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8-Bit Programmable, 2- to 3-Phase, Synchronous Buck Controller

Features

®  Selectable 2- or 3-phase operation at up to 1MHz
per phase

" +7.7mV worst-case differential sensing error over
temperature

®  Active current balancing between the output phases

®  Power Good and Crowbar blanking supports
on-the-fly VID code changes

= 0.5V to 1.6V output

®  Fully compliant with the Intel® VR10 and VR11
specifications

®  Selectable VR10 extended (7-bit) and VR11 (8-bit)
VID tables

®  Programmable soft-start ramp

®  Programmable short-circuit protection and
latch-off delay

Applications

" Desktop PC/Server processor power supplies for
existing and next-generation Intel processors

®  VRM modules

Description

The FAN5033 device is a multi-phase buck switching
regulator controller optimized to convert a 12V input
supply to the processor core voltage required by high
performance Intel® processors. It has an internal 8-bit
DAC that converts a digital voltage identification (VID)
code, sent from the processor, to set the output voltage
between 0.5V and 1.6V in 6.25mV steps. It outputs
PWM signals to external MOSFET drivers that drive the
switching power MOSFETSs. The switching frequency of
the design is programmable by a single resistor value.
The number of phases can be programmed to support
two- or three-phase applications.

The FANS5033 also includes programmable no-load
offset and droop functions to adjust the output voltage
as a function of the load current, as required by the Intel
specifications. The FAN5033 provides an accurate and
reliable short-circuit protection function with an
adjustable over-current set point.

The FAN5033 is specified over the commercial
temperature range of 0°C to +85°C and is available in a
32-lead MLP package.

Ordering Information

Part Number | Temperature Range | Pb-Free

Package Type

Packing Method Quantity

FANS033MPX 0°C to 85°C Yes

MLP-32

Tape and Reel 3,000 per Reel

Intel®is a registered trademark of Intel Corporation.

© 2007 Fairchild Semiconductor 2006
FAN5033 Rev. 1.0.0

www.fairchildsemi.com

¢ d|qewwelbold )1g-8 — €E0SNVA

18]]043U0) YoNng SNOUOIYIUAS aseyd-§ 0}



Block Diagram
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Figure 1: Block Diagram
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Pin Assignment
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Figure 2: Pin Assignment
Pin Definitions
Pin # Name Description
Power Supply Enable Input. Analog comparator input with hysteresis. If input voltage
1 EN is higher than the internal threshold, the controller is enabled. If lower, the controller is
disabled.
Power Good Output. Open drain output that pulls to GND when the output voltage is
2 PWRGD . g
outside the proper operating range.
3 FBRTN Feedback Return. VID DAC and Error Amplifier reference for remote sensing of output
voltage.
Feedback Input. Error amplifier input for remote sensing of output voltage. A positive
4 FB internal current source is connected to this pin to allow the output voltage to be offset
lower than the DAC voltage.
5 COMP Error Amplifier Output. For loop compensation.
6 ss Soft-Start Input. An external capacitor connected between this pin and GND sets the
soft-start ramp-up time.
Delay Timer Input. An external capacitor connected between this pin and GND sets the
7 DELAY over-current latch-off delay time, BOOT voltage hold time, EN delay time, and PWRGD
delay time.
Current Limit Set. An external resistor from this pin to GND sets the current limit
8 ILIMIT
threshold of the converter.
Frequency Set Input. An external resistor connected between this pin and GND sets
9 RT : .
the oscillator frequency of the device.
PWM Ramp Set Input. An external resistor connected between this pin and the
10 RAMPADJ . :
converter input voltage sets the internal PWM ramp.
Current Sense Amplifier Positive Input. The voltage on this pin is used as the
11 CSREF reference for the current sense amplifier. The Power Good and Crowbar functions are
also internally connected to this pin.
12 CSSUM Current Sense Amplifier Negative Input.
13 CSCOMP | Current Sense Amplifier Compensation Output.
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Pin# | Name Description
14 GND Ground. All internal biasing and logic output signals of the device are referenced to this
ground.
- Output Disable. This pin is actively pulled low when the EN input is low or when V¢c is
15 oD below its UVLO threshold to disable the external MOSFET drivers. (Also referred to as
OD# in the text of this document.)
16 NC No Connection. This pin is not connected internally.
SW3 to Switching Node Current Balance Inputs. Sense the switching side of the inductor and
17 to 19 SWA1 used to measure the current level in each phase. The SW pins of unused phases should
be left open.
PWM3 to PWM Outputs. Each output is connected to the input of an external MOSFET driver,
20 to 22 PWM1 such as the FAN5109. Connecting the PWM3 output to VCC disables that phase,
allowing the FAN5033 to operate as a two-phase controller.
23 VCC Supply Voltage for the Device.
VID7 to Voltage Identification Code Inputs. These digital inputs are connected to the internal
24 to 31 DAC and used to program the output voltage. These pins have 1pA internal pull-down;
VIDO ) . : ;
so if they are left open, the input state is decoded as logic low.
VID Table Select Input. A logic low selects the extended VR10 DAC table and a logic
32 VIDSEL high selects the VR11 DAC table. This pin has a 1pA internal pull-down; so if left open,
the input state is decoded as logic low.
) Exposed Internally connected to die ground. May be connected to ground or left floating.
Paddle Connect to ground for lowest package thermal resistance.
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Absolute Maximum Rating

Stresses exceeding the absolute maximum ratings may damage the device. The device may not function or be
operable above the recommended operating conditions and stressing the parts to these levels is not recommended.
In addition, extended exposure to stresses above the recommended operating conditions may affect device reliability.
The absolute maximum ratings are stress ratings only.

Unless otherwise specified, all other voltages are referenced to GND.

Symbol Parameter Min. Typ. Max. Unit
Vce Supply Voltage -0.3 +15 \Y,
FBRTN -0.3 +0.3 \Y,
RAMPADJ, PWM3 -0.3 Vee +0.3 Y,
SW1 - SW3 -10 +25 \Y,
All Other Inputs and Outputs -0.3 +5.5 \%
T, Operating Junction Temperature 0 +125 °C
Tste Storage Temperature -65 +150 °C
TL Lead Soldering Temperature (10 seconds) 300 °C
Tu Lead Infrared Temperature (15 seconds) 260 °C
0.a Thermal Resistance Junction-to-Ambient" 45 °C/W
Note:

1. Junction-to-ambient thermal resistance, 0,4, is a strong function of PCB material, board thickness, thickness and
number of copper planes, number of via used, diameter of via used, available copper surface, and attached heat
sink characteristics.

Recommended Operating Conditions

The Recommended Operating Conditions table defines the conditions for actual device operation. Recommended
operating conditions are specified to ensure optimal performance to the datasheet specifications. Fairchild does not
recommend exceeding them or designing to absolute maximum ratings.

