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Fig. 1 - Impedance Measurement Process.
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1.0 Wi & IH R
Description Model QrTy
Vector Network Analyzer Keysight E5061B [3] 1
2-port PDN Transmission Line Probe Kit Picotest P2102A-1X [4] 1
Common Mode Transformer Picotest J2102B-N [5] 1
2-Port Probe Adapter Panel Picotest J2160A [6] 1
Picotest PDN Cable®, BNC-BNC, 0.25 meter BNCJ/BNCJ-250 [7] 1
N Male to BNC Female Adapter Pasternack PE9002 [8] 2
3D Probe Positioner Keysight N2787A [9] 1
VRM Demo Boards (Flat and Varying Impedance) | LM20143B [10] 1
VRM - Infineon PS5401 Eval (DUT) EVAL_PS5401-INT [11] 1
Calibration Board/Substrate Included in Picotest P2102A kit 1
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{43 PICOTEST
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Fig. 2 - Picotest P2102A probe, P2102A probe tips, Picotest PDN Cable, J2102B ground isolator, adapters, calibration
substrate, and probe holder for measurement (for use with the Port 1-Port-2, N-connector S-parameter ports).
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Fig. 3 - Picotest P2102A probe, P2102A probe tips, J2160A, calibration substrate, and probe holder for measurement (for use
with the low frequency-RF(T/R) BNC-connector ports).
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Fig. 4 - Picotest LM20143 DUTs* (left) and Infinon PS5401 Eval DUT (right).
HER: EAXHEH, Picotest LM201437UAAR AT BE4FR AFlat DUTHIFEFE (NF) DUT.

2.0 Measurement Setup
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JFEC- RS E H, FERATIN T A7 Bt A PR AR 22 . e 4 B i 2 M 11 L B Z I FLIR S BN R R 2,
20 B A AR A PP NS, %38 2546 10 kHz A 100 MHz 2 [A] (AR A8 R . A 7 IR/ AFN R 5 s 30
PRARZE, VE (b B S el AR TR 2 (4, J2102B) B JRRE B, BITnI2113A [12].

Fig. 5 - 2-port Shunt-Thru with series resistance impedance measurement setup using E5061B and Picotest ground isolator
J2102B.
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REV2_4/25/2021 Copyright © 2021 Picotest, All Rights Reserved Page 6 of 25



@ PICOTEST Application Note
2-Port Impedance Measurement

. ® -|--_--J‘3- %
. et S ———————————————

(]

Fig. 6- 2-Port Shunt-Thru with series resistance impedance measurement setup using E5061B and Picotest J2160A 2-port
probe adapter.
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Fig. 7 - Measurement Setup after calibration with DUTs, the P2102A probe and the J2102B Common Mode Transformer.
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Fig. 8 - Measurement Setup after calibration with DUTs, the P2102A probe and the J2160A 2-Port Probe Adapter.
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Fig. 9 - Probe location on DUT - Infineon PS5401 Eval at C42.
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Fig. 10 - Probe location on DUT - LM20143 at J2.

3.0 MELR
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P} (Z|(Port 1-2 shunt) Top 1.960 © / Bottom 13.70 md [F2 D&M Smo]
1.960

1| 2.0000000 kHz 16.544 m0
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Fig. 11 - LM20143 NF VRM Output Impedance results OFF and ON (Full 2-port calibration method) with J2102B.
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Fig. 12 - LM20143 FLAT VRM Output Impedance results OFF and ON (Full 2-port calibration method) with J2102B.
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Fig. 13 - PS5401 VRM Output Impedance results OFF and ON (Full 2-port calibration method) with J2102B.
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LM20143 NotFlat - Oﬂﬂﬁ with P2102A an 121604

P 121 (GP shunt) Top 2.410 Q / Bottom 6.600 mQ [RT D&M Smo]
2.410
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Fig. 14 - LM20143 NF VRM Output Impedance results OFF and ON (Full 2-port calibration method) with J2160A.
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Fig. 15 - LM20143 FLAT VRM Output Impedance results OFF and ON (Full 2-port calibration method) with J2160A.
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LM20143 Flat - On/Off with P2102A an J2160A
pIOEl |Z|(GP Shunt) Top 4.000 ko / Bottom 368.0 po [RT D&M smo]

