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FAN5019
6-Bit VID Contr oller 2-4 Phase VRM10.X Contr oller

Features

Pin and Function Backavd Compatible with AN53168

and FAN53180 Controllers

Precision Multi-Phase DC-DC Coweltage Rgulation

— +£10mV OutputVoltageAccuragy Over Temperature

Differential Remot#&/oltage Sensing

Selectable 2, 3, or 4 Phase Operation

Selectable VRM®r VRM10 Operation

Up to 1MHz per Phase Operation (4MHz ripple

Frequeng)

Lossless Inductor Current Sensing for Loadline

Compensation

— External BmperaturéCompensation

Accurate Load-Line Programming (Meets Ifitel

VRM/VRD10.0 and 10.X CPU Specifications)

Accurate Channel-Current Balancing fidrermal

Optimization and Layout Compensation

Corvenient 12V Supply Biasing

6-bit Voltage Identification (VID) Input

— .8375V to 1.600V in 12.5mV Steps

— DynamicVID Capability with Fault-Blanking for
glitch-less Output eltage Changes

Adjustable Oer Current Protection with Programmable

Latch-Of Delay. Latch-Of Function may be Disabled

Over-Voltage Protection — InternaM® Crowvbar

Protection

Applications

Computer DC/DC CorerterVRM/VRD10.0
Computer DC/DC CorerterVRM/VRD10.X
Computer DC/DC CorerterVRM/VRD9.X
High Current, Lav Voltage DC/DC Rail
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General Description

The FAN5019 is a multi-phase DC-DC controller for imple-
menting high-current, l@-voltage, CPU core peer regula-
tion circuits. It is part of a chipset that includeteenal
MOSFET driers and paer MOSFETS.The FAN5019
drives up to four synchronous-rectifiedd channels in par
allel. The multi-phasedrck corverter architecture uses irter
leaved switching to multiply ripple frequendy the number
of phases and reduce input and output ripple currentger_o
ripple results in f@er components, ¥eer component cost,
reduced pwer dissipation, and smaller board area.

The FAN5019 features a high bandwidth control loop to
provide optimal response to load transientsie FAN5019
senses current using lossless techniques: Phase current is
measured through each of the output induct®lss current
information is summedyaraged and used to set the loadline
of the output via programmable "droopThe droop is tem-
perature compensated to ackeiprecise loadline character
istics over the entire operating rangedditionally,

individual phase current is measured using tbg@&n) of

the lov-side MOSFETS.This information is used to dynam-
ically balance/steer pgrhase currentThe phase currents
are also summed andeaaged for wer-current detection.

Dynamic-VID technology allws on-the-fly/ID changes

with controlled, glitch-less outpudditionally, short-circuit
protection, adjustable current limitingves-voltage protec-
tion and paver-good circuitry combine to ensure reliable and
safe operationThe operating temperature range is 0°C to
+85°C and the operatinghage is a single +12V supply
which simplifies the designThe FAN5019 is &ailable in a
TSSOP-28 package.

|
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FAN5019

PRODUCT SPECIFICATION

Pin Assignments

Pin Definitions

viD4[1 | @ 28 ] VCC
VID3 [ 2| 27 | PWM1
vID2 [ 3] 26 | PWM2
VID1 [4 | 25 | PWM3
VIDO [ 5 | 24 | PWM4
VID5/SEL [ 6 | 23| sw1

FBRTN [ 7 | FAN5019 22 | sw2
FB[8 | TSSOP-28 [21]sw3

COMP E 20 | SW4
PWRGD | 10 19 | GND
EN [ 11 18 | CSCOMP
DELAY | 12 17 | CSSUM
RT [ 13 16 | CSREF
RAMPADJ | 14 15 | ILIMIT

Pin Number

Pin Name

Pin Function Description

1-5

VID [4:0]

VID inputs. Determines the output voltage via the internal DAC. These inputs
comply to VRM10/VRD10 specifications for static and dynamic operation. All have
internal pull-ups (1.25V for VRM10 and 2.5V for VRM9) so leaving them open
results in logic high. Leaving VID[4:0] open results in a "No CPU" condition
disabling the PWM outputs.

VID5/SEL

VID5 Input/DAC Select. Dual function pin that is either the 12.5mV DAC LSB for
VRM10 or selects the VRM9 DAC codes when forced higher than Vtblsel(VRM9)
voltage. The truth table is as follows:

Vvips/seL held > Vtblsel(VRM9); VRM9 DAC table is selected (See Table 3)

Vvips/seL < Vtblsel(VRM10); VRM10 DAC table is selected (See Table 2) and
Vvips/seL pin is used as VID5 input.

FBRTN

Feedback Return. Error Amp and DAC reference point.

FB

Feedback Input. Inverting input for Error Amp this pin is used for external
compensation. This pin can also be used to introduce DC offset voltage to the
output.

COMP

Error Amp output. This pin is used for external compensation.

10

PWRGD

Power Good output. This is an open-drain output that asserts when the output
voltage is within the specified tolerance. Itis expected to be pulled up to an external
voltage rail.

11

EN

Enable. Logic signal that enables the controller when logic high.

12

DELAY

Soft-start and Current Limit Delay.  An external resistor and capacitor sets the
softstart ramp rate and the over-current latch off delay.

13

RT

Switching Frequency Adjust.  This pin adjusts the output PWM switching
frequency via an external resistor.

14

RAMPADJ

PWM Current Ramp Adjust. An external resistor to Vcc will adjust the amplitude of
the internal PWM ramp.

15

ILIMIT

Current Limit Adjust.  An external resistor sets the current limit threshold for the
regulator circuit. This pin is internally pulled low when EN is low or the UVLO circuit
is active. It is also used to enable the drivers.

REV. 1.0.7 1/5/04
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PRODUCT SPECIFICATION FAN5019

Pin Definitions (continued)

Pin Number Pin Name | Pin Function Description

16 CSREF Current Sense Reference. Non-Inverting input of the current sense amp. Sense
point for the output voltage used for OVP and PWRGD.

17 CSSUM Current Sense Summing node. Inverting input of the current sense amp.

18 CSCOMP | Current Sense Compensation node.  Output of the current sense amplifier. This

pin is used, in conjunction with CSSUM to set the output droop compensation and
current loop response.

19 GND Ground. Signal ground for the device.
20-23 SWI[4:1] Phase Current Sense/Balance inputs. Phase-to-phase current sense and
balancing inputs. Unused phases should be left open.
24-27 PWM[4:1] | PWM outputs. CMOS outputs for driving external gate drivers such as the
FAN53418 or FAN5009. Unused phases should be grounded.
28 VCC Chip Power. Bias supply for the chip. Connect directly to a +12V supply. Bypass

with a 1uF MLCC capacitor.

REV. 1.0.7 1/5/04 3
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FAN5019 PRODUCT SPECIFICATION

Absolute Maxim um Ratings

Absolute maximum ratings are the values beyond which the device may be damaged or have its useful life
impaired. Functional operation under these conditions is not implied.

Parameter Min. Max. Units
Supply Voltage: VCC to GND -0.3 +15 \Y,
Voltage on FBRTN pin -0.3 +0.3 \%
Voltage on SW1-SW4 (<250ns duration) -5 +25 \%
Voltage on SW1-SW4 (>=250ns duration) -0.3 +15 \%
Voltage on RAMPADJ, CSSUM -0.3 VCC+0.3 \%
Voltage on any other pin -0.3 +5.5 Vv

Thermal Inf ormation

Parameter Min. Typ Max. Units
Operating Junction Temperature (Tj) 0 +150 °C
Storage Temperature —65 +150 °C
Lead Soldering Temperature, 10 seconds +300 °C
Vapor Phase, 60 seconds +215 °C
Infrared, 15 seconds +220 °C
Power Dissipation (Pp) @ Ta =25°C 2 w
Thermal Resistance (©3a)* 50 °C\W

Recommended Operating Conditions  (See Figure 8)

Parameter Conditions Min. Typ. Max. Units
Supply Voltage VCC VCC to GND 10.2 12 13.8 \Y,
Ambient Operating Temperature 0 +85 °C
Operating Junction Temperature (Tj) 0 +125

Note:

1: @3a is defined as 1 oz. copper PCB with 1 in? pad.

4 REV. 1.0.7 1/5/04
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PRODUCT SPECIFICATION

FAN5019

Electrical Specifications

(Vce = 12V, Ta = 0°C to +85°C and FBR TN=GND, using circuit in Figure 1, unless otherwise noted.)
The « denotes specifications which apply over the full operating temperature range.