Symbol Parameter Min. Typ. Max. Unit
Vece Supply Voltage, VCC to GND 9.6 12 14.4 \%
Ta Ambient Temperature 0 +85 °C
© 2006 Fairchild Semiconductor 2006 www.fairchildsemi.com
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Electrical Characteristics
Vee = 12V, FBRTN = GND, and Ta = +25°C. The e denotes specifications that apply over the full operating
temperature range.
Symbol Parameter Conditions Min. | Typ. | Max. | Unit
Error Amplifier
Vcowp Output Voltage Range | 05 4.0 \%
Accuracy _
Veo | referenced to FERTN. " | 100625V 1o 1 abag0v | 7T e m
Figure 3
Accuracy '
Vrsgoon, | 1eeve to nominal BAC outeUl | pyring start-up e 1092|1100 | 1108 | Vv
Figure 3
Load Line Droop Accuracy ESE;%CSCOMP: 80mv o | -78 -80 -82 mV
Differential Non-linearity . -1 +1 LSB
AVEB Line Regulation Vee =10V to 14V 0.05 %
Irs Input Bias Current e | 135 15.0 16.5 MA
IFBRTN FBRTN Current . 70 95 MA
loERR) Output Current FB forced to Vout -3% 500 MA
GBWrr) | Gain Bandwidth Product CcomP = FB? 20 MHz
Slew Rate COMP = FB® 25 Vlus
Vescome | CSCOMP Voltage Range Relative to CSREF e | -250 +250 mV
tsoot BOOT Voltage Hold Time CpeLay = 10nF 2 ms
VID Inputs and VIDSEL
ViH(vID) Input Low Voltage VIDx, VIDSEL . 0.4 \Y
ViLvip) Input High Voltage VIDx, VIDSEL . 0.8 3.3 \%
ViH(vID) Select VR10 Table VIDSEL Logic Low 0.4 \Y
linviD) Select VR11 Table VIDSEL Logic High 0.8 3.3 \Y
Input Current, VID Low -1 A
VID Transition Delay Time ):/rlwgn(;oe(%g change to FB e | 200 ns
No CPU Detection Turn-off Delay | VID code change to OFF
Time state to PWM going low® | 200 ns
Oscillator
fosc Frequency e | 0.25 450 MHz
foase | Frequency Variation ;ﬁ;g‘r’c' Rr= 200K, 3- 20% | 400 | 20% | KHz
Vgt Output Voltage Rr=100kQ to GND | 19 2.0 2.1 \Y
Vraweaos | RAMPADJ Output Voltage \_/Fi;\g”:g)[’; FR\;:;EA;21‘2£§§\)/CC .| -50 +50 | mv
IrRAMPADY RAMPADJ Input Current Range 1 50 pA
© 2006 Fairchild Semiconductor 2006 www.fairchildsemi.com
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Electrical Characteristics (Continued)
Vee = 12V, FBRTN = GND, and Ta = +25°C. The e denotes specifications that apply over the full operating
temperature range.
Symbol Parameter Conditions Min. | Typ. | Max. | Unit
Current Sense Amplifier
Voscsa) | Offset Voltage glzﬁril\fl - CSREF o| -1.0 +1.0 mv
Isiasicssum) | Input Bias Current (for CSSUM) e | -50 +50 nA
Isiascsrer) | Input Current (for CSREF) 8;&%“; cllri?]wn by . -3 +3 A
GBW(csa) | Gain Bandwidth Product CSSUM = Cscomp®” 10 MHz
Slew Rate Ccscomp = 10pF®@ 10 Vius
Vesacum Input Common-Mode Range CSSUM and CSREF . 0 3.2 \%
Output Voltage Range e | 0.05 3.2 \Y
Icscomp Output Current 1 A
toc(pELAY) Current Limit Latch-off Delay Time CpbeLay = 10nF 5 ms
Current Balance Circuit
Vswxem | Common Mode Range® e | -600 +200 mV
Rsw(x) Input Resistance SW(x) = 0V o 35 50 65 kQ
Isw(x) Input Current SW(x) = 0V | 16 3.3 5.0 MA
Alsw(x) Input Current Matching SW(x) = 0V . -5 +5 %
Current Limit Comparator
Viumir Output Voltage RiLivt = 143kQ . 1.6 1.7 1.8 \%
humir Output Current Riumr = 143kQ 12 A
Maximum Output Current e | 60 pA
Vel Current Limit Threshold Voltage Z‘fj;ig‘! Vescow Rumm | 1 400 | 120 | 140 mV
Current Limit Setting Ratio Ved / liumr 10 mV/pA
Delay Timer
IpELAY Normal Mode Output Current . 12 15 18 A
Ipetavcr) | Output Current in Current Limit e | 3.0 3.75 4.5 MA
VpeLavrH) | Threshold Voltage e 16 1.7 1.8 \Y
Soft-Start
liss) Output Current During Start-up o 12 [ 15| 18 | A
Enable Input
VTHEN) Threshold Voltage «| 800 | 850 | 900 mV
Vhys(En) Threshold Hysteresis e | 80 100 120 mV
liNEN) Enable Input Current 1 MA
Start-up sequence,
toeLaven) | Turn-on Delay EN>950mV, Cpgtay = 2 ms
10nF
© 2006 Fairchild Semiconductor 2006 www.fairchildsemi.com
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Electrical Characteristics (Continued)

Vee = 12V, FBRTN = GND, and Ta = +25°C. The e denotes specifications that apply over the full operating
temperature range.

control.

2. AC specifications guaranteed by design and characterization; not production tested.
3. To operate FAN5033 with fewer than three phases, PWM3 should be connected to VCC to disable this phase.
See the “Theory of Operation” section for details.

Symbol Parameter Conditions Min. | Typ. | Max. | Unit
OD Output
VoL(ops) Output Voltage Low Ipwmsink) = 400pA 160 400 mV
VOH(ODB) Output Voltage High |PWM(SOURCE) = 400}LA 4 5 \Y
Power Good Comparator
Vewraowy) gﬁfei;\éﬂtage Relative to Nominal DAC Output -300 | -250 | 200 | mv
Over-Voltage . .
VpwRaD(OV) Threshold Relative to Nominal DAC Output 100 | 150 200 mV
VOL(PWRGD) Output Low Voltage |PWRGD(SINK) =-4mA 200 300 mV
Serse z -
C =10nF
Power Good Delay DELAY
tPwreD Time Power Good VID code 250 us
Blanking Time Changing
VID Code Static 100 | 200 ns
Vcrowear | Crowbar Trip Point Relative to Nominal DAC Output 100 150 200 mV
Crowbar Reset Point Relative to FBRTN 250 300 350 mV
Over-voltage to VID code Change 100 | 250 us
) PWM going low
tcrowsar | Crowbar Delay Time )
Crowbar Blanking
Time VID Code Static 400 ns
PWM Outputs
VorLwrtvy | Output Voltage Low Ipwmsink) = 400pA 160 400 mV
VOH(VRTM) Output Voltage High |PWM(SOURCE) = 400}1A 4 5 \Y
. Applicable to PWMS3 pins only. Connect }
Phase Disable Voltage | ;o pin to VCC to disable the phase.® Vee -1 v
Input Supply
Vee DC Supply Current EN = Logic HIGH 8 12 mA
Vuvio UVLO Threshold Vcc rising 6.5 6.9 7.3
Vuwvornys | UVLO Hysteresis 0.7 0.9 1.1
Notes:

1. All limits at operating temperature extremes are guaranteed by design, characterization, and statistical quality
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Test Diagrams
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Table 1: Output Voltage Programming Codes (extended VR10) ; 0 = logic LOW; 1 = logic HIGH.
VID4 VID3 VID2 VID1 VIDO VID5 VID6 VouTt V)

