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A novel design of triode sampling gate circuit
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Abstract: Ulira-wide ground penetrating radar has been more and more widely used in the non-
destructive testing system, and the sampling circuit is the key to the whole non-destructive system design.
A new triode sampling gate is proposed based on equivalent sampling principle. The circuit overcomes the
shortcomings of the existing diode sampling gate circuit and can well achieve sample—and-hold. Using
Advanced Design System(ADS) software to simulate the sampling gate, 2 ns triangular wave with 10 MHz
of pulse repetition frequency is input, and a sampling pulse signal with the sampling clock repetition
frequency of 10 MHz and a 100 ps delay difference with the sampled signal is utilized. After the sampling
gate, the output signal is 2 ps. This circuit is implemented on FR4, and a 90 ns sine wave is input as a
signal to be sampled by using a signal generator. The sampling clock is 100 ns, and the signal period after
the sampling gate is 1 ps. The measured and theoretical results show that the circuit can reduce the
frequency of the input signal, therefore it can use low-speed A/D to acquire high-speed signal, which
greatly cut the cost of the entire system.

Keywords: ultra-wideband; ground penetrating radar; equivalent sampling

SRS/ N (£ QU TBTY (SR 0 VE 17 R oL E s NN P2 i e N SN L < G 7 e B AR B o 3 [ ER= i
Sear s, HBKSEA, MU SE. SZoRAEE BRI, X TR S bk ok A, WE S KRy 1 ns, EAETE
REEFRRT 2 GHz ALK A/D B R 8 #ORHE A . M H AT 2 GHz RAFERMER A/D SR AR &
R FE VA WA A B, R R A B o (H AN SRR A ROCRFE R, 23 R K b B IR A SR A R S 1
A EETHORE ] B A A ORE T . SV HORETT L MR CHORE T o ST EORE T A S bR T A AR AR £ R)
Wk 2% M B F R 5 A5 5 R B ot X FR, 20 R R & kB BaRk DR S BORE 1045 83 1 05 E B B
XU SBORE T AT 2CIBORE T A Dt B 5 P A7 JBORE T80, TRIRE SR T AR A O JBORE 88 8, A TR) A9 2 [l 38 i AL A
WFmEHA: 2018-02-01; fEEIHHA: 2018-03-30
HEWHE: EXKAAREEE I H (61874059)

CEEEE BT email:yfguo@njupt.edu.cn




505 AEFE. —fIHA =B EE]B KT 925

i B XU A et o (ELAESE PRI b, ORAIEIBORE bk i 00U R B 340 060 R P 2 L B IE 0 AR A0 G R, DR e 5 ™
A4 A RGO R ARED T Sl AR SCE T —RRORT A BBURE [T R, SO T A BBORE ] RN R T
HLEE, FTLLSCHURE A/D XA 5 MR A, RORFRAR 1 48 AN 9l JC A0 D AR eI o R 2 SR 2 W 1Y
05 BT ADS XZIBCRE T AT D5 L, B A 2 ns =, S Z RS )5 AW 2 us; FFRF 2% i B 10 3% VU 31 & 94 A
EHEATSE, SN AE RS B M — B XA AR, B TR AL, MR REUN, B (S A I A 4
W, AT S Bk S S R AR

1 BEXAEEITHE It

08 SE A AR I R b, SRAE T AUORE B O B R G B o M IBORE K o £35S 22 JBURE 1T A T 5K
AL LA SE B i A B S RORRE ST Ll T O IBURE I el S DR B B A K I B ), PR A SR
— Pl T A HORE T LB, 455 SCHR (318 T 9 35 3 i (A IBURE K o 7 AR T 0, SR B AR RICR A

B 1 R SRR PR 355 FL B (0 AR o JBORE 1] S BRORE Jik b B B — A BRAEUT S i e, T SRFTIRI , BORBEAS
SRR CoAF s IR KW, 55 PR A Co T .

