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= FEHEX
1 REZWHE: RIRBEFLENE/EE
2 BN Overview

ek i KL T RE

WA H) VA B & T ZR ML ARG fe T REIE A (ARPES) S AT, FH - S 30 P AVIC I 1)
RFERME R T LT A6 T 2188 B3 RN, BEEIOHE. B2 RS 00 T REE
RGSLIDGH T REE MBS R R

PRARIR A V2 BRI\ B A N M AWOR IR AR TR A 20 ' L T RETS B A A i O BRI R 58, SR g SK
PLTAFIREEIX 18] 7 0.9K~300K; 0.9K B i BE 26 AF T, v Dt 30mwW, HAxy 50mw,
LOK B IEE AT, HIA IR BAsiEid 100mW; SEILFES 4 H B3 ) ik,
3P H H S LA T Sum, 1 AN B RS FEAL T 0.1 AR B B AR % R AIC T 110710
mbar L/s; FEit b RN G I AFIIHIKT 3mGs; FE i abEshfe e AL T 10um, &1t Bix
LT lum; FE 15 MEF N T REATHEZAMTT 100°C, IR RELERERE B F)RE A
K5 RGN & HHE D IAFTFIAE fiSEE . Dkl 5w, JFRAAE RN 356 At .

Equipment purpose and main functions:

The ultra-low-temperature cryogenic manipulator is mainly used together with a
low-temperature angle-resolved photoemission spectroscopy (ARPES) system. It enables
multi-degree-of-freedom manipulation of closed-cycle cryogenically cooled samples under
vacuum, non-magnetic, and stable operating conditions, and works with the ultraviolet light source,
vacuum system, and photoelectron spectrometer system to realize measurements of photoelectron
energy and momentum.

As the sample manipulation system for sub-micron ultra-low-temperature ARPES equipment,
the ultra-low-temperature cryogenic manipulator shall provide an operating temperature range of
0.9 K to 300 K. At a sample temperature of 0.9 K, the cooling power shall exceed 30 mW, with a
target of 50 mW; at a sample temperature of 1.0 K, the target cooling power shall exceed 100 mW.
The system shall provide four-degree-of-freedom motorized sample manipulation, with three
translational degrees of freedom having positioning accuracy better than 5 um and one rotational
degree of freedom having positioning accuracy better than 0.1 degrees. The overall chamber leak
rate shall be lower than 1 < 10"° mbari/s. The residual magnetic field introduced by the
manipulator at the sample position shall be lower than 3 mGs. The vibration stability at the sample
position shall be better than 10 um, with a design target better than 1 um. The system shall reserve
15 vacuum internal wires. The system shall be bakeable to no lower than 100 degrees C and shall
be able to thermally isolate the cold head from the system during bakeout. Each motion-axis motor
shall be equipped with an encoder, motor controller, and other necessary devices, and
corresponding control software shall be provided.
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3 BEBARIMIE Technical Parameters

3. 1 THE£&A Operating conditions:
311 TR IR IR-40°C~ +50°CHFHR ML EE DY 90 % HIFAEL 6 1F Mz fr. R
GEAAR ] 2 IR AT, 00 AT R R AL B IR B PR L B AR A

Suitable for transportation and storage under ambient temperatures from -40 degrees C to +50
degrees C and relative humidity up to 90%. The system itself shall satisfy the above conditions,
and the packing boxes shall receive special treatment and be packed in
moisture-proof/vapor-barrier bags.
3.1.2 JETIEMIE 220V (H0%) /50Hz. il #k [K+15°C~ +25°CHIAHXT R EE /N T 60% (1)
ISR ML IR I184T . SR R AL TR B B = AH s %A

Suitable for continuous normal operation under power supply conditions of 220 V
(plus/minus 10%) / 50 Hz, ambient temperature from +15 degrees C to +25 degrees C, and relative
humidity below 60%. Three-phase power shall be provided for the pump set and compressor.
3.1.3 ECEMGHPEARAREER L, WA XA L, ) F5 R 2 ) e 4
JE o =ORH R Sk 7 R R B B DA IR AL, A G EOR NAE B BT SR 2 e A R
HH B

Plugs compliant with relevant Chinese standards shall be provided. If such plugs are
unavailable, appropriate adapter sockets shall be supplied. Three-phase power plugs shall be wired
onsite by a qualified electrician, and the relevant requirements shall be specified in the final design
documents and installation guide.
3.1.4 W EIAAR FIREOKR, bR ARE W AR ZE . anAER ek 7R SRR AR (o
Ky HE R WRE A BhSREESE) FAR A RLAE SR SCAE A BT B

If the product does not satisfy the above requirements, the bidder shall specify any deviations.
If the instrument requires special operating conditions, such as water supply, power supply,
magnetic field strength, temperature, humidity, vibration intensity, etc., the bidder shall state them
clearly in the bid documents.