1 1 1 1 1 1 0 OFF

1 1 1 1 1 1 1 OFF

1 1 1 1 1 0 0 OFF

1 1 1 1 1 0 1 OFF

1 1 1 1 0 1 0 1.09375
1 1 1 1 0 1 1 1.10000
1 1 1 1 0 0 0 1.10625
1 1 1 1 0 0 1 1.11250
1 1 1 0 1 1 0 1.11875
1 1 1 0 1 1 1 1.12500
1 1 1 0 1 0 0 1.13125
1 1 1 0 1 0 1 1.13750
1 1 1 0 0 1 0 1.14375
1 1 1 0 0 1 1 1.15000
1 1 1 0 0 0 0 1.15625
1 1 1 0 0 0 1 1.16250
1 1 0 1 1 1 0 1.16875
1 1 0 1 1 1 1 1.17500
1 1 0 1 1 0 0 1.18125
1 1 0 1 1 0 1 1.18750
1 1 0 1 0 1 0 1.19375
1 1 0 1 0 1 1 1.20000
1 1 0 1 0 0 0 1.20625
1 1 0 1 0 0 1 1.21250
1 1 0 0 1 1 0 1.21875
1 1 0 0 1 1 1 1.22500
1 1 0 0 1 0 0 1.23125
1 1 0 0 1 0 1 1.23750
1 1 0 0 0 1 0 1.24375
1 1 0 0 0 1 1 1.25000
1 1 0 0 0 0 0 1.25625
1 1 0 0 0 0 1 1.26250
1 0 1 1 1 1 0 1.26875
1 0 1 1 1 1 1 1.27500
1 0 1 1 1 0 0 1.28125
1 0 1 1 1 0 1 1.28750
1 0 1 1 0 1 0 1.29375
1 0 1 1 0 1 1 1.30000
1 0 1 1 0 0 0 1.30625
1 0 1 1 0 0 1 1.31250
1 0 1 0 1 1 0 1.31875
1 0 1 0 1 1 1 1.32500
1 0 1 0 1 0 0 1.33125
1 0 1 0 1 0 1 1.33750
1 0 1 0 0 1 0 1.34375
1 0 1 0 0 1 1 1.35000
1 0 1 0 0 0 0 1.35625
1 0 1 0 0 0 1 1.36250
1 0 0 1 1 1 0 1.36875
1 0 0 1 1 1 1 1.37500
1 0 0 1 1 0 0 1.38125
1 0 0 1 1 0 1 1.38750
1 0 0 1 0 1 0 1.39375
1 0 0 1 0 1 1 1.40000
1 0 0 1 0 0 0 1.40625
1 0 0 1 0 0 1 1.41250
1 0 0 0 1 1 0 1.41875
1 0 0 0 1 1 1 1.42500
1 0 0 0 1 0 0 1.43125
1 0 0 0 1 0 1 1.43750
1 0 0 0 0 1 0 1.44375
1 0 0 0 0 1 1 1.45000
1 0 0 0 0 0 0 1.45625
1 0 0 0 0 0 1 1.46250
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Table 1: Continued
VID4 VID3 VID2 VID1 VIDO VID5 VID6 VQUT V)
0 1 1 1 1 1 0 1.46875
0 1 1 1 1 1 1 1.47500
0 1 1 1 1 0 0 1.48125
0 1 1 1 1 0 1 1.48750
0 1 1 1 0 1 0 1.49375
0 1 1 1 0 1 1 1.50000
0 1 1 1 0 0 0 1.50625
0 1 1 1 0 0 1 1.51250
0 1 1 0 1 1 0 1.51875
0 1 1 0 1 1 1 1.52500
0 1 1 0 1 0 0 1.53125
0 1 1 0 1 0 1 1.53750
0 1 1 0 0 1 0 1.54375
0 1 1 0 0 1 1 1.55000
0 1 1 0 0 0 0 1.55625
0 1 1 0 0 0 1 1.56250
0 1 0 1 1 1 0 1.56875
0 1 0 1 1 1 1 1.57500
0 1 0 1 1 0 0 1.58125
0 1 0 1 1 0 1 1.58750
0 1 0 1 0 1 0 1.59375
0 1 0 1 0 1 1 1.60000
0 1 0 1 0 0 0 0.83125
0 1 0 1 0 0 1 0.83750
0 1 0 0 1 1 0 0.84375
0 1 0 0 1 1 1 0.85000
0 1 0 0 1 0 0 0.85625
0 1 0 0 1 0 1 0.86250
0 1 0 0 0 1 0 0.86875
0 1 0 0 0 1 1 0.87500
0 1 0 0 0 0 0 0.88125
0 1 0 0 0 0 1 0.88750
0 0 1 1 1 1 0 0.89375
0 0 1 1 1 1 1 0.90000
0 0 1 1 1 0 0 0.90625
0 0 1 1 1 0 1 0.91250
0 0 1 1 0 1 0 0.91875
0 0 1 1 0 1 1 0.92500
0 0 1 1 0 0 0 0.93125
0 0 1 1 0 0 1 0.93750
0 0 1 0 1 1 0 0.94375
0 0 1 0 1 1 1 0.95000
0 0 1 0 1 0 0 0.95625
0 0 1 0 1 0 1 0.96250
0 0 1 0 0 1 0 0.96875
0 0 1 0 0 1 1 0.97500
0 0 1 0 0 0 0 0.98125
0 0 1 0 0 0 1 0.98750
0 0 0 1 1 1 0 0.99375
0 0 0 1 1 1 1 1.00000
0 0 0 1 1 0 0 1.00625
0 0 0 1 1 0 1 1.01250
0 0 0 1 0 1 0 1.01875
0 0 0 1 0 1 1 1.02500
0 0 0 1 0 0 0 1.03125
0 0 0 1 0 0 1 1.03750
0 0 0 0 1 1 0 1.04375
0 0 0 0 1 1 1 1.05000
0 0 0 0 1 0 0 1.05625
0 0 0 0 1 0 1 1.06250
0 0 0 0 0 1 0 1.06875
0 0 0 0 0 1 1 1.07500
0 0 0 0 0 0 0 1.08125
0 0 0 0 0 0 1 1.08750
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Table 2: Output Voltage Programming Codes (8-bit) 0 = logic LOW; 1 = logic HIGH. (MSB: VID7, LSB: VIDO;
11110001, = F1;)

