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Calibration of broadband probe system of digital oscilloscope

Zhu Jiangmiao' Zheng Xiangrui' Zhao Kejia’ Wan Zhaotong' Guo Senlin'  Jiang Yan'
(1. Faculty of Information Technology, Beijing University of Technology, Beijing 100124, China;

2. National Institute of Metrology of China, Beijing 100013, China)

Abstract: When microwave RF chips are measured in the time domain, the broadband probe of digital oscilloscope is a key subsystem
used to test the chip, and the transmission performance of the oscilloscope probe system must be clear for accurate measurement of the
chip. So, the calibration system containing a grounded coplanar waveguide is designed to calibrate a broadband probe of digital
oscilloscope. According to the signal transmission characteristics of the calibration system, the frequency response of the digital
oscilloscope broadband probe system is obtained by deconvolution, and its bandwidth is calculated, which realizes the calibration of the
probe system. The Keysight Infiniimax high-frequency differential active probe system is calibrated by this method, and the bandwidth
value of about 12 GHz is in accordance with the nominal bandwidth of 12 GHz, indicating that the calibration system is reasonable and
feasible.
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Fig. 1 Digital oscilloscope broadband probe

system calibration system block diagram

b, (1), WPBCE R DS BRI S5 5y, () Ry, (1) ,
(1) FI(2) For,

yi (1) =x(t) - h, (1) (n

yo(2) =2 (t) * hoep(t) « b, (1) - h, (1) (2)

MR (DF2)FEH, EERFESEEEES v (1) |
BTN AR I MR R R () BT T A D R Y
ok o 45 5y, (o) vy, (¢) A4 3l 3 T 38 2 %) ol 8 o)
oy (1) B LI, T TT LA I 26 A0SR o 4 3K 9 ok
MR R (2) o SR T TR T8 PR A

3 1 R L AR R (1) A (2) DRSS B o 1) Ak
AR Y, (w) FY,(0) ,WNz8(3) Fl(4) iR,

V(w)=X(w) - H, (o) (3)

V(o) =X(w) * Hypy(w) - H(w) - H (0) (4)

HWHRM H () ,00(5) PR,

Y, (w)

H) =5 (o) Hop (@) )

F(5) TR BT R P A T8 1R Sk 2R G0 A0 2R B
AT ARSI 7~ U 2 T s 0 Sk 22 48 040 M 0 45 2 ARy 9
PR (5) A A B vt A e 3 B 3k, WT DA AS B B R
BRIk R I

h (1) = FFT™\(H (o)) (6)

H(6) RN BT I A% T8 Sk 28 G0 11 3 1z,
Yo i oy A TR B A SRAS B R A v RSk R S
)50 R A (ST = B ik o1 M 2 i 21 D [T 02
BRR P A —AS RIS HE , AR SO = EF 5T
NP RN P A Tk RSk 2R SRR AT o AN e AT

TEXT RO R P A T Bk R MR HERF R, 1R 5
FEHEZLR 4530 F R B R 5o/ KT a8 Fom I AR
SCAHFFEL | S R AT S 2 [ 5 1 R ) T S5 O A o 2
B IR T R Y02 A LT BT, 75 00 2
FR S S S3OR e2h SRR ER , TR0 It
W SAE IR HE R G B S B AR, B T SR 42 b 3 1 3
S R T S TR 58 LA R B BT S 13k iy A
FIBHATPCECAb , 38 25K 35 M 3L i 5 — 22 PR E




%10 39

RO R S TSk RS ELERT 5T - 35 -

P, DU DR TE SR AT 12 fih i 3t 3 T 90 5 I A ) A 2 f G
AR, NS e {5 514 i

TE RALHEZSR A BT | AR SO B0 71 P i 98 i
Bk RGN HERT ST, AL T3R5 40 T R
st 85 B RUEA T RGHER SR IR R s
Sl RS R GUHIAL F R, S BT RCT 7s DA S Rk
RAGUHT TS BT

2 RERGZHIKI

bRk B S RSk R G ARHE , WA T B
VRN 1 B0 s kA LR A T D S A A
P, DASRIIEAS o 0 MR AT 58

RUBERENE L RE Keysight Infiniimax 28]
1169A IS HR TR 28 1 E2669B - Fi it 8 4 45 1 14
FEOE A TRIRSL R G, K 2 iR, IRk RGN
Frok A0 3 Fras, B BNC 3 L ANE A —HEH T A
HEEL 1 JUER 51, B RBE 55 2 38 BC 1Y Keysight
Infiniium DSA91204A B 7R I # E A7 5C 56, PG4 1 FR
W58 R 12 GHz,

B2 Keysight Infiniimax #5223 Gk R 50
Fig.2 Keysight Infiniimax high frequency

differential active probe system

BTN A BRI FR G AT A o, T
FRAS DR N AN T, AP 4 B A R TR R A
WAt AL ik e R AT, w7 5229 0 12,55 GHz, [RIFE,
AR SCFH R 48 43 B AU 52 v 2 4 v T D ) 42 e v %
SHAT TR AR S SHuihLk, ik 5 Bk,

s b B S 3k s e A T S AR 2 R
Sy TR F R I SR RS, A S
AL B AL T 5 A5 R 8K S, 7E DC-50 GHz #ii%
JEFINE/NT -3 dB, BF LA 58 2 1 SR S Y 4
i AL 30224 i T 3 5 6 A YR R S A v ) 5 i ] 22
BT, 185 g SR T B SR REL S, B,
M S, M/NFm 5Pk T 50 Q #dgin, FrMEIE T 5
Wt 255 i E1 B4 50 Q 194 A 7% 14 BEL 47 DT A,

Kl 3 Keysight Infiniimax 1169A BS54 K #$4% 1
Fig. 3 Keysight Infiniimax 1169A probe amplifier interface

0 3 6 9 12
H#/GHz
Bandwidth = 12.55 GHz

Pl 4 By s s i W AR ) R

Fig.4 Amplitude and frequency response of digital oscilloscope

0r m"’""‘ﬂw
~3
—— S,
ol —— S,
8
®] 20+
N
%)
30+
740 1 1 1 1 L 1
0 10 20 30 40 50

PZ/GHz
Fl5 e dLml S a3 S S5

Fig.5 Measured S-parameters of the

grounded coplanar waveguide
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Fig. 6 Connection diagram of the digital oscilloscope

broadband probe calibration experiment transposition
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