3.2 XEFARSH Main technical parameters:

WA TG BV B & 1 ZLAL S AR TR PR A LA VU B HH JERE SR B RN & I EE 70 o 250
DRARZHUT

The ultra-low-temperature cryogenic manipulator mainly consists of two parts: a
low-temperature closed-cycle refrigerator and a four-degree-of-freedom precision sample
manipulator. The technical parameters of each part are as follows.
3.2.1 R MTEAHAHL Low-Temperature Closed-Cycle Refrigerator
3. 2. 1 1A RN “He FEH A, —4 GM B4 L.

The cooling mode shall be “He closed-cycle refrigeration using one GM-type cryocooler.

3. 2.1 29 AR N PR E IRE ST OhrAERZE AR LT, AR 3T 2 R )4 I X 1]
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49 0.9K~300K. FF S22 S i S HEAL B (FR AT T8 ST AL, FF iR PR
FRIZAAIR LD FERIEA 0.9K I, ZALHIHIR DhZ N 30mW, it HAxJy 50mW; {EiR
FEN LOK T, il D23 v H AR R IE 100mW;  JE #8730 5% A 52 bt i S IR I B AR T
0.9K.,

For the user-specified sample holder (standard flag-style sample holder), the cooling
temperature range of the sample holder mounting module shall be 0.9 K to 300 K. At the sample
holder position in the sample holder mounting module (defined as the connection point at the back
of the flag-style sample holder; “sample temperature” specifically refers to the temperature at this
location), the cooling power shall exceed 30 mW at 0.9 K, with a design target of 50 mW; at 1.0 K,
the design target cooling power shall exceed 100 mW. Under no-heat-load conditions, the actual
minimum sample temperature shall be lower than 0.9 K.

3. 2. 1. 3NEIAMEIR, 1K HIWA 03] 1K KR a RN /T 40 /i, it HAs> T 30 /b
s FEMLEEAE B — DA 2R IR 1K AIRTAZ T 8 /NSFs FEFEMIR AT 1K %4
NI, BRI R K N AZ T 4 0N

Starting from room temperature, the time for the 1 K cooling stage to reach 1 K is expected to
be less than 40 hours, with a design target of less than 30 hours. Based on this condition, the
additional time required to cool the sample temperature to 1 K shall not exceed 8 hours. After
replacing the sample holder while the sample temperature is at 1 K, the time required for the
sample temperature to return to 1 K shall not exceed 4 hours.

3. 2. 1. 4 ke IR AE A I AR IR B R Gl A 8 MEAE220mK; M 0.9K F 10K, A fvilfi
FeE VEOLT220mK; A 10K 2 77K, B ah IR AR E VEIL T-480mK; M 77K 2 300K, i
FERGEVEDL T #1.00mK .

At the minimum operating temperature, the system temperature stability at the sample

position shall be within =20 mK. From 0.9 K to 10 K, the sample temperature stability shall be
better than 220 mK; from 10 K to 77 K, better than 80 mK; and from 77 K to 300 K, better than
+100 mK.
3.2.1. 5. &>7 2H FHRIEAT KR (0.9K) 22 2 I (300K ) ¥ it i J L& SR B i B 1 BN, 9F
MR E AR AR R . AR T 2R B A AR AT 22 3838 PID R B2 &8 . TS
A E DR RARERMITE AR R A (15 OB AL RS, BOfETu
N 0.3K~420K) ; ;‘zﬁﬁzf FE T 2B 46 FHR B AR B EE (2 5 CRHEIR AR IS, Rt
JuE Y 0.3K~420K, AT 1E N RESDAE it 22 T80T b FEARHOURE i SEBR IR RS ) ¢ e SRs i B )R
HI Cernox 5% Si Diode i i 577 e AVl AL IS, OFEEWAEMIERIN 4K Bl (35D . &
FEMFERI N 50K BElk (4 5) 4K @i G2WT ARG HERL AR ) |« 50K ¥t G2 AR
RMEAG IR SR 55 A PHALAE AT DL PID (Bl 4% il 5 BT 2 A o T

The system shall include more than seven groups of vacuum-compatible temperature sensors
for monitoring temperatures from cryogenic temperature (0.9 K) to room temperature (300 K) at
the sample position and other key locations. The sample holder mounting module shall include
heating resistors and a multi-channel PID temperature controller. The minimum temperature
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sensor locations shall include: the sample holder mounting module adjacent to the back of the
sample holder (Calibrated Temperature Sensor No. 1, calibration range 0.3 K to 420 K); a spare
temperature sensor installed in the sample holder mounting module (Calibrated Temperature
Sensor No. 2, calibration range 0.3 K to 420 K), which may serve as a virtual sample to simulate
the actual sample temperature; and other key locations, where Cernox or Si Diode
UHV-compatible temperature sensors may be used, including the inner 4 K shield adjacent to the
sample holder (No. 3), the inner 50 K shield adjacent to the sample holder (No. 4), the 4 K cold
plate (uncalibrated sensor for diagnostics), the 50 K cold plate (uncalibrated sensor for
diagnostics), etc. The heater resistor assembly shall enable acquisition of the desired sample
temperature through PID-loop control.

