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GeoSTAR Development History
Decadal survey: PATH mission

= GeoSTAR 
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•  Concept development 

–  NMP/EO-3 proposal (1998-1999) 
–  NRC white paper (2005) 
–  NRC Decadal Survey (2007) 

•  ESTO technology development 
1.  IIP-03 (2003-2006): Proof-of-concept prototype 
2.  ACT-05 (2006-2008): MIMRAM receivers 
3.  IIP-07 (2008-2011): Key technology 
4.  IIP-10 (2011-2015): Risk reduction 

•  Space implementation 
–  Venture mission (2020?) 
–  PATH mission (~202X?) 
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A 5x5 digitizer/correlator and 
evaluation board was built to 
provide risk reduction for the 
development of the larger A/D 
correlator ASIC.  

•  Test A/D and correlator cells 
together to uncover design or 
implementation flaws 

•  Determine crosstalk between 
channels  

Initial tests indicated problems, 
but design was fixed, chip re-
spun and tested 
Tested for rad-hardness: OK 
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IIP-10: Correlator 64x64 chip
Large 64x64 chip – Meets all PATH requirements
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Architecture

2.4 mm 

2.4 m
m

 

Floor Plan Layout 

Chip Layout

X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11 X12 X13 X14 X15 X16 X17 X18 X19 X20 X21 X22 X23

Y1 VINb[62]+ VINb[62]- VINb[63]+ VINb[63]- AVDD VINa[0]+ VINa[2]+ CLKa[0]+ VINa[5]+ VINa[8]+ VINa[10]+CLKa[1]+ VINa[12]+VINa[14]+VINa[16]+VINa[18]+CLKa[2]+ VINa[21]+ VINa[24]+ VINa[26]+ CLKa[3]+ VINa[28]+ VINa[30]+

Y2 VINb[60]+ VINb[60]- VINb[61]+ VINb[61]- VREF- VINa[0]- VINa[2]- CLKa[0]- VINa[5]- VINa[8]- VINa[10]- CLKa[1]- VINa[12]- VINa[14]- VINa[16]- VINa[18]- CLKa[2]- VINa[21]- VINa[24]- VINa[26]- CLKa[3]- VINa[28]- VINa[30]-

Y3 CLKb[7]+ CLKb[7]- VINb[59]+ VINb[59]- VREF+ VINa[1]+ VINa[3]+ VINa[4]+ VINa[6]+ VINa[7]+ VINa[9]+ VINa[11]+VINa[13]+VINa[15]+VINa[17]+VINa[19]+VINa[20]+VINa[22]+ VINa[23]+ VINa[25]+ VINa[27]+ VINa[29]+ VINa[31]+

Y4 VINb[58]+ VINb[58]- VINb[57]+ VINb[57]- AVSS VINa[1]- VINa[3]- VINa[4]- VINa[6]- VINa[7]- VINa[9]- VINa[11]- VINa[13]- VINa[15]- VINa[17]- VINa[19]- VINa[20]- VINa[22]- VINa[23]- VINa[25]- VINa[27]- VINa[29]- VINa[31]-

Y5 VINb[56]+ VINb[56]- VINb[55]+ VINb[55]- AVDD IBIAS[0] AVSS VREF+ VREF- AVDD AVSS VREF+ VREF- AVDD AVSS AVSS VREF+ VREF- AVDD AVSS VREF+ VREF- AVDD

Y6 VINb[53]+ VINb[53]- VINb[54]+ VINb[54]- VREF- ss sclk mosi miso DVDD DVSS
ro_bus_

out0
VDD

ro_bus_
out1

VDD
ro_bus_

out2
DVDD

ro_bus_
out3

IBIAS[1] VINa[33]- VINa[33]+ VINa[32]- VINa[32]+

Y7 CLKb[6]+ CLKb[6]- VINb[52]+ VINb[52]- VREF+
LVDS 
DVSS

VDD VSS VDD VSS VDD VSS VDD VSS VDD VSS DVSS VSS AVSS VINa[35]- VINa[35]+ VINa[34]- VINa[34]+

Y8 VINb[50]+ VINb[50]- VINb[51]+ VINb[51]- AVSS
LVDS 
DVDD

VDD VSS VDD VSS VDD VSS VDD VSS VDD VSS VDD
ro_bus_

out4
VREF+ VINa[36]- VINa[36]+ CLKa[4]- CLKa[4]+

Y9 VINb[48]+ VINb[48]- VINb[49]+ VINb[49]- AVSS
LVDS_R

EF
VDD VSS VDD VSS VDD VSS VDD VSS VDD VSS VDD

ro_bus_
out5

VREF- VINa[38]- VINa[38]+ VINa[37]- VINa[37]+

Y10 VINb[46]+ VINb[46]- VINb[47]+ VINb[47]- AVDD clk_p_in VDD VSS VDD VSS VDD VSS VDD VSS VDD VSS VDD
ro_bus_

