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Rds(on) and DCR sense

* Over 2 Years in Market

» High Reliability and Excellent Stability
 Controllable for Multi-Source FETs
 Friendly Layout and Seamless Copy

* Need Temperature Compensation

* Sensitive to Layout

* Not Proven in Very High Volume

* Not Easy Model to Model Copy

* RC Filter Produces one Pole

 RC and L/DCR Mis-matching Issue

* Need Temperature Compensation



Current Sensing Via Intrinsic Elements

® [nductor DCR Rys(on) Distribution
- Initial Accuracy » 10% DatTaSh_eet 5
o ypical ghin
« Wire Length and Diameter S .
. @) | Datasheet
e 3s Design reduces tolerance : . Maximum
O - Thermal Dependence ;3,_; | Limit
] o Copper Material —
% e TCO =0.00352 - 0.00393
' Rds(on)
O ® MOSFET Rpg(on)
O — Initial Accuracy »  10% Logic-Level MOSFETSs
< « 3s Design reduces tolerance T Lo
— Thermal Dependence =
. Silicon, Aluminum, and Copper £ 1
Materials > 12

' .
o r

« TCO =0.0040 - 0.0055
— Fewer Components Required

25 C 50 C 7% C 100 C 125 C

Junction Temperature
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DCR Sensing Network

A simple R-C network to measure current
Voltage on Cis equal to voltage on DCR
ONLY IF TIME CONSTANTS ARE EQUAL

Voltage across C is measured

1

_ sC
Ve(s) =VL()—7
l.(s) R¥-G
L > sC
sL Rpc s—L +1
R
=1L(s)Rpc SRDCC):+1
+ Ve (s)
1 _ : L _
R = Ve(s) =l (s)Rpec iIf ——=RC
sC Rpc

P Current
P Sense




Accurate DCR Sensing Requires
Accurate Time-constant Matching

. Parameter Variation
« Four elements effect time Inductor nominal value +15%
constant matching Inductor low-load value +3%
— Inductance Inductor full-load value -3%
_ ) Inductor DCR at 25°C +10%
2 e varies with current Inductor DCR temperature 39094/°C
q0] . varies With tolerance Time-constant resistor +19%
al Tir_ne—constant capacitor initial +10%
< - DCR Time-constant capacitor cold 0%
QI) e varies with temperature Time-constant capacitor hot -7%
<DE « varies with tolerance

— Measurement Resistor

e minor tolerance variation
— Measurement Capacitor

* tolerance variation

« temperature variation
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Tolerance Analysis

Description of parameter Tol Sym Minimum Nominal Maximum
Number of phases in multi-phase buck converter NEg 3
Minimum inductor temperature TL,MIN 20
Maximum inductor temperature TL,MAX 120
Inductor nominal value 15% LNoMm 512E-09 560E-09 608E-09
Inductor low-load value Lo 543E-09
Inductor full-load value LrL 577E-09
Inductor DCR at 25 C 10% Rpc 763.23E-06 | 810.00E-06 8.57E-04
Inductor DCR temperature coefficient aL 0.390%
Inductor DCR cold Rbc,coLb 794.205E-06
Inductor DCR hot Rpc,HoT 1.11E-03
Time-constant resistor 1% Rt 5.87E+03 5.9E+03 5.93E+03
Time-constant capacitor initial value 10% Ct 94.2E-09 100E-09 106E-09
Time-constant capacitor to inductor coupling coefficient 60%
Time-constant capacitor maximum temperature 80
Time-constant capacitor cold Ct,coLD 100E-09
Time-constant capacitor hot Ct HoT 93.0E-09
Standard deviations to report 3.5 RSS Results
Time-constant mismatch - cold, low load 8.0% 13.7% 19.5%
Time-constant mismatch - hot, low load -19.6% -12.1% -4.7%
Time-constant mismatch - cold, full load 13.3% 18.8% 24.2%
Time-constant mismatch - hot, full load -12.6% -5.6% 1.4%
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Rising Transient Edge