Parameter | Symbol Conditions | | Min. | Typ. | Max. | Units
Error Amplifier
Output Voltage Range Vcomp 0.5 35 \%
Accuracy VFB Relative to DAC Setting, VRM10 -10 +10 mV
referenced to FBRTN, VRM9 -12 +12
CSSUM = CSCOMP,
Test Circuit 3
Line Regulation AVFB VCC=10V to 14V 0.05 %
Input Bias Current IFB -13 -15 -17 HA
FBRTN Current IFBRTN 150 | 180 HA
Output Current IO(ERR) FB forced to Vout — 3% 300 500 HA
Gain Bandwidth Product GBW COMP =FB 20 MHz
DC Gain Ccowmp = 10pF 77 dB
VID Inputs
Input Low Voltage ViL(vID) VRM10 0.4 \Y
VRM9 0.8 \%
Input High Voltage VIH(VID) VRM10 0.8 \Y
VRM9 2.0 \%
Input Current, VID Low liL(vID) VID(X) = 0V -30 -20 HA
Input Current, VID High lIH(VID) VID(X) = 1.25V -2 2 HA
Pull-up Resistance Rvip Internal 35 60 115 kQ
Internal Pull-up Voltage VRM10 1.0 | 1.15 | 1.26 \%
VRM9 2.2 2.4 2.6 \Y
VID Transition Delay Time? VID Code Change to FB Change 400 ns
“No CPU” Detection VID Code Change to 11111X to PWM 400 ns
Turn-off Delay Time? going low
VID Table Select Vtblsel To select VRM9 table 4 \Y
To select VRM10 table (becomes VID5) 35 V
Oscillator
Frequency fosc 200 4000 | kHz
Frequency Variation fPHASE Ta=+25°C, Rt = 250kQ, 4-Phase 155 | 200 | 245 kHz
Ta=+25°C, Rt = 115kQ, 4-Phase 400 kHz
TA=+25°C, Rt = 75kQ, 4-Phase 600 kHz
Output Voltage VRT RT =100kQ to GND 1.9 2.0 2.1 \Y
RAMPADJ Pin Accuracy | VRAMPADJ VRAMPADJ = Vdac = +2K « (Vin-Vdac)/ -50 +50 mV
(Rr+2Kk)
RAMPADJ Input Current IRAMPADJ Current into RAMPADJ pin 0 100 HA
Current Sense Amplifier
Offset Voltage Vos(csA) CSSUM-CSREF, Test Circuit 1 -1.5 +1.5 mV
Input Bias Current IBIAS(CSA) -50 +50 nA
Gain Bandwidth Product GBW COMP =FB 10 MHz

Notes:

1. All limits at operating temperature extremes are guaranteed by design, characterization and statistical quality control
2. Guaranteed by design — NOT tested in production.

REV. 1.0.7 1/5/04
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FAN5019 PRODUCT SPECIFICATION

Electrical Specifications  (continued)

(Vce = 12V, Ta = 0°C to +85°C and FBR TN=GND, using circuit in Figure 1, unless otherwise noted.)
The « denotes specifications which apply over the full operating temperature range.

Parameter Symbol Conditions Min. | Typ. | Max. | Units
DC Gain 77 dB
Input Common Mode CSSUM and CSREF . 0 3 \Y
Range

Positioning Accuracy AVFB COMP = FB, Test Circuit 2 . -84 -80 -76 mV
Output Voltage Range Icscomp = £100pA . 0.1 3.3 \Y
Output Current locsa) FB forced to Vout — 3% Source/Sink 300 | 375 HA
Current Balance Cir cuit

Input Operating Range Vsw(x)cm e | -600 +200 mV
Input Resistance Rsw(x) SW(X) = 0V . 20 30 40 kQ
Input Current Isw(x) SW(X) = 0V . 4 7 10 HA
Input Current Matching Alsw(x) SW(X) = 0oV . -5 +5 %

Current Limit Comparator

ILIMIT Output Voltage

Normal Mode VILIMIT(NM) RiLimiT = 250kQ « | 29 3 3.1 Y,
In Shutdown VILIMIT(SD) liLimiT = -100pA . 400 mv
Output Current, Normal ILIMIT(NM) RiLimiT = 250kQ 12 HA
Mode
Maximum Output Current Viumit = 3V . 60 HA
Current Limit Threshold VeL VcsrRerF—VescoMp RiLimiT = 250kQ | 105 125 150 mV
Voltage
Current Limit Setting Ratio Ved/humir 10.4 mV/pA
Latch-off Delay Threshold | VpeLay In Current Limit . 1.7 1.8 1.9 \%
Latch-off Delay Time tDELAY RpELAY = 250kQ, CpELAY = 4.7nF 600 ps
Soft Star t
Output Current, IDELAY(SS) During Start-up, DELAY < 2.8V . 15 20 25 HA
Soft start Mode
Soft Start Delay Time TDELAY(SS) RpELAY = 250kQ, CpELAY = 4.7nF, 400 us
VID = 011111 (1.475V)
Enable Input
Input Low Voltage VIL(EN) . 0.4 \Y
Input High Voltage VIH(EN) « | 0.8 Vv
Input Current, EN Low IIL(EN) EN =0V . -1 1 HA
Input Current, EN High lH(EN) EN =1.25V . 10 25 HA
Power Good Comparator
Under voltage Threshold | VpwreDUV) | Relative to DAC Output e | -325 | -250 | -200 mV
Over voltage Threshold VpwracD(V) | Relative to DAC Output . 90 150 | 200 mV
Output Low Voltage VoL(PWRGD) | IPWRGD(SINK) = 4MA . 225 | 400 mV
Notes:

1. All limits at operating temperature extremes are guaranteed by design, characterization and statistical quality control
2. Guaranteed by design — NOT tested in production.

6 REV. 1.0.7 1/5/04
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PRODUCT SPECIFICATION FAN5019

Electrical Specifications  (continued)

(Vce = 12V, Ta = 0°C to +85°C and FBR TN=GND, using circuit in Figure 1, unless otherwise noted.)
The « denotes specifications which apply over the full operating temperature range.

Parameter Symbol Conditions Min. | Typ. | Max. | Units
Power Good Delay Time .
Initial Start Up 1 10 ms
VID Code Changing 100 250 us
VID Code Static 200 ns
Crowbar Trip Point VCROWBAR Relative to Nominal DAC Output . 90 150 200 mV
Crowbar Reset Point Relative to FBRTN | 450 | 550 | 650 mV
Crowbar Delay Time {CROWBAR
VID Code Changing Over voltage to PWM Going Low « | 100 | 250 | 500 us
VID Code Static 400 600 ns
PWM Outputs
Output Voltage Low VoL (PwM) IPWM(SINK) = 400pA . 160 | 500 mV
Output Voltage High VOH(PWM) IPWM(SOURCE) = 400pA . 4 5 5.5 \Y
Input Suppl y
DC Supply Current EN = Logic High . 5 10 mA
UVLO Threshold VuvLo Vcc Rising (Vcc = 12V input) . 6.5 6.9 7.8 V
UVLO Hysteresis . 0.7 \%
UVLO Threshold Falling . 5.6 7.0
Notes:

1. All limits at operating temperature extremes are guaranteed by design, characterization and statistical quality control
2. Guaranteed by design — NOT tested in production.
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FAN5019 PRODUCT SPECIFICATION

Internal Bloc k Diagram

vce RT RAMPADJ
[28] 14l 3l
28 14 13
UVLO 2K
EN 13— Shutdown .
& Bias Oscillator
GND 1E’—I | | | |
CMP SET EN
DAC T
+150mV e—— RESET PWM1
1T
CSREF 4 +CMP
CMP Phase RESET PWM2
Current '
Balancing 2/3/4 Phase Driver
— P CMP Logic
DAC I Circuit n
-250mv e——+ RESET PWM3
CMP omp
+ RESET PWM4
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CROWBAR LIMIT
| Swi1
[ sSw2
PWRGD 19—— Delay
Ny
sw3
Sw4
5] .
gl I Current CSSUM
> Limit
= . ircui CSREF
Circuit
L F CSCOMP
DELAY [ 12]
|
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+
9 | Error
comp |:9_, p
/ Sel VRM9 Table
REF
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FBRTN VID4 VID3 VID2  VID1 VIDO VID5
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PRODUCT SPECIFICATION FAN5019

Typical Characteristics
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FAN5019

Application Cir cuit
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FAN5019

Bill of Materials

Table 1. FAN5019 VRM/VRD10 Application Bill of Materials f  or Figure 1
Ref Qty Description Manufacturer/Number

u4 1 VRM10, Multi-Phase Controller Fairchild FAN5019

u1l-3 3 Sync MOSFET Driver, 12V/12V Fairchild FAN5009

Q1-3 3 N-MOSFET, 30V, 50A, 8mQ Fairchild FDD6696

Q4-9 6 N-MOSFET, 30V, 75A, 5mQ Fairchild FDD6682

L1-3 3 Inductor, 650nH, 26A, 1.6mQ Micrometals T50-8B/90, 5T, 16AWG

L4 1 Inductor, 630nH, 15A, 1.7mQ Inter-Technical AK1418160052A-R63M

R1 1 10Q, 5%

Rr RpLy, RT 3 301kQ, 1%

R5 1 15.0kQ, 1%

RPH1-3 3 100kQ, 1%

Ra, Rcs2 2 24.9kQ, 1%

RB1 1 10Q, 1%

Rs 1 1.33kQ, 1%

Rswi-3 3 0Q, 5%

Rcs1 1 37.4kQ, 1%

Riim 1 200kQ, 1%

R19-21 3 1.5Q, 5%

RTH 1 NTC Thermistor, 100kQ, 5% Panasonic ERT-J1V V104J

C1-7 7 1.0pF, 25V, 10% X7R

C8-10 3 0.1uF, 50V, 10% X7R

C12-14, Ccs 4 4700pF, 25V, 10% X7R

CobLy 1 0.047uF, 25V, 10% X7R

Cs 1 2200pF, 25V, 10% X7R

Ca 1 470pF, 50V, 10% X7R

CrB 1 100pF, 50V, 5% NPO

Cx 8 820uF, 2.5V, 20% 7mQ, POLY Fujitsu FP-2R5RE821M

Cz 22 10pF, 6.3V, 20% X5R

CiN 6 470uF, 16V, 20%, 36mQ, Alum-Elec | Rubycon 16MBZ470M
Note:

The design shown in this datasheet should be used as a reference only. Please contact your Fairchild sales representative
for the latest information.
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PRODUCT SPECIFICATION

