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Planes and
Interconnects

High Speed Decoupling
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Rail Noise = Z All noise sources

AV:
AVout = AVpc + AVgippte + Aioad * Rearger + PS;?R
AV
AVyye = AV — AVripple — pois

Rtarget — N

AVout(f) — AVDC - AVRipple (f) _ AVin(f)

, B PSRR (f)
target(f) Al load (f )
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Example

V..yw=0.7VDC [ =500Amps

rai

AV, =4+ 50mV Al =250Amps

Noise Source

DC setpoint accuracy 1% 1%*700mV=7mV
AVRipple 1% pk 1% * 700mV=7mV
AVin*PSRR 1% pk 1% * 700mV=/mV
Al 250Amps

Total other noise sources +21mV

R _ 50mV — 7mV —7mV — 7mV _ 29mV
target — 2504 2504

= 116ul)
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2-Fs-Lo-Ri-Vin
Ri-Vin—2-Ri-Vo+ 2-Fsw-Lo-Vramp

Vo
Vin

+ DCRy, + RDSony,; + (RDSony,, — RDSony,) -

2-Fs-Lo-Vin
Ri-Vin—2-Ri-Vo+2-Fsw-Lo-Vramp

Rout =

1+ Av-

v R, 1
Outem ™ (1 + Av) ~ PSyss - (14 4y)

Designation
J DCR_Lout +/- 45%
Lo Output filter inductor of each regulator .. 2E-
Fs Switching frequency £ //’
Ri Current Sense resistance = 1 /psg . xI 1E-1 ]
: : - @) /
Vin \oltage regulator DC input voltage ~ %% //
wss
\Vo \oltage regulator output voltage LZ) <o /
o2 /
Vramp Modulation or slope compensation ramp amplitude g ’g% '
0>
Av Feedback amplifier gain E i /
. > 1E-2
N Number of parallel switching regulators -
K Number of parallel current multiplier modules

1E2 1E3 1E4 1E5 1E6 1E7
freq, Hz
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I B Lo
excess_1+ 2-Fs-Lo-Vin .
Ri-Vin—2-Ri-Vo+2-Fs-Lo-Vramp

Av

For Flat Impedance -

J L_excess
Cout 1

Q= R out

L
Solving for capacitance _ Coup = Rexce,;szs
ou

ESRCout = Rout
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Measurement Challenges at 100u(Q)

_25-821  25-4u

S21 buT 100uf 4 DUT 100ul)
= = = 4u = = = u
DUT + 25 100uQ)+ 25 1-S21 1-4u
4uV___ 4 uV
. Z PDN 204 uV 04 uV
R - _PDN
PORT_1  [fuV R
R=50 Ohm ) R=100 uOhm | R
' o R PORT 2
12 V PDN PORT_2 R=50 Ohm
R= h
-7 V_AC R=100 uOhm_~ >0 Ohm
SRC1 \Y
vV V
o R_shield_1 R_shield_2
— — — R=10 mOhm R=10 mOhm
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Measurement Challenges at 100u(Q)

1
R hield 1 - (1 ———)+DUT
_shield_1 CMRR R n:
o 1 Error = ~CikR
25 + R snieta1 - (1 — z37mp ) + DUT
CABLE P1 CABLE P2 ISOLATOR
L L L
L5 L7 L9
L=Lc nH L=LcnH L=Liso mH
R=10 mOhm DUT R=10 mOhm R=10 mOhm
oYY\ : — Y VN
MUTIND R MUTIND MUTIND
v N PDN2 v N v N
R=100 {Ohm
- Ter:l Mutual Mutual Mutual - Term
Temp5 Mutual5 Mutuals Mutual9 Termé
Numi=1 K=K L K=K K=Ki Num=2
= o = =Kiso
Z=5( Ohm _ LR2 _ _ Z=50 Ohm
M= L=150 gH {§ M= M=
- Inductor1="L5" R= Inductor1="L7" Inductor1="L9" -
Inductor2="L6" Inductor2="L8" Inductor2="L10"
—2 Y Y — Y Y\ — Y Y\
L L L —
— L6 L8 L10
L=Lc nH L=Lc nH L=Liso mH
R=10 mOhm R=10 mOhm R=10 mOhm
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Crosstalk Issues

Near end port to port coupling due to cable loading

) TN

N
N

100y

10p

Trace 1: Impedance Magnitude (Q)

=
=

100 1k 10k 100k M 10M
Frequency (Hz)

=50 Ohme==Qpen ==Short
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Use ONLY SOLDERED connectors!
Use low resistance, multi-shield cable
Keep connections SHORT from
SOURCE to DUT.

