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Introduction

)

*

The project targets are:

= Design and manufacture a dual channel RF Front-end for the reception of
Galileo/GPS signals

= Characterize and validate at system level

= Produce an ASIC including all the necessary Customer Support Services
= 180nm TSMC CMOS Non Space technology

*» Project participants: S‘/ﬂ[]PS\/S®

= Synopsys (IP design house) .
= Septentrio (GNSS receiver manufacturer) W,

b(f:)tt nf r10

/‘ 4\ vigat

2 Design started in 2005

» Three silicon cycles:

= Version 1vO for validating the most critical functions, in RF and baseband

= Design centering in version 2v0 that was already used for System Validation
at sub-contractor facilities

= Final version 3.0 with full features for product application
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Galileo Satellites

*» Giove A was the first launched test satellite on 28 th Dec 2005
% Giove B was launched in on 27 ™ April 2008

» Signal analysis of GIOVE-A/B data has confirmed suc  cessful operation
of all the Galileo signals with the tracking perfor mance as expected

% Contract for building the first 14 operational sate llites has been
announced on 7 ™ January 2010

> We need to get ready for the next generation market
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Supported GNSS Frequency Bands

% The Galileo navigation Signals are transmitted inf  our different
frequency bands Eb5a, E5b, E6 and E1

“* The corresponding target RF bandwidths vary between 20 and 51
MHz

*» Therefore, the RF receiver requires simultaneous tu  ning to
programmable bands and programmable bandwidth

% GPS and Glonass also supported

Signal Carrier Freguency (MHz)

E1 1575.420

Ef 1278.750

ES 1191.785

ESa 1176.450

: ESh 1207140

Receiver Referance
Signal Bandwidth (MHz)

E1 24 552
EG 40,820
EG S1.180
ESa 20460
S GRS Masigaton Bands ESb 20.460
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Chip Features

% Supports Galileo, GPS and Glonass Positioning System s
% Multiple Band ReceptionE1/L1/L2/E5a/E5b/ E6
+ Dual band simultaneous reception e.g. :

= L1 plus L2,
= L1 plus ESa or L1 plus E5Db,

= L1 plus joint reception of E5a+E5b
= L1plusE6

% Low BOM count
= High integration level
= Fully integrated PLLs including loop filters

L)

Galileo01 3V0

= Digital outputs (CMOS and LVDS) ——

< Advanced architecture Lo B Sy 1l D 1
= ZerolF N
[—'CLKoul

= Embedded DC cancellation loop
= Automatic Gain Control

% Onboard temperature sensor for calibrated operation
over extended temperature ranges

% 1.8 V Single Supply ~70mW low power consumption

High frequency N-fractionary | Bdema 1
Sigma-Delta PLL noc ekl Gn

2nd LO
[121...224] MHz. Low frequenc,

y

N-fract. Sigma-Delta PLL W

<Jhby

X2 (1&Q) L2

ixer | < ONIF Mixer pAl (analog) L 4
& W

E5a/ESh,
L2E6

PGA

>

12 5AW
1.2 GHzLNA il
(external)
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Chip Description

% Two receiver chains for simultaneous operation in L 1and L2

= One receiver chain uses two mixers in a sliding-IF architecture to down-convert the
L1 signal, where the second LO is a division by 8 of the RF VCO

= The second receiver chain uses also two mixers, with an additional PLL to generate
the second LO and tunes the L2 signals

= The RF VCO is shared for both L1 and L2 chains

% Two external SAW filters (one per chain) recommende  d for better
robustness to out -of-band interferers

s 2-bit flash ADC (sampled up to 112 MHz) for digital  output
= CMOS or LVDS output available
= Analog outputs before the ADC are also available

Automatic Gain Control and Offset Compensation of t he baseband chain

Temperature sensor for calibrated operation over ex  tended temperature
ranges
L)

% System control and status monitoring through a seri al interface
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Chip Block Diagram

]