Table 2. VRM10 VID Codes

VID4 VID3 VID2 VID1 VIDO VID5 Vout (nominal)
1 1 1 1 1 X No CPU
0 1 0 1 0 0 0.8375V
0 1 0 0 1 1 0.8500V
0 1 0 0 1 0 0.8625V
0 1 0 0 0 1 0.8750V
0 1 0 0 0 0 0.8875V
0 0 1 1 1 1 0.9000V
0 0 1 1 1 0 0.9125V
0 0 1 1 0 1 0.9250V
0 0 1 1 0 0 0.9375V
0 0 1 0 1 1 0.9500 vV
0 0 1 0 1 0 0.9625V
0 0 1 0 0 1 0.9750V
0 0 1 0 0 0 0.9875V
0 0 0 1 1 1 1.0000 V
0 0 0 1 1 0 1.0125V
0 0 0 1 0 1 1.0250 V
0 0 0 1 0 0 1.0375V
0 0 0 0 1 1 1.0500 V
0 0 0 0 1 0 1.0625V
0 0 0 0 0 1 1.0750 V
0 0 0 0 0 0 1.0875V
1 1 1 1 0 1 1.1000 V
1 1 1 1 0 0 1.1125V
1 1 1 0 1 1 1.1250V
1 1 1 0 1 0 1.1375V
1 1 1 0 0 1 1.1500 V
1 1 1 0 0 0 1.1625V
1 1 0 1 1 1 1.1750V
1 1 0 1 1 0 1.1875V
1 1 0 1 0 1 1.2000 V
1 1 0 1 0 0 1.2125V
1 1 0 0 1 1 1.2250V
1 1 0 0 1 0 1.2375V
1 1 0 0 0 1 1.2500 V
1 1 0 0 0 0 1.2625V
1 0 1 1 1 1 1.2750V
1 0 1 1 1 0 1.2875V
1 0 1 1 0 1 1.3000 V
1 0 1 1 0 0 1.3125V
1 0 1 0 1 1 1.3250V

12
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FAN5019

Table 2. VRM10 VID Codes (continued)

VID4 VID3 VID2 VID1 VIDO VID5 Vout (nominal)
1 0 1 0 1 0 1.3375V
1 0 1 0 0 1 1.3500 V
1 0 1 0 0 0 1.3625V
1 0 0 1 1 1 1.3750 V
1 0 0 1 1 0 1.3875V
1 0 0 1 0 1 1.4000 V
1 0 0 1 0 0 1.4125V
1 0 0 0 1 1 1.4250V
1 0 0 0 1 0 1.4375V
1 0 0 0 0 1 1.4500V
1 0 0 0 0 0 1.4625V
0 1 1 1 1 1 1.4750V
0 1 1 1 1 0 1.4875V
0 1 1 1 0 1 1.5000 V
0 1 1 1 0 0 1.5125V
0 1 1 0 1 1 1.5250V
0 1 1 0 1 0 1.5375V
0 1 1 0 0 1 1.5500 vV
0 1 1 0 0 0 1.5625V
0 1 0 1 1 1 1.5750V
0 1 0 1 1 0 1.5875V
0 1 0 1 0 1 1.6000V

REV. 1.0.7 1/5/04
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PRODUCT SPECIFICATION

Table 3. VRM9 VID Codes

VID4

VID3

VID2

VID1

VIDO

Vourt (nominal)

1

1

BN

No CPU

1.100V

1125V

1.150V

1175V

1.200V

1.225V

1.250V

1.275V

1.300V

1.325V

1.350V

1375V

1.400V

1425V

1.450V

1.475V

1.500V

1525V

1.550V

1575V

1.600V

1.625V

1.650V

1.675V

1.700V

1.725vV

1.750V

1.775V

1.800V

1.825v

oO|O0O|O0O|O0O|O|O0O|O|O|OC|O|O|C|O|O0|C|O|R|RP|IP|IRP[FRP[IP|IRP[RP|FRP|[R[RP|FRP[RP[FRP]|RF

o|Oo|Oo|lOo|O|OC|O|O|FR|(FR|IP|IRP|FP|IRP|RPR|[P|IO|OC|O|OC|OC|O|C|O|R|R[FRP|FRP[FR|[FR]|F

o|o|Oo|O|FR|RP|(RP|RP|OC|O|O|OC|(FR|RP|R|[RP|O|OC|O|OC|(FR|[FRP|RPR|[PRP|O|OC|O|O|FR|[FR]|FL

oO|Oo|rRr|FR|IO|O|FR|FRP|OC|O|RP|RP|O|O|R|[FRP|OC|O|FRP|RPR|O|O|R|[FRP|O|OC|R|RLR|OC|O| K

OoO|rR|O|FR|O|Rr|O|FRP|O|F|O|RP|O|RP|O|(FRP|O|FRP|O|R|O|[FRP|O|FRP|O|R|O|FL|O|F]|O

1.850vV
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General Description

Note: The information in this section is intended to assist thenormal operatiorfter this time, if the PWM output &s not

user in their design and understanding of thRI%019
functionality For clarity and ease of understandingyide
parameters ha& been included in the text. In theeat of
discrepancies betweealues stated in this section and the

grounded, then it will operate normallfthe PWM output
was grounded, then it will remainfof

The PWM outputs become logicvkd output deices once

actual specification tables, the specification tables shall be normal operation starts, and are intended fafimyiexternal

deemed correct.

Theory of Operation

The FAN5019 combines a multi-mode, éd frequeng
PWM control with multi-phase logic outputs for use in
2, 3 and 4 phase synchronougk CPU core supply peer
corverters. IfVID5S is pulled up to aeltage greater than
VTBLSEL, then the B\C code corresponds YRM9.

Multi-phase operation is important for producing the high
currents and le voltages demanded by todayhicroproces-
sors. Handling the high currents in a single-phaseerter

gate drvers. Since each phase is monitored independently
operation approaching 100% dutycte is possibleAlso,

more than one output can be on at a time Verlapping
phases.

Master Clock Frequency

The clock frequencof the AN5019 is set with anxernal
resistor connected from thd Rin to groundThe frequeng
follows the graph shvan in TPC 1.To determine the fre-
gueny per phase, the clock isvitied by the number of
phases in use. If PWM4 is grounded, theriddi the master
clock by 3 and if both PWM3 and 4 are grounded, then

would place high thermal demands on the components in th@iVide by 2. If all phases are in usevide by 4.

system such as the inductors and MOSFHETs.internal
6-bitVID DAC conforms to Inte§ VRD/VRM 10
specifications.

The multi-mode control of theAN5019 ensures a stable,
high performance topology for:

» Balancing currents and thermals between phases

» High speed response at thevést possible switching
frequeng and output decoupling

» Minimizing thermal switching losses due tavier
frequeng operation

 Tight load line rgulation and accurgc

» High current output from kéng up to 4 phase operation

» Reduced output ripple due to multi-phase cancellation

» PC board layout noise immunity

» Ease of use and design due to independent component

selection
* Flexibility in operation for tailoring design toyocost or
high performance

Number of Phases

The number of operational phases and their phase relation
ship is determined by internal circuitry which monitors the

Output Voltage Differential Sensing

The FAN5019 combines diérential sensing with a high
accurag VID DAC and reference and anoffset error
amplifier to maintain a wrst-case specification of +10 mV
differential sensing error with\dD input of 1.600V over its
full operating output ®@ltage and temperature ran@be
output wltage is sensed between the FB and ABRins.

FB should be connected through a resistor to thelagon
point, usually the remote sense pin of the microprocessor
FBRTN should be connected directly to the remote sense
ground pointThe internaVID DAC and precision reference
are referenced to FBR|, which has a typical current of
150pA, to allev accurate remote sensifithe internal error
amplifier compares the output of th&O to the FB pin to
regulate the outputoltage.

Output Current Sensing

The FAN5019 prwides a dedicated current sense amplifier
(CSA) to monitor the total output current for propeltage
positioning \ersus load current and for current limit detec-
tion. Sensing the load current at the outpuégithe total
average current being dedired to the load, which is an
inherently more accurate method than peak current detection

PWM outputs. Normallythe AN5019 operates as a 4-phase " sampling the current across a sense element such as the

PWM controller Grounding the PWM4 pin programs three

phase operation; grounding the PWM3 and PWM4 pins
programs 2-phase operation.

When the AN5019 is initially enabled, the controller out-
puts a wltage on PWM3 and PWM4 that is approximately
550 mV An internal comparator checks each piwltage
versus a threshold of 400mNthe pin is grounded, then it

will be belov the threshold and the phase will be disabled.

The output impedance of the PWM pin is approximately
5kQ. Any external pull-devn resistance connected to the
PWM pin should not be less than Zbko ensure proper
operation.The phase detection is made prior to starting

low side MOSFETThis amplifier can be configuredveeal
ways depending on the obje@s of the system:

» Output inductor DCR sensing without thermistor for
lowest cost

» Output inductor DCR sensing with thermistor for
improved accurag with tracking of inductor temperature

» Sense resistors for highest accyraeasurements

The positve input of the CSA is connected to the CSREF
pin, which is connected to the outpuitage.The inputs to

the amplifier are summed together through resistors from the
sensing element (such as the switch node side of the output
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inductors) to the werting input, CSSUMThe feedback
resistor between CSCOMP and CSSUM sets #ie of the

will make a substantial increase in phase current. Increase
each Rw value by small amounts to actésbalance,

amplifier, and a filter capacitor is placed in parallel with this starting with the coolest phase first.

resistor The aqain of the amplifier is programmable by adjust-

ing the feedback resistor to set the load line required by theVoltage Control Mode

microprocessoiThe current information is thenvgin as the
difference of CSREF —CSCOMPhis difference signal is

used internally to d$et theVID DAC for voltage positioning
and as a diérential input for the current limit comparator

To provide the best accurgdor the sensing of current, the
CSA has been designed tosba lov offset input wltage.
Also, the sensingain is determined byx¢ernal resistors so
that it can be madexgemely accurate and fible.