4,000k

155, 44600 Hz -~ 1.5659 m2
53.994515 kHz 130.26 mQ
1.3146645 MHZ 3.5489 mo
20.000000 MHz 2B.792 md

2. 000k
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1. 000k
600. 0
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60. 00
40. 00
20.00

10. 00
6.000
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400. Om

200. Om

100. Om

50. 00m

40. 00m 5

20. 00m

10.00m
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Fig. 16 - PS4501 VRM Output Impedance results OFF and ON (Full 2-port calibration method) with J2160A.

w1316 s RN, HHAT—ERE, #0] LME P2 102 AR LR # I & 1mQ
DL B BE L.

4.0 P2102A— 1§ F E5061BR} IR AEXT B %

R J2102BHAE S R 23 A1J2160A 23 MR K& Be 245 18 ik 55 Bk B R & 0 H Be-EL B FH
PURIR 5 B B TR HE.

4.1 FHE5061BH1J2102B 3L 2R K 28 f) 285 T AR e 5 i

FLIEES061 BRI MRS, WIETH R, L TAHER 45 . fEDUT kAT I & 2 |,
T IR DU AP BRI B E

Step 1: (On the E5061B) Press > Cal button
Step 2: Set > Rs, by specifying under Zo (as shown by Figure 17)
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ER: NEERNP2102A-2X, 5X, 10XEHLIEERs. M FIXEREE, AT CAZRS I
%, %FTDC Block, EMFHIXIZE.

Step 3: Select > Calibrate
Step 4: Select > 2-Port Cal*
Step 5: Select > Reflection

Step 6: FFER LA 25 A 1SRRI

Step 7: Select > Portl Open

v EITE” Portl Open” LSKH 5518

Step 8: Select > Port2 Open

v EITE” Port2 Open” LSKH 5518

Step 9: HEH6 1NRASHEALIR, HEIRSIV,G D197 . ZHE18 LU
B2 1ML IR

Step 10: Select > Return

Step 11: Select > Transmission
Step 12: Select > Port 1-2 Thru

v 4 HEFE” Port 1-2 Thru” LSK5%18
Step 13: Select > Return

Step 14: Select > Isolation (Optional)
Step 15: Select > Port 1-2 Isol

v B HIIFE Port 1-2 Isol” LSK5512
Step 16: Select > Return

*Note: 4 4t, #EH, MBEERAVE, WE2R/R, 5SEHRT 220 HRH#H.

Step 17: Select > Done
Step 18: Select > Return

4.1 fFFHES061BR1J2160A 235 K 15k & i 88 F 295 1 B HE 5 v

FOEES061 B ARG, WE8HR, HEEIFIRAER ST, (EDUT E#HATIEZ AT, 1514
DL 2D R HE I B i

Step 1: (On the E5061B) Press > Meas button
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Step 2: Select > Impedance Analysis Menu

Step 3: Select > Method Port 1 Refl

Step 4: Select > GP Shunt T 50Q, R 50Q

Step 5: Select > |Z|

Step 6: Select > Gain-Phase Setup

Step 7: Set > T input Z = 50 Q

Step 8: Set > R Input Z = 50 Q

MR 5 2 B TEEIR s MR IE Pl B i Step 9: Press >
Cal button

Step 10: Set > Rs, I /EZ0 F a2 (W 17F7)

*Note: {UTREANP2102A-2X, 5X, 10XEHEHEERs. STFIXHER, W LAZBS D
&

Step 11: Select > Calibrate

Step 12: Select > Response (Open)

Step 13: Ensure Select Port > GP Port*
Step 14: FFIRK 18 G AFFEHEZE IR -
Step 15: Select > Open(f)

Step 16: FFERK1dr G I AEFEHEZE IR -
Step 17: Select > Load (Optional)

Step 18: Select > Done

Step 19: Select > Return

Step 20: HEH{rmgps (k7D Fingps (E#) AL, EIRBIHY . ZFHEIS
IR 2 Ji LTS AP TR
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C

Calibration

Fig. 17 - E5061B Calibration menu, where Z; is highlighted.
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Port2 Load
Broadband

Fig. 19 - Full 2-port Calibration - Reflection Calibration Steps Completed.
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v Reflecion |

w  Transmission |

Isolation

(Optional})

Fig. 20 - Full 2-port Calibration Steps Completed.

