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time-division multiplexing, code-division multiplexing, & hybrid code/time-division multiplexing
LNA LNA

modulated FB1 signals

Hybrid C/TDM: 4 TESs connected to 4 SQ1s three different ways:

TDM-4; CDM-4; and a hybrid, 2-row CDM in time division with another 2-row CDM.
In any of these, the SQ1s are run as TDM-4 and only the TES couplings are different.

A backup option for X-IFU is CDM16xT4, or 4 TDM’ed banks, each of CDM-16.
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TDM: Schematic of 2-column x 2-row TDM to illustrate the technique.

A backup option for X-IFU is TDM with Nrows ≤ 40 and Ncols ≤ 96 CDM: Schematic of 1-column x 4-row flux-summing CDM to illustrate the technique.

demodulated ITES signals

X-IFU-like TDM readout of LPA2.5a TESs with 40 timing rows (in older 8-col x 32-row system)

other 1-column x “40-row” TDM

Al Kα (1.5 keV)
31 of 32 TESs
126k counts in Al Kα
∆EFWHM = 1.91 ± 0.01 eV

Ti Kα (4.5 keV)
31 of 32 TESs
75k counts in Ti Kα
∆EFWHM = 2.10 ± 0.02 eV

Co Kα (6.9 keV)
29 of 32 TESs
167k counts in Co Kα
∆EFWHM = 2.40 ± 0.02 eV

Br Kα (11.9 keV)
29 of 32 TESs
107k counts in Br Kα
∆EFWHM = 3.44 ± 0.04 eV

Ti Kα (4.5 keV)
85 of 96 TESs
360k counts in Ti Kα
∆EFWHM = 2.03 ± 0.01 eV

Co Kα (6.9 keV)
85 of 96 TESs
743k counts in Co Kα
∆EFWHM = 2.40 ± 0.01 eV

3-column x “40-row” TDM

Mn Kα (5.9 keV)
29 of 32 TESs
187k counts in MnKα
∆EFWHM = 2.23 ± 0.02 eV

1-col x “40-row” TDM; Mn Kα:
• ∆E ranged from 1.99 eV to 2.49 eV
• ∆Eavg : 2.23 eV
• TDM degradation ~ 0.2 eV

“40-row” TDM: To simulate the timing and noise of
40-row TDM, the 32-row TDM system (32 LPA2.5a
TESs and 32 SQ1s) was run with row 32 repeated
8 times.
Circuit parameters (RTES_op, RTES_shunt, Lloop, and Min)
and operating/analysis parameters (trow, trec, input X-
ray rate, and the fraction of events surviving pileup
and crosstalk cuts) were chosen to make the
experiment faithful to X-IFU’s requirements.

new 960-pixel platform:  24-col x 40-row TDM or hybrid C/TDM up to 64 rows (CDM16xT4)

∆E vs. EX-ray for LPA2.5a TDM-40

• X-IFU’s resolution requirements:
• ∆E < 2.5 eV for E ≤ 7 keV
• ∆E < 5 eV at E = 10 keV
• “goal”: ∆E < 2.0 eV for E ≤ 1 keV.

• TDM-40 results exceed these.
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8x32 TDM:
55 mK snout

24x40  TDM:
skeleton of 55 mK FPA

FPA parts:
Nb-on-polyimide flex
(160 pairs; NASA)

carrier chip
(4 columns; NIST)

TDM chip
(10 SQ1s; NIST)

LNy and Rsh chip
(10 channels; NIST)

column-wiring PCB
(supplies 8 columns;
commercial)

row-address PCBs
(40 RAs for all cols;
commercial)

Purposes of this
system:
• screen X-IFU TES arrays.

• continue development of TDM 
and hybrid C/TDM for X-IFU.

3,840 pixels
square pitch: 260 µm

System has 176 wire pairs:
• row-address:  40 pairs for 40 rows

• each column has 5 pairs:
• detector bias
• FB1, FBA
• SQ1 bias/out, SSA bias/out

• 16 utility pairs for thermometry, heaters, 
B-field application, etc. 

Novel features
(beyond the size):
• heatsinking of TES array via back-side 

Au wirebonds

• Nb-on-polyimide, round-the-corner 
flexible circuits (160 pairs each)

• improved capacitive isolation of          
signal pairs from one another