Active Impedance Control Mode

For controlling the outputaltage droop as a function of
output current, aaltage signal proportional to the total
inductor currents is created by the current sense amplifier
(CSA).The ratio of this gltage to the output current is
determined byxernal components to alloit to be adjusted

A high gain-bandwidth eltage mode error amplifier is used
for the wltage-mode control looff-he control input eltage
to the positre input is set via th¥ID 6-bit logic code
according to thealtages listed ifable 1.This wltage is
also ofset by the droopaltage for actie positioning of the
output wltage as a function of current, commonly wmoas
active voltage positioningThe output of the amplifier is the
COMP pin, which sets the terminatioaltage for the inter
nal PWM ramps.

The ngative input (Fg) is tied to the output sense location
with a resistor B and is used for sensing and controlling the
output \oltage at this poinf current source from theghpin
flowing through R is used for setting the no-loads#t
voltage from th&/ID voltage.The no-load sltage will be
negative with respect to th#'ID DAC. The main loop com-

to set the required load line. Inside the chip the CSA outputpensation is incorporated in the feedback nétbetween

voltage is subtracted from theAQ voltage which then is
used for the reference to the error amplifierthe output

FB and COMP

current increases the reference to the error amp decreasesSoft-Start

causing the outputoltage to decrease accordingly

Current Control Mode and Thermal Balance

The paver-on ramp up time of the outpubliage is set with
a capacitor and resistor in parallel from the DEL@#n to
ground.The RC time constant also determines the current

The FAN5019 has indiidual inputs for each phase which are limit latch off time as &plained in the follaving section. In

used for monitoring the current in each phases informa-
tion is combined with an internal ramp to create a current

UVLO or when EN is a logic @, the DELAY pin is held at
ground After the UVLO threshold is reached and EN is a

balancing feedback system that has been optimized for initidbgic high, the DELA cap is chaged up with an internal

current balance accusaand dynamic thermal balancing
during operationThis current balance information is inde-
pendent of theveerage output current information used for
positioning described pvusly.

The magnitude of the internal ramp can be set to optimize

20pA current sourc&he output vltage follavs the ramp-
ing woltage on the DELX pin, limiting the inrush current.
The soft-start time depends on treue ofVID DAC and
CbLy, with a secondary fefct from RoLy. Refer to the appli-
cations section for detailed information on setting ¥

the transient response of the system. It also monitors the supEN is taken lov or VCC drops beler UVLO, the DELAY

ply voltage for feed-fonard control for changes in the sup-
ply. A resistor connected from theyer input wltage to the
RAMPADJ pin determines the slope of the internal PWM

cap is reset to ground to be ready for another soft giEg.c
Figure 1 shws a typical start-up sequence for tHNB019.

ramp. Detailed information about programming the ramp is Over Current Limit and Latch-off Protection

given in the applications section.

External resistors can be placed in series withviddal

The FAN5019 compares a programmable current limit set
point to the wltage from the output of the current sense
amplifier The level of current limit is set with the resistor

phases to create an intentional current imbalance if desiredfrom the ILIMIT pin to ground. During normal operation,

such as when one phase maydiaetter cooling and can
support higher currents. ResistorsyR through Rw4

the wltage on ILIMIT is 3V The current through thexeer
nal resistor is internally scaled tovgia current limit thresh-

(see the typical application circuit in Figure 4) can be used old of approximately 10.4mV/uA. If the di&rence in

for adjusting FET thermal and current balance. Zero ohm
placeholder resistors should beyidzd in the initial layout

voltage between CSREF and CSCOMP risevatie cur
rent limit threshold, the internal current limit amplifier will

to allow the phase balance to be adjusted during design fineontrol the internal COMPoltage to maintain thevarage

tuning.

To increase the current inyagiven phase, makRsw for

that phase lger (male Rsw = 0 for the hottest phase and do

not change during balancing). IncreasingRo only 50@

output current at the limit.
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Figure 2. Start-Up Waveforms

Circuit of Figure 5
Channel 1 —Vout, Channel 2 —Vcc
Channel 3 — OD, Channel 4 — Delay pin

Chi[ 1.00V  waie] 5.00 v

Ch3[ 2.00V ®Chd4] 1.00V & 4 Sep 2003

16:48:39

After the limit is reached, the 3V pull-up on the DELAINn
is disconnected, and theternal delay capacitor is dis-
chaged through thexternal resistoA comparator monitors
the DELAY voltage and shuts fothe controller when the
voltage drops bel@ 1.8V. The current limit latch dfdelay
time is therefore set by the RC time constant digghgr
from 3V to 1.8V The application section discusses the
selection of Ly and RoLy.

Because the controller continues yele the phases during
the latch-of delay time, if the short is remed before the
1.8V threshold is reached, the controller will return te nor
mal operationThe recwery characteristic depends on the
state of PWRGD. If the outpubitage is within the PWRGD
windaow, the controller resumes normal operationwieer,

if short circuit has caused the outpottage to drop bele
the PWRGD threshold, then a soft-stantle is initiated.

The latch-of function can be reset by eitheycting VCC to
the FAN5019, or by gcling the Enable pin 1o for a short
time. To disable the short circuit latchfdéinction, the

external resistor to ground should be left open, and &2 1M
resistor should be connected frdf@C to the DELA pin.

This prevents the DELX capacitor from dischging, so the
1.8V threshold is ner reachedThe resistor will hee an
impact on the soft-start time because the current through it
will add to the internal 20uA current source.

During start-up when the outpubltage is beler 200mV a
secondary current limit is aeé. This is necessary because
the oltage swing of CSCOMP cannot go helground.
This secondary current limit controls the internal COMP
voltage to the PWM comparators to.2VWis will limit the
voltage drop across theWwsside MOSFETSs through the
current balance circuitry

There is also an inherent per phase current limit that will pro-

kStop | R N :

116V
2,06V

8.20ms
—8.24ms

ek 8k

M2.00ms .A\ Ch“l Lo920my
[80.20% |
Figure 3. Overcurent Latch Off Waveform

Circuit of Figure 5
Channel 1 —Vcc, Channel 2 — Vout
Channel 3 — OD, Channel 4 — Delay pin

Chil 5.00V %Chz[ 1.00V
ch3 2.00v w%@E 200V &

15 Oct 2003
11:18:16

Dynamic VID

The FAN5019 incorporates the ability to dynamically
change th&/ID input while the controller is runningThis
allows the output eltage to change while the supply is run-
ning and supplying current to the loddhis is commonly
referred to a¥ID-on-the-fly (OTF).A VID-OTF can occur
under either light load or hegload conditions.The proces-
sor signals the controller by changing YH® inputs in mul-
tiple steps from the start code to the finish cddhés change
can be either posité or negative.

When aVvID input changes state, th&N5019 detects the
change and ignores théAD inputs for a minimum of 400ns.
This time is to preent a &lse code due to logic ek while
the sixVID inputs are changingidditionally, the firstVID
change initiates the PWRGD and ORBAR blanking
functions for a minimum of 250us to pent a &lse
PWRGD or C®WBAR event. EachVID change will reset
the internal timer Figure 4 shas theVID on-the-fly perfor
mance when the outpublage is stepping up and the output
current is switching between minimum and maximwaugs
which is the werst-case situation.

iy

WEHl T0omy Lk W00 A Chi S 1.30W

tect indvidual phases in the case where one or more phases

may stop functioning because ofaaulty componentThis
limit is based on the maximum normal-mode COMRage.

Figure 4. VID On-the-Fly Waveforms, Circuit of Figure 5,
VID Change = 5mV, 5ps, 50 steps, | out Change = 5A to 65A
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Power Good Monitoring

The Paver Good comparator monitors the outpoitage via
the CSREF pinThe PWRGD pin is an open drain output
whose high leel (when connected to a pull-up resistor) indi-
cates that the outpubltage is within the nominal limits
specified in the specifications table based oWtBevolt-

age setting. PWRGD will gotoif the output wltage is out-
side of this specified range. PWRGD is blkadhkluring a

VID OTF event for a period of 250us to pent false signals
during the time the output is changing.

Output Crowbar

As part of the protection for the load and output component$

of the supplythe PWM outputs will be dréen lov (turning
on the lav-side MOSFETSs) when the outpultage eceeds
the upper Pwer Good thresholdlhis cravbar action will
stop once the outpubitage hasdllen belov the release
threshold of approximately 550mV

Turning on the lw-side MOSFETS pulls den the output
voltage as the verse currentidlds up in the inductors.

If the output @erwltage is due to a short of the high side
MOSFET, this action will current limit the input supply
or blow its fuse, protecting the microprocessor from
destruction.