HEX | Voltage Tolerance HEX | Voltage Tolerance HEX | Voltage | Tolerance | | HEX| Voltage | Tolerance
00 OFF 40 1.21250 +-15mV LL (0 - 110A) 80 0.81250 | Monotonic || C0O 0.4125 |Don’t Care
01 OFF 41 1.20625 +-15mV LL (0 - 110A) 81 0.80625 | Monotonic || C1 | 0.40625 [Don’t Care
02 1.60000 +-15mV LL (0 - 42 1.20000 +-15mV LL (0 - 110A) 82 0.8 Monotonic [| C2 | 0.40000 [Don't Care
03 1.59375 | +-15mV LL (0- 43 1.19375 +-15mV LL (0 - 110A) 83 0.79375 | Monotonic || C3 | 0.39375 |Don't Care
04 1.58750 +-15mV LL (0 - 44 1.18750 +-15mV LL (0 - 110A) 84 0.7875 | Monotonic || C4 | 0.38750 |Don’t Care
05 1.58125 | +-15mV LL (0 - 45 1.18125 +-15mV LL (0 - 110A) 85 0.78125 | Monotonic || C5 | 0.38125 |Don't Care
06 1.57500 +-15mV LL (0 - 46 1.17500 +-15mV LL (0 - 110A) 86 0.775 Monotonic || C6 | 0.37500 |Don’t Care
07 1.56875 | +-15mV LL (0 - 47 1.16875 +-15mV LL (0 - 110A) 87 0.76875 | Monotonic || C7 | 0.36875 |Don’t Care
08 1.56250 +-15mV LL (0 - 48 1.16250 +-15mV LL (0 - 110A) 88 0.7625 | Monotonic || C8 | 0.36250 |Don't Care
09 1.55625 | +-15mV LL (0 - 49 1.15625 +-15mV LL (0 - 110A) 89 0.75625 | Monotonic || C9 | 0.35625 |Don’t Care
0A 1.55000 | +-15mV LL (0- 4A 1.15000 +-15mV LL (0 - 110A) 8A 0.75 Monotonic [| CA | 0.35000 [Don't Care
0B 1.54375 | +-15mV LL (0- 4B 1.14375 +-15mV LL (0 - 110A) 8B 0.74375 | Monotonic || CB | 0.34375 |Don’t Care
0C 1.53750 +-15mV LL (0 - 4C 1.13750 +-15mV LL (0 - 110A) 8C 0.7375 | Monotonic || CC | 0.33750 |Don’t Care
0D 1.53125 | +-15mV LL (0 - 4D 1.13125 +-15mV LL (0 - 110A) 8D 0.73125 | Monotonic || CD | 0.33125 |Don’t Care
0E 1.52500 | +-15mV LL (0 - 4 E 1.12500 +-15mV LL (0 - 110A) 8E 0.725 Monotonic || CE | 0.32500 |Don’t Care
0F 1.51875 | +-15mV LL (0 - 4F 1.11875 +-15mV LL (0 - 110A) 8F 0.71875 | Monotonic || CF | 0.31875 |Don't Care
10 1.51250 +-15mV LL (0 - 50 1.11250 +-15mV LL (0 - 110A) 90 0.7125 | Monotonic || DO | 0.31250 |Don't Care
11 1.50625 | +-15mV LL (0 - 51 1.10625 +-15mV LL (0 - 110A) 91 0.70625 | Monotonic || D1 | 0.30625 |Don’t Care
12 1.50000 +-15mV LL (0 - 52 1.10000 +-15mV LL (0 - 110A) 92 0.7 Monotonic [| D2 | 0.30000 [Don't Care
13 1.49375 | +-15mV LL (0- B8 1.09375 +-15mV LL (0 - 110A) 93 0.69375 | Monotonic || D3 | 0.29375 |Don’t Care
14 1.48750 +-15mV LL (0 - 54 1.08750 +-15mV LL (0 - 110A) 94 0.6875 | Monotonic || D4 | 0.28750 |Don’t Care
15 1.48125 | +-15mV LL (0- 55 1.08125 +-15mV LL (0 - 110A) 95 0.68125 | Monotonic || D5 | 0.28125 |Don’t Care
16 1.47500 +-15mV LL (0 - 56 1.07500 +-15mV LL (0 - 110A) 96 0.675 Monotonic || D6 | 0.27500 |Don’t Care
17 1.46875 | +-15mV LL (0 - 57 1.06875 +-15mV LL (0 - 110A) 97 0.66875 | Monotonic || D7 | 0.26875 |Don't Care
18 1.46250 +-15mV LL (0 - 58 1.06250 +-15mV LL (0 - 110A) 98 0.6625 | Monotonic || D8 | 0.26250 |Don't Care
19 1.45625 | +-15mV LL (0 - 59 1.05625 +-15mV LL (0 - 110A) 99 0.65625 | Monotonic || D9 | 0.25625 |Don’t Care
1A 1.45000 | +-15mV LL (0 - 5A 1.05000 +-15mV LL (0 - 110A) 9A 0.65 Monotonic | DA | 0.25000 [Don't Care
1B 1.44375 | +-15mV LL (0 - 5B 1.04375 +-15mV LL (0 - 110A) 9B 0.64375 | Monotonic || DB | 0.24375 |Don’t Care
1C 1.43750 +-15mV LL (0 - 5C 1.03750 +-15mV LL (0 - 110A) 9C 0.6375 | Monotonic || DC | 0.23750 |Don't Care
1D 1.43125 | +-15mV LL (0- 5D 1.03125 +-15mV LL (0 - 110A) 9D 0.63125 | Monotonic || DD | 0.23125 |Don’t Care
1E 1.42500 | +-15mV LL (0- 5E 1.02500 +-15mV LL (0 - 110A) 9E 0.625 Monotonic || DE | 0.22500 |Don’t Care
1F 1.41875 | +-15mV LL (0 - 5F 1.01875 +-15mV LL (0 - 110A) 9F 0.61875 | Monotonic || DF | 0.21875 |Don’t Care
20 1.41250 +-15mV LL (0 - 60 1.01250 +-15mV LL (0 - 110A) A0 0.6125 | Monotonic || EO | 0.21250 [Don’t Care
21 1.40625 | +-15mV LL (0 - 61 1.00625 +-15mV LL (0 - 110A) A1l 0.60625 | Monotonic || E1 | 0.20625 |Don’t Care
22 1.40000 +-15mV LL (0 - 62 1.00000 | Monotonic DAC (6.25 mV) A2 0.6 Monotonic || E2 | 0.20000 [Don't Care
23 1.39375 | +-15mV LL (0- 63 0.99375 | Monotonic DAC (6.25 mV) A3 0.59375 | Monotonic || E3 | 0.19375 |Don’t Care
24 1.38750 +-15mV LL (0 - 64 0.98750 | Monotonic DAC (6.25 mV) A4 0.5875 | Monotonic || E4 | 0.18750 |Don't Care
25 1.38125 | +-15mV LL (0- 65 0.98125 | Monotonic DAC (6.25 mV) A5 0.58125 | Monotonic || E5 | 0.18125 |Don’t Care
26 1.37500 +-15mV LL (O - 6 6 0.97500 | Monotonic DAC (6.25 mV) A6 0.575 Monotonic E6 | 0.17500 |Don’t Care
27 1.36875 +-15mV LL (O - 67 0.96875 Monotonic DAC (6.25 mV) A7 0.56875 | Monotonic E7 | 0.16875 |Don’t Care
28 1.36250 +-15mV LL (0 - 68 0.96250 | Monotonic DAC (6.25 mV) A8 0.5625 | Monotonic || E8 | 0.16250 [Don’t Care
29 1.35625 | +-15mV LL (0 - 69 0.95625 | Monotonic DAC (6.25 mV) A9 0.55625 | Monotonic || E9 | 0.15625 |Don't Care
2A 1.35000 | +-15mV LL (0 - 6A 0.95000 | Monotonic DAC (6.25 mV) AA 0.55 Monotonic || EA | 0.15000 [Don't Care
2B 1.34375 | +-15mV LL (0 - 6B 0.94375 | Monotonic DAC (6.25 mV) AB 0.54375 | Monotonic || EB | 0.14375 |Don’t Care
2C 1.33750 +-15mV LL (0 - 6C 0.93750 | Monotonic DAC (6.25 mV) AC 0.5375 Monotonic || EC | 0.13750 |Don’t Care
2D 1.33125 | +-15mV LL (0- 6D 0.93125 | Monotonic DAC (6.25 mV) AD 0.53125 | Monotonic || ED | 0.13125 |Don’t Care
2E 1.32500 | +-15mV LL (0- 6E 0.92500 | Monotonic DAC (6.25 mV) AE 0.525 Monotonic [| EE | 0.12500 [Don't Care
2F 1.31875 +-15mV LL (O - 6 F 0.91875 Monotonic DAC (6.25 mV) AF 0.51875 | Monotonic EF | 0.11875 |Don’t Care
30 1.31250 +-15mV LL (O - 70 0.91250 | Monotonic DAC (6.25 mV) B0 0.5125 Monotonic FO | 0.11250 |Don't Care
31 1.30625 | +-15mV LL (0 - 71 0.90625 | Monotonic DAC (6.25 mV) B1 0.50625 | Monotonic F1 ] 0.10625 |Don't Care
32 1.30000 +-15mV LL (0 - 72 0.90000 | Monotonic DAC (6.25 mV) B2 0.5 Monotonic F2 | 0.10000 |Don'tCare
88 1.29375 | +-15mV LL (0 - 73 0.89375 | Monotonic DAC (6.25 mV) B3 0.49375 | Don't Care [| F3 | 0.09375 [Don't Care
34 1.28750 +-15mV LL (0 - 74 0.88750 | Monotonic DAC (6.25 mV) B4 0.4875 | Don'tCare || F4 | 0.08750 |Don't Care
35 1.28125 | +-15mV LL (0- 75 0.88125 | Monotonic DAC (6.25 mV) B5 0.48125 | Don'tCare || F5 | 0.08125 |Don't Care
36 1.27500 +-15mV LL (0 - 76 0.87500 | Monotonic DAC (6.25 mV) B 6 0.475 Don’'t Care [| F6 | 0.07500 |Don’t Care
37 1.26875 | +-15mV LL (0- 77 0.86875 | Monotonic DAC (6.25 mV) B7 0.46875 | Don'tCare || F7 | 0.06875 |Don't Care
38 1.26250 +-15mV LL (O - 78 0.86250 | Monotonic DAC (6.25 mV) B8 0.4625 Don’t Care F8 | 0.06250 |Don't Care
39 1.25625 +-15mV LL (O - 79 0.85625 Monotonic DAC (6.25 mV) B9 0.45625 | Don't Care F9 | 0.05625 |Don't Care
3A 1.25000 +-15mV LL (O - 7A 0.85000 | Monotonic DAC (6.25 mV) BA 0.45 Don’t Care FA | 0.05000 [Don’tCare
3B 1.24375 +-15mV LL (O - 7B 0.84375 Monotonic DAC (6.25 mV) BB 0.44375 | Don'’t Care FB | 0.04375 |Don’t Care
3C 1.23750 +-15mV LL (0 - 7C 0.83750 | Monotonic DAC (6.25 mV) BC 0.4375 | Don’tCare || FC | 0.03750 |Don't Care
3D 1.23125 | +-15mV LL (0 - 7D 0.83125 | Monotonic DAC (6.25 mV) B D 0.43125 | Don'tCare [| FD | 0.03125 [Don't Care
BIE 1.22500 | +-15mV LL (0- 7E 0.82500 | Monotonic DAC (6.25 mV) BE 0.425 Don'tCare || FE OFF
8[F 1.21875 | +-15mV LL (0- 7F 0.81875 | Monotonic DAC (6.25 mV) BF 0.41875 | Don'tCare || FF OFF
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Theory of Operation

