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NTD-Ge-0�0
❀ ��'��"&<�!��Neutron Transmutation Doped Ge thermistors�

Five stable
isotopes

Natural 
abundance % Doped process Type

!"
#$%&

(3.25 b) 20.7 !"
#$%& + ( → !"

#*%&
+,

!*
#*%- + ./ (0*/" = 11.43 d) Acceptors

p-type

!"
#"%& 27.5 !"

#"%& + ( → !"
#!%&(stable) -

!"
#!%& 7.7 !"

#!%& + ( → !"
#8%&(stable) -

!"
#8%&

(0.52 b) 36.6
!"
#8%& + ( → !"

#9%&
:;

!!
#9<= + >./ (0*/" = 82.8 m) Donors

n-type

!"
#B%&

(0.16 b) 7.5 !"
#B%& + ( → !"

##%&
:;

!!
##<= + >./ (0*/" = 11.3 h)

:;

!8
##D& + >./ (0*/" = 38.8 h)

Donors
n-type

❀ �:(�)��EF − EH = E
IJ
KJLM − (EII

KOFP + 2×EIR
KKS/)
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Sample !#(ps) !"(ps) $#(%) $"(%)

NTD-Ge2122 268.6 310.2 33.4 65.9

Anneal-NTD-Ge2122 228.5 409 96.3 3.5
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!"/!$= 14.4nm/10.4nm !"/!$= 1.64nm/1.05nm %&/%'= 0.709 nm/0.372 nm

�� �� �� ��



NTD-Ge%�,#

8�6 2023.05.22@+( 18

❀-$�*3�%�,#�	9,#:=
❀�?��pad,#�;��/�4"�
���5.2

❀ B1�'����<� +,#7>�0�)��,�!7>4�@ustc_nanofab

/�4" �&NTD-Ge���



-�, 2023.05.22@%! 19

mK"��# 0
❀�)6����3�+&�&1
❀ RUN6-RUN11�6���RUN�	��$���$�/(

❀ 0#
40-200 mK

'4����#�� NTD-Ge_v1�.�5� NTD-Ge_v1��2�*

�)6�



��� 2023.05.22@�� 20

NTD-Ge�	���

!"#$%
&'

&'
&()* Differential

amplifier ADC

NTD-Ge���"�

+ =
!"#$% − !. − !/

2 1 2345
2&'

&"676 =
!. − !/
2 1 2345 /+

�����

9:; ≫ :=>?

❀ NTD-Ge����
�	����

�I ��pA�nA!��

�NTD ���Mohm@10 mK�



��� 2023.05.22@� 21

NTD-Ge�����


��+FPGA��ADC
���

������	

10 #$/ &' @ 1 Hz



(�& 2023.05.22@�� 22

����+��� $�NTD-Ge_Ref�)

��� ���

24pin Fischer

�!�'�

NTD-Ge

24!�'	#!

��� DAQ

PC

��
�

10 mK

4 K

���

24!�'	#!

NbTi	#!

�*	#!

"��VT�Orsay�%
NTD-Ge_Ref



/�. 2023.05.22@$� 23

NTD-Ge� �,�3'(
❀%6�30#����2���R-T�+)
NTD-Ge"�1�
❀�� 40-200 mK ��-�R0�T0*�4	�

❀ NTD-Ge_v1_ustc0#�<40 mK�%6�&Mohm����!�������
 �5%6�3

Run9_9T10_ustcNTD-Ge 7-2

L
n
(R
/Ω
)

8

10

12

14

16

18

20

(T/K)-0.5
2 2.5 3 3.5 4 4.5 5 5.5

Data
PolyFit1

R0 = 2.39 Ω

T0 = 13.67 K

Run9_9T10_ustcNTD-Ge 7-2

R
/Ω

100

1e+04

1e+06

1e+08

1e+10

1e+12

T/mK
50 100 150 200

Data
F6: 2.39*e^(sqrt(13.67*1000/x))



_6^ 2023.05.22@LC 24

0W�):
❀0W

❉ NTD-Ge7
E8�hH�O�ig����!"hUE,��OS'Bh
❉ NTD-Ge���;j�*\AQ"=
❉�@-R�#�i2<eV�P��@].�INTD-Ge	1�
❉4-�#D�
EBbTY�
E+�+
E
�!(�N%&�
❉BbNTD-Ge
E/[�].R-T�T9V

❀):
❉KX ?$3a�i2<F
❉>��*\AQ���*\�5�]./[�d�lONTD-Ge	1�
❉Z�kG8��f`JM�c�



_6^ 2023.05.22@LC 25

0W�):
❀0W

❉ NTD-Ge7
E8�iH�O�jh����!"iUE,��OS'Bi
❉ NTD-Ge���;k�*\AQ"=
❉�@-R�#�j2<fV�P��@].�INTD-Ge	1�
❉4-�#D�
EBbTY�
E+�+
E
�!(�N%&�
❉BbNTD-Ge
E/[�].R-T�T9V

❀):
❉KX ?$3a�j2<F
❉>��*\AQ���*\�5�]./[�e�mONTD-Ge	1�
❉Z�lG8��g`JM�c�

dd



Additional slides



�����

2 6 6 P 6 P

1 n Ve
G 6 K 1

6 H 3 1
V V 7

V" = − IB
ned

6 7 V 1 7 P