Optional LNA
for first L1 band

RF PLL
for L1 and L2

Temperature
sensor
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12 AW Baseband filters with
x programmable bandwidth
~
1 2
= - /_
Galileo01 3VQ
RF R e —
amp I
= X2 (1&Q)
—,L.-~l> PGA
1.6 GHz LNA ( g } ] jl |
(optional ) RF Mixer IF Mixer
1400 2nd LO =175 MHz
MHz / Lo
Buf
-2
CL
/ >
High fi N-fracti External 1
b
Temperature Master clk 1
Sensor
> 10-26 MHz | cLkin
2nd LO
[121...224] MHz Low frequency
1400 N-fract. Sigma-Delta PLL 4
2 MHz
' RF Mixer z DIF Mixer :‘l (analog) | 4
‘ E5a/E5b,
[\ PGA '"(_-AG c L2,E6
RF
e \ ! conporen|
L
2
1 Y
0 > 1= . :
— Loop filters included
1.2 GHz LNA Filter
(external)
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Digital machine for
offset compensation
and AGC

ADCs for

digitizing output

Fractional-N PLL
for fine resolution

PLL for second LO
for L2
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Final Chip

1.Die
Die external dimensions: | , w , t 2880 x 2850x 0.9 [mm)]
I Minimum Bond Pad opening area: |, w 53 x 66 [um]
Minimum Bond Pad pitch 80 [um)
Silicon Wersion o
2.Package
Type QFN Molded
Number of Pins 40
Pin Pitch 0.5mm
Body: |, w Gmm x 6mm
| Body Material Plastic, RoHS Compliant
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Control Software

MMl ALCE - Advanced Laboratory Characterization Environment =
siorkbench Modues GALILEO!  Window

PPIREF 193 4— 1

3031 Ml GaLILEOL

FETI [
I I I I ¥DD Cantrol atic Control
D e O b O a d 1;1;1: RTAUMHE]  LO1div
VDD_LNA_ANA_LL C—

12,500 4
PPII
1.500 —
55> LO(MHz]  LO2[MHz]

ses e 1400000 175,050

ss» | VDDLSVNTHLL

Eees 1.800 _J_

EEes

TRESETn i

PC USB
1.800 —
. —

s3y | VDDLSVNTH L2

B 1.800 —J—
e TestRRiRL [Drect b0

connection

Eedl |
s e —

| f TEsteEZAL [Drect ljbo

e | Synopsys

o | M EREES % i

o> | [lem | —— p— Galileo1-3v0
55> Test Platform
777 man 1z

o>

%6 [z

plisdi_21_16[5:0]
o
plsdli_15_&{7:0] -

e o
plisdl_7_0[7:0]

s o
plmiz(7:0]

s | =l

i2c_dut.csv |20 2.csv | i2c_ppi W.csv [ i2c_ppit2.csv | i2c_ppi_phef csv | i2c_ppi_plif.csv | izc_ppi_ref csv | i2c_ppi_agelt.cov [ i2c_ppi_agel2.cov

Sso ADC Digital
output

&
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Power Supply Control
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Current Consumption

Parameter Conditions Consumption Units
L1 Chain Analog output 41
L2 Chain Analog output 31
Simultaneous L1 & L2 Analog output 60 mw
Add-on for L1 LNA 5.5
- CMOS 10
Add-on for digital output
LVDS 45

Very low receiver consumption

Added consumption for digital output to support 100 MSps outputs
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Noise Figure Measurements

Measurement Set-up for LNA
Fc=1.57542GHz

— Span=1MHz
G=30dB RBW=20kHz
ENR=15.1dB NF=3dB VBW= 20Hz
Loss =1.0 dB goo
e R
;E LNA oo
Sl\cl)(ﬂfc?e DUT MiniCircuits SA
LNA
Parameter Conditions Min Avg Max Units
LNA Spot Noise Spot - Frequency
Figure 1575.58MHz .77 1.86 1.95 dB
Parameter Conditions Min Avg Max Units Better than 2 6dB
LNA to BaseBand, Spot - Frequency 537 554 5 64 &1 4B f | ' hai
Spot Noise Figure 1577MHz ' ' ' or comp ete chain
Parameter Conditions Min Avg Max Units
Noise Figure
L1 band Mixer input 6.5 6.7 6.9 4B
Noise Figure 1577MHz
L2 band 7.2 7.4 7.6
12 SYnoPsys
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LNA S-Parameters

1200.0 1300.0 1400.0 1500.0 1600.0 1700.0 1800.0 1900.0

Freq.[MHz]