Note: The values shown in this section are for reference
only. See the parametric tables for actual values.

The FAN5033 is a fixed-frequency PWM controller with
multi-phase logic outputs for use in two- and three-
phase synchronous buck CPU power supplies. It has an
internal VID DAC designed to interface directly with
Intel's 8-bit VRD/VRM 11 and 7-bit VRD/VRM 10.x-
compatible CPUs. Multi-phase operation is required for
the high currents and low voltages of today’s Intel's
microprocessors that can require up to 150A of current.

The integrated features of the FAN5033 ensure a
stable, high-performance topology for:

®  Balanced currents and thermals between phases

®  High-speed response at the lowest possible
switching frequency and output decoupling
capacitors

®  Tight load line regulation and accuracy

®  High-current output by allowing up to three-phase
designs

®  Reduced output ripple due to multi-phase operation
®  Good PC board layout noise immunity

®  Easily settable and adjustable design parameters
with simple component selection

®  Two- to three-phase operation allows optimizing
designs for cost/performance and support a wide
range of applications

START-UP SEQUENCE

The FANS033 start-up sequence is shown in Figure 8.
Once the EN and UVLO conditions are met, the DELAY
pin goes through one cycle (TD1); after which, the
internal oscillator starts. The first two clock cycles are
used for phase detection. The soft-start ramp is enabled
(TD2), raising the output voltage up to the boot voltage
of 1.1V. The boot hold time (TD3) allows the processor
VID pins settle to the programmed VID code. After TD3
timing is finished, the output soft-starts, either up or
down, to the final VID voltage during TD4. TD5 is the
time between the output reaching the VID voltage and
the PWRGD being presented to the system.

PHASE-DETECTION SEQUENCE

During start-up, the number of operational phases and
their phase relationship is determined by the internal
circuitry that monitors the PWM outputs. Normally, the
FAN5033 operates as a three-phase PWM controller. For
two-phase operation, connect the PWM3 pin to VCC.

The PWM logic, which is driven by the master oscillator,
directs the phase sequencer and channel detectors.
Channel detection occurs during the first two clock
cycles after the chip is enabled. During the detection

period, PWM3 is connected to a 100pA sinking current
source and two internal voltage comparators check the
pin voltage of PWM3 versus a threshold of 3V typical. If
the pin is tied to VIN, the pin voltage is above 3V and
that phase is disabled and put in a tri-state mode.
Otherwise, the internal 100pA current source pulls PWM
pin below the 3V threshold. After channel detection, the
100pA current source is removed.

Shorting PWM3 to VCC configures the system for two-
phase operation.

12V Vin _/‘\ UVLO Threshold
0.85V;
Vit -
: +veiyn DELAY Threshold
DELAY
1.0V Vboot =1.1V
ss
Vcore = VID
Vcore = Vboot
Vcc (Core)
TD3 ‘ TD4' TD5
TD1 ~ | TD2!
VRready
50uS_:
<
VIDs [ Invalid M Valid

Figure 8: Start-Up Seq:uence Timing

After detection time is complete, the PWM outputs that
were not sensed as “pulled high” function as normal
PWM outputs. PWM outputs that were sensed as
“pulled high” are put into a high-impedance state.

The PWM signals are logic-level outputs intended for
driving external gate drivers, such as the FAN5109.
Since each phase is monitored independently, operation
approaching 100% duty cycle is possible. Also, more
than one output can be on at the same time to allow
overlapping phases.

MASTER CLOCK FREQUENCY

The clock frequency of the FAN5033 is set with an
external resistor connected from the RT pin to ground.
The frequency to resistor relationship is shown in Figure
6. To determine the frequency per phase, divide the
clock by the number of enabled phases.

OUTPUT CURRENT SENSING (See Figure 2)

The FAN5033 provides a dedicated current sense
amplifier (CSA) to monitor the output current for proper
voltage positioning and for current limit detection. It
differentially senses the voltage drop across the DCR of
the inductors to give the total average current being
delivered to the load. This method is inherently more
accurate than peak current detection or sampling the
voltage across the low-side MOSFETs. The CSA
implementation can be configured several ways,
depending on the objectives of the system. It can use
output inductor DCR sensing without a thermistor, for
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lowest cost, or output inductor DCR sensing with a
thermistor, for improved accuracy with tracking of
inductor temperature.

To measure the differential voltage across the output
inductors, the positive input of the CSA (CSREF pin) is
connected, using equal value resistors, to the output
capacitor side of the inductors. The negative input of the
CSA (CSSUM pin) is connected, again using equal value
resistors, to the MOSFET side of the inductors. The
CSA'’s output (CSCOMP) is a voltage equal to the voltage
dropped across the inductors, times the gain of the CSA,
and is inversely proportional to the output current.

The gain of the CSA is set by connecting an external
feedback resistor between the CSA’s CSCOMP and
CSSUM pins. A capacitor, connected across the
resistor, is used to create a low pass filter to remove
high-frequency switching effects and to create a RC
pole to cancel the zero created by the L/DCR of the
inductor. The end result is that the voltage between the
CSCOMP and CSREF pins is inversely proportional to
the output current (CSCOMP goes negative relative to
CSREF as current increases) and the CSA gain sets the
ratio of the CSA output voltage change as a function of
output current change. This voltage difference is used
by the current limit comparator and is also used by the
droop amplifier to create the output load line.

The CSA is designed to have a low offset input voltage.
The sensing gain is determined by external resistors so
that it can be extremely accurate.

LOAD LINE IMPEDANCE CONTROL

The FAN5033 has an internal “Droop Amp” that
effectively subtracts the voltage applied between the
CSCOMP and CSREF pins from the FB pin voltage of
the error amplifier, allowing the output voltage to be
varied independent of the DAC setting. A positive
voltage on CSCOMP (relative to CSREF) increases the
output voltage and a negative voltage decreases it.
Since the voltage between the CSA’'s CSCOMP and
CSREF pins is inversely proportional to the output,
current causes the output voltage to decrease an
amount directly proportional to the increase in output,
current, creating a droop or “Load Line.” The ratio of
output voltage decrease to output current increase is the
effective R, of the power supply and is set by the DC
gain of the CSA.

CURRENT CONTROL MODE AND THERMAL
BALANCE

The FAN5033 has individual SW inputs for each phase.
They are used to measure the voltage drop across the
bottom FETs to determine the current in each phase.
This information is combined with an internal ramp to
create a current balancing feedback system. This gives
good current balance accuracy that takes into account,
not only the current, but also the thermal balance
between the bottom FETSs in each phase.

External resistors Rsw1 through Rsws can be placed in
series with individual SW inputs to create an intentional
current imbalance if desired, such as in cases where
one phase has better cooling and can support higher

currents. It is best to have the ability to add these
resistors in the initial design to ensure that placeholders
are provided in the layout. To increase the current in a
phase, increase Rsw for that phase. Even adding a
resistor of a few hundred ohms can make a noticeable
increase in current, so use small steps.

