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New partitioning challenge for RF solutions

New partitioning challenge for RF solutions
What are the choices ?

By somebody working on non (Bi)CMOS RF components
Focus on the physical layer
High level analysis

Partitioning for RF

Solutions to reduce price and cost

Non CMOS RF components
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Basic principles of RF communication

Power

+26dBm TX

| TTTTT AT

bands & channels

I VCO RF WiFi

-40a-100d

DC < 2.14GHz Frequency
Antenna
) GMC
T fiter | [\ Mixer I/Q IFAMp  fier ~ APC
i |
Impedance Duplexer 1SO @‘El>—_\ _):; oW
Matching TX/RX=450B IR 3 %
@
T A QDT
L /_\ Tx leakage (-19dBm) 8 g.
- DAC
filter | -
+26dBm /-\ @
4-
Qo

Reference oscillator

}

LC VCO

w

Quartz

New partitioning challenge for RF solutions

» PLL

e

Frequency synthesis
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Typical partitioning

---------------------------------------------------------------------------------------------------

_______________  Front End Module FEM Analog RF Front End | Base Band
! Antenna : o
S | 1 Digitai cMoS
T i A - Mixer /Q IFAmMp  fiter
[ipedance | || Duplexer 150 _ED__\ [ ] Analog (Bi)CMOS
| Matching | 11 TX/RX=45dB
1 = "
n — -\ , .
= [ ] Mixed solution
Al
| [ ] Quat
Q
------------------------------- 1 ~PcB
LC VCO |
Freqguency synthesis
I
duplexer
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Inside a real product
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Challenge for RF solutions

Spectrum available
Increasing number of communications

100G )
Autonomy 802.15.3.c Short links (1m)
106 USB 3.0
Power for the full system e USB 2.0 ' g WLAN (dom)
o ]
100M 802.11n
usB 1.0 | Cellular (100m)
10M HSPA
° u 802-11ag - ] —
Reduce price 1M WIMAX
Reduce size 100K /‘,*; EDGE
at constant complexity 10Kz GPRS ‘
1995 2000 2005 2010 2015
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Example of increasing complexity

Intra band Aggregation of channels
: 20 to 100 MHz
Contiguous channels

\ 4

Band X Frequency
Intra band Aggregation of channels
Non contiguous channels -« 60 MHz
Band X Frequency

Inter band Aggregation of channels
40 MHz

<+“—>

~
7

2009. All rights reserved
info

Band Y Band X Frequency

ir
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Solutions to reduce size and cost

| — Go to a Software Defined Radio (SDR)

Use software to reduce the hardware complexity
Follow the Moore Law

New partitioning challenge for RF solutions
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Solutions to reduce size and cost

| — Go to a Software Defined Radio (SDR)

Il — Reduce the number and the cost of technologies used

al duplexer

filter

n

[ ] Pindiode

B GaAs
[ 1 SAW/BAW

New partitioning challenge for RF solutions

duplexer

filter

N

N duplexer
A
filter
N
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Solutions to reduce size and cost

| — Go to a Software Defined Radio (SDR)
Il — Reduce the number and the cost of technologies used

Il — Reduce the size and cost of packaging

SiP for PA module

Laminate based BGA

v

From wire bonding to flip-chip
Rebuild wafer

$% & % & )
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Example of a "digitally oriented" architecture

{ Antenna Front End Module FEM | Analog RF Front End i BDigli;tal —
¥ ¥ i | | Baseband !
T | I L pieei B EAmp . S !
. Filter | | : B
i| Impedance | ! i 1 | ~El>— -
i Matching | 1} Duplexer ! o

LE P gwa

. Antenna |} Front End Module FEM 2 Analog RF FE Digital

: ¥ ¥ i Baseband |
i T ¥ Mixer

|| Impedance | : Duplexer

|| Matching | || ii@_ L

B T ]

100 MHz IF filter

use better analog components to increase digital processing
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Overview of Non CMOS RF micro-components (RFMEMS)

Use acoustic properties
Acoustic resonance

Use specific materials
Tunable properties

Use miniaturized mechanical system
Actuation
Contact

Filter

Switch

Impedance matching network
Time reference

New partitioning challenge for RF solutions

2.5 db insertion loss

60 MHz

-30db in 10 MHz @ 2.1 GHz
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Overview of Non CMOS RF micro-components (RFMEMS)

Use acoustic properties
Acoustic resonance

Use specific materials
Tunable properties

Use miniaturized mechanical system
Actuation
Contact

Filter

Switch

Impedance matching network
Time reference

New partitioning challenge for RF solutions

1+ -* $l. O#
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Overview of Non CMOS RF micro-components (RFMEMS)

Use acoustic properties
Acoustic resonance

Use specific materials
Tunable properties

Use miniaturized mechanical system

Actuation
Contact

0
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V> g g” N
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-80 40 -1,6
-90 45 -1,8
-100
0 1 2 3 4 5 6 7 8 9 10 '50012345678910_2
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Frequency [GHz]

Frequency [GHz]
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Overview of Non CMOS RF micro-components (RFMEMS)

Use acoustic properties
Acoustic resonance

Use specific materials
Tunable properties

Use miniaturized mechanical system

Actuation
Contact
Filter
Switch
Impedance matching network
Time reference : RS :
s e D [ as
7 0 ! 2 8 Fr:quen?y[G:Z] ! ¢ ¢ 10’ 7500 ! z 8 Fr:quengy[G:z] 7 ¢ ° 1072
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Overview of Non CMOS RF micro-components (RFMEMS)

105 ®
\ resonators P
10 | switchable Q = 44000 @1.95 GHz
: resonator Qxf=8.6 1013
@ '
10° °
tunable capacitor : j ®
| | inductor
102 e o : o
° ;@ — °
e - 5 : '
101 ® ' | : ; ' | :
<= 5 O = %) =
2 9 = 2 9 : g @
| w o m W
@b = = z =2
o O <
= = <
o O
, / LiINbO, Substrate
Propagating
acoustic wave
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Solutions to make RFMEMS look like CMOS dies

+ ECD 20um Cu for direct overmolding — 200 bar
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Solution to make several dies look like a single one

Ni pinserts for universal FlipChip (no preparation needed on die)
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Solution to make several dies look like a single one
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Solution to make several dies look like a single one
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Solution to make several dies look like a single one

2 levels Flip Chip 3 levels

— *
ey
Al

--"g_f-_u.

Vias
Die 3 160 pm \

Die 2 |} 65um

Die 1 (wafer) \ Die 3
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Conclusion - Challenges for partitioning - summary

Technical choices

EH
{

Go to more digital
How to go digital ?

S—y
~—
S~
S~

[ Pin diode B sol

I GaAs
More CMOS [ SAW/BAW

Which key complementary technologies ?

Die on board
Heterogeneous die ?

Additional Challenge for these choices

Very heterogeneous system
Technical Background spread over several companies
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Conclusions — LETI vision

Need for new "digitally oriented" architecture

RFMEMS can help to go digital

Performances
Solutions for integration

BAW filters Wafer level TFP

Technical choices are company dependant

Thank you for your attention

© CEA 2009. All rights reserved
Any reproduction in whole or in part on any medium or use of the information contained herein
is prohibited without the prior written consent of CEA

New partitioning challenge for RF solutions LETI Annual Review - 2010 | 15



I# $

© CEA 2009. All rights reserved
Any reproduction in whole or in part on any medium or use of the information contained herein
is prohibited without the prior written consent of CEA

New partitioning challenge for RF solutions LETI Annual Review - 2010 |