out6
AVDD VINa[39]- VINa[39]+ VINa[40]- VINa[40]+

Y11 VINb[44]+ VINb[44]- VINb[45]+ VINb[45]- VREF- clk_n_in VDD VSS VDD VSS VDD VSS VDD VSS VDD VSS VDD
ro_bus_

out7
AVSS VINa[41]- VINa[41]+ VINa[42]- VINa[42]+

Y12 CLKb[5]+ CLKb[5]- VINb[43]+ VINb[43]- VREF+
LVDS 
VDD

VDD VSS VDD VSS VDD VSS VDD VSS VDD VSS VDD VSS VREF+ VINa[43]- VINa[43]+ CLKa[5]- CLKa[5]+

Y13 VINb[42]+ VINb[42]- VINb[41]+ VINb[41]- AVSS
LVDS 
VSS

VDD VSS VDD VSS VDD VSS VDD VSS VDD VSS VDD
ro_bus_

out8
VREF- VINa[45]- VINa[45]+ VINa[44]- VINa[44]+

Y14 VINb[40]+ VINb[40]- VINb[39]+ VINb[39]- AVDD reset_in VDD VSS VDD VSS VDD VSS VDD VSS VDD VSS VDD
ro_bus_

out9
AVDD VINa[47]- VINa[47]+ VINa[46]- VINa[46]+

Y15 VINb[37]+ VINb[37]- VINb[38]+ VINb[38]- VREF-
int_start

_in
VDD VSS VDD VSS VDD VSS VDD VSS VDD VSS VDD

ro_bus_
out10

AVSS VINa[49]- VINa[49]+ VINa[48]- VINa[48]+

Y16 CLKb[4]+ CLKb[4]- VINb[36]+ VINb[36]- VREF+
int_done

_out
VDD VSS VDD VSS VDD VSS VDD VSS VDD VSS VDD

ro_bus_
out11

AVSS VINa[51]- VINa[51]+ VINa[50]- VINa[50]+

Y17 VINb[34]+ VINb[34]- VINb[35]+ VINb[35]- AVSS
scan_en

_in
VDD VSS VDD VSS VDD VSS VDD VSS VDD VSS VDD VSS VREF+ VINa[52]- VINa[52]+ CLKa[6]- CLKa[6]+

Y18 VINb[32]+ VINb[32]- VINb[33]+ VINb[33]- IBIAS[3] scan_in
scan_ou

t
ro_start_

in
ro_clk_o

ut
ro_valid

_out
DVDD

ro_bus_
out15

VDD
ro_bus_

out14
VDD

ro_bus_
out13

DVDD
ro_bus_

out12
VREF- VINa[54]- VINa[54]+ VINa[53]- VINa[53]+

Y19 VDD VREF- VREF+ AVSS AVDD VREF- VREF+ AVSS AVSS AVDD VREF- VREF+ AVSS AVDD VREF- VREF+ AVSS IBIAS[2] AVDD VINa[55]- VINa[55]+ VINa[56]- VINa[56]+

Y20 VINb[31]- VINb[29]- VINb[27]- VINb[25]- VINb[23]- VINb[22]- VINb[20]- VINb[19]- VINb[17]- VINb[15]- VINb[13]- VINb[11]- VINb[9]- VINb[7]- VINb[6]- VINb[4]- VINb[3]- VINb[1]- AVSS VINa[57]- VINa[57]+ VINa[58]- VINa[58]+

Y21 VINb[31]+ VINb[29]+ VINb[27]+ VINb[25]+ VINb[23]+ VINb[22]+ VINb[20]+ VINb[19]+ VINb[17]+ VINb[15]+ VINb[13]+ VINb[11]+ VINb[9]+ VINb[7]+ VINb[6]+ VINb[4]+ VINb[3]+ VINb[1]+ VREF+ VINa[59]- VINa[59]+ CLKa[7]- CLKa[7]+

Y22 VINb[30]- VINb[28]- CLKb[3]- VINb[26]- VINb[24]- VINb[21]- CLKb[2]- VINb[18]- VINb[16]- VINb[14]- VINb[12]- CLKb[1]- VINb[10]- VINb[8]- VINb[5]- CLKb[0]- VINb[2]- VINb[0]- VREF- VINa[61]- VINa[61]+ VINa[60]- VINa[60]+

Y23 VINb[30]+ VINb[28]+ CLKb[3]+ VINb[26]+ VINb[24]+ VINb[21]+ CLKb[2]+ VINb[18]+ VINb[16]+ VINb[14]+ VINb[12]+ CLKb[1]+ VINb[10]+ VINb[8]+ VINb[5]+ CLKb[0]+ VINb[2]+ VINb[0]+ AVDD VINa[63]- VINa[63]+ VINa[62]- VINa[62]+

3-2-3 substrate board structure with bump pads 

Flip-chip connections to substrate carrier

!

