DUTH/SRL SPACE-ASICS

The Essential Telemetry (ETM) ASIC

A mixed signal, rad-hard and low-power
component for direct telemetry acquisition and
miniaturized RTU




Design Motivation

® Develop an RadHard low power ASIC capable of
autonomous analog & digital data acquisition and formatting
for transmission to ground without the need of a S/C

computer (Essential Telemetry).

® Interface with existing Telemetry Encodlng and
u.l.g.\TeIegmmand Decodm ste
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Applications of the ETM ASIC

e Stand Alone (STD)
- ETM is connected to aVC of the SCTMTC ASIC.

- Functionality can be configured only through hard
pins.

e Cascaded Daisy Chain (CSC/DC)

- Many ETM devices are connected to aVC of the
SCTMTCASIC.
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ETM configurable
functionalities

® Communication interfaces
® Number of channels that are sampled

= Channels are organized in groups (Ch0-3, Ch4-7,
Ch8-15 & Chl6-31)

GO Channel group meas ment t pe (Volta e/Temperatgre
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ETM ASIC block diagram

Consists of

* an analog front end mux/demux that
directs the 32 analog inputs to the ADC
and also selects the temperature
sensors that will be biased by the ASIC.

* a signal Conditioning Unit

* atemperature measurement unit which
directs a constant current to the
external temperatures sensors

* a |2 bit digitally auto zeroed ADC

* adigital Input Sampler capabl
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Status

® Fabricated at IHP 0.25um SiGe Process
® Die size is 5.2 x 5.2 mm?

® Assembled in CQFP 256 and PGA 256




Operating Currents

e Device: SNOO1 PS: 2p50 Temp: P025

® Total Current = Frequency
Dependent Current + Non 2500
Frequency dependent Current

2000 bbb L

° Frequency dependent Current:

: j_;:_.,cm) (1A)



Operating Currents

ON® Measurement type Configuration Total Current
(mA)
Ext Voltage Only STD
Int Voltage Only STD

Voltage Only




Power Supply Regulator

Low drop out (LDO)
Linear regulator chosen

over buck topology My Digital 2.5V

Core 2.5V power supply is I
generated from the 3.3V.




Power Supply Regulator

1.000ms/ _ ﬂ..,.m.p.‘. al

~5ms

3. 3V Power Supply !

* Power up
sequencing

o After 700mV
Vdd2p5 follows
Vdd3p3

L]
* Power supplies are
L] L]
established in the
.
BeRaie bt s Ul e L e A

2.5V Power supply
generated by the IVR
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Power Supply Regulator

Analog Power Supply Voltage Regulator Digital Power Supply Voltage Regulator
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e Offset shows the error in the generated power supply
e 6mV of offset is well within the ETM’s capabilities (10%@2.5V=250mV)



Power Supply Regulator

Analog iVR Offset Digital iVR Offset




Power Supply Regulator

Analog iVR Offset Digital iVR Offset
5.0 8




Power Supply Regulator

e Offset between reference and generated power supply
<5SmV.

- Very good matching in the amplifier

* DC current driving capability is 70mA

- At all cases it can power ETM2 device (STD/CAN Temp
Measurement,etc)
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Voltage Reference

e ETM has an on chip voltage second
order temperature compensated - Voltage reference performance

voltage reference which can be by 2351
passed if the user want to.

>
* Voltage reference power is [.8mW 0 /\ A
i : 2 A ~o—




Voltage Reference
Amplification

Gain Stability versus Input

+5.995 Device: SN028

0.004 I ipicires ceeenns A e e




Voltage Reference
Amplification

Assembly lot | 145 Assembly lot 1203




Voltage Reference

® Overall Performance is <|5ppm/degC.

® At 300K no big variations




SA ADC with a digital auto-zeroing
(DAZ) algorithm 0.8

DAZ employes a second conversion 0.6
to remove comparator offset at the
speed of reducing the sampling

speed

Device: SNOO7 PS: 3p302p50 Temp: p025




Pre-RAD

300 KRad

Performance of the ADC
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Output Code
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Red is INL with DAZ




TID Performance of the ADC

512 1024 1536 2048 2560 3072 3584 4096 512 1024 1536 2048 2560 3072 3584 4096
Output Code Output Code

Red is INL with DAZ Red is INL with DAZ



ID Performance of the ADC
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ADC performance in the mixed signal environment
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emperature Measurement

//
Internal Voltage Reference
® Current Source used for
Temperature i
Precision
Measurements Current Source

