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1. Scope

This document describes the electrical requirements for PCAL and SCAL, and defines
the cryoharness requirements.

2. Documents

2.1. Applicable documents

Title Author Reference Date

AD1

Calibrators software interface P.Hargrave SPIRE-QMW-PRJ-......... 13/03/01

requirements

2.2. Reference documents
Title Author Reference Date
2.3. Glossary
PCAL Photometer CALibrator
SCAL Spectrometer CALibrator

3. Subsystem overview

3.1. Photometer Calibrator - PCAL

The purpose of the photometer calibrator isto provide arepeatable signal for
monitoring of detector health and responsivity for ground testing and in-flight
operation. It isNOT an absolute calibrator, but may be useful as part of the overall
calibration scheme. The baseline design consists of athermal source inside an
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integrating cavity, the body of which will be at 4K. The cavity will have alight pipe
output with a 1-mm diameter aperture. The calibrator will be located behind the beam
steering mirror (M4) at an image of the telescope secondary mirror. The fraction of
M4 area obscured will be 0.2%. The limit on the calibrator aperture is set by the ratio
of the telescope secondary to primary mirror diameters.

3.2. Spectrometer Calibrator - SCAL

The purpose of the spectrometer calibrator isto null the telescope emission by
mimicking its spectrum and brightness in the second input port of the FTS. The
telescope is assumed to be at 80-K with overall wavelength-independent emissivity €
= 0.04. The overal emissivity of the system is assumed to be uncertain by afactor of
2 (actual value will not be known before launch). The baseline design, shown in
figure (1), isthe use of a heated black plate, together with a“hot” sourcein an
integrating cavity with light pipe, to uniformly illuminate the pupil. A neutral density
filter may be used to dilute the emission. The calibrator will be located at the second
input port to the FTS, at an image of the telescope pupil (diameter = 30 mm).
Throughout this document, the heated plate will be referred to as SCAL-flood, and the
“hot” PCAL type source shall be referred to as SCAL-point.

Torlon/Vespel

[ ] Kapton film heater

“QMW black” on —
Copper shim
(SCAL-flood)
“Hot” PCAL type

source (SCAL-point) | [Cernox thermometer

Figure 1 Schematic of spectrometer calibrator (SCAL)

4. Electrical requirements

These requirements have been derived assuming device impedances in the range
200Q - 500Q, and a harness impedance of 30Q.

At the interface review (November 2000) it was agreed that current drive for PCAL
and SCAL would be used.
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4.1. Current drive
4.1.1. Maximum drive current

41.1.1. PCAL & SCAL point

Maximum power is specified as 2mW (goal), but we may want to run at higher
power. Therefore we have allowed for a maximum power dissipation of 10mW.
Allowing for the case of a200Q device, this gives arequired drive current of 7mA.

4.1.1.2. SCAL flood

Maximum power is specified as 5mW (goal), but we may want to run at higher
power. Therefore we have allowed for a maximum power dissipation of 15mW.
Allowing for the case of a200Q device, this gives arequired drive current of 9mA.

4.1.2. Adjustability of the drive current

4.1.2.1. PCAL & SCAL point

12-bit resolution (minimum) is required in therange 0 — 7mA. Thiswill give a
minimum of 1170 adjustment steps in the target operating range.

4.1.2.2. SCAL flood

12-bit resolution (minimum) is required in the range 0 — 9mA. Thiswill give a
minimum of 2275 adjustment steps in the target operating range.

4.1.3. Required maximum drive voltage

4.1.3.1. PCAL & SCAL point

Assuming worst case (R=500Q), the maximum drive voltageis 3.9V when delivering
7mA. The maximum expected voltage drop across the devicesis 3.5V. Thisvoltage
drop should be read with 16-bit ADC resolution (4-wire measurement).

4.1.3.2. SCAL flood

Assuming worst case (R=200Q), the maximum drive voltageis 5.0V when delivering
9mA.. The maximum expected voltage drop across the devicesis4.5V. Thisvoltage
drop should be read with 16-bit ADC resolution (4-wire measurement).

4.1.4. Time constant (PCAL)
The time constant associated with a PCAL current drive step should be less than 6ms.
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4.1.5. Drive current stability

Required repeatability for calibrator radiant power is 1%.

The stability and repeatability of the drive current should be within 5pA or 0.5% of
the drive current, whichever is the greater. This requirement applies to both the PCAL
and SCAL (point and flood) drives.

