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= I[ntroduction
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= Common PDN Test Tasks
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Options:
= [nductor current with R-C

» \oltage drop across low-side
FET

= \/oltage drop across high-side
FET

= VVoltage drop across shunt
element

= Current sensor, shunt
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Output and Input Impedance

External input voltage
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Input-to-Output and Output-to-Input Transfer

External input voltage Externall input voltage
v | v
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= Universal PDN Test Tool,
Concept
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Universal PDN Test Tool, Concept
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= Universal PDN Test Tool,
Implementation
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= \oltage Monitoring Points:

. V.
o Vsw — the switch node voltage "
o Vcs - the differential voltage across Cs : Top-SW
'_
o Vout — the output voltage . L "\t Vour
PWM v, " c
» Goal: — ; }J
a —| Ic <R
o To correlate the inductor current inferred from VL Bot-SW Ve. |
(Vsw-Vout) and the inductor current inferred from
Vcs. ~

Error amplifier
Loop compensation
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o

3
Extreme gain at DC Response of IL & 20
Calculation &
. 1 e
e Gain = 20 - log (—) £ 0
Ry, éﬂ
Noise Density depends heavily on VDIV: 200 T 1 L S
VDIV-4 frequency (kHz)
* Nagm =20 -log (“227) + 1
13.010 — SNR — 10 - log(F) 2 0;372
Effect of noise is not necessarily > 025
intuitive, but can be simulated. Noise g OMMWW
_ _ ~ Simulation £ 0.2 - |
The expectation for this application is a = -0.5
low frequency wander of +/- 250 mA. '0'7?
y) 4 6 8 I
time (ms)
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Full Inductor Current Processing

= Makes use of the LeCroy Processing Web VS mp
VO

VL
o Many special purpose components wired together to produce

various output waveforms.

= Dynamic Current:

o Calculated by processing VL (the difference between Vsw
and Vout)

o Filtered to remove low frequency wander (i.e. High pass filter

with single pole cutoff around 10 kHz.).

= Static Current:

o Sample switch node waveform at flat spot during off time. V83

The static and dynamic currents are summed to
form IL
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, 1.25
Constant static 5 Ohm load. I, =

Dynamic Load controlled by FET of up to a parallel 0.975 Ohms.

Vs is monitored with scope

1.5 T T — I,
— +
E I- 485mA n vV
5 | 650mA AWG J = R uq = 511 V.~ 1.25V
g0.51 24 '

. | ; iy R, = n.maﬂ% V.

1.5 2 2.5
§ FET gate voltage (V) I.al
o075 T Lo A

— (Vs — 1.85mV) - 56
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Thase  0.00 ms|| Trigger [ ES
2.00 ms/div|
2MS 100 MS/s|

2.00 ms/div|
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AC Calibration
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q TELEDYNE LECROY
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Board Dynamic Load Circuits
courtesy of: o
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* In the development of this paper we worked rapidly in a manner to explore
various measurement possibilities and sometimes handled metrology and full
measurement accuracy somewhat loosely.

» This most certainly results in measurement inaccuracies that will be addressed

in the future and should not reflect badly on the DUT.

» The results shown are our best efforts at reasonable calibration but are mostly

indicative of potential instrument capabilities that can be provided in the future.
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DUT: 3-phase non-isolated
buck converter

Board
courtesy of:

LT IR
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= FET max power dissipation: 4 W 104 Drain Current Limits
[ [

=  Maximum drain current: 20 A o5l = Pret E "
= Max Vout: 1.22V ol — \'?t ’ ;:
=  Source resistor: 10 mOhms, 2W max il -~ 1dmax (fet) | :'
= Rdson 10 mOhms — . F Rdson+Rt Limit [S S S Sa® ™ =" Z DTk e
z 1070 Rt Limit o~ ;;
Drain current must be restricted to 3.372 A due to FET & 107 == maxId allowed :
power dissipation specification. S jp2f| -~ Vtmax B L AT
At this current, the maximum source resistor voltage (Vt) g o2 " " |
measured will be 33.72 mV. Z%j 104 E ::
Complete list of remaining drain current limitations: 105 ! j:
14.14 A allowed due to source resistor power rating. 104 / | }:
20.0 A allowed due to fet max drain current specification. . " |
61.0 A possible due to Rdson and source resistor values. _8/ ' |
anything below this line is not possible based on the values 107 10 10" 100 100 102 100
provided. \d (A)