The amplitude of the internal ramp is set by a resistor
connected between the input voltage and the RAMPADJ
pin. This method also implements the Voltage Feed
Forward function.

OUTPUT VOLTAGE DIFFERENTIAL SENSING

The FAN5033 uses differential sensing in conjunction
with a high accuracy DAC and a low offset error
amplifier to maintain a worst-case specification of
+7.7mV differential sensing accuracy over its specified
operating range.

A high gain-bandwidth error amplifier is used for the
voltage control loop. The voltage on the FB pin is
compared to the DAC voltage to control the output
voltage. The FB voltage is also effectively offset by the
CSA output voltage for accurately positioning the output
voltage as a function of current. The output of the error
amplifier is the COMP pin, which is compared to the
internal PWM ramps to create the PWM pulse widths.

The negative input (FB) is tied to the output sense
location with a resistor (Rg) and is used for sensing and
controlling the output voltage at this point. Additionally a
current source is connected internally to the FB pin,
which causes a fixed DC current to flow through Rg.
This current creates a fixed voltage drop (offset voltage)
across Rg. The offset voltage adds to the sensed output
voltage, which causes the error amp to regulate the
actual output voltage lower than the programmed VID
voltage by this amount. The main loop compensation is
incorporated into the feedback by an external network
connected between FB and COMP.

DELAY TIMER

The delay times for the start-up timing sequence are set
with a capacitor from the DELAY pin to ground, as
described in the Start-Up Sequence section. In UVLO or
when EN is logic low, the DELAY pin is held at ground.
Once the UVLO and EN are asserted, a 15uA current
flows out of the DELAY pin to charge Cpy. A
comparator, with a threshold of 1.7V, monitors the
DELAY pin voltage. The delay time is therefore set by
the 15uA charging the delay capacitor from 0V to 1.7V.
This DELAY pin is used for multiple delay timings (TD1,
TD3, and TD5) during start-up. DELAY is also used for
timing the current limit latch off as explained in the
CURRENT LIMIT section.

SOFT-START

The soft-start times for the output voltage are set with a
capacitor from the SS pin to ground. After TD1 and the
phase-detection cycle have been completed, the SS
time (TD2 in Figure 8) starts. The SS pin is
disconnected from GND and the capacitor is charged up
to the 1.1V boot voltage by the SS amplifier, which has
a limited output current of 15uA. The voltage at the FB
pin follows the ramping voltage on the SS pin, limiting
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the inrush current during start-up. The soft-start time
depends on the value of the boot voltage and Css.

Once the SS voltage is within 100mV of the boot
voltage, the boot voltage delay time (TD3) is started.
The end of the boot voltage delay time signals the
beginning of the second soft-start time (TD4). The SS
voltage changes from the boot voltage to the
programmed VID DAC voltage (either higher or lower)
using the SS amplifier with the limited output current of
15pA. The voltage of the FB pin follows the ramping
voltage of the SS pin, limiting the inrush current during
the transition from the boot voltage to the final DAC
voltage. The second soft-start time depends on the boot
voltage, the programmed VID DAC voltage, and Css.

If either EN is taken low or Vcc drops below UVLO,
DELAY and SS are reset to ground to be ready for
another soft-start cycle. Figure 9 shows typical start-up
waveforms for the FAN5033.

S

VVRREADY

Figure 9: Start-up Waveforms

CURRENT LIMIT, SHORT-CIRCUIT. AND LATCH-OFF
PROTECTION

The FAN5033 compares a programmable current limit
set point to the voltage from the output of the current
sense amplifier. The current limit level is set with the
resistor from the ILIMIT pin to ground. During operation,
the voltage on ILIMIT is 1.7V. The current through the
external resistor is internally scaled to give a current
limit threshold of 10mV/pA. If the voltage between
CSREF and CSCOMP rises above the current limit
threshold, the internal current limit amplifier controls the
internal COMP voltage to maintain the average output
current at the limit.

After TD5 has completed, an over-current (OC) event
starts a latch-off delay timer. The delay timer uses the
DELAY pin timing capacitor. During current limit, the
DELAY pin current is reduced to 3.75 pA. When the
voltage on the delay pin reaches 1.7V, the controller
shuts down and latches off. The current limit latch-off
delay time is therefore set by the current of 3.75pA
charging the delay capacitor 1.7V. This delay is four
times longer than the delay time during the start-up
sequence. If there is a current limit during start-up, the
FAN5033 goes through TD1 to TD5 in current limit and

starts the latch-off timer. Because the controller
continues to operate during the latch-off delay time, if
the OC is removed before the 1.7V threshold is
reached, the controller returns to normal operation and
the DELAY capacitor is reset to GND.

The latch-off function can be reset by cycling the supply
voltage to the FAN5033 or by toggling the EN pin low for
a short time. To disable the short-circuit latch-off
function, an external resistor can be placed in parallel
with Cp.y to prevent the DELAY capacitor from charging
up to the 1.7V threshold. The addition of this resistor
causes a slight increase in the delay times.

During start-up, when the output voltage is below
200mV, a secondary current limit is active. This
secondary current limit clamps the internal COMP
voltage at the PWM comparators to 1.5V. Typical over-
current latch-off waveforms are shown in Figure 10.

-

Vcore
[ 1] —_—
!
: Vops
1, 1 | TT TSRS
VpeLay -

e e Y

1y By > [ 1A 3 ey SO0AS 0w
=

Figure 10: Over-Current Latch-off Waveforms

DYNAMIC VID

The FAN5033 has the ability to dynamically change the
VID inputs while the controller is running. This allows
the output voltage to change while the supply is running
and supplying current to the load. This is commonly
referred to as VID on-the-fly (OTF). A VID OTF can
occur under either light or heavy load conditions. The
processor signals the controller by changing the VID
inputs in multiple steps from the start code to the finish
code. This change can be positive or negative.

When a VID input changes state, the FAN5033 detects
the change and ignores the DAC inputs for a minimum
of 200ns. This time prevents a false code due to logic
skew while the eight VID inputs are changing.
Additionally, the first VID change initiates the PWRGD
and CROWBAR blanking functions for a minimum of
100us to prevent a false PWRGD or CROWBAR event.
Each VID change resets the internal timer.

POWER GOOD MONITORING

The power good comparator monitors the output voltage
via the CSREF pin. The PWRGD pin is an open-drain
output whose high level (when connected to a pull-up
resistor) indicates that the output voltage is within the
nominal limits specified based on the VID voltage
setting. PWRGD goes low if the output voltage is
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outside of the specified range, if the VID DAC inputs are
in no CPU mode, or whenever the EN pin is pulled low.
PWRGD is blanked during a VID OTF event for a period
of ~200us to prevent false signals during the time the
output is changing.

The PWRGD circuitry also incorporates an initial turn-on
delay time (TD5) based on the DELAY timer. Prior to the
SS voltage reaching the programmed VID DAC voltage
of -100mV, the PWRGD pin is held low. Once the SS
pin is within 100mV of the programmed DAC voltage,
the capacitor on the DELAY pin begins to charge up. A
comparator monitors the DELAY voltage and enables
PWRGD when the voltage reaches 1.7V. The PWRGD
delay time is therefore set by a current of 15pA charging
a capacitor from OV to 1.7V.

OUTPUT CROWBAR

As part of the protection for the load and output
components of the supply, the PWM outputs are driven
low (turning on the low-side MOSFETs) when the output
voltage exceeds the upper crowbar threshold. This
crowbar action stops once the output voltage falls below
the release threshold of approximately 300mV.

Turning on the low-side MOSFETs pulls down the
output as the reverse current builds up in the inductors.
If the output over-voltage is due to a short in the high-
side MOSFET, this action current-limits the input supply,
protecting the microprocessor.