4.1.6. Safety limits on the drive current

The specifications on what the warm electronics can provide will be such that the
power dissipation in the calibrator can get very high, depending on the final value of
the device impedance. Therefore, we require provision for the placement of a set-on-
test resistor in the warm electronics, the value of which will be determined by the
final value of the calibrator impedances.

4.2. Power supply redundancy

4.2.1. PCAL & SCAL point

Two completely independent power supplies and circuits are required for PCAL and
SCAL point — 1 prime, 1 redundant.

4.2.2. SCAL flood

A separate power supply isrequired for each SCAL heater — 1 prime, 1 redundant.
Completely independent circuits will drive the two SCAL heaters.

5. Harness Requirements

5.1. PCAL

51.1. BSM Harness

Four copper wires are required, as part of the BSM harness. Four stand-offswill be
provided to the rear of PCAL to ease integration to the BSM.

5.1.2. BSM/PCAL Cryo-harness

Four brass wires with one shield are required. Each wire should present an impedance
of <30Q between PCAL and the warm electronics.
Maximum levels will not exceed 4.0V at 10mA.

5.2. SCAL Cryoharness Requirements

A summary of the SCAL cryoharness and power supply requirementsis shown in
Figure 2|and [Table 1|below.
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Figure (3) shows the actual wiring scheme that will be used in SPIRE. Thisis

extracted from AD? (SPIRE wiring harness def

inition — J.Delderfield)

©
—.—‘ﬁ Flood
C heat 1 (P)
o |
®
—.—‘h Flood
e heat 2 (R)
e | SCAL Flood
o— source
© Prime connector G6— Cernox
eo— 1070 (P)
@ Redundant o—|
connector
._
(Both MDM-21) : i
o 1070 (R)
o—
©

SCAL Point
source

Cernox

1070 SCAL

(SOB-P) Interface
with SOB

Cernox T-4K

1070

(SOB-R)

Figure 2 SCAL cryoharness requirements. P=Prime, R=Redundant
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Table 1 SCAL cryoharness requirements

No. of No. of | Q max per | Max Max | Duty Remarks
conductors | shield | conductor | Current | Volts | Cycle!”
S (mA) vV

Heater 4 0 30 115 50 |05 Brass
(prime)
Heater 4 0 30 115 50 |0 Brass
(redundant)
SCAL_ther | 4 05 1000 0.01 1 SS
m (prime)
SCAL_ther | 4 0.5 1000 0.01 1 SS
m (red.)
Base therm | 4 0.5 1000 0.01 1 SS
(prime)
Base therm | 4 0.5 1000 0.01 1 SS
(red.)
SCAL point | 4 0 30 10 40 |05 Brass
(prime)
SCAL point | 4 0 30 10 40 |05 Brass
(redundant)

(1) Duty cycleisthe fraction of SPIRE time for which the circuit is active.

The total number of conductorsis 34 (without robust wiring), which are shared
equally between prime and redundant systems. Therefore it is proposed that the SCAL
cryoharness comprises a 37-pin MDM going to two 21-pin MDM connectors, one
prime and one redundant. This constitutes a change to the original harness definition
which was a 37-pin MDM going to two 15-pin MDM connectors.
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Figure 3 SPIRE wiring harness definition — extracted from AD? (J.Delderfield)

6. SCAL temperature stability requirements
In deriving these requirements, we have made the following assumptions:
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(1) Cernox 1070 thermometer with properties close to generic examplein
Lakeshore catalogue.
(2) Required temperature measurement range=4 K —80 K
(3) Nominal operating temperature range = 15— 20 K (to match dilute 80 K
telescope Rayleigh-Jeans tel ecope spectrum).
(4) Goal temperature accuracy & stability = 1% in nominal range, 2% at 80 K.
Note: thisis not stated in the IRD, but internally decided.
Based on these assumptions, we have created a MathCad spreadsheet
(Cernox_spec.mcd) to analyse the corresponding warm electronics requirements for
the SCAL thermometers, which are:
(1) Constant current drive
(2) Drive current in the range 10 — 30 pA. Currents above this range may cause
unacceptable self-heating.
(3) 16-bit ADC resolution.
(4) Stability: 1% on drive current required, driving through resistances of
(500+2000)Q (2kQ from two harness wires), up to ~35kQ.
Note that there is no strong requirement on the time constant of the SCAL heater
drive current (could be several seconds).
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