3.2.1. 6/ ML 222 = 10y DN150CF BRSNS, A RE R RS IS & P Bk R Gt
iHE

The installation flange of the refrigerator shall be DN150CF or smaller, and the overall length
and dimensions shall be custom-designed to match the user’s integrated system design.

3. 2. 1. TR BCA 4EFF “He MITEIF TIEM RSG5, OFHATRANMM, Hk2 g8,
B, EHlas, A,

A complete system for maintaining He4 closed-cycle operation shall be provided, including a
vacuum pumping system and accessories, vacuum flanges and pipelines, vacuum gauge, controller,
and Dewar.

3.2.2 *JUHHERMLREEEEINEG Four-Degree-of-Freedom Precision Sample Manipulator
3. 2. 2. 125U F FEWL B A% B2 BN S S RE i SE DU B i s 5, Al

The sample shall be precisely manipulated using motors and transmission mechanisms to
achieve four degrees of freedom, including:
3.2.2.1.1 3 FRIZEEHBEE, BaEEALF x (9mm) .y (9mm) . z (200mm) .
B E B ITTHR A RE AR DN150CF BGEE/NAAS B 80U ke, HSCHF I SUE A A 4
200mm KE R, “FakE LT 5um.

Three translational degrees of freedom, with motion ranges of at least x (9 mm), y (9 mm),
and z (200 mm). The manipulator design shall ultimately be compatible with installation on a
DN150CF or smaller vacuum bellows and support bellows extension/contraction motion over a
length of 200 mm. Translational positioning accuracy shall be better than 5 um.
3.2.2.1.2 IS EH M, HSE z 307 i 1% 5) Polar B A JGHI AN/ T--60%+100 %%
ARG T 0.1S [BIFEZE/NT 0.1 Feab L2 RE ZREAEERIN G BIRNA ie it b o FERE IR
LA EVG RN, RO B AR & ORI 22 NG 24N T 0.5mm, Wit H A5y 0.3mm.

One rotational degree of freedom about the z-axis, with a polar-angle range of at least -60
degrees to +100 degrees. Rotational accuracy shall be better than 0.1 degrees, and backlash shall
be less than 0.1 degrees. The sample must be mounted on the rotational axis center of the
polar-angle stage. Over the full polar-angle operating range, the deviation of the sample position
from the central axis shall always remain below 0.5 mm, with a design target of 0.3 mm.
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3.2.2.2 AN HMHERTECA MiGES . Dkt ds g, IR R s AT

All four motion axes shall be equipped with encoders, motor controllers, and corresponding
control software.

3.2.3 FEmMRING LS WL S A IR RAK T 1540 mbar Lis. b5 AH w4 H
J IO A AR AN B A A A . AR IR TR, KRG 2N AR,
FEG B IR

£ 0.9K~18K, HAZRMAR T 5.0x10 mbar;

£ 18K~54K I, L4 BERAR T 6.0<10™ mbar;

£ 54K~120K I}, FZFERIAL T 7.010 mbar;

£ 120K~220K B, L7 FERAR T 1.0107° mbar;

£ 220K~300K I, AR T 5.0<10"° mbar-.

Wit HAs LT 3.0107° mbar.

The overall leak rate of the sample manipulator and cryogenic refrigerator system shall be
lower than 1 ><1071° mbardi/s. The user may provide the pump set and vacuum gauge test
equipment for Factory Acceptance Tests (FAT). Under normal operating conditions, when the
system is connected to the test chamber, the vacuum level at the sample stage temperature shall
be:

0.9 K-18 K: better than 5.0 x 107! mbar

18 K-54 K: better than 6.0 x 107! mbar

54 K-120 K: better than 7.0 x 107! mbar

120 K-220 K: better than 1.0 x 1071 mbar

220 K-300 K: better than 5.0 x 107'® mbar
The design target shall be better than 3.0 < 107 mbar.

3.2.4 Y GLEREMAE RN /NT 3mGs. AR A A BUE L7 58 W 7]
TRUZ 4 & B AR g AT I, AREUI AN IR & IR b A7 B AL B RGOk 2 1
A bRt

The magnetic field generated by the manipulator at the sample position shall be less than 3
mGs. The Tendering User shall have the right to perform it during Site Acceptance Tests (SAT)
inside a double-layer metallic shielding chamber. The evaluation criterion shall be the magnitude
of the vector difference in magnetic field at the sample position with and without the manipulator
installed.