Output Enable and UVLO

Application Inf ormation

The design parameters for a typical IMRD10.x
compliant CPU application are as falls:

* Input wltage (Mn) = 12V

» VID setting wltage (M/p) = 1.500V

Duty cycle (D) = 0.125

» Nominal output vltage at no load (¥nL) = 1.480V
Nominal output vltage at 6% load (VorL) = 1.3955V
Static output vltage drop based on a 1.3xoad line
(Ro) from no load to full load

(Vb) =VonL —VorFL = 1.480V — 1.3955V = 84.5mV
e Maximum Output Current ¢l) = 65A

e Maximum Output Current StepAlp) = 60A

Number of Phases (n) =3

Switching frequeng per phase §w) = 228 kHz

Setting the Cloc k Frequenc y

The FAN5019 uses a fed-frequeng control architecture

with the frequeng being set by anxéernal timing resistor

(R1). The clock frequencand the number of phases deter
mine the switching frequep@er phase, which relates

directly to switching losses and the sizes of the inductors and
input and output capacitoM/ith n = 3 for three phases, a
clock frequeng of 684kHz sets the switching frequgraf

each phasesfy to 228kHz, which represents a practical

The input supply (VCC) to the controller must be higher tharitrade-of between the switching losses and the sizes of the
the UVLO threshold and the EN pin must be higher then itsoutput filter component3.PC 1 shws that to achiee a

logic threshold for the AN5019 to bgin switching. If

UVLO is less than the threshold or the EN pin is a logic lo
the FAN5019 is disabledThis holds the PWM outputs at
ground, shorts the DEMcapacitor to ground, and holds
the ILIMIT pin at ground.

In the application circuit, the ILIMIT pin should be con-
nected to the output disable pins of tANB009 drivers.
Because ILIMIT is grounded, this disables theehs such
that both DR'H and DR/L are groundedThis feature is
important to preent dischaging of the output capacitors
when the controller is shutfoff the driver outputs were not
disabled, then a gative voltage could be generated on the
output due to the high current disapaiof the output
capacitors through the inductors.

684kHz oscillator frequengthe correct alue for R is
301kQ. Alternatively, the \alue for R can be calculated
using:

_ 1

= D
(nx fg, x5pF)-11MS

R,

where 5.0pF and 110nS are internal IC componaiues.
For good initial accuracand frequeng stability; it is recom-
mended to use a 1% resistor

Soft-Star t and Current Limit Latc h-Off Delay
Times

Because the soft-start and current limit latdhdefay

functions share the DEM\pin, these tw parameters must

be considered togethdihe first step is to setdLy for the
soft-start rampThis ramp is generated with a 20pA internal
current sourcelThe \alue of BLy will have a second order
impact on the soft-start time because it sinks part of the cur
rent source to ground. M@ver, as long as By is kept

greater than 20@g, this efect is minor The value for GLy

can be approximated using:
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Vo BX 1s 2)

Coy = EQOMA—
o O 2xRyy 0 Vao

Where gsis the desired soft-start tim&ssuming an BLy

of 301kQ and a desired a soft-start time of 3ms|Cis

35nF A close standardalue for GLy is 47nkF Once @Ly
has been chosenpRy can be calculated for the current limit
latch-of time using:

— 196 X tDELAY
CDLY

Roy ©)

If the result for RLy is less than 20k, then a smaller soft-

The smallest possible inductor should be used to minimize
the number of output capacitors. Choosing a 650nH inductor
is a good choice for a starting point andegi a calculated
ripple current of 8.86AThe inductor should not saturate at
the peak current of 26.1A and should be able to handle the
sum of the pwer dissipation caused by theeaage current

of 21.7A in the winding and core loss.

Another importantdctor in the inductor design is the DC
Resistance (DCR), which is used for measuring the phase
currentsA large DCR will causexxessie pover losses,
while too small a alue will lead to increased measurement
error. A good rule of thumb is to vathe DCR be about

1to 1 1/2 times the droop resistance)Hor our xample,

start time should be considered by recalculating the equatiowe are using an inductor with a DCR of 1.&m

for CpLy or a longer latch-étime should be used. In no
case should Ry be less than 200k In this kample, a
delay time of 8ms ges PBoLy = 334K2. A close

standard 1%alue is 301R.

Inductor Selection

The choice of inductanceahue for the inductor determines
the ripple current in the inductdress inductance leads to
more ripple current, which increases the output ripple v
age and conduction losses in the MOSFETsallovs using
smallersize inductors and, for a specified peak-to-peak
transient deiation, less total output capacitance. @ensely

a higher inductance meansvier ripple current and reduced
conduction lossesubrequires lagersize inductors and

Designing an Inductor

Once the inductance and DCR arewnopthe nat step is
either to design an inductor or find a standard inductor that
comes as close as possible to meeting Vieeadl design

goals. It is also important to Yathe inductance and DCR
tolerance specified teekp the accurgmf the system con-
trolled. Using 15% for the inductance and 8% for the DCR
(at room temperature) are reasonable tolerances that most
manufcturers can meet.

The first decision in designing the inductor is to choose the
core materialThere are seral possibilities for pnading
low core loss at high frequencidsvo examples are the

more output capacitance for the same peak-to-peak transieptwder cores (e.g., #0l-Mm® from Magnetics, Inc. or

deviation. In ary multi-phase coverter a practical &lue for

Micrometals) and theapped soft ferrite cores (e.g., 3F3

the peak-to-peak inductor ripple current is less than 50% ofor 3F4 from Philips). Lev frequeny powdered iron cores

the maximum DC current in the same inducExuation 4
shaws the relationship between the inductance, oscillator
frequeng, and peak-to-peak ripple current in the inductor
Equation 5 can be used to determine the minimum induc-
tance based on avgin output ripple eltage:

_ Vo x(1-D) ()
: foy XL
L> Vuo x}%x(l— (nXD)) 5)
f&w *VppLe

Solving Equation 5 for a 10 np\ output ripple eltage
yields:

_ 15V x1.3mQ x (1~ 0.375)
- 228kHz x10mV

=534nH

If the ripple wltage ends up less than that designedliier
inductor can be made smaller until the rippddure is met.
This will allow optimal transient response and minimum
output decoupling.

should be wided due to their high core loss, especially
when the inductoralue is relatiely low and the ripple
current is high.

The best choice for a core geometry is a closed-loop types,
such as pot cores, PQ, U, and E cores, or toraigseod
compromise between price and performance are cores with a
toroidal shape.

There are manuseful references for quickly designing a
power inductoy such as:

Magnetics Design References
1. Magnetic Designer Softave Intusoft
(www.intusoft.com)

2. Designing Magnetic Components for High-Frequency
DC-DC Converters, by William T. McLyman,
Kg Magnetics, Inc. ISBN 1883107008
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Selecting a Standar d Inductor It is best to hee a dual location for €sin the layout so stan-
dard \alues can be used in parallel to get as close taihe v
desired. Br this kample, choosing €&sto be 4.7nF is a
good choice. &r best accurag Ccs should be a 5% or 10%
NPO capacitoiA close standard 1%alue for RoH(x) is

The companies listed belocan preide design consultation
and deler paver inductors optimized for high per
applications upon request.

Power Inductor Manufacturers 100kQ.

* Coilcraft .
(847)639-6400 Inductor DCR Temperature Correction
www.coilcraft.com With the inductors DCR being used as the sense element,

and copper wire being the source of the DCR, one needs to

« Coiltronics compensate for temperature changes of the indaatand-
(561)752-5000 ing. Fortunately copper has a well-kmm temperature coef-
www.coiltronics.com ficient (TC) of 0.39%/°C.

* Sumida Electric Compan If Rcsis designed to ve an opposite and equal percentage
(510) 668_'0660 change in resistance to that of the wire, it will cancel the
www.sumida.com temperature ariation of the inductos' DCR. Due to the non-

linear nature of NTC thermistors, resistokssRand R-s2
are needed (see Figure 5) to linearize the NTC and produce
the desired temperature tracking.

 Vishay Intertechnology
(402) 563-6866
www.vishaycom

Place as close as
ToVour  To Switch Nodes

Output Dr oop Resistance sense possible to nearest

inductor or low-side
The design requires that theyudator output wltage MOSFET
measured at the CPU pins drops when the output current

increasesT he specified eltage drop corresponds to a DC
output resistance (3.

Keep this path as
short as possible
and well away from
Switch Node lines -

The output current is measured by summing together the 16
voltage across each inductor and then passing the signal T
through a lav-pass filterThis summeffilter is the CS

amplifier configured with resistorseR(x) (summers), and Figure 5. Temperature Compensation Circuit

Rcsand Gs(filter). The output resistance of theytgator is

set by the follwing equations, where(Rs the DCR of the ~ The follaving procedure andkpressions will yield &lues to
output inductors: use for Rs1, Rcs2 and RH (the thermistor @lue at 25°C)

for a gven Resvalue.

R, = Rs R (6) .
Rew () 1. Selectan NTC to be used based on type ahgvSince
we do not hee a \alue yet, start with a thermistor with a
L value close to Bs The NTC should also ke an initial
Ces = @ tolerance of better than 5%.
R %R
o ] ) 2. Based on the type of NTC, find its relatresistance
One has the flebility of choosing either Bs or ReH(x). value at tvo temperature§-he temperatures to use that
It is best to select & equal to 100Q, and then sok for work well are 50°C and 90°@Ve will call these resis-
RpH(x) by rearranging Equation 6. tance aluesA (A is Rrr(s0°Q)/RTH(25°c) and B (B is
RrH(@o°cyRTH(25°C)). Note that the NTG relatie value
Rewt () :ngCS is aways 1 at 25°C.
3. Next, find the relatie value of R.srequired for each of
Rosce, = 1.6mQ ¥ 100KO = 120 these temperaturebhis is based on the percentage

1.3mQ change needed, which we will initially m=ak.39%/°C.
We will call these £ and p where:

Next, use Equation 7 to savfor Gcs

P 1
_ 650nH - 406 'A+TCx(T,-25)  1¢ 200039
T = 406nF
1.6mQ x100kQ T,=50°C
_ 1 T,=90°C
[ — 2
2 (1+7Cx(T,-25)
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4. Compute the relate values for Rs1, Rcs2 and RH
using:
" _(A=-B)xr xr, - AX(1-B)xr, +Bx(1- A) xr,
= Ax(1-B)xr, -Bx(1- A) xr, - (A-B)

1-A) (8)

1-res,  Tesa

5. Calculate Ry = rtH X Rcs, then select the closestlue
of thermistor gailable.Also compute a scalin@é€tor k
based on the ratio of the actual thermis@ug used
relative to the computed one:

K= R (acruay 9)

RTH (CALCULATED)

6. Finally, calculate alues for Rs1and Rs2using the

following:
Resi = Reg XK XTeg; (10)
Ress = Res * ((1_ k) + (k X I'csz))

For this kample, Rshas been chosen to be 10lso we
start with a thermistoralue of 100K. Looking through
available 0603 size thermistors, we findanBsonic
ERT-J1VV104J NTC thermistor witA = 0.2954 and

B = 0.05684. From these we computesik= 0.3304,
Rcs2=0.7426 and &4 = 1.165. Solving for Ry yields
116.5 K2, so we choose 100k making k = 0.8585. Finally
we find Res1and Roszto be 28.4kR and 77.9K. Choosing
the closest 1% resistoalues yields a choice of 35@kand
73.21Q.