T B A T SR, ELI e B SR A n —|>o—/ -
Ib = Ic /(1+8) (D input buffer ) output buffer

1+ /)R, Fig.1 Basic model of sample-and-hold circuit
A= e pr ! 2) 1 SRR B A
A 1, L O =R R R A S CR R A W HRORE R n ROV IEST R
BB o PRI e AR S5 A AT LA Ry 1k . S IR SCHR [4—77 0 B9 AR RS IBORE 1] H B Y 153 3 i) R
MRAEIHT, TR A 2 FroR O K, B 3 MG B E R B . BORE T . ZE b
B S5 T O TTAR L, R B R = A R B R W O D EE B, R BT P BRI B % 1 Re,R,Ry,
Ri,Co dlllc il 1AL B R, nIRLFE ] =4 Q1,Q..Qs HY A Sl
He, TR A BORE TR BRI B .l TAER BT B, WAR S Q
Zid ReEIHL, N1 BT IS AR S S S5, Re,R; RIEA LK, wEH] -

Ulip Upp Upp

27 Q, H R, 5 CIflk, AR TAETHIRME M, B 1k AEfR 5 By Be 1ol i 2% 2 10 ADC
WORE T HL B Qg SR MM B A5 5 AL AR B AR S 5 Q1.Q2.Qs 1 R

Bo ps FHCRERKph 25t Qu BB T, 38— A ARNLAE Y ps Sk vk
55, XFERUAS B — XA AL AR B BORE LA ik o o 3 5 9895 B B Rg,R 55 L=
BHRT IR JDk o i 52 0 9 Y

PR, R — RsR, 3) Fig.2 Transistor sampling circuit

A= R=piR P2 —hR R

YA AR, Qy i, Qu#ilk, MHY Q4T RRA . Q FM, XF Cy i, SBURHK.
W3, X Q, i, Q, Mk, Mt Q #iLHF, Cy b FLRRIRA . O AT LS BN 38 AN 9R R 15 5 1 BR R A
Fo BCEE CoR, MEH L W E S, Cy KK, FMABMEANHE; C K/, WM SHPREGESRERE. R, 1Y
FHIEAE AR, KRKFERAEZH. C; 0 47 pF, R,H 300 Q.

R T B R R FER A ORI AE S 10 S5 RO, AE DR A S SR R T R Y 48 5 i R 3 5500 AR A (Junction
Field-Effect Transistor, JFET)45& HLFH Ry B— >k ABHBT . K5 FHAT A 22 ph AL % . JFET 5 MOSFET #H
W, BFEIFREEIE, FHAEMTSE S REER L MOSFET B B A3, oAb Ry 1l LUK 2L A BHAE , Rs=1 000 Q.

MR B B BETE BT vl A, RBE 3RSy 3 A4, b HURE L B P e OBV A R A P NPNORD R4S
BUF630F, B2 —M LM | ol A4y . HARMEMIR £, =21GHz , Ml — BHEFSHTTFHRIEU, =55V,
SR — P T HFE TR E U =16 V., 5840 LUK & 1 GHz B RS 5 B BURE T TR 2ER .

2 REMHESH

K 2RSS T B ADS X BURE T HL B R0 B, R R B 2R R ADS Y spice AL, Jf ] 2 ns,
500 mV [ = MAAE NBCREEES, XTEURETT B B PR AT 500 .



926 AMERZS5BEFEREFER 517 %

WE 3 fraR, 2ns BRGS0 =P BRE TR K 2] 2 ps, BRSS9 REE T 1000 £,
HORE T A B 1 T ik o 56 5 2 ps, BRBEZY 300 mV, it ik o A I BE SE U 200 mV A Ao D ELAE SR A EW T
RTINS R, A ZEARETT, 2T LU MK A/D SN S S SR AE . R E S —E it
PRG3R OH 2 T AR ) G R AR AR S I A, e 22 4 0K L I 52 4 TT AT BR o

o1 I T A SCER R A R IORE T B O 5 B RE S RO ., R 1 RTRLE L T EORE A R B A R
oo, HFE 2 ANRAGS, SCER[10-11]F R B 22 8 7 K2, U515 B8 e 07 BB BE s OURE BUREATR HL I8 A7 =X B
M AR ERMAGY, (HE S0, X055 B P A2 A X R, ARSI BORE T T i B &5 M e e, H
B9/, AHF/METHRE,

42 t=564.5 15 21533 s P 1 SRORREBURE I I R He
a1 / 4.5 - Tablel Performance comparison of equivalent sampling bridges
/ \ 4.4 ] ] sampling circuit input output

> 4.0 / \ > 43 LH-' balanced structure/V 4 1
g 39 =
5 / \ 2 10 I-|-| double tube construction/V 1.00 0.35

3.8 o

. / \ 41 h-|_| J.I-I bridge structure/V 2.50 0.28

. A
ml m this paper/mV 500 300
3.6 4.0
0 1 2 3 4 5 0 05 10 15 20 25 3.0
t/ns t/ps
(a) input waveform (b) output waveform after sampling

Fig.3 Sample bridge output signal after sampling
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