Figure!S2:!The!correlator!die!is!flip!chip!bonded!to!a!custom9designed!576!pin!89layer!substrate.!

! !

Correlator/
heat sink

Figure'S3:'Test'circuit'board'and'test'setup.'

Chip and test board

Chip (2.4 mm square) 

Substrate carrier (3/4” square) 

Test board, with chip heat sink 

- Die Photo -	 - Layout (M9, AP) -	

Pin A1	 Pin A1	 24x24 = 529 pins 

Chip orientation
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!

Figure!S2:!The!correlator!die!is!flip!chip!bonded!to!a!custom9designed!576!pin!89layer!substrate.!

! !

Correlator/
heat sink

Figure'S3:'Test'circuit'board'and'test'setup.'

Test system allowed only four independent inputs and on-board switches 
and dividers to excite all ASIC inputs   
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•  Test board designed by EECS 
–  Hard-wired input ports for a 3x3 

subarray of adjacent channels 
–  A13-A15, B13-B15 

•  Inputs 
–  2-channel AWG on one A-side, 

one B-side input, drives the 
correlator cell of interest 

–  Adjacent inputs driven by 
independent amplified Johnson 
noise (uncorrelated white noise) 

•  Nominal clock: 1 GHz (sig gen 
max of 990 MHz) 

•  Nominal integration time: 10 
ms 
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•  2-channel AWG sends 100% 
correlated or anti-correlated 
white noise signals to two 
ASIC input channels with input 
power of -25 dBm  

•  Resulting digital correlations 
are mapped to analog using 
totalizers 

•  Ratio between the analog 
correlation obtained and the 
analog correlation of input 
signal (here, unity) is the 
correlation efficiency.  
–  Observed to be between 97% 

and 98% for the nine cells 
tested (averaged in 25 repeated 
samples) 
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 Chips assembled and tested on EECS test board 

   

!

Figure!5:!Correlation!efficiency!of!the!test!chip.!(r!=!100%!represents!when!the!two!channels!receive!100%!

correlated!inputs?!r!=!10%!represents!the!two!channels!receive!10%!correlated!inputs!and!so!on.)!

! !

IIP-10: ASIC preliminary test results
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!

Figure!6:!Measured!correlator!core!and!total!power!consumption!of!the!test!chip,!and!comparison!with!prior!

work.!

!

! !

! This work [2] 
#!of!Channels! 128! 64!

#!of!Correlators! 4096! 2016!
Channel!Bitwidth! 2! 1!
OnEChip!ADCs! yes,!128! no!
Logic!Family! static! dynamic!

Correlation!Efficiency!(%)! >90%!@!>30dBm! E!
Isolation!(dB)! E42.4! E!
Technology! 65nm! 65nm!

Total!Power!(W)! 1.44!@775mV,!1GHz!
3.73@1V,!1.5GHz!

0.50!@1V,!2GHz!
0.79!@1.2V,!2GHz!

Energy!per!Correlation!
(pJ/correlation/cycle)!

0.35!@775mV,!1GHz!
0.61!@1V,!1.5GHz!

(2b!corr!+!ADC)!

0.13!@1V,!2GHz!
0.19!@1.2V,!2GHz!

(1b!corr)!a!
Core!Area!(mm2)!
Chip!Area!(mm2)!

5.9!
17.9!

E!
3.0!

Max!Performance!
(T!correlation/s)! 6.14!@1V,!1.5GHz! 7.26!@1.2V,!3.6GHz!

a:!a!1Ebit!correlation!is!just!XOR!
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Note: quadrature channel should be 0, but has small leakage. That is in 
the test set . 
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Awaiting completion of correlator test board
•  Further testing of correlator ASIC 

–  Complete full correlator board hosting new chip 

–  Full functional testing of new chip 

•  System testing 
–  Assemble small 183-GHz antenna array 

•  Using miniature ultra-low-power MIMRAM receivers 

–  Integrate full system with correlator 
–  Characterize system performance 
–  Imaging demonstration 
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Table assembled 
Tiles assembled 
Power supplies integrated 
LO integrated 
IF cables installed 
Synthesizer Installed 
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MIMRAM’s user friendly environment  
Measurements

• Complete process takes 7 min / MIMRAM 

In a single acquisition obtain the three required parameters 

Check of 
the DATA Phase

correlator

NF
correlator

&
Totalizers ∝	power

Gain
Totalizers ∝	power

FPGA-based system level performance for a typical receiver. 
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(beyond proposed scope)

Tested in vacuum (<10-4 torr) over 
AFT± 10° C 
 
4 IFs monitored, one continuously 
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5 
 

the before and after low-level vibration survey results will be used to verify the structural 
integrity of the test fixture.  A shift in the fundamental frequency of up to +/- 5% is 
acceptable.  It is up to the Dynamics and Cognizant Engineer’s discretion if the test may 
be stopped after observing a greater frequency shift than the one defined.  
 