Output Offset

Cour Selection

The required output decoupling for theguéator is typically
recommended by Intel foavious processors and platforms.
One can also use some simple design guidelines to determine
what is requiredThese guidelines are based owmihg both

bulk and ceramic capacitors in the system.

The first thing is to select the total amount of ceramic capac-
itance.This is based on the number and type of capacitor to
be usedThe best location for ceramics is inside the stick
with 12 to 18 of size 1206 being theygital limit. Others

can be placed along the outer edge of theetak well.

Combined ceramicatues of 200uF—300uF are recom-
mended, usually made up of multiple 10uF or 22uF
capacitors. Select the number of ceramics and find the total
ceramic capacitance ¢

Next, there is an upper limit imposed on the total amount of
bulk capacitance () when one considers thM@D on-the-

fly voltage stepping of the outputoftage stepyv in time t/
with errorVerR) and a laver limit based on meeting the crit-
ical capacitance for load release foreegi maximum load
stepAlo:

LxAl
CX(MIN) > %W - CZE (12)
VID
Lo % 0 Vo nKFg H (13
Crumny < KR va 1+Ev v, X lﬁ G
where
K==In

VERR
VV

To meet the conditions of thesgpeessions and transient
response, the ESR of thelk capacitor bank (K should be
less than tw times the droop resistancen.Rf the Gx(miN)

is lamger than &wmax) , the system will not meet thdD
on-the-fly specification and may require the use of a smaller

Intel’'s specification requires that at no load the nominal outinductor or more phases (and mayé increase the

put wltage of the rgulator be dket to a laver value than
the nominal wltage corresponding to thM#D code.The of-
set is set by a constant current sourcgifig out of the FB
pin (IFB) and fleving through RBThe \alue of RB can be
found using Equation 11:

11)

R, = 1.5V -1.480/ -1.33%0

154A

The closest standard 1% resistalue is 1.33 K.

switching frequengto keep the output ripple the same).

For our kample, 22 10uF 1206 MLC capacitors

(Cz = 220pF) were used@heVID on-the-fly step change is
250mV in 150us with a setting error of 2.5n86lving for
the ulk capacitance yields:
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650H x250nV

- 22QuF =239mF

X(MAX) =

3x46°x(13mQ)* x18v 5 O 250mVx650H

Cramy 2 L2THXCOA o o0F EF 6.45mF

Bx1.3mQ x1.5v

where K=4.6

Using eight 820pR1-Polys with a typical ESR of 8,
each yields CX = 6.56uF with an RX = 1.0mOne last
check should be made to ensure that the ESL ofulke b
capacitors (LX) is lav enough to limit the initial high-
frequeng transient spik. This can be tested using:

L, <C, xR’ (14)

L, < 220uF % (1.3mQ)* = 372pH

In this ekample, Lx is 375pH for the eighAl1-Poly capaci-
tors, which satisfies this limitation. If thexlof the chosen

N L BSQisxl.S\/x3X4.6><l.3ng B 1H
0

U
0

(per MOSFET) < 8.7. This Ros(sr)is also at a junction
temperature of about 125°C, so we need toensake we
account for this when making this selectiorar Bur exam-
ple, we selected twlower side MOSFETS at 8.8neach at
room temperature, which\gs 8.4n@ at high temperature.

Another importantdctor for the synchronous MOSFET is
the input capacitance and feedback capacitaiteeratio

of the feedback to input needs to be small (less than 10% is
recommended), to prent accidental turn-on of the synchro-
nous MOSFETs when the switch node goes high.

Also, the time to switch the synchronous MOSFETs of
should not gceed the nonaerlap dead time of the
MOSFET drier (40ns typical for theAN5009).The

bulk capacitor bank is too lge, the number of MLC capaci- output impedance of the der is about 2 and the typical
tors must be increased. One should note for this mUltI-mOdMOSFET input g_te resistances are abom_jzg'z, so a total

control techniqué;all-ceramic” designs can be used as
long as the conditions of Equations 11, 12 and 13 are
satisfied.

Power MOSFETs

For this xéample, the N-channel per MOSFETSs hee been
selected for one high-side switch anatlew-side switches
per phaseThe main selection parameters for thevpo
MOSFETSs ar&/Gs(TH), Qc, Ciss, Crssand Rys(ony)

The minimum @te drive voltage (the supplyoltage to the
FAN5009) dictates whether standard threshold or logietle
threshold MOSFETs must be us®dth Veare ~10V,
logic-level threshold MOSFETSs (5(TH) < 2.5V) are
recommendedThe maximum output currenp ldetermines
the Ros(on) requirement for the e-side (synchronous)
MOSFETsWith the AN5019, currents are balanced
between phases, thus the current in easkside MOSFET
is the output current dded by the total number of
MOSFETSs (’F). With conduction losses being dominant,
the following expression shws the total paver being
dissipated in each synchronous MOSFET in terms of the
ripple current per phaserjland aerage total output
current (b):

% O
Ps :(l_D)X%E*—fZXE%EEXRDS@)

Knowing the maximum output current being designed for
and the maximum aleed paver dissipation, one can find
the required Bs(on) for the MOSFETFor D-FAK
MOSFETSs up to an ambient temperature of 50°C, a safe
limit for Pspis 1W-1.5W at 125°C junction temperature.
Thus, for our gample (65A maximum), we findd(sr)

(15)

gate capacitance of less than 6000pF should be adhered to.
Since there are wwMOSFETS in parallel, we should limit

the input capacitance for each synchronous MOSFET to
3000pF

The high-side (main) MOSFET has to be able to handbe tw
main paver dissipation components; conduction and switch-
ing lossesThe switching loss is related to the amount of
time it takes for the main MOSFET to turn on anfl ahd to

the current andoltage that are being switched. Basing the
switching speed on the rise aradl time of the gte drver
impedance and MOSFET input capacitance, thevidatig
expression preides an approximateaiue for the switching
loss per main MOSFETvhere mr is the total number of
main MOSFETS:

Ve X1 n
PS(MF):foSNx%xRGx%xCISS (16)

MF

Here, Rs is the total gte resistance 2for the AN5009
and about @ for typical high speed switching MOSFETS,
making Rs = 3Q) and CISS is the input capacitance of the
main MOSFET It is interesting to note that adding more
main MOSFETs (nMF) does not really help the switching
loss per MOSFET since the additionaltg capacitance
slows dawvn switching.The best \ay to reduce switching
loss is to use lwer cate capacitance diees.

The conduction loss of the main MOSFET igagi by the
following, where Rs(vF) is the ON-resistance of the
MOSFET.

17
Pewry =D X @n

I é 1 leEﬁ
+—X xR,
MF 12 Nye E SME)
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Typically, for main MOSFETSs, oneamts the highest
speed (lv Cisg) device, tut these usually va higher Voo A, ><(1— D)XVVID (20)

ON-resistance. One must select gice that meets the total
power dissipation (about 1\ for a single D-RK) when
combining the switching and conduction losses.

For our x<ample, we hee selected a&rchild FD6696 as the
main MOSFET (three totalyk = 3), with a Gss= 2058 pF
(max) and BsvF) = 15m (max afy= 125°C) and an

R Cex oy

_ 0.2x(1-0.125)x1.5/

. =0.765/
30KQ x5pF x228Hz

The size of the internal ramp can be madgdaor smaller

Fairchild FDD6682 as the synchronous MOSFET (six total; If it is made lager, stability and transient response will

nsrk = 6), with Gss= 2880pF (max) andd¥(sF)= 11.9n0

(max atTj= 125°C).The synchronous MOSFETIis less
than 3000 pFsatisfying that requirement. Solving for the
power dissipation per MOSFET &b F 65A and k = 8.86A

improve, hut thermal balance will dgade. Lilewise, if the
ramp is made smallethermal balance will impke at the
sacrifice of transient response and stabilibe factor of

three in the denominator of equation 19 sets a ramp size that

yields 1.24W for each synchronous MOSFET and 1.62W foigives an optimal balance for good stabjlitansient

each main MOSFETT hese numbersavk well considering
there is usually more PCB area#able for each main
MOSFET \ersus each synchronous MOSFET

One last thing to look at is thewer dissipation in the drer
for each phasdahis is best described in terms of the for

the MOSFETSs and isgn by the folling, where @mr is
the total gte chage for each main MOSFET and:€Fis the
total cate chage for each synchronous MOSEET

of
Porv = ﬁ x(nMF XQayr + Ng XQGSF)+ lec %Vcc (18)

Also shavn is the standby dissipatioadtor (ktc times the
Vcc) for the drver. For the AN5009, the maximum dissipa-
tion should be less than 400 mPdr our xkample, with
lcc=7 mA, @GMmF = 24nC (max) and €r= 31nC (max),
we find 202 mW in each d#r, which is belav the 400 mW
dissipation limit. See theAN5009 data sheet for more
details.