4.2 EF|R-—MHHI2102BFAET E R HTDUTHE-EENE

K DUT# A FIES061BHEAT I &, W 7R .
Step 1: (On the ES061B) Press > Meas button
Step 2: Select > Impedance Analysis Menu
Step 3: Select > Method Port 1 Refl
Step 4: Select > Port 1-2 Shunt
Step 5: Select > |Z)|
Step 6: Press > Scale button
% B L IR 1 7 Bk 7 E =) EL )
Step 7: Select > Y-axis Log
Step 8: Select > Log
Step 9: Press > Display button
K B PR I Ad 2R T
Step 10: Press > Ave button
Step 11: Set > IF Bandwidth

Note: i BB K=>0HF MR, BNEERRLSEEG. BE, ARKERIKHz.

Step 12: Press > Start button
Step 13: ¥ Bl &= 4G M
Step 14: Press > Stop button
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Step 15: W B I & 147 (E A%

Step 16: Press > Sweep Setup button

Step 17: Select > Power

Step 18: & & IJ % dBm Step

19: Select > Return Step 20:

Select > Sweep Type Step 21:

Select > Log Freq Step 22:

Select > Return

Step 23: Select > Return (to return to ES061B Menu)

FHUESDUTIN & ..
4.3 KBS R -—FFHI2160A3ETDUTHEE-E i@l &
B DUTEEFIES061BHEATIE, WE8AT ...

Step 1: (On the E5061B) Press > Meas button
Step 2: Select > Impedance Analysis Menu
Step 3: Select > Method Port 1 Refl

Step 4: Select > GP Shunt T 50Q, R 50Q
Step 5: Select > |Z|

Step 6: Select > Gain-Phase Setup

Step 7: Set > T input Z = 50 Q

Step 8: Set > R Input Z = 50 Q

Note: WIRFMESHES, HRE\EFTERTR (TERRSFSNRIERE) M20dBFF
1K

Step 9: Select > Return

Step 10: Press > Scale button

i B LU B B R R B B e
Step 11: Select > Y-axis Log

Step 12: Select > Log

Step 13: Press > Display button

K B b b 25 28 2 R PR
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Step 14: Press > Ave button
Step 15: Set > IF Bandwidth

Note: i BB K=>0HF MR, BNEERELSEE. @Y, ARERIKHz.

Step 16: Press > Start button

Step 17: ¥ B M E 154 Step 18: Press >
Stop button

Step 19: ¥ B M| & 1115 1EA0ZR Step 20:
Press > Sweep Setup button

Step 21: Select > Power

Step 22: Set > Power dBm level

Note: FE“Wm MM B AT, MIEFEZRABZRIA, URIEER. ATUSEE
ThE KR TE K-

Step 23: Select > Return

Step 24: Select > Sweep Type

Step 25: Select > Log Freq

Step 26: Select > Return

Step 27: Select > Return (to return to ES061B Menu)

TFAEXIDUTHEAT DI & ...
UGB RAET VAL, 8 428 D ARHE VA Al At — DR Il B . HIEK

HETNEAN G SRR G IR B2UR2252 L 7ol boAse o 4 FH 42 VRS HE T 1%
5 Thru 7 A BT HUBGRE & 51 A0 &R 2.
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LM20143 NotFlat - ON - Full 2- - Blue Trace) vs. Thru Calibration (Bottom - Red Trace)

P 521 Lin Mag Top 2.000 0 / Bottom 8.680 m [M Smo]

