3.2 are in parallel, serving as part of the compensator.
When the controller enters 1-phase mode, the FB2
switch turns off, removing C3.2 and leaving only C3.1 in

the compensator. The compensator gain will increase
with the removal of C3.2. By properly sizing C3.1 and
C3.2, the compensator cab be optimal for both 2-phase
mode and 1-phase mode.

When the FB2 switch is off, C3.2 is disconnected from the
FB pin. However, the controller still actively drives the
FB2 pin voltage to follow the FB pin voltage such that
C3.2 voltage always follows C3.1 voltage. When the
controller turns on the FB2 switch, C3.2 will be
reconnected to the compensator smoothly.

The FB2 function ensures excellent transient response in
both 2-phase mode and 1-phase mode. If one decides
not to use the FB2 function, simply populate C3.1 only.

Adaptive Body Diode Conduction Time
Reduction

In DCM, the controller turns off the low-side MOSFET
when the inductor current approaches zero. During on-
time of the low-side MOSFET, phase voltage is negative
and the amount is the MOSFET rpg(on) voltage drop,
which is proportional to the inductor current. A phase
comparator inside the controller monitors the phase
voltage during on-time of the low-side MOSFET and
compares it with a threshold to determine the
zero-crossing point of the inductor current. If the
inductor current has not reached zero when the low-side
MOSFET turns off, it'll flow through the low-side MOSFET
body diode, causing the phase node to have a larger
voltage drop until it decays to zero. If the inductor
current has crossed zero and reversed the direction when
the low-side MOSFET turns off, it'll flow through the high-
side MOSFET body diode, causing the phase node to
have a spike until it decays to zero. The controller
continues monitoring the phase voltage after turning off
the low-side MOSFET and adjusts the phase comparator
threshold voltage accordingly in iterative steps such that
the low-side MOSFET body diode conducts for
approximately 40ns to minimize the body diode-related
loss.

Overshoot Reduction Function

The ISL62883C has an optional overshoot reduction
function. Tables 2 and 4 show how to enable and disable
it.

When a load release occurs, the energy stored in the
inductors will dump to the output capacitor, causing
output voltage overshoot. The inductor current
freewheels through the low-side MOSFET during this
period of time. The overshoot reduction function turns off
the low-side MOSFET during the output voltage
overshoot, forcing the inductor current to freewheel
through the low-side MOSFET body diode. Since the body
diode voltage drop is much higher than MOSFET rps(on)
voltage drop, more energy is dissipated on the low-side
MOSFET therefore the output voltage overshoot is lower.

If the overshoot reduction function is enabled, the
ISL62883C monitors the COMP pin voltage to determine
the output voltage overshoot condition. The COMP
voltage will fall and hit the clamp voltage when the
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output voltage overshoots. The ISL62883C will turn off
LGATE1 and LGATE2 when COMP is being clamped. All
the low-side MOSFETs in the power stage will be turned
off. When the output voltage has reached its peak and
starts to come down, the COMP voltage starts to rise and
is no longer clamped. The 1SL62883C will resume normal
PWM operation.

When PSI# is low, indicating a low power state of the
CPU, the controller will disable the overshoot reduction
function as large magnitude transient event is not
expected and overshoot is not a concern.

While the overshoot reduction function reduces the
output voltage overshoot, energy is dissipated on the
low-side MOSFET, causing additional power loss. The
more frequent transient event, the more power loss
dissipated on the low-side MOSFET. The MOSFET may
face severe thermal stress when transient events
happen at a high repetitive rate. User discretion is
advised when this function is enabled.

Key Component Selection

RB1As

The ISL62883C uses a resistor (1% or better tolerance
is recommended) from the RBIAS pin to GND to
establish highly accurate reference current sources
inside the IC. Refer to Table 2 to select the resistance
according to desired configuration. Do not connect any
other components to this pin. Do not connect any
capacitor to the RBIAS pin as it will create instability.

Care should be taken in layout that the resistor is placed
very close to the RBIAS pin and that a good quality signal
ground is connected to the opposite side of the Rgias
resistor.