Ramp Resistor Selection

The ramp resistor (& is used for setting the size of the
internal PWM rampThe \alue of this resistor is chosen to
provide the best combination of thermal balance, stability
and transient responskhe folloving expression is used for
determining the optimumalue:

R=— XL (19)
3% Ay XRps XCp

Ro_ 02X650H o0
3x5%5.95mQ x5pF

where AR is the internal ramp amplifiea,Ap is the
current balancing amplifierain, Ros is the total lav-side
MOSFET ON-resistance, anck@ the internal ramp
capacitor alue.A close standard 1% resistaluve is 301K.

The internal rampaltage magnitude can be calculated
using:

response, and thermal balance.

COMP Pin Ramp

There is a ramp signal on the COMP pin due to the droop
voltage and outputoltage rampsThis ramp amplitude adds
to the internal ramp to produce the faliag overall ramp
signal at the PWM input.

For this xample, the werall ramp signal is found to be
0.974V

Ve

2x(1-nxD) E

nx fg, xC, xR,

RT —

(21)

Current Limit Set Point

To select the current limit set point, we need to find the
resistor alue for Rim. The current limit threshold for the
FAN5019 is set with a 3V source (M1) across Rim with

a cpin of 10.4mV/mA (Aim). RLim can be found using the
following:

A_IM ><VLIM
ILIM x I:20

For values of Rim greater than 50@k, the current limit may
be lowver than gpected, so some adjustment gfNrR may be
needed. Herepiv is the aerage current limit for the output
of the supplyFor our kample, choosing 120A forimv, we
find RLim to be 200K, for which we chose 200k as the
nearest 1%alue.

R = (22)

The per phase current limit described earlier has its limit
determined by the folleing:
Voomrmax) ~Vr ~Veins _ | (23)

r
A, X RDS(MAX) 2

For the AN5019, the maximum COMPoltage
(Vcomp(max)) is 3.3V, the COMP pin biasaltage (Msias)
is 1.2V, and the current balancing amplifiexig (Ap) is 5.
Using VR of 0.765VY and Rysmax) of 5.95n0 (low-side
ON-resistance at 125°C), we find a-péiase limit of 40.44A.

IPHLIM D
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This limit can be adjusted by changing the ramipageVr.
But male sure not to set the pphase limit laver than the
awerage pephase current (jm/n).

There is also a per phase initial duggle limit determined
by:

D XVCOMP(MAX) _VBIAS
MAX

\Y/

D (24)

RT

For this ample, the maximum dutycle is found to be
0.2696.

Feedback Loop Compensation Design

Optimized compensation of thé&R5019 allavs the best
possible response of thegrdators output to a load change.
The basis for determining the optimum compensation is to
male the rgulator and output decoupling appear as an
output impedance that is entirely resistbver the widest
possible frequencrange, including DC, and equal to the
droop resistance . With the resistie output impedance,
the output wltage will droop in proportion with the load
current at apload current sk rate; this ensures the optimal
positioning and alles the minimization of the output
decoupling.

With the multimode feedback structure of t#e\B019, one
needs to set the feedback compensation teerttakcon-

verters output impedanceark in conjunction with the out-
put decoupling to meet this go@here are seeral poles and

zeros created by the output inductor and decoupling capaci

tors (output filter) that need to be compensated for

A type-lll compensator on theltage feedback is adequate
for proper compensation of the output filfEine expressions
given in Equations 25-29 are intended to yield an optimal

starting point for the design; some adjustments may be nec

essary to account for PCB and component parasféctef
(see théluning Procedure for theAlN5019 section).

The first step is to compute the time constants for all of the C,, =

poles and zeros in the system:

(25)

R XV , 2XLx(1-nxD) XV,

A s G R g

1.6mQ x0.974V  2x650nH x (1-0.375)x0.974/

T, = (1.0mQ +0.6mQ -1.3mQ) x6.56mF =1.97}s
_Ap ¥Ry

V,. %
Y EL zxfsw E

I/V[D X RE
0.974 x Fb50usr - 2% 6:95mQ
_— 0 2% 228Hz [_
¢ 1.5V x55.3mQ

(28)

T.=

6.861s

Cy xC, xR}

= (29)
Cyx (Ro _R')+ C, xR,

Ty

6.56mF x 220uF x (1.3mQ)’

b= =500us
6.56mF x(1.3mQ - 0.6mQ) + 220uF x1.3mQ

where, for the AN5019, R’is the PCB resistance from the
bulk capacitors to the ceramics and wheps R approxi-
mately the total lav-side MOSFET ON resistance per phase
at 25°C. r this kample Ap is 5,VRT equals 0.974\R’ is
approximately 0.6 (assuming a 4-layer motherboard) and
Lx is 375pH for the eighal-Poly capacitors.

The compensationalues can then be sely for using the
following:

¢, =" foxTs (30)
R, XR,
¢ 2 3XLI0XATHS oo
55.3mQ x1.3%Q
R, =T =885 5000 (31)
C, 253F
c,=To =195 _y g (32)
R, 133%Q
: 33
T, 500 _jac (33)
R, 27.1Q

=55.3mQ

R: =3%1.3mQ +5%x5.95mQ +
1.5v

TA:CXx(RO—R')+L7XxL°_R (26)
Ry
T, = 6.56mF x (1.3mQ - 0.6mQ) + 375pH  13mQ -0.6m _ ;795
1.3mQ 1.0mQ
To = (R« +R-R,)xC, 27)

3x6.56mF x1.3mQ x1.5V
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Choosing the closest standaalues for these components Tuning Pr ocedure f or the FAN5019
yields: Ca = 390pFRa = 16.9K2, Cg = 1.5nkand Gg =

33pk DC Load line Setting

1. Build circuit based on compensatioalves computed

CiN Selection and Input Current di/dt Reduction from design spreadsheet

In continuous inductecurrent mode, the source current of

the high-side MOSFET is approximately a squaaeewith 2 Hook up DC load to circuit, turn on anerify opera-

a duty ratio equal to n @UT/VIN) and an amplitude of one- tion. Also check for jitter at no-load and full-load.
nth of the maximum output currefib prevent lage wltage

transients, a lw ESR input capacitor sized for the maximum 3. Measure outputoltage at no-load (V). Verify it is
rms current must be useéthe maximum rms capacitor eur within tolerance.

rent is gven by:
100

80 / —

S
o

2
EFFICIENCY (%)
(2]
o
T~~~

’ 0 10 20 30 40 50 60
OUTPUT CURRENT (A)

Chi] S00mv_ Wi 50,0mV W] 1000s] Al Ch1 _ 4i0mv Figure 7. Efficiency vs. Output Current
(Circuit of Figure 5)

Figure 6. Typical Transient Response for Design Example
4. Measure outputoiltage at full-load cold (M.coLD).

1 1 (34) Let board soak for ~10 minutes at full-load and measure
output (MLHOT). If there is a change of more than a
couple of millvolts, adjust Rs1and Res2using

1 Equations 35 and 37.
l oy = 0.125X65AX . |— = —1=105A
3x0.125 5. Repeat Step 4 until cold and haitage measurements

remain the same.

| =Dx|.x
CRMS o
nxD

Note that the capacitor mamaturers ripple current ratings

are often based on only 2000 hours of lifeis males it 6. Measure outputaltage from no-load to full-load using
advisable to further derate the capagitorto choose a 5 Amp steps. Compute the loadline slope for each
capacitor rated at a higher temperature than requirgdr&e change and thervarage to getwerall loadline slope

capacitors may be placed in parallel to meet size or height (RomEeas).
requirements in the design. In thisaenple, the input
capacitor bank is formed by three 220016V Nichicon
capacitors with a ripple current rating of 3.5A each.

7. If Romeasis off from Ro by more than 0.05 €,
use the follaving to adjust the R4 values:

Toreduce the input-current di/dt to belthe recommended RPH(NEW) =Ry, (oLD) x% (36)

maximum of 0.1A/us, an additional small inductor (L > 1pH Ro

@ 15A) should be inserted between theveoter and the .

supply lus.That inductor also acts as a filter between the 8. R;_petat St(:p;fG and 7 to check loadline and repeat
corverter and the primary per source. adjustments It necessary

9. Once complete with DC loadline adjustment, do not
Resanew) = Resziolo) Xi(vm Vo) (35) change Rn, Rcsi, Resz or Rry for rest of procedure.

(VNL _VFLHOT)
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1
RCS(OLD) + Rm (25°0) 1 (37)

/ \

Resiowo) X Riyasey + (Rcsz(ow) ~ Resznew) )x (RCSI(OLD) - RFH(ZS"C)) Riyesco)

Resinew) =

10. Measure the output ripple at no-load and full-load with 18. Set dynamic load step to maximum step size (do not use

scope and maksure it is within spec. a step size lger than needed) anénfy that the output
waveform is square (which mea8 CDRP and
AC Loadline Setting VDCDRP are equalNOTE: MAKE SURE LQAD
11. Remove DC load from circuit and hook up dynamic STEP SLEW RAEAND TURN-ONARE SET FORA
load. SLEW RATE OF ~150-250A/us (forxample, a load

) step of 50A should tak200ns—-300n3d)/ITH NO
12. Hpok up scope to outpuollage and set to DC coupling OVERSHOOT. Some dynamic loads will kaan
with a time scale at 100psvdi excessve turn-on wershoot if a minimum current is not

. . set properly (this is an issue if using&T tool).
13. Set dynamic load for a transient step of about 40A at

1kHz with 50% duty ycle. Initial Transient Setting

19. With dynamic load still set at maximum step size,
expand scope time scale to see 2pstdiSus/dv. You
will see a vaveform that may hae two owershoots and
one minor undershoot (see Figure 9). H¥gRooOP IS
the final desiredalue.