OUTPUT ENABLE AND UVLO

For the FAN5033 to begin switching, the input supply
(Vcc) to the controller must be higher than the UVLO
threshold and the EN pin must be higher than its 0.85V
threshold. This initiates a system start-up sequence. If
either UVLO or EN is less than their respective
thresholds, the FAN5033 is disabled, which holds the

PWM outputs low, discharges the DELAY and SS
capacitors, and forces PWRGD and OD# signals low.

In the application circuit, the OD# pin should be
connected to the OD# inputs of the FAN5009 or
FAN5109 drivers. Pulling OD# low disables the drivers
such that both DRVH and DRVL are driven low. This
turns off the bottom MOSFETs to prevent them from
discharging the output capacitors through the output
inductors. If the bottom MOSFETs were left on, the
output capacitors could ring with the output inductors
and produce a negative output voltage to the processor.

NTC Resistance versus Temperature
Normalized to 25C
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Figure 11: Typical NTC Resistance vs. Temperature

© 2006 Fairchild Semiconductor 2006
FAN5033 Rev. 1.0.0

18 of 39

www.fairchildsemi.com

19]|043U0) YoNng snouolyduAg aseyd ¢ 0} Z sjqewwesbold 31Ig-g¢ €SOSNV4



Application Section

Instructions

The purpose of this Mathcad program is to cover design and optimization of the control design that
is very important for the FANS02%/31/32/33 based multiphase VR design in order to meet critical
dynamic performance requirements. This Mathcad program is available from Fairchild upon
request, and feel free to contact us should you have any questions.

Highlight regions, such as arerequired input fields.

Input Parameters

Vin = 12 Input voltage (V)
Vo=14 Cutput voltage (V)
Iomax := 110 Max. cutput current (&)
n = 80% Estimated converer efficiency at max. lead

Ve
D= D=0.148 Duty cycle

Vin-n
fs := 300-10° Per phase switching frequency (Hz)
Ts L Ts—3333x 108 Per phase switching period

fs
Np=73 Mumber of phases
Roi= 20 Ro = 0.013

Tomax

f 2
Irms = Jomax- |3 — D" Irms = 18.190
J Np
Choose input capacitors based on this input RMS current.

Select inductor peak-to-peak ripple current from 25% to 55%.

wipple = 30% Per phase Inducter peak-to-peak ripple current percentage

I
Iripple = omaR

1

1-D Vo-Np 7

-ripple  Inipple = 11.000Per phase inductor peak-tio-peak ripple current (A)

L= : L=3624%10
e fs  Iomax-iripple
I :=0610 ] Per phase inductance (at 04 load)
kL = 1.0 Inductor rell-off factor at max. load
© 2006 Fairchild Semiconductor 2006 www.fairchildsemi.com

FAN5033 Rev. 1.0.0 19 of 39

19]|043U0) YoNng snouolyduAg aseyd ¢ 0} Z sjqewwesbold 31Ig-g¢ €SOSNV4



I
. i—
[ ma . o . ;
Ti=ln) — ¢ = min-g jomy-1
| min

1 szl 4
z]l = fzl = fzl = 4.080 = 10
Bc-C 2.1
1 szl . ]
72 - 72 ‘- 722 - 5305 = 10
Re2.C2 .
1 wWo 3
WO - —— o - — fo=4.756 = 10
',||']'_-[ 2-T
1 .-
Q(Fo) =m —- - CiFo) = 1.704
wo | |
f— 1+ C.Fx
|, Bo )

Open-Loop Control-to-Output Transfer Function F2(s)

L
AR0) = Be-Rcl-C-CI+ R—-I:.:'.: C &+ Be2-C2) + L(C + CX)
]

L
B(Fo) :m —-Fc-Bc2-C-C2 + L-C-C2(Fc + Fcl)

Bo

{1+ 5Fec-C)(1 + 5Bc2-C1)

Owitput bulk capaciter ESR zero (Hz)

Output ceramic capacitor ESR zero (Hz)

Open loop power stage doublke poles (Hz)

Open loop power stage damping facior

F2{z,Fa) = Vin- - -
i . L) 2 3

1+ 5-| BeC + Re2 Q2+ R—| + 5T A{Ro) + 5 -B(Ro)

I

magF2{i,Ra) := 20-(log| 1-'2|5.l-_1 2-m,Ra|

180

Open Loop Output Impedance Zpis)

BL-{1 + 5-Rc-C)-(1 + s-Bc2-C2) :I 1+s L i
Zpis.Fao) = — - - AL/
1=+ I FoC + Bc2.C2 + L I: + s:-_-h:R-:l} + 5.3-E--:R-:I}
! Fo )
mazZp(i, Foj = 2'.':'-|:'_|:|g: |E]:-|js].-j-2-r,3“.-:-:| I
130

phaz=Zp(i, Fo) = ug'.e[Re:Ep: s].-;-E-Tr,R-:I | '|.11:1{Ep|jsj-j-2-r: Ro) | |

-
L

Sampling Gain He(s)

phazaF2{i Fuo) - mg'.e|'F.e'F2|s_l-_1 2-11.R.a||,11.'u.'1-'2|5..l; 1.m,Fao||| — 340
\ 1 ), 1 L
' 1 '-I
L 3202 = ]-.’.‘IIS
Fe-C + Be2-C2 + — . .
coef - Ro | pelyrocts(coef) = | 7630 = 10° — 2.702i = 10"
AiRo) | i 4
§ 7830 0= 107 + 27021 = 107 )
| B(Ro) |  — 7830 = 1 1) |

5= 1216 % 107

.

magF2(217, Ro) = 5.598

phazeF2{217,Ro} = —151.560
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Wo - — Qz:- —
Ts T

He(s) = 1+ = —
20z

Fi(s) = Ri-He(s) Current sense gain
; ; ! - PP L 180

magFi(i) == 20-(log| |F'.| 5-j-1-m || || phaseFii) = angle|Rej Fiysj-2-m ), Im Fi|5p - 2om |} |- ——
1 I I P Fr X X = LR 1 P n

Open Loop Transfer Function: F5is) = iLfo

1 1

Fi(s,Bo) = _
! ! 1 1 sL+RL
+ +— - -
Be+ —  Bela+ ! Re sL+EL
5-C 5-C2
magF5(i, Ro) - 20-(log( |F5(s.j-2-n Ra|| |)
180

phaseP5(i, Ro) =~ angle{Re{F5(s;i-2-x.Ro)), Im{ F5(5;]-2-%, Ro || — — 360
’ I. L I' Frr TI-

Open Loop Control to Inductor Current Transfer Function: F4(s) = iL/d

1
Fa{z, ) = Vin-

L+ FL =

31 5-C2 . 1
1+ sFeC l +5Re2.iC2 Eo

magF4i, Fo) - 2[l-|:]-:-g| Fd|s;] E-W.R_GJ

; 180
phaseF4(i, Fo) ‘= angleBe(F4|s-j-2-n,Feo||, Im{ F4|s.J-2-1,Ro| || -0
\ 1 L) 1 Won

Voltage Compensator Gain Fv(s)

For most of applications using slectrolytic type dominant cutput capacitors, a 2-pok-1-zen
compensator, consisting of R2, R3, C2, and C3 as shown in below, is sufficent to meet the W
dynamic reguirements. Howsver a placehoder for a 3-pole-2-zero compensator is abways
recommended in the PCE layout, in crder o have a little fledbility fo fine tunse the VR perdomancs.

For ceramiz ypes of output capacitor dominant applications, a 3-pole-2-zero compensator is
usually mandatony.

Im this design example, slectrolytic type dominant output capacitors are usad.

The compensator design adopts an interactive approach. In such a condition, cne can ocpiimize the
control design by interactive tuning the compensator parameters through a few iterations.

