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Fig. 1. (a) Noise model of current preamplifier; (b) schematic
diagram of equivalent input current noise power spectral

density.
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Fig. 2. (a) Simulated input current noise spectrum density
of typical low noise operational amplifiers; (b) basic circuit
of a composite transimpedance amplifier with multiple

gains.

1 2
0 O II ll O
100 MQ ‘
—1
1
1 GQ |
(c) —— With relay 1 and 2
c - = Only relay 1
= + + Only relay 2
g 10 ——
© T
o -~
g ~
3
3 N
2, v
£ D
1} -,
a \
-] N\
= 108 :
= 2
10! 102 108 104
Frequency/Hz

Bl 3 (a) ZHARTF RSB (b) 4K & 45 M 7R 7 P S s B4R AT

7

Current noise/(fA2-Hz~1)

A SR A T R R AR F T B ALK
FEISRHA TR U, BAREAT R A/ N
P LI R F S U 55 5 B R k3 T
i, HBCRART . h TGl R Y A shib s,
JCI A SR T2 S5 e i DI RE I & 75K
I A, AR Nk AR E S 15 V)T
P, JHomp 07 R R PR T Ak L LA A Y LR
B RE 7, Wi PR T H BHIA 1019—10"2 Q, H
Z5/NF 1 pFROL S PRALHTE L R AR AR, T84T
A T 2R R 5 =

MR B, 78 S R B2 iR 2 5 450 — A
Ak H g R O B P AR U4 5, niAl 3(a) B
/. 3(b) SR T Ak H 2 A 5 R SRR K HLBH AR
AL HQ), @51 IAH A L e, @511
Wi FF R, O, @51 AL 2 [AIfF 7 — 12 2 pF
FIHLZY, PG| IEIZ [BIEH 25 0.1 pF IHLZE. & 3(c),
(d) JB/R TARR4E RS 1 GQ 2 £ 13 45
2 NI P R B YA — Ak AR TR,
% 13 25 1t e 23 W S A 5 ERAR O X, A 3(c)
SR AR TR . S0UR kH g 2 Wi T
Hﬂ‘ EEE%E’J “*7J<M?55/~\Hﬂ'jzifﬂi WE 3(d) fr

RS2 T 100 MQ HFHE G 2 pF HL 25 5 HiAH

(b) ~0 1 pF i

@@@@ i

W 2 pF )'
@® @
109 (d) —— With relay 1 and 2
—— Only relay 1
105k —— Only relay 2

104 F

103 F

102 F

10!

10! 102 108 104 10° 106
Frequency/Hz

(c), (d) 3R AR FF AR T 1 GO R4 AY 18 25 125 5% iy I 14

Fig. 3. (a) Switching circuit for multiple gain control; (b) schematic diagram of electromagnetic relay and related typical capacit-

ances; (c), (d) the gain and input current noise spectrum density with 1 GQ transimpedance gain under three different switch condi-

tions.

130702-3


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 2 3R Acta Phys. Sin. Vol. 73, No. 13 (2024)

130702

e, FER A S N T A A IR R S B0, A
ANTF AR, 12252 1% T 6 xof S A [ e 114 3 25 A0
e I N e £ o

B FRL O A FL S POB 33 AN E 4(a)
Fim, T RN A L B A B AR FLAE, SR FH
ABHAE A 500 MQ A9 L B HR 15 1 1 GQ B i3t o]
#%. PCB Wit rh oA S T e R8s, fi s it o]
ST RESE, B — -4k e 28 A F T R R E AR A
Bl 38 BRI A A F F PR A T R A R D
AbH TCEFE PCB MR IS0, 2 B8 i R
BRIl DA N A G S 1T 534, i85k
TR P A b R P e 43 i A DR UE AL
R R THBR AN HL RN 50 Hz M 9 T4, 3

BT HIAE T 50 bR M oIBR8, 4

P VR RIS o7 D) 480 42 Tl 2 # R FH B IR AR A1)
Lemo # F, Fil & HL B R A8 /MU AN 5] 4(b) Fros.
PIYGETIOE F IR R 5 h £5 V, £12 V. &
T 0, L T MR X P ) MR 75 AP A K Y
SO, T A A R g A 3RS AR R kL
UK Lemo £z AL 7 2, D KRR
bV /) FEL R MR P A I L A A A 1 A
AR (£ 2000 JT ) 37K T 7 R I A R O AR
.