14. Measure output mveform (may heae to use DC dbet
on scope to seeaweform).Try to use ertical scale of
100 mV/dv or finer

15. You will see a waveform that looks something &k

Figure 8. Use the horizontal cursors to meagut®RrP
and \bcprpas shen. L | | | i
DO NOT MEASURETHE UNDERSHOQ OR OVER-
SHOOT THAT HAPPENS IMMEDIATELY AFTER THE -
DROOP
STER
‘J b S .
] VINC | -~
i - Nt
s P13
\in” \; ]
TRANA vV
TRANZ
Vacore
Vocore | . . .
¥ ] Figure 9. Transient Setting Waveform
S _
17~ = . 20. If both overshoots are Iger than desired, try making the
P - fm - 1 following adjustments in this orddNOTE: If these
. — ¥ — . adjustments do not change the response, you are limited
] 1 by the output decoupling.) Check the output response
] ] each time you maka change as well as the switching
Figure 8. AC Loadline Waveform nodes (to mak sure it is still stable).
16. If the VacobrrandVpcprpare diferent by more than a a. Make ramp resistor lger by 25% (RamP).
couple of millvolts, use Equation 38 to adjust£ You b. For VTrANL, increase CB or increase switching fre-
may need to parallel dérent \alues to get the right one queng.

since there are limited standard capacitiugs &ail-
able (it is a good idea to ¥mlocations for tvo capaci-
tors in the layout for this). 21

c. ForVTraNg, increase R and decreasefby 25%.

. For load release (see Figure 10ViRANREL is lamger
vV than VrraN1 (see Figure 9), you do notweenough
ACDRP (38) ) S .
v output capacitanc&ou will either need more capaci-
bCDRP tance or to makthe inductor alues smaller (if you
change inductors, you need to start the designasing
the spreadsheet and this tuning procedure).

Ccs( NEW) — Ccs(om)

17. Repeat Steps 11 to 13 and repeat adjustments if
necessaryonce complete, do not changeg3or the
rest of the procedure.
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General Recommendations

- m . » For good results, at least a fdayer PCB is

- / . ; recommendedrhis should aller the neededersatility
""" \ T T4

for control circuitry interconnections with optimal
placement, poer planes for ground, input, and output
power, and wide interconnection traces in the rest of the
power delivery current paths. &p in mind that each
square unit of 1 ounce copper trace has a resistance of
~0.53 nf2 at room temperature.

Voroor

» Wheneer high currents must be routed between PCB
layers, vias should be used liberally to createss
parallel current paths so that the resistance and inductance
introduced by these current paths is minimized and the via
current rating is nobe&eeded.

Figure 10. Transient Setting Waveform « If critical signal lines (including the outpubkiage sense
lines of the AN5019) must cross througher circuitry

it is best if a signal ground plane can be interposed
between those signal lines and the traces of theipo
circuitry to seres as a shield to minimize noise injection
into the signals..

Since the AN5019 turns dfall of the phases (switches
inductors to ground), there is no rippleltage present

during load releaseThus, you do not he to add headroom
for ripple, allaving your load releaséTrANREL to be lager
than Vrrani by that amount and still be meeting spec. If
VTrAN1 and VTRANREL are less than the desired final droop,
this implies that capacitors can be resed.\When remaing
capacitors, maksure to check the output rippleltage as
well to male sure it is still within spec.

* An analog ground plane should be used both around and
under the AN5019 for ground connections to the
components associated with the controlléis plane
should be tied to the nearest output decoupling capacitor
ground and should not tie toyaather paver circuitry to

Layout and Component Placement prevent paver currents from fiwing in it.

The follonving guidelines are recommended for optimal .
performance of a switchinggelator in a PC system.
Key layout issues are illustrated in Figure 11.

The components around thANW5019 should be located
close to the controller with short trac&he most
important traces todep short andveay from other traces
are the FB and CSSUM pins.

SWITCH NODE
— 12V CONNECTOR PLANES INPUT POWER PLANE

» The output capacitors should be connected as close as
possible to the load (or connector) that reegithe paver
(e.g., a microprocessor core). If the load is distgl, the
capacitors should also be distribd, and generally in
proportion to where the load tends to be more dynamic.

Power Circuitry
@ KEEP-OUT @ » The switching pwer path should be routed on the PCB to
AREA encompass the shortest possible length in order to
OUTPUT minimize radiated switching noise eger(i.e., EMI) and
POWER . . .
PLANE conduction losses in the boaraiilbre to tale proper
precautions often results in EMI problems for the entire
KT PC system as well as noise related operational problems
in the paver corverter control circuitryThe switching
power path is the loop formed by the current path through
the input capacitors and thevper MOSFETSs including
@ KEEP-OUT @ all interconnecting PCB traces and plarié® use of
short and wide interconnection traces is especially critical
in this path for tw reasons: it minimizes the inductance in
Figure 11. Layout Recommendations the switching loop, which can cause high-eyeinging,
and it accommodates the high current demand with
minimal wltage lossAvoid crossing ansignal lines ver
the switching pwer path loop, described belo

KEEP-OUT
AREA

g
2%
mc
m
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PRODUCT SPECIFICATION

* Wheneer a paver dissipating component (e.g., avgo Signal Circuitry

MOSFET) is soldered to a PCB, the liberal use of vias, -«
both directly on the mounting pad and immediately
surrounding it, is recommendéelvo important reasons

for this are: imprged current rating through the vias, and
improved thermal performance from viagended to the
opposite side of the PCB where a plane can more readily
transfer the heat to the .aWlake a mirror image of an

pad being used to heatsink the MOSFETSs on the opposite
side of the PCB to achie the best thermal dissipation to *
the air around the boardo further imprwe thermal
performance, the lgest possible pad area should be used.

« The output pwer path should also be routed to
encompass a short distantee output pwer path is
formed by the current path through the inductos
output capacitors, and the load.

» For best EMI containment, a solidyer ground plane
should be used as one of the inner laygtsreling fully
under all the pwer components.

The output vltage is sensed andgidated between the

FB pin and the FBRN pin (which connects to the signal
ground at the load). In order tead differential mode

noise pickup in the sensed signal, the loop area should be
small. Thus the FB and FBRN traces should be routed
adjacent to each other atop theveo ground plane back

to the controller

The feedback traces from the switch nodes should be
connected as close as possible to the induitherCSREF
signal should be connected to the outmitage at the
nearest inductor to the controller
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PRODUCT SPECIFICATION FAN5019

Mechanical Dimensions
28-Pin TSSOP

97+01— |y

- |<— 0.51 TYP
28

LA D0

7.72

|le—4.16 —»]

|

!
e

|

!

@
|
|
}
1
|
T
}
1
|
|
«——4.4+0.1—»w

S = S |

ALL Lead Tips

PIN # 1 IDENT
LAND PATTERN RECOMMENDATION
— 1.2 MAX
[S[oa[c] 100015 |
—ALL LEAD TIPS Y0107 e See Detail A
7 - ~
| |

Vi EEE U s )

' ¥ 1
| Euinininininininininininininish S SN, S A\

0.09-0.20
12
{

[l
p— — N
ct ‘ ‘ L 0.10 £ 0.05
L—» 0.19-0.30
[$]013@[A[BO[CO)] nd 12.00° Top & Botom
RO0.16
GAGE PLANE
DIMENSIONS ARE IN MILLIMETERS R0.31
.025
0°-8° N\
NOTES: 0.61 + 0.1—=—>» \ SEATING PLANE
A. Conforms to JEDEC registration MO-153, variation AB, ~—1.00 —»
Ref. Note 6, dated 7/93.
B. Dimensions are in millimeters.
C. Dimensions are exclusive of burrs, mold flash, and tie bar extensions. DETAIL A
D Dimensions and Tolerances per ANs| Y14.5M, 1982
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PRODUCT SPECIFICATION

Ordering Inf ormation

Part Number Temperature Range Package Packing
FAN5019MTC 0°C to +85°C TSSOP-28 Rail
FAN5019MTCX 0°C to +85°C TSSOP-28 Tape and Reel
DISCLAIMER

FAIRCHILD SEMICONDUCTOR RESERVES THE RIGHT TO MAKE CHANGES WITHOUT FURTHER NOTICE TO

ANY PRODUCTS HEREIN TO IMPROVE RELIABILITY, FUNCTION OR DESIGN. FAIRCHILD DOES NOT ASSUME
ANY LIABILITY ARISING OUT OF THE APPLICATION OR USE OF ANY PRODUCT OR CIRCUIT DESCRIBED HEREIN;
NEITHER DOES IT CONVEY ANY LICENSE UNDER ITS PATENT RIGHTS, NOR THE RIGHTS OF OTHERS.

LIFE SUPPORT POLICY

FAIRCHILD’S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES
OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF FAIRCHILD SEMICONDUCTOR

CORPORATION. As used herein:

1. Life support devices or systems are devices or systems
which, (a) are intended for surgical implant into the body,
or (b) support or sustain life, and (c) whose failure to
perform when properly used in accordance with

instructions for use provided in the labeling, can be
reasonably expected to result in a significant injury of the

user.

www.fairchildsemi.com

2. A critical component in any component of a life support
device or system whose failure to perform can be
reasonably expected to cause the failure of the life support
device or system, or to affect its safety or effectiveness.
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