122.0 A possible due to source resistor value.
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» The FET gate voltage is slowly raised, while
measuring the voltage across the source | | | | | | |

= We stop when the voltage across the source
resistor reaches the max voltage of 33.72 | | | | | | |

interpolate values of gate voltage needed to
generate desired drain currents.

= |dea is to operate in a linear region with | | | | | | ;
given signal swing — bias for class A 275 ]
operation is subtracted from DC load current

Supplled by electronlc Ioad 2'7(’]9000 U.Ui05 O.Uil() 0.0i15 U.UiZO U.UiZS O.UiSO O.Ui35 0.040
) Vvt (V)

310 Vg v!s. Vvt

W[y
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Potential variables:
= DC load current 10% =
= DC input voltage
= DC output voltage

= Temperature 102
= AC excitation current

Impedance magnitude [Ohm]

10 mf2
E 4 - —10mQ
2. : : \ ) 104E - .
£ 1m0 4 & | 2 =
‘-5- L 1mf %
10009 E
0A — 3 : R
—— - . . oLty . . oo . .
e = = ) 5
’Jr;fr/:':ﬂ(] mA _5—“_5;\ 100 p42 10 102 163 164 105
r-( J— e
%, LA 100 Hz 1iHz L MH-= 100 M H = frequency (Hz)
i frequency
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ouput | | SRR i,

voltage —— e e e e et iﬁwmmmmh
transient

(& | A A

Gus & 31ps T1us 111 ps

218.5mV 30A

Cu rre nt- 118.5mv
sense

18.5 g e
-815mV
1815 my : -104
-5 ms -3ms -1ms . 1ms 3ms 5ms -49 ps aps * 31ps T1ps 111 ps 151 ps
StdVer P1:pkpk{F7)  P2:ampl(F7) P3:max(F7) P4:min(F7) P3:sdev(F7)  P6:mean(F7)  PT:base(F7) P8:top(F7) P9:--- P10:--- Ptz P12---
value 899155 A 8.99147 A 10 00326 A 101179 A 1996851 A 6852286 A 101179 A 10.00326 A
mean 9.6482 A 96482 A 9.9259 A 2777 mA 202196 A 57901 A 277.7 mA 9.9259 A
min 862923 A 8.62918 A 9.53236 A -546.62 mA 1965231 A 5247878 A -546.62 mA 953236 A
max 10.40299 A 10.40290 A 1031239 A 118111 A 2066058 A 6.953764 A 118111 A 1031239 A
sdev 4331 mA 433.1mA 151.2 mA 430.1 mA 2571 mA 688.0 mA 430.1 mA 151.2 mA

num 200 200 200 200 200 200 200 200

850 mV
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current sharing transfer function

4 current sharing phase

phase 0

phase 0
1.0

0.5

maghnitude (dB)
phase (degrees)

0.0

-0.5

102 10° 10° 10° 2

102 10° 104 10°
frequency (Hz) frequency (Hz)
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= Summary and Conclusions
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= Various PDN measurement tasks today are covered with different instruments and connections

= Auniversal PDN test tool is proposed, which produces multiple metrics with the same instruments and

minimum number of connections

= Inductor current measurements are possible using Vcs and VL

= Although VL measurement may need low frequency correction

= Next Steps are to use sampled switch node voltage to restore low frequency accuracy

= Extensive calibration is required for any measurement because of large component variability (especially

estimation of RL).
» The same instrumentation can be used for time-domain and frequency-domain tests

= Post-processing of inductor currents of multi-phase converters provides current-sharing transfer function
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Thank you!
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