1200.0 1300.0 1400.0 1500.0 1600.0 1700.0 1800.0 1900.0

Parameter Conditions Min Avg Max Units
LNA Gain (S21) LNA input matched 16.6 16.7 16.8
(Cp=2.4pF, Ls=9.8nH) dB
LNA_|S21| #3 Samples LNA_|S11]| #3 Samples
18.00 0.00
16.00
-2.00
14.00 /
. 1200 — 400
[a1] [11]
S 1000 = \\ //
= ——521 517 = 00 ——511 517
&~ 8.00 had
o —521_518 @ \\ // —s511_518
6.00 -8.00
——521 519 ——511 519
2.00 ) \7
0.00 T T T T T T 1 -12.00 T T T T T |

Freq.[MHz]
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LNA S-Parameters

Parameter Conditions Min Avg Max Units
LNA (S12) LNA input matched -25.3 -26.0 -26.6
(Cp=2.4pF, Ls=9.8nH) dB
LNA (S22) @ 1575MHz -12.0 -13.1 -14.0
LNA_|S12| #3 Samples LNA_|S22| #3 Samples
0.00 0.00
-5.00 -2.00 ==

-10.00 -4.00 \\
-15.00 600

o o

T -20.00 12 517 = \\ /_.—-—-" o

= ——s12_ = =800 —522_

& 500 N \\

o ——512 518 9 1000 ——522 518
~30.00 512 519 S22 519
3600 | = -12.00 =
-40.00 -14.00 v
-45.00 ‘ . . ‘ : . ‘ -16.00 . ; ; . . . |

1200.0 1300.0 1400.0 1500.0 1600.0 1700.0 1800.0 19200.0 1200.0 1300.0 1400.0 1500.0 1600.0 1700.0 1800.0 1900.0
Freq.[MHz] Freq.[MHz]
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Chain Gain without LNA

Parameter Conditions Min Avg Max Units
Gain Max L1 band PGA1,2 Gain=24+24 dB 92.3 93.8 94.9
Gain Default L1 band PGAL,2 Gain=12+12dB 70.2 71.4 72.3 dB
Gain Min L1 band PGAL,2 Gain=0+0dB 44.7 45.9 46.4
Parameter Conditions Min Avg Max Units
Gain Max L2 band PGAL,2 Gain=24+24 dB 89.1 91.1 92.4
Gain Default L2 band PGA1,2 Gain=12+12dB 65.9 67.2 68.2 dB
Gain Min L2 band PGA1,2 Gain=0+0dB 41.5 42.6 43.3

Including 16 dB in LNA, total chain gain achieves a  bove 110 dB

15 SYNoPSys
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IP3 and 1dBCP Measurements

Parameter Conditions Min Avg Max Units
LNA input matching
IIP3 LNA Cp=4.7pf and Ls=9.8nH 6.78 7.37 7.78 dBm
Parameter Conditions Min Avg Max Units
IIP3 RF_Amp to PGA
L1 Band -18.81 -18.15 -17.83
IPS REAP 10 POA 3294 | 3273 | 3248
TdBCP RF_Amp (0 PGAL1,2 Gain = 0+0 dB .50 .00 .50 dBm
PGA L1 Band s s e
1dBCP RF_Amp to
PGA L2 Band -59.50 -59.22 -58.80
» Measurement Set-up for LNA IIP3
@ Loss =3 dB Fc=1.575 GHz
R Span=100kHz
Settings: RBW =500Hz
RFin=1575.42MHz. FSEAS0 Y
. ) Loss =0.3dB . 238
RFin Interfererl= 1805.14MHz. Combiner DWD
RFin Interferer2= 2034.86MHz. e ' I —
RFin Interferer level = -30dBm A DUT SA
@ Loss =3 dB
|
E8358A
= SYNoPSys'
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Baseband Filters

Parameter Conditions Min Avg Max Units
2> LPF Bandwidth PGA1,2 Gain=12+12dB i i i MHz
Extended Mode

L2 Band - LPF Normal mode @ 252C
vs Vcorners

o |

| T

—S04@1.8V

5 \
& \
&

g

15

—S15@1.8V
—516@1.8V

m \

-25

1 10
BB_Freq[MHz]