3.2.5 * RGN, R G AEIGRIER T/RET, BRI E N T
10um, #it HARMALT 1um.

% The system shall incorporate vibration isolation measures. Under normal low-temperature
operating conditions, the vibration stability at the sample position shall be better than 10 um, with
a design target better than 1 um.

3.2.6 RGTAEHHATHUE LISLIE s E AN . B A s BB IR AMIS T 100°C, I
LRELERERE IR 2 Sk 5 RGEABR 2 .
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The system shall be bakeable for ultra-high-vacuum applications. The maximum bakeout
temperature of all components shall be no lower than 100 degrees C, and the system shall be able
to thermally isolate the cold head from the system during bakeout.

3.2.7 RGHHEHED IS ARSI B ML) FELBEANES, HHi2ED5R
UL P E

The system shall reserve at least 15 wires entering the vacuum and extending to the vicinity
of the sample position for thermocouples and other user connections, including at least 5 spare
wires for user applications.

3.2.8 FEMhALIEHL R AT

The sample position shall be properly grounded.
3.2.9 WA R, IRERATERT 5mA.

* All equipment shall be properly grounded, and the leakage current shall not exceed 5 mA.
3. 3 M K &4 Accessories and Spare Parts:

ERP R TN BRE LR, DU E P S S RSN U B 45 . B SR pi SR A e
IR AR B A A o

Installation manuals and operating tools for all products, as well as certificates of conformity
and instruction manuals for the configured products, shall be provided. Quality inspection and
performance test reports shall be provided where available.

4  FARBRSS Technical Services
4.1 N EFE b N2 1) 15 5 Fe SO IR T fg 22 25 iy HHE 2% TAE, Fds NS & R P # it

TR, HAREREE,

To facilitate normal receiving of the equipment by the buyer and smooth preparation for
installation, the successful bidder shall cooperate with the user by providing installation conditions,
electrical requirements, and other relevant information.

4.2 AR BFIEH I fa, AR SRR IR AR 5 P I EDT RS AR YOE fe 2t
ZHE L R

After the instrument arrives at the user’s site, the instrument supplier shall dispatch engineers
to jointly unpack, check, and accept the equipment with the user, and shall provide free installation
and commissioning.

4. 3 {EAXAR 2L e G, AR BE R R IR Lk AR W08 AN 53 S B AT HR BRI . G
IR FEA R BRI 2 AR ERAE TR AR A R YR R PSS N A . RIS 7 SE2Br
ok, XTI E, FTHEAT 2 IR, eI R B BATHE .

After installation of the instrument is completed, the instrument supplier shall dispatch
professional engineers to provide free technical training for users. The training shall include the
basic principles and structure of the instrument, operating methods, and basic maintenance
procedures. According to the user’s actual needs, the parties may agree on the schedule, multiple
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training sessions may be arranged by appointment, and the number of participants shall be
determined by the user.
4. A AR B A RWCE R S IR BE ML 24 D A AR, Wi NI (RO BHRAZ 5 24 /NP RARY, IRAE
48 /NI N B B i FH Bl AT 4515 A

After final acceptance of the instrument, a 24-month warranty shall be provided for the main
unit. The response time shall be within 24 hours after receiving a repair request, and onsite repair
service shall be provided within 48 hours.
4.5 FEFRIAN M BT TR 9%, IR SR Bt dn. BRI, AR ARSI
aeilghs, PR EIAEE A CRIEREAR I 4B TR B AR LN AR . RGBT
FEr, A7 PRURF IR SR R ™ B AE R YA I T, ARSI 7 o ZHPR T T B A N A8 S fR 3

During and after the warranty period, onsite service fees shall be waived, and discounts shall
be provided for separately purchased spare parts. During the warranty period, For instrument
failures not caused by human factors, all repair costs (including costs of spare parts and repair fees)
shall be borne by the instrument supplier. If special reasons cause serious delay in the repair
process, the instrument supplier must explain this in advance and extend the warranty period
accordingly.
4.6 RIS, WORAGES H IR TR S A, AR AR A AT, IE RO
BeAERR . B2 S0 R — b R A e B A 5247 TR 12 1 4

After the warranty period, if the instrument fails and replacement parts are required, the
successful bidder shall provide preferential prices for spare parts and charge only the cost of the
spare parts. After repair, the same faulty part and spare parts shall be warranted for one year.
4.7 R R SCRF IR AR TS, A S R 2T 9. SRt — IR R HLIRSS, ATk,
Wi Az .

Subject to hardware support, lifetime free software upgrades shall be provided. One free
relocation service shall be provided, including disassembly, reinstallation, commissioning, and
transportation.

5 ISR Acceptance Criteria

I A2, IBITIER .
The instrument shall be installed and operate normally.
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