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Current Status and Future Prospective on RF-SoC
Akira Matsuzawa, (Tokyo Institute of Technology)

This paper discusses current status and future prospect of RF-SoC technology. Global technology trend of

RF-SoC technology is moving from analog-centric technologies to digital-centric technology. Analog CMOS

circuit technology plays important role in current mixed signal SoC, however has many serious issues. Analog

performances have the limitations such as imperfection of balance, mismatch, large effect by PVT fluctuations

and 1/f noise. Some external components and adjustment points are still needed. Furthermore cost increase due

to large analog area becomes serious along with further technology scaling. Then the digital-centric technology
using DSP, MCU with ADC/DAC promises the perfect signal processing which is almost free from PVT

fluctuation and realizes high production yield and no or less adjustment points. Moreover cost will decrease

along with technology scaling.
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Fig. 1. Current FM/AM tuner board.
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Fig. 2. Block diagram of current FM/AM tuner.
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Table 1. Analog-centric technologies and issues.

Parts Methods for on-chip Problems

AM/FM IF BPF | 1. Low IF( a few hundred KHz) 1.poor selectivity(-45dB), 2. SCF Switch
2.Gm-C BPF with auto alignment, noise
SCF 3. Center frequency shift by DC offset

4. Poor image rejection ratio (25 to 35dB)

FM Demodulator | Pulse count FM detector Poor THD (0.5%)

Stereo Decoder | Multi-vibrator VCO, SCF filter Large variation of free-run frequency

Still need external LPF for PLL

RSSI Level adj. Signal detector with DC
compensation

Can’t cover all process corner

Varactor MOS varactor Too much sharp C-V curve, distorted
signal

AGC smoother Time division charge and discharge | Needs large capacitor for low audio
frequency

Capacitors Stages Direct connection, use High impedance required, Difficult for low

small value coupling capacitor frequency
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Fig. 3. FM/AM tuner board using analog-centric
CMOS LSI.
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Fig. 4. Block diagram of digital-centric CMOS LSI for
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Fig. 5. Main block diagram of digital-centric CMOS
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Fig. 6. Frequency spectrum of stereo signal.
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Fig. 7. Demodulation system for stereo signal.

Flo, A A—VEBEOREFERO LI T e /FE
PR TIIH WV 40dB FRED A A —VIEFORER L»
BoNBROAR, M8 ITRT L HILT VX IUE B %
Wb Z & T 60dB LLEDEWA A —TfEEDkEEHE
LT3,

A A—=VBREOTZDITIT 1Q FH /S ACBIT HHfE &L
HERDEDUERDDLN, ZOA A —VREV AT LI
BT A A—VEERERIMONCTA A—VDEE%
FESE, ZORERRNCRDLEIICar ha—F )
DSP WEBIZIIT D5 58I & FfG %2 7 2 Z LRI L C
W5,

‘1i_fM —=
|
EN s —

LNA MIXER e ADC to DSP

+ | +Filter || _ .

i Q

Lommmmmmm - 1

L
IMO — Controller

T

[T

P 3

Deci. Vari. Vari.
1 1

LPF Delay Gain [ | BPF
From ADCs a
DSP E}I detect
Deci. Fixed.
LPF Delay BPF

8 AA—VEREVAT A

Fig. 8. Image rejection system.
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Fig. 9. FM/AM tuner board using digital-centric
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Fig. 10. Estimated cost of mixed signal LSI.

X 10 IZ 0.35um CMOS F A& FH o, 7 ¥ Z L O mifE
70%, &V 30%A 7w ZEEE /0 BRO7Fu s -7
PHRH LSI ZIEHEL LT, T u ZEEE L 1O gD
HREIIEZ T T PHZNVEIEOHEB D% T A o —)b
WIS U THE/ LTz LSI &, KT WA v — Bl b a R

FREAZRL TS O,

RN EDLRL &b, THA LV A— LR T 5 &
WS- O 2 MIK 30%RE FR-3250 T, #Mikic
oz SR EFTD, LER-> T, MR E W5
BEIET T u JEIEOME NS EEIZR D,

ZoaA N EOEBE, T r ST AL DEEEO R E
DD, FEIE7 S r VEEE TE L7207 V2V EEK
WCEXHZ 2B EDNER L R->TRY T V¥ RF iz
ELLEEINTWD WO 6, 11 IR TOEFRT V2L
PLL O TH D, 8 ONARE RS RER(PFD) 0 Rb
Y |Z Time to Digital Converter (TDC) 73, 77 u /7 4 )b
X —=DROVICTOHNT 4 V=0 BEGIEHRIER O
4 01z Digital Controlled Oscillator (DCO)AZHWHH
T35,

Ref Clock

—|

RF signal

Digital
T TbC Filter

11 45 Y%L PLL
Fig. 11. Full digital PLL.

— DCO

TDC XX 12 [ZRT XY Il A o N —F Bt %E T > F 7
EEETWD,

52 ETEBLL, #% 10ps D4y fEH

TDC_Q(I:L) Q) Q2 QB3) Q) Q23) Q24

‘ Pseudo-Thermometer-Code Edge Detecor

At(ri se)ﬁ ’ At(fall) ﬁ

12 W - 72 & LA e
Fig. 12. Time to Digital Converter.

DCO IAEARFEFZ MO TRIRA N EEZE(L ST
i, RETLV—% A v FTHVEZDHZ &L TERIAT
&%,

DCO 1FX 13 IR T L H 23T 7 & & FATREH %
I 5, BEOT o ZHECEM S D EEEEO S
UMERMEIR T3 <, EDORW 2 SOEKETI 0V B2 5
TETRETV—DAAL v F U THlfHIZEE L T3,
NT Y B ERERORRIZEREE O & MERSEIR THWS &
UE /A RX7p LD 7 A RN X0 FIRBFILEUN LR 0 AL
A ZABEKTDENH Y T VX NHEIE— D DR
WRTH D,
2L TUXAVREFEMOa BT MEIRYTHY ., KT
WAL SNIZF A A TR T e ZSBES eaEe s 5
72, HifoFEPEE L TIIE LW o Ll &5 A8,
BUED & Z AMEREHE TOA B OEM X FERE S LT ey
OTIFE VW EBbhb, LER-T, 5% 52502
DRI,

4/6



VDD

e

Digital control

Vou 000 Vou
o— —0

MOS varactor capacitance

Digital éonlro‘l
|

|
1
1 Control volatge
“r “0”
13 T Y XVl R
Fig. 13. Digital Controlled Oscillator
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