(a)

—1GQ
o — 100 MQ
< 10° | — 10 MQ
£ |
&b |
g 108 |
=]
& | |
3 | |
2 107 T
£ | | |
Z | | I
S 105F | | I
g I I |
| | [
105 " Ll | |
10! 102 103 104 10 106

Frequency/Hz

Al 4
o 7 ) A5 S5 i A FEL T MR 7 G 2

(d)

Kl 4(c) /R TR E LR % 3 >R A3
fi 11 £&, XFREEY-3 dB 4 58738 2.3 kHz (1 GQ
£4), 18 kHz (100 MQ #4) F1 100 kHz (10 MQ £Y).
3 RN AL 1) A5 A% i A\ i FL D PR 7 S 2 BE T 4(d)
JIe 7, BT AR DX M 7 Ay s £t v B A 7 Y DT R
BRI AKT /Re. XFF 1 GQHE 25 R4 107, [t v PHAE %
T (300 K) 77 A 1) 45 250 A FL U MR P i %85 BE O
16 fA? /Hz , 135 KT Prifeic S0 R 4% 85 7 AR AR
FL VR MR P S (4 fA2/Hz ). JROR B AR R0 X f
A5 5 N R U MR P I R R O P R, D
20 fAZ/Hz, 7E =M X N B e, C M 32 5. I 245
REBRITEYIE .

ARSCEXS T A R E RO S 3 K
BLAYF A= A ) E TV RE, E A 25 Y
M P K- L A o DA R s BRI O X, gk 1 R
3 AR B A A 5 KRB 3 25 0 L, fgag
K mA—pA EHHLIAE S 7RIS 4545 H1 Jr T,
A KR RO RA T-ah U iag, 35 mskns
FHBCOR S ) [ i S 355 2l Fn [ s Ui, FeqT A il
B A ORI T 3 AT A s Ui
AR T &R 58 2 H 5 STM 48l FH %5t
R R 25 FL B D0 T LR R R R A AERARAE. 7
10° V/A M55 54T, A SR AT E o as 2A

106

10°

104 E

103

102

Current noise/(fA2.Hz~1)

10 f

100 . ! -
O101 103 104 10°

Frequency/Hz

102 106

(a) B B LU A 2% PCB B (b) i B S A SE IR (c) 7S T) ot v BELXS oz 54 855 BELA% 4 i £ (d) AR [) B2 451 Hi B

Fig. 4. (a) PCB layout of the preamplifier circuit; (b) photo of the current preamplifier; (c) measured transimpedance gain with

different feedback resistors; (d) equivalent input current spectrum density of three gains.
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Fig. 5. (a) STM topographic image (V = 0.5 V, I = 0.3 nA) of Au(111) surface at 78 K; (b) tunneling differential conductance spec-
trum measured on Cu(111) surface; (¢) STM topographs (V = 0.2V, I = 1 nA) before and after atomic manipulation at 7 K;

(d) tunneling current under different STM operations.
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Fig. 6. (a) Typical noise spectrum density of the tunneling
current; (b) shot noise in tunneling current, as a function of

the current amplitude.
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Low-noise preamplifier for scanning tunneling microscope
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Abstract

The current preamplifier is one of the important components of the scanning tunneling microscope (STM),
and its performance is crucial to the basic operations of the STM system, as well as for the development of
demanding novel functionalities such as autonomous atomic fabrication. In this study, the factors that affect the
performance of a current preamplifier, including its noise spectrum density and the bandwidth, are analyzed in
depth, and a preamplifier is designed and fabricated specifically for the STM system. By using a carefully
selected low-noise op amp chip, the optimized current preamplifier has a noise floor as low as 4 fA/v/Hz and a
bandwidth of 2.3 kHz, at its most sensitive transimpedance gain of 1 GQ. It has three transimpedance gains,
10 MQ, 100 MQ, and 1 GQ, that can be switched through digital control signals. A two-switch configuration is
adopted to minimize the noise floor while maintaining the optimal bandwidth. The current detectable by this
three-level preamplifier ranges from pA to pA, satisfying the requirements of most STM operations. Using this
preamplifier, the fundamental functions of the STM system are successfully demonstrated, including surface
topographic characterization, scanning tunneling spectroscopy, and single atom/molecule manipulation. The
measurement of shot noise in tunneling current is also explored, and a linear relationship between shot noise
and tunneling current is obtained by carefully analyzing noise. It is illustrated that the Fano factor of the shot
noise in a normal metallic tunneling junction is approximately equal to 1, revealing the expected Poisson
process for electron tunneling in such a scenario. The results are valuable for the high-resolution

characterization of correlation systems in the future.
Keywords: scanning tunneling microscope, preamplifier, shot noise
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