Well-Matched Time Constant

ek Run: 250k5.«_’5

Average

14

1Ch 1 R

M 200us Chl £ 1.28V

27 Oct 2002
13:23:35

Approximately 1mV of offset related overshoot
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Falling Transient Edge

Well-Matched Time Constant

8k
e
b

Tek H{gR 250kS5/s 382 Acqs

i IT 1

H (I 1
....................................... ........ 4—
.ZZZ_Z‘_%Z:ZZZZ:ZZZZ:ZZ;Z Z;ZZHE‘WZ‘ZZZEZZZZEZZZZEZZZZ
1ﬂﬂmv Ew ....... M zﬂﬂus Ch-l-\-

1.28V 27 Oct 2002

13:12:47

Negligible offset-related undershoot
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Rising Transient Edge

+20% mismatch...

Tek Run: 250k5.«_’5

Average

14

R 0. 0mv &

14:33:15

Approximately 6mV of offset-related overshoot




Falling Transient Edge

+20% mismatch...

Tek Run: 250k5;5 Average

. ]
T T T T T T T T T T T T A 14 2my
. . . . . B . . . . l@: 1.246 v
AT A S U R, T PR RN -
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¥ 0. 0mv & M 200js Chi v 1.28V 27 Oct 2002
14:35:57

Approximately 14mV of offset-related undershoot




Temperature effect on current sensing

® Vproop depends | OVeer
on temperature Vorooet §
YAVAY |
Reg E "
O VDROOP(T) = RFB ISEN i TISEN | E
5_5 : SEN Eé
< E o
- lour Roson(T) | T TIOUT/N
—R__ _our DS(ON) : !
= ® N R = :
<DE ISEN : : i Roson(T)
The problem is, we need
Vproop 10 depend on gt Vg + Viroop = VID

Not on T! Vo= VID = Ro*lg




RDS(ON) Increase With Temperature

- 0
,_DR_128-10_., %

DI 95-25  °C

® Now we have an easy formula for calculating RDS(ON)(T)

Rosion (T) =Roson (25) [L+a (T - 25)]
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® Obviously this presents a problem
We need accurate current sensing, but...

...we can’t pay the dollar cost to keep DT small.




Voroop T€Mperature Dependence

m to be constant

IOUT
e One way to make sure of that is to give Ry the right

kind of temperature dependence

e We want R,

% R = RFB (T) RDS(ON) (T) a5 RFB (T) — Ro NRigen
% i N Risen Roson (T)
Q N ooered Fecdnak rosnimee 1. _ Ro NRgey
< |BAEE “ Roson (29) [1+a (T - 25)]

S . : .

T 25 (simplification)

é 2.2 T

1.9
25 35 45 55 65 75 85
Temperature (°C)
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® Replace R, with this

NTC Temperature Compensation

NTC network

Resistance (Ohms

3.1

— Resistance of NTC Network

2.8

2.5

2.2

1.9
25

35

45

55 65 75

Temperature (°C)

85

Careful tuning of Ry¢,
R,, R,, and R; leads to
good accuracy




PTC Temperature Compensation

RO _ RFB (T) RDS(ON) (T) . = (M= RDS(ON)(T)RFB
N Risen - ISEN NRg,
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Alternative is to use PTC for R ggy




PTC Temperature Compensation

Replace Rqgy With Positive

Tempgrature Coefficient (PTC) L = 'jm
Thermistor T
— Use TFPT08052R2KF (Vishay cu O 451
Dale) or Similar I
5_% — Stabilizes Current Feedback R3EN -
Signal ™7,
<F e Close Match of Thermistor N NV°°T L_ L 'm—F‘ (111
O and MOSFET Temperature e | DIV (75
<DE Coefficient { o T —
* Monitors PCB Temperature ™) "
— Maintains High Efficiency —. = plrl I
— Increases Cost % T L 'M—Fl
e 0805 PTC Thermistor ) i o [
~$0.06 each I Lﬁ
« Requires One for Each RSEN

Power Channel