ALWAYS check cable integrity!
ALWAYS measure something you
know, and of similar magnitude
Probe from both sides of the board if
possible

Include quality PCB connectors if
possible

Minimize cable adapters — use
metrology cable if you muse use one
Adding a SOURCE power amplifier
will improve the signal to noise ratio
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Small Signal Hybnd State Based Averaged VRM Model
Including Discontinuous and Continuous Mode (DCM) Operation

suox TPS40140
el Example
et Measured QOutput Z
Power OFF and Power ON
bﬁ! - ——t 2 poag ONOFF Z Measured
oS it i e =ma mma
e 1., o S Aetmoen e s
[l] - pay OFF ON
|.. e e
O
came-as ST e SeuR 108 VRM Control Loop Stability
Bode Plot Measurad
cuee TPS40140 Averaged Small Signal Output
L Example (AC Sweep PDN Impedance) = w@ E‘
Forire e -
2] = e = —
. vz Ii@"g_"Bulk Capacitor and Load
i S ol IR [ = . &
= T N - =
il Foome: ™ %:.,s . e Capacitor RLC Model
Casurn apaci
= Sonlin_sipe :I—'— I = Measure Based Optimization
Fonzua l— J_— = Large Signal Output o
o e é‘m Switching Ripple Transients Capacitor Mods!
e T VST for Vo1 sesv@ion = PDN Bulk Capacitor and Load r@—Tmmuq_a:
" o i = =
S o Sk me ﬂ.ml
Feedback e — 2 _swten . el B ¥
Buffered JR— me [ e )
OTA) L - i) I
= Measured Capacitor Impedance
e - Capacitor Measurement
_-- ‘LQ:CD
KX = Jac=poian1,0).
= Froefeg
e
Tuned Vanables for Matching -
VRM Model with Measurement Three Separate Simulations in one Schematic
V'“fbles Simulation Controllers
=y B @leeess] | WWW.EiNyurl.com/pi-videos
e Siose  fammis e
sorioue  Emtie oreetiie i
Stmo= Emp=
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g

ts(HB.sw2), V
ts(HB.sw), V

ts(HB.Vo_time), V

T TODED ) A
ts(HB.I_Probe6.i), A

g
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CURRENT MULTIPLIERS

VTM_AC
X15

1st STAGE REGULATOR L
)P(EM,AC VTM_AC PCB/DECOU PLI NG

X16

PCB Decoupling caps
oY\

jm} o

A —

L
- VTM_AC L3
- = X17 SRLC

SRLC1
. FROM EM

VTM_AC SIMULATION [out -
v_DC X18

(m} p—u—s
— Vdc=48 V
—| Vac=PSRR

= FEEDBACK AMP

VTM_AC
X19

i —

VTM_AC
A X20

SRC R
SRC16 R3

R=1 kOhm
op Amp< Vref
AMP1

g

V_DC
+| SRc1s
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Three (and a half) Load Testing Solutions

Slammer Current Sink

In-socket current sink

({4 ;(;’,’MJ.’!:’{.’]H!’“

PS1
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SLAMMER CURRENT SINK
PROS CONS PROS CONS
LOWEST COST HIGHEST INDUCTANCE GENERAL SOLUTION INTERCONNECTS
NO STABILITY ISSUE SLOWEST MODERATE COST STABILITY
INTERCONNECTS HIGHER INDUCTANCE
SLOWER SPEED
IN SOCKET CURRENT SINK DUT SOFTWARE
PROS CONS PROS CONS
LOWER INDUCTANCE INTERPOSERS LOWEST INDUCTANCE | RISKS DUT

HIGHER SPEED

LIMITED SPEED

MIN HARDWARE

CODE DESIGN COST

PROGRAMMABILITY

COST

HIGHEST SPEED

Indirect current

COOLING

PROGRAMMABILITY
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|s it Necessary??

It Depends!!
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Thanks for Attending this Session!

In this session | shared

 How to create an impedance budget

 The two common design architectures

 Measurement limitations and tips to
overcome them

* The biggest challenge to transient testing

 Many additional resources

Connect with me on LinkedIn or via email
at Steve@Picotest.com

Learn more at www.picotest.com/blog