L5 3 good starting point, select the compensator zers to be around 1.5 ~ 3.5X open loop powsr
stage double poles, and select the high frequency pole o ke around 0.8 ~ 2.5% per phase
switching frequency. The compensaior high freguency pole is placed in order to filker cut high
freguency switching noise. If's not recommended fo place it oo close fo the contrel bandwidth.
Use the OC gain of ol to adjust the control bandwidth. 1t quite imporiant o note that the
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compensator zero and OC gain are crfical parameters, and need fo be fine tuned in nteractve
manner through a few iterations of this program.

fzcl = 12.10

wzcl = 2-m-fzcl

fzcl - 15-]013

Flace the compensator zero to cancel the power stage pole (1.5 ~ 3.8X
open loop power stage double poles) (Hz)

To cancel the power stage pole (Hz)

ozl = 2-w-fecd

3

fpcl = 80-10 To be placed around 0.8 ~ 2.5 the per phase switching freguency (Hz]

opel = Ion-fpcl

13

fpcl o= 57-10 To cancel the lowsr power stage esrzero (Hz)

wpc = Im-fpel

wl= 1.5 1I:I".E

Cross owver freq. adjustment

5

@l 1 +
\ :-:-zcl

1+

-:uzr_" A

Fr(s) o= -
4 I

5-:I1+

L opel || 1+

Gpcd |

Input the 1% fesdback resistor (Rfh) first. Instructions of how to calculate Rfb can be found in the
Appendixz at the end of this fils.

] 3 Input B2 (Rfy - 1% resisior) here (chm)
Fi-121-10 See Appendix section for how to calculate Rff.
Given _ c2
= macl
R3C3 — | —
1 c3 Ra (| R1
————— = azl o o
(Rl + BEN-C1 = — 0 —e A —
: R2
— (T2 + C3) = apcl 17 W
B3C2-C3 - * — A
3 L
= @pc
R1-C1 +
v
R2{C + C3) Wreaf

[ 64612707069340008572e-18 ) Caleulated C1(F)

E2644628080173553718e-10
Find(C1,C2,C3 K1, E3) — | 46831955922865013774e-9
432 14285714285714286

Caleulated C2 (F)
Calculated C3 (F)
Calculated R 1 {ohm)

25320.217814881375024

A

Caleulated B3 {ohm)
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Select the dosed 1% resisiors, and NP O or X7R types of capaciiors as the compensator
elemenis. If the above calkulated value is either less than 1pF or negative, these components are
natnecessary. It's a good practice o have at least 10pF capacitance for C2.

Select:
C2 = BI- 10 1 Imput capacitance closing to the above calculated compensatar value (F)
C3 = 0.47- 1-.’:-_g Imput capacitance closing to the above calculated compensatar value (F)
B3 = 252 1-.’:-3 Imput resistance closing io fhe above calculated compensator value {ohm)
Cl = 0820107 18 Imput capacitance closing to the above calculated compensator value (F)
Fl = 2400 ]|:|'5 Imput resistance closing fo the above calculated compensator value {ohm)
Fyfs) = (I + s-Rj-Cij-El + 3[Rl + RE}-C.I]

' [1 + sR2(C2 + '::33]-[ I+ s B30 L sRICT) .

25000 ' C2+C3) 557 = 1.216 = 10

magFu(i) = 20-log| | Fv(s 27 :'| ) magFr(217) = 28.311

180 I SR
(i} = ——-ang 153270, 552 - -
phaseFv(i) - I an“hl._Rel.hl.sl F=%) I'm4.F'l |_'E'1J “.l | | 30 phasaFv{217) = =53.147

g0
&0
magFu{ip0f— =t
20 B e —
0 . —
1-10° 1.10° 1-10 110"
45
q
phazeFu(l) —45 — T
_g,‘:l—______ B e = — = S X
i 3 4 3 i
1-10 1-10 1-10 1-10
5
Current Loop Gain Ti & Voltage Loop Gain Tv
Tis,Fo) -= Frflomax)-Fi(s)-F4{z,Fa)
Twis,Fo) = FmiIomax)-Fvis)-FI{s Fo)
mazTifi,Fo) = zn-.:'lu;[' Ii.:'-si-J -:-r,Ru'|| i
fo el s vy ol v, LED
phaseTi(i, Ra) = angle| Fej Ti| si-J-.E-H.Rﬂ'”,IJJL:TH 5].-]-2-:1::]?_:.,“.—
N, 1 1 i L g
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mazTwii, Bo) = :c--['lng{ |Tr.-|'sz- i -E-JT,R-:-:|| )

phasaTv(i,Ro) - ugletRa]l:T'.'{ii-j-E-T:,R.u] ],nn{ntsjq

Owerall Loop Gain T1
T1{s,Ra) := Tv{s,Ro) + Ti(s,Ra)
mazT1(i, Fo) = za-['mg.:'|'r1(sj-]-z-::,Rc.'||'J'.'J'.

phasaT1(i,Bo) = ugle(Re{T]{si-j-z-n,Ru] :|,lm4'lT1|'ls].-]

Outer Loop Gain T2
Tvis, Fo)
1+ Ti{s,Fo)
mazT2(i, o) - zc:--['u:.g{ Tlisj-j-ﬂ-r,Rn:||'J'|'J'|

T2{s,Fao) =

phasaT2(i,Bo) = ugle(Re{Tz{si-j-z-n,Ru] :|,lm4'lT1|'lsj-j-2-r,R.-:u'J'|:|'J'|-

-E-JT,R.-:-}]}-

2.80))

180
— = 380

.t

o

o

E’h;aseﬂ;i:l?.ﬂj = | phaseT2(0, o) if phaseT2(i,Fo) < 180

phzseT2(1, Fo) — 360 otherwize

180

180
— = 180

- 180

100

45 aoF—— bt il % Bk ok

mazT(0, o) = 50.346

© 2006 Fairchild Semiconductor 2006
FAN5033 Rev. 1.0.0 24 of 39

www.fairchildsemi.com

19[]013U0) }oNng SnouoIydsuAkg aseyd ¢ 03 Z ajqewwesbold Hg-8 SSOSNVA



A ENES
s

Euess: i = 300 _." I \
{Fiven - oo m: | |
h P-4 =l 2 - g-2-n.Rafl i =
m = round(Find(m)) 20-\loz! [T2min-e -j-2-m,RoflL/ =0
4 m o= 321000
- 4027 = 10 frrossT2 im 5
I
T2 Crossover Frequency: 4
g d m{” frrossT2 = 4027 = 10

PmiarzinT?2 = 0 = phazeT2{m_Fao)
T2 Fhaze Margin: PmarginT2 - 16.612
Droop Loop Gain Tdmp
Fidmp = EL Droop current sense resistance = Inductor DCR / Number of Phase

Imput the following droop amplifier component values for Bes, Rph, and Ces. Please s=e the
Appendix section at the end of the file for instructions of how to caloulate these component values.

Fis = 25.16- ]|:|3 + 63_1-103 Ingut droop amplifier component value here (ohm)
3
Bph = 102-107] Input droop amplifier component value here (ghm)
Fph
Rok - ——
Np

Ccg = 4.7-10 : + 3710 . Droop amplifier component value (F)

L
1 +5—

" RL Fis
1+ 5Bes-Cos Eph

Fdrp(z) =

To simplify the analysis, let's assume that the droop amplifier fme constant Ros"Cos exactly
maiches the inductor fme constant L'RL. Then the above eguaton can be reduced to a simple gain.

Eis

Fdm(z) =
HE\{E\’ “ RF]J.

Tdrp(s,Fo) (= Fa{sz, Fo)-Ridrp-Fdrp(s)-{1 + Fv{=))-Fm{hc)

magTdrp(i, Fo) = 2'3-|l{.~g|j |Td:p|:s__-j-2-r.:?-“.|:-:. 1

ro ; ! ; P 180
phazaTdmp(i, Fo) = angle| R Tdmp sj-;-i-r,?-'.-:-|'|:11:q'l'd:p| 5]_-1-:-:::31:-'.'.'.-— — 380
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