Inductor DCR Current-Sensing Network

Phase1 Phase2 Phase3

(o] o
T Rsum
Rsum
Rsum ISUM+
AWV ]
L L L Rntcs +
Rp g ——CnVcn
DCRS DCRS DCR Rntc -
Ro Ri ISUM-
AV MWA—]
Ro
Ro

lo

FIGURE 17. DCR CURRENT-SENSING NETWORK

Figure 17 shows shows the inductor DCR current-
sensing network for a 3-phase solution. An inductor
current flows through the DCR and creates a voltage
drop. Each inductor has two resistors in Rgym and Rq
connected to the pads to accurately sense the inductor
current by sensing the DCR voltage drop. The Rgym and
Ro resistors are connected in a summing network as
shown, and feed the total current information to the
NTC network (consisting of Rntcs, Rptc @and Rp) and
capacitor Cn. Rptc is @ negative temperature coefficient
(NTC) thermistor, used to temperature-compensate the
inductor DCR change.

The inductor output side pads are electrically shorted in
the schematic, but have some parasitic impedance in
actual board layout, which is why one cannot simply
short them together for the current-sensing summing
network. It is recommended to use 1W~10W R, to
create quality signals. Since R, value is much smaller
than the rest of the current sensing circuit, the following
analysis will ignore it for simplicity.

The summed inductor current information is presented
to the capacitor Cp. Equations 19 thru 23 describe the
frequency-domain relationship between inductor total
current I(s) and C, voltage Vcn(s):

R
tcnet DCR
Ven(s) = | —F2—x =55 | x15(8) xAcg(5)  (EQ. 19)
sum
Ritenet ™ N
R _ Rotes Rt xRy (EQ. 20)
ntenet Rites ¥ Rnte Rp ’
1+
_ “L
Ags(s) = s (EQ.21)
(DSnS
DCR
o == (EQ. 22)
_ 1
Osns = Rsum (EQ. 23)
Ratenet * N
R, Cn
R + sum
ntcnet N

where N is the humber of phases.

Transfer function Acs(s) always has unity gain at DC.
The inductor DCR value increases as the winding
temperature increases, giving higher reading of the
inductor DC current. The NTC Rptc values decreases as
its temperature decreases. Proper selections of Rgym,
Rntcss Rp and Rptc parameters ensure that Vcp
represent the inductor total DC current over the
temperature range of interest.
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There are many sets of parameters that can properly
temperature-compensate the DCR change. Since the
NTC network and the Rgym resistors form a voltage
divider, Vq, is always a fraction of the inductor DCR
voltage. It is recommended to have a higher ratio of V¢p
to the inductor DCR voltage, so the droop circuit has
higher signal level to work with.

A typical set of parameters that provide good
temperature compensation are: Rgym = 3.65kQ,

Rp = 11kQ, Rptes = 2.61kQ and Rptc = 10kQ
(ERT-J1VR1033J). The NTC network parameters may
need to be fine tuned on actual boards. One can apply
full load DC current and record the output voltage
reading immediately; then record the output voltage
reading again when the board has reached the thermal
steady state. A good NTC network can limit the output
voltage drift to within 2mV. It is recommended to follow
the Intersil evaluation board layout and current-sensing
network parameters to minimize engineering time.

Vcn(s) also needs to represent real-time I5(s) for the
controller to achieve good transient response. Transfer
function Acg(s) has a pole wgng and a zero w.. One
needs to match w and wgps S0 Acg(s) is unity gain at
all frequencies. By forcing w|_equal to wgng and solving

for the solution, Equation 24 gives Cn value.
c, = R" (EQ. 24)
R % sum
ntcnet N
R
sum
Ratenet* N

x DCR

For example, given N = 3, Rgym = 3.65kQ, Rp = 11kQ,
Rntes = 2.61kQ, Rpte = 10k, DCR = 0.88mQ and
L = 0.36pH, Equation 24 gives C,, = 0.406uF.