SRS




Temperature Measurement

3 Device: SNO0O8 PS: 3p302p50 Temp: p025

Low Temp ‘ T i ‘ ; o '
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lTemperature Measurement

SNO0O1
SNO002
SNO003
SNO004
SNO005
SNO006
SNO0O7
SNO008
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SNO11
SNO12
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SNO15
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Current Source OpAmp Offset

AS| 145
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Amplifier Offset (mV)
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Temperature Effects on the Temperature
Measurement Unit

Offset drift of the T meas unit due to Temperature
variations

- Devicel " Device2

" Device3

® Drift less than ImV 15




Temperature Measurement

e Current Source offset (Pre and post Rad)
* Anneal has no effects

Offset Values (Pre and Post Rad) Offset drift due to TID
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Temperature Measurement

e Current Source offset (Pre and post Rad)
* Anneal has no effects

Offset Values (Pre and Post Rad) Offset drift due to TID
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Digital Sampler
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Digital Sampler

Device: SNO02 PS: ALL Temp: p025
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Temperature Effects on
the Digital Sampler

Device: SN033 PS: PS3p302p50 Temp: ALL

Device: SNO31 PS: PS3p302p50 Temp: ALL
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igital Sampler

DS THR HST. PS: 3p302p50 Temp: p025 Rb47p0K

eDevice to Device Variation for AS| 145
eVariation is 60mV
*No Calibration Tables needed

No of devices




TID Test Campaign

RDL1 DS_THR vs TID

RDL2 DS_THR vs TID RDL3 DS_THR vs TID

0.90 : : 0.92 . , 0.90 . .
. e « 0000 Siak e « 0000 : e « 0000
ossr -~ ~-+ 0305 | 090} o ° ~ -+ 0305 |- o88f . ~ -+ 0305 [
s R .
086l ] ] 0.86 | '-. ]
] 0.88 } o : A
> ! » ! B = ®.
E 08 o B . 5 = z 0.84f o !
g TR & = 086 . . . s (R =~ S .
g ] . . ’ .
R3S Ty e 0.84} . 3 y . "\
0.80} AR S - - . 0.80} - PRI i o
. . AR 3 " .
» \.\ t. '.*. ...' -‘ .. " ‘- \'.
0.78 |J s.. P 0.82} v L DR 3 A g 0.78 £ "' Gl .‘. A




TID Test Campaign

HR vs TID RDL9 DS_THR vs TID
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Leakage Currents

Parameters from |HP

® Digital Leakage Current varies
from device to device from 400

to 1500 nA

Total W of nfets = | 77 mm




Leakage Currents

p025

SNOO7 PS: ALL Temp:

Device




Leakage Currents

Device: SNO02 PS: 2p50 Temp: ALL

10°% ¢

Temperature Dependency




Leakage Current

AS| 145 AS1203




Leakage Current

RDL1 Leakage Current vs TID

Leakage Normalized

100 150 200
TID (KRad)

w

NS

w

RDL7 Leakage Current vs TID

400

600
TID (KRad)

800

1000

wos v
o o w»m O

w
o

N N
o w

°
@
N
©
£
—
o
<

= M
o u

126%°




Leakage Current

Normalized Leakage current vs TID
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Leakage Current

Leakage current vs TID

12 1
10} . RLD1
RLD2
al | RLD3
RLD4
| “ RLD5
E Y RLD6
B “ RLD7
ar 1 RLDS8
RLD9
2t - RLD10
o . g
10° 102 103
TID (KRad)
11D (Ks9q)
IO, 10,

TO5

W




7.00

6.00

lleakage (UA)

Leakage Current

Leakage (uA) current at pre-RAD & various anneal steps

Room T

100
degC

e (Normalized to preRad)

8.00

6.00

Normalized leakage current at various anneal steps

Room T

100
degC




Leakage Current

Leakage (uA) current at pre-RAD & various anneal steps Normalized leakage current at various anneal steps
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SEE Tests

SEU Cross Section

0 Comparison between EM and FM ETM devices

No SELs up to 67 MeV-cm2/mg at
85 degC

SEU cross section is at 57 MeV-
cm2/mg for the nominal core
power supply of 2.5V

Falls down to 40 MeV-cm2/mg if
power supply is reduced to 2.2V
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SEUs types are balanced

32 40 57

SEU Type Counts LET (MeV/ma/cm? )
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RTU
SEUs location per channel
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Channel Mapping of SEUs

STD
SEUs location per channel
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FM ETMYield

Failed Analog




Conclusions

® ETM is a mixed signal
rad hard low power

telemetry acquisition
ASIC

|

It can replace boards
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