100

L2 Band - LPF Extended mode @ 252C

Bandwidth programmability for all Galileo bands inc

17
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vs Vcorners
2
0 Pttt
-2
-4
=
S 5 ——504@1.8V
=1 \ —S515@1.8V
-8 ——S16@1.8V
-10 \
-12 \
-14
1 10 100
BB_Freq[MHz]
luding E6
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Phase Noise Measurements

Parameter Conditions Offset [kHz] Min Avg Max Units
10 -73.97 -73.34 -72.97
PLL L1 .
- PGAL,2 Gain = 100 -81.84 -81.66 -81.43
dBc/Hz
. 0+12 dB
Phase Noise
(Down connversion) 1000 -105.85 -105.69 -105.52
Parameter Conditions Offset [kHz] Min Avg Max Units
PGAL,2 Gain = 10 -74.90 -73.83 -73.06
0+12dB 100 -74.70 -74.46 -74.17
PLL L2 PLL2=121.62MHz 1000 -102.05_| -101.94 | -101.74
B PGA1,2 Gain = 10 -72.24 -71.90 -71.67
Phase Noise 0+12 dB 100 74.66 73.77_| _-72.93 | H9Be/Hz
(Down Connversion) PLL2=192MHz 1000 -102.83 -102.62 -102.43
PGA1,2 Gain = 10 -71.68 -70.76 -69.58
0+12 dB 100 -74.64 -73.92 -73.25
PLL2=223.92MHz 1000 -102.47 -102.44 -102.41

Always below -100dBc/Hz at 1MHz offset

All rights reserved.
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System Test Set-up |
(at Septentrio) a

Front-
end

L1 | out

. FPGA
diplexer controller

AsteRx2 DSP core

PC
Matlab
script

L2 | out

AsteRx
L2
Front-

REF |N end

@ 10 MHz
19 NYILURYAY
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System Test Set-up, at Septentrio

AsteRx2 GPSIGLONASS
L1/L2 Receiver

K3 y* oo #55 GALILEO®

JHIIH:II; 3

= Pyl
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Two Bands Through one Channel

10

dB

Configuration

used in tests =9
10

dB

L1 pass-band

GALI LEOl-B filter

GP3 GLONASS

nhnﬂ

S
M \ﬂ TN

1540 1450 1560

1570

1560 1590 T 1620 1630

Frequency (hMHz)
L2 pass- band

1600

GPS GLDNASS

il i Rt 1
= 1180 1200 1210 122EI 1230 1240 1250 1260 1270 1280
Frequency (MHz)
E5 pass-band
1D T T T T T T T T o ES band received through GALILEO1
: ESA: : D BN :

o ' __mle ngmg
22 : :
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GPS/GLONASS Configuration

* C/No and ranging performance

Reference Receiver - Discrete RF GALILEO1-3
e : : ; . ; a0 WMW"J'T‘"' T ey ;-‘..-..‘ . 1
3 : : : : § ——li
:ll: : Fi |3 e R A P Lr e PR L2
2 | | 5 | § 5 ;
= 1| FOURR .......... .......... .......... .......... .......... i
E b e e e e R ...................... o R R R R s
10 1 i | : | 1 10 i i | : | i
1] 1000 2000 3000 4000 5000 kOO0 1] 1000 2000 3000 4000 s000 G000

— 100 r ! 5 ; - - 100

E i . H i

o

— 50

5 !

=

L iy |

n

=

n i

= 50

1]

o 2100 i ! i 1 1 i 00 i ! i 1 1 i

1] 1000 2000 3000 4000 5000 BO0O 1] 1000 2000 3000 4000 s000 G000

Time (s} Time (s}
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Temperature Stabllity

*» Excellent Stablility of GNSS parameters (C/No, GD,.. )
for [-40, +85] °C sweep

Phase difference L1-L2

Spirent

mm

i 1 I i
0 500 1000 1500 2000 2500
Time (s)
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Conclusions and Next Steps

+ Silicon Characterization is complete
= Design is on-spec, no further redesign needed

% System Validation is complete
= Design can be used in a production receiver — no showstoppers identified
= Very good synthesizers — L1/L2/L5 without issues
= Good interference isolation from internal ADC, even with CMOS output
= Very low power dissipation

L)

* Next Steps
= Engineering Golden Samples

= Volume Test for Pl’odGo
= Qualification Uctiop,
= Manufacturing and Product Engineering \

= Cost Model and Ramp-up Outlook
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Questions?
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