Assuming the compensator design is correct, Figure 18
shows the expected load transient response waveforms
if Cp, is correctly selected. When the load current I¢gre
has a square change, the output voltage Vgre also has
a square response.

If C,, value is too large or too small, Vcn(s) will not
accurately represent real-time I5(s) and will worsen the
transient response. Figure 19 shows the load transient
response when Cp, is too small. Vgre Will sag excessively
upon load insertion and may create a system failure.
Figure 20 shows the transient response when C, is too
large. Veore is sluggish in drooping to its final value.
There will be excessive overshoot if load insertion occurs
during this time, which may potentially hurt the CPU
reliability.

o

<

FIGURE 18. DESIRED LOAD TRANSIENT RESPONSE
WAVEFORMS

FIGURE 19. LOAD TRANSIENT RESPONSE WHEN C,,
IS TOO SMALL

e

FIGURE 20. LOAD TRANSIENT RESPONSE WHEN C,,
IS TOO LARGE

Vo

FIGURE 21. OUTPUT VOLTAGE RING BACK PROBLEM
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ISUM+

OPTIONAL

FIGURE 22. OPTIONAL CIRCUITS FOR RING BACK
REDUCTION

Figure 21 shows the output voltage ring back problem
during load transient response. The load current ig has a
fast step change, but the inductor current i cannot
accurately follow. Instead, i responds in first order
system fashion due to the nature of current loop. The
ESR and ESL effect of the output capacitors makes the
output voltage V, dip quickly upon load current change.
However, the controller regulates V, according to the
droop current igrgop, Which is a real-time representation
of i ; therefore it pulls V, back to the level dictated by i,
causing the ring back problem. This phenomenon is not
observed when the output capacitor have very low ESR
and ESL, such as all ceramic capacitors.

Figure 22 shows two optional circuits for reduction of the
ring back.

Ch, is the capacitor used to match the inductor time
constant. It usually takes the parallel of two (or more)
capacitors to get the desired value. Figure 22 shows that
two capacitors C, 1 and Cy, » are in parallel. Resistor Ry is
an optional component to reduce the V, ring back. At
steady state, C, .1 + Cp.2 provides the desired Cp,
capacitance. At the beginning of iy change, the effective
capacitance is less because Ry, increases the impedance
of the Cp, 1 branch. As Figure 19 explains, V, tends to dip
when C, is too small, and this effect will reduce the V,
ring back. This effect is more pronounced when Cp 1 is
much larger than C, ». It is also more pronounced when
Rp, is bigger. However, the presence of R, increases the
ripple of the Vj signal if Cp > is too small. It is
recommended to keep C,, > greater than 2200pF. R,
value usually is a few ohms. Cp.1, Cp.2 and Ry, values
should be determined through tuning the load transient
response waveforms on an actual board.

Rjp and Cjp form an R-C branch in parallel with R;,
providing a lower impedance path than R; at the
beginning of i change. Rj, and Cjp do not have any
effect at steady state. Through proper selection of R;
and Cjp values, igroop Can resemble ig rather than iy, and
Vo will not ring back. The recommended value for Rjp is
100Q. Cjp should be determined through tuning the load

transient response waveforms on an actual board. The
recommended range for Cj, is 100pF~2000pF. However,
it should be noted that the Rjp -Cjp branch may distort
the igroop Waveform. Instead of being triangular as the
real inductor current, igroop May have sharp spikes,
which may adversely affect igroop average value
detection and therefore may affect OCP accuracy. User
discretion is advised.

Resistor Current-Sensing Network
Phase1 Phase2 Phase3

Rsum

Rsum

Rsum ISUM+

Rsen§ Rsen§ Rsen§ Ven Cn
Ro Ri  ISUM-

lo

FIGURE 23. RESISTOR CURRENT-SENSING NETWORK

Figure 23 shows the resistor current-sensing network for
a 2-phase solution. Each inductor has a series
current-sensing resistor Rgen. Rgym and Ry are
connected to the Rgep pads to accurately capture the
inductor current information. The Rgym and Ry resistors
are connect