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The JCMT currently has one heterodyne receivers in operation: HARP: 345 GHz, 16-pixel array receiver.
The backend for the HARP receiver is the ACSIS correlating spectrometer. Receiver A3 (also known as
RxA): 230 GHz, single-pixel DSB receiver has been retired (as of June 27th 2018).
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»n 325 — 375 GHz 16 detector SSB SIS array receiver

= Currently HARP cannot be tuned to frequencies 325-329 GHz LSB and 335 — 339
GHz USB.

= 14 of the 16 receptors (detectors) are operational: H13 and H14 are not operational.

= Receptor HO4/R05 is unusable at frequencies below 332.5 GHz

HARP-B Electrical connectivity

RHS Nasmyth Bearing

i
- Turbo-pump
‘b. ...’
ol | e Minco
10MHz ’ N Heaters
; o
L o 058
"""""" 10MHz
/\ : Obsy. Ref.
2 \
s b :
° \,‘N\" ~ ;
. )
H . \M ;
E v ‘
J i
A 115V
: “or dist
in




Version 20051205 _Show Data | Debug o | ModVolt ps74
All Heaters | Show 01 |

Heater 4
OFF
nom coil
o1 | <[fiss00 >[5
oz <[isso0 -5
Elﬂ_l'?ﬂ.ﬂﬂ ilr c- s I RN PRI IR |
Eﬂwiﬂs— L I I I A 1
Heater 3
OFF

nom coil

05| <[i1000 >[5
06| <[iawo0 -5
o7 <[paso0 >[5
oo [ <[iesan =[5
Heater 2

OFE

nom coil
o8] <[fisse0 -5
10| <[00 =[5
[ <[pse0 5 %
2| <[iszo0 >[5

Heater 1 I
OFF

nom coil
13| <[imoe =5
sl <fpo0 -5 T
as|<fpo0 =5 %
16 <[is000 (5
All| Zero | Restore |
Conthmous ..| Start Fnd NPTS Load Sk | cold| Line| Hot| amb| .2 sevomc
o 5 ro1 ON

250
an0-E

150F




Show Array Data

VYersion 20051205

nom ctrl

Coil

mon

01 [iss00 155,12
02 |1es00 164.93
03 (17000 169.57
04 (18300 183.21

05 [11000° 110.03
06 (14000 140.06
07 14500 144.86
08 [165.00 165.00

09 [[185.00 185.30
10 (15000 149.95
11 [[14500 145.16
1z [isz00 151,90

13 (17000 169.87

Y

0.30
0.30

i”_mu.uu 140.66

All| Zero | Restore |

alarm

Reset

nom ctrl

o B0
o [pa0
o [po0

o 00
o7 ias
os [Bo0

o0 w0
10 (w0
w0
13m0
14 om0
16 im0

al |

Sky | cold| Lime| Hot| amb| Load

ON

SIS Bias

mon curr I[E Pwr

1.99
2.01
1.98
2.00

1.91
1.98
1.85
1.98

2.01
1.98
2,00
1.98

2.01
0.00
0.00
1.77

29.55 179.28
32.11 163.25
22.95 150,73
27.35 173.41

43.10 144.28
32.72 175.47
23.20 103.42
24.66 166.76

28.45 200.00
26,98 182.99
20.63 146.04
16.85 107.92

18.56 186.51
0.00 15.64
0.00 0.59

15.87 114.57

Mean 25.929

I/V Curves
Receptorol |
Receptor 02 |
Receptor 03 |
Receptor 04 | Al‘l‘ﬂ}r
Receptor 05 | Coil
R eceptor 06 | SIS
Receptor 07 | IF
Receptor 08 |

async
Receptor 09 | sl eep
Receptor 10 | debug
Receptor 11 |
Receptor 12 | sl eep
Receptor 15 | debug
Receptor 14 |
Beceptor 15 | sleep
Receptor 16 | debug
[hAll Receptors |

.2 second .l|

38
SimMode
Hamhvame =)
Monitor
an =)
Man /Auto
Ao = |
enabled =1
Ao = |
Ao =
Coil
MNormal =1
MNormal =
MNormal =1
SIS
MNormal =1
MNormal =
IE
MNormal =
MNormal =1




HARP: a submillimetre heterodyne array receiver operating on the
James Clerk Maxwell Telescope
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High Frequency Structure Simulation(HFSS)
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600 nm niobium . Embedded 200 nm IF and RF
250 nm SiO
ground plane lives 2 microstrip layer
[}
A 4 »
' £ Channel
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Figure 4.2: Cross-section of the HARP mixer chip showing embedded IF and RF microstrip beneath the

ground plane filter layer.

Leech’s Thesis

FIGURE 3.26

Material relative permittivity
Quartz 3.78

Z0 with textbook Model Z0 with HFSS Simulation Z0 (ET model) % difference
W=1um d=0.25um 36.60 28.83 30.72 6.60%
W=2um d=0.25um 20.44 17.32 18.45 6.50%
W =2.5um d=0.25um 16.78 14.54 15.84 8.90%
W=3um d=0.25um 14.25 13.02 13.23 1.60%
W=4um  d=0.25um 10.96 10.04 10.34 3.00%
W=5um d=0.25um 8.91 8.33 8.49 1.90%

Formulas for Effective Dielectric Constant, Characteristic
Impedance, and Attenuation

The effective dielectric constant of a microstrip line is given approximately by
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Equivalent geometry of quasi-TEM microstrip line, where the dielectric slab of
thickness d and relative permittivity €, has been replaced with a homogeneous
medium of effective relative permittivity, e,.