Table 5.1 - Low-level Random Vibration 
Frequency (Hz) Level  
20-2000 0.0001 g2/Hz 

Test duration: 60 seconds 
 
 
5.2 Random Vibration 
 
Random vibration test requirements for the test article are shown in table 5.2. The 
duration is 120 seconds in each of the orthogonal axes (tests will be performed in 2 
axes, vertical (Z) and lateral (X)).  
 

Table 5.2 -  GEO Random Vibration Environment 
Frequency 

(Hz) 
 

Level 
20 

20 – 50 
50 – 500 

500 – 2000 
2000 

Overall Grms 

0.4 g2/Hz 
+3 dB /octave 

1.0 g2/Hz 
-4 dB /octave 

0.16 g2/Hz 
32.1 

Test duration: 120 seconds 
 
 
5.3 Test Tolerances 
 
The following test tolerances shall be adhered to. Exceptions to these tolerances shall 
be mutually agreed upon among the involved parties and recorded in the test log: 

Random vibration spectral 
shape 
 
 

Measured in frequency bands no more 
than 25 Hz wide, the power spectral 
density test spectra shall be within +/- 
3 dB. 

Random vibration wide-band 
(RMS) level 

Shall be within +/- 1.0 dB (true RMS) of 
the specified level. 

Frequency 
 

Shall be within +/- 5% or +/- 1 Hz, 
whichever is greater. 

Time 
 

Shall be within +/- 5%. 

 

Pre- and post-vibration data 
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GeoSTAR will make similar measurements from GEO as AMSU 
currently does from LEO, but every 15 minutes vs. 2 times per day 
High-intensity events can be sampled in 5 minutes or less 

 Parameter Horizontal Vertical Temporal Precision Accuracy 

Th
er

m
od

yn
.!

M
ic

ro
ph

ys
. 

D
yn

am
ic

s 

 
Brightness 

temperatures 25 - 50 km N/A 5-20 min. 0.5-1.5 K 0.5 K 

 Temperature 

25 - 50 km 

2-3 km 

10-20 min 

1.5 K 0.5 K √   
 Water vapor 25% 10% √   
 Wind vector (u,v) 5 m/s 2 m/s   √ 
 Reflectivity 4 dBZ 2 dBZ  √  
 Rain rate 

N/A 
5 mm/hr 50% √ √  

 LWP 25% 10% √   
 IWP 25% 20% √ √  

 

TIME TESTED MEASUREMENTS AND DATA PRODUCTS USING MATURE ALGORITHMS

What can we do with GeoSTAR?Jet Propulsion Laboratory 
California Institute of Technology 
Pasadena, California 

GeoSTAR will uniquely provide measurement of 
Temperature/moisture/clouds; Wind; Precipitation 

simultaneously, continuously and in 3 dimensions 

26
Precision & accuracy reflect performance of MIRS (except for reflectivity) 
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There	  are	  more	  than	  80	  GEO	  comm-‐sats	  that	  provides	  a	  view	  
of	  the	  Americas,	  being	  replaced	  at	  a	  rate	  of	  5-‐6	  per	  year	  

Improve	  our	  understanding	  of	  
sudden	  and	  unpredicted	  change	  in	  
intensifica5on	  and	  mo5on	  of	  
destruc5ve	  storms: 
Ø  hurricanes 
Ø  severe	  thunderstorms	  and	  

mesoscale	  convec5ve	  systems 
Ø  mid-‐la5tude	  cyclones	  and	  

winter	  storms 
  

  
Ar5culated	  antenna	  enables	  targeted	  observa5ons 

Many	  hosBng	  
opportuniBes	  
in	  GEO:	  

Low	  cost	  as	  a	  hosted	  payload	  



National Aeronautics and  
Space Administration 
 
Jet Propulsion Laboratory 
California Institute of Technology 
Pasadena, California Summary

•  STAR concept demonstrated in IIP-03 
–  Developed a functional 50-GHz STAR demonstrator 

•  Key technologies developed in IIP-07 
–  Developed miniature low-power 183-GHz MMIC receivers 
–  Developed new alias-rejecting antenna array design 

•  Ready for PATH mission after IIP-10 
–  Full-size 64x64 correlator ASIC is a success! 
–  Can start development ~2015 à launch ~2020 

•  We have advanced the technology from Tier-3 level to 
Tier-1 level – a major achievement 