2.000 o575 50000 kiiZ | 130, 3 Mo
1.000
700. Om

400. Om
200. Om

100. Om

60. 00m
40. 00m

20.00m

10.00m 1

Tr2 [Zz|(Port 1-2 shunt) Top 2.300 o / Bottom 8.580 ma

2300 =2 179.50000 kHz 133.39 mn
1.000

600. Om

400. Om

200, Om

100. Om

a0. 00m

40, 00m

20, 00m

10.00m
1 Start5Hz IFBW 5 Hz stop 50 MHz |ESETeReT IS
chli Trl s21 1 10.000000 kHz 14.983 mn ~
chl Trl s21 >2 179.50000 kHz 130.38 mQ
chl Trl s21 3 500.00000 kHz 22.085 md
chl Trl s21 4 1.0000000 MHz 35.747 mQ
chl Trl s21 5 10.000000 MHZ 359.72 mO
chl Tr2 |z|(Port 1-2 shunt) 1 10.000000 kHz 15.104 mQ
chl Tr2 [Z|(Port 1-2 Shunt) 2 179.50000 kHz 133.39 m
chl Tr2 |Z|{Port 1-2 shunt) 3 500.00000 kHz 22.759 md
chl Tr2 |Z|(Port 1-2 shunt) 4 1.0000000 MHz 40.935 mQ
chl Tr2 |Z|(Port 1-2 Shunt) 5 10.000000 MHz 396.98 mn

Fig. 21 - LM20143 NF - Measurement Results using Full 2-port calibration (BLUE) vs. Thru calibration method (RED) with the

E5061B, P2102A, and J2102B Common Mode Transformer.
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Infineon PS5401 - OM - Full 2-port Calibration (Top - Blue Trace) vs. Thru Calibration (Bottom - Red Trace)
i) 1z| (Port 1-2 shunt) Top 293.0 md / Bottom 272.0 po [F2 smo]

293.0M =55 5000000 MAZ 10.685 ma

100. Om
60. 00m

30. 00m
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6. 000m

3. 000m

1.000m
500. Op
300. Op =
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690. O oI e S 0560
300.0m e = = i P
100. Om e =
50.00m e 2 == astis
i o =

20.00m - T =
10.00m |fet et £ 2
5.000m — i \-\ /)}
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Fig. 22 - Infineon PS5401 ON - Measurement Results using Full 2-port calibration (BLUE) vs. Thru calibration method (RED)
with the E5061B, P2102A, and J2102B Common Mode Transformer.
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Ultra-low Impedance (20 micro ohm) Measurement using 2-Port Shunt-Through -
https://www.picotest.com/images/download/Ultra-low.pdf

NISM - https://www.picotest.com/measurements/NISM.html

Keyisght ES061B Vector Network Analyzer -
https://www.keysight.com/us/en/product/E5061B/e5061b-ena-vector-network-analyzer.ht
ml

Picotest P2102A - 2 Port PDN Transmission Line Probe -
https://www.picotest.com/products PDN _Probe.html

Picotest J2102B-N - Common Mode Transformer -
https://www.picotest.com/products J2102B.html

Picotest J2160A 2-Port Probe Adapter Panel for E5061B -
https://www.picotest.com/products J2160A.html

Picotest PDN Cable® - https://www.picotest.com/pdn-cable.html

Pasternack PE9002 - N Male to BNC Female Adapter -
https://www.pasternack.com/n-male-bnc-female-straight-adapter-pe9002-p.aspx
Keysight 3D Probe Positioner - N2787A -
https://www.keysight.com/en/pd-1643963-pn-N2787A/3d-probe-positioner?cc=US&lc=¢
ng

DUT - Picotest LM20143 - https://www.picotest.com/products LM20143.html
DUT - Infineon PS5401 Eval -
https://www.infineon.com/cms/en/product/evaluation-boards/eval ps5401-int/
J2113A Semi-Floating Differential Amplifier -
https://www.picotest.com/products J2113A.html

Picotest P2104A 1-Port Probe - coming 2021 to
https://www.picotest.com/products PDN Probe.html

ClampMan PCB Holder and Clamping Solution -
https://www.picotest.com/products clampman.html

PacketMicro TP150 Precision Positioner -

https://www.picotest.com/products TP150 Precision Positioner.html
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