Given the dimensions of the microstrip line, the characteristic impedance can be cal-
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normal size 10 um narrower

Fsignal Gusb(dB)  Glsb (dB) Gusb (dB)  Glsb (dB)
305 -6.94 -6.66
310 -5.62 5.35
315 -4.87 -4.37 -4.60 -4.11
320 -3.61 3.22 -3.34 2.97 Effect of narrower chip width
325 -2.44 221 -2.16 -1.96
330 -1.40 -1.34 -1.12 -1.10 2
335 -0.53 0.63 -0.25 -0.42
340 0.14 0.12 0.40 0.07
345 0.60 0.15 0.82 0.29 N
350 0.82 0.13 0.99 0.18 .‘E'
355 0.79 0.19 0.87 -0.26 s
360 0.50 0.71 0.42 -1.00 §
365 0.05 -1.40 -0.26 1.70 g
370 0.74 -2.08 -1.19 -2.52 5 = Normal Size (USB] -
375 -1.52 -2.78 -2.20 -3.45 = = Normal Size (LSB) W
380 -2.37 4.35 -3.15 4.94 4 ™ 10 um Narrower (USB)
385 3.13 4.14 -3.98 -4.80 [~ 10 um Narrower {LSB) m
390 -4.61 -5.40 -5
395 -4.43 -5.21 [ ’

Signal Frequency (GHz)

Credit: Edward Tong
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Lapping Process

¢ 320um in Thickness

Mixer Chip Wafer
(Cross-Sectional)

150um in Depth

Grooves on Chip Front with
Dicing Saw

Wax (100 degree C
J—.—.—.—.J/ and 0.5bar for 10min)

Quiartz Plate

Preparation for Chip Backside Lapping

80um in Thickness
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New HARP Mixer Receiver Performance at IF bandwidth at 4-6GHz

125.0 @ B3102_Blk11
° @ B3175_BIk5
. e . ® B2101_BIk10
! - @ E3106_Blk
™
@ D29b_Blk14
100.0 . e
® ™ @ B3161_Blks
& ® ° . d
—= ot @ A5103_Blk_Dot
= o . . ®
= . . ® 4 ° ° @ A5108._BIK_B
[a] L L @ L | . ' . ®
) ® 8 s ® ® ]
& ’ ™
75.0 ® - 8 o4
o O 8 o
® [ ] ]
® ‘ ® e ®
™ ™ ¢ °
.
50.0
310 320 330 340 350 360 370 380

LO Frequency (GHz)



A6219_Block_Dot_20181230_0riginal_IF_Transmission_Line

Y-Factor

2.6 - 50.67uA
2.4 = 45.29uA
22 - 40.68uA
2 = 35.17uA
18 = 30.89uA
16 = 25.35uA

14
- 20.77uA

1.2
- 14.44UA

1

Frequency (GHz)

Comparison with IF Transmission Line

A5214_Block_Dot_20190219_New_IF_Transmission_Line

2.6 = -39.12uA
24 - -34.48UA
22— 2 =N _ - -30.03uA
5 2 4 R = 2479uA
s 18 - -19.68UA
L 6

> - 14.57uA
A 11.85uh

1-2 M\ _ - u

| = ——— = 8.66UA

3 4 5 6 7 8 = -6.77UA

3 more

Frequency (GHz)




Table of Content

HARP Review

The Original HARP Spare Mixer

New Spare Mixer Chips for HARP

Test Result

Main Array Package (MAP) Service Plan
Summary



Cold Optics
Package

> Main Array Package

LO injection wind ow

door

Cold Optics
Package

> Main Array Package




ARRAY
SSB Dump 20K Shield......... e ’
‘ Grid ‘G4’
‘ Main cold optics unit
Snout

Interferometer Control
Feed-through

Fa

A

P

Cold fore optics unit

1 x SS co-ax

To Dewar wall T

e —

i 3 wires
SMA Connector i
HARP-B e Al
. . [
Imaging Array Unit i
-wiring harness per mixer
IF Amp
KEY
S S Co-ax
!
d.c. bias i
UK-ATC supplied
connector
Note: All wiring in area
enclosed by chain line will
be the responsibijity of MRAO
i Load )
e L Isolator
6K max i
i
i
Bias Resistor Plate I
i
i
Bias Tee
4 wires
h SN
\ 4.3K max
Co-ax (Sig + bias)
: Coil
I « Mirror :
. H [: i
2 wires : Mixer block i
*Heaters will be in 4 rows
(i.e. 8 wires needed for whole array) | !
. > i 1
2 wires “Heater - Signal H
>







W 4

AP S

| B




Table of Content

HARP Review

The Original HARP Spare Mixer

New Spare Mixer Chips for HARP

Test Result

Main Array Package (MAP) Service Plan
Summary



Summary

New spare mixers for HARP have been designed, fabricated, and tested.
The performance of the new mixers are compatible with the running mixers.
Five receptors are ready for the replacement.

The MAP service is aimed in August or later.



