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Q MIXer (MIX) Phase Locked Loop(PLL)
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MIX Trans

Impedance Amp (TIA) Programmable Gain

Amplifiers (PGA) Low-Pass Filters (LPF)

LNA 30 dB LNA

3.2.3 ANG
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TSDPC(Time-Series Charging of Divided

Parasitic Capacitance) ( 3.3)[29] (tn)
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TIA: Trans Impedance Amp.
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LPF: Low Pass Filter

LNA MIX

TIA

PGA LPF

I signal +

I signal -

Q signal +

Q signal -

MIX

TIA

PGA LPF

PLL
External
Clock
(26MHz)

3.2: LTE

(Cn)

T = tn Cn

ANG TSDPC

[67] 3.4 TSDPC

TCELL

ANG 3.5

ANG TCELL MOS MOS 6bit

MOS

ANG TCELL 8

18 SoC

ANG NCode

RF ANG

SoC RF

2120MHz 5MHz

RF 2121MHz
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Z
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Off -chip impedance T=t 1 T=t 2 T=t n+1T=t n

C1 C2 Cn+1Cn

time

3.3: TSDPC

TSDPC Model TCELL

Vdd

Vss

Vdd

Vss

3.4: TSDPC (TCELL)

1MHz ANG 124.8MHz

17 2121.6MHz

1.6MHz

3.2.4 OCM

OCM 3.6 OCM

(PFE)

(SF) (LC)

Vref OCM
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Chip power model(CPM)

Power supply current consumption model(PSCM)

Piece Wise Linear waveform model(PWL)

LNA MOSFET
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Transistor
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SPICE
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3.7:

CPM: Chip power model

PSCM: Power supply current consumption model

PWL: Piece wise linear waveform model

CDL: Transistor level netlist

BHM: Behavioral model 

[PWL]

[CDL and BHM]

Substrate noise

interference

with victims

Substrate noise

generation

from aggressors

[CPM and PSCM]

Analysis of 

noise coupling

Scenario of 

noise emulation

Substrate noise

waveforms

3.8:

SPICE
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10 DC

GND PCB
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V

V

Z Zboard sub

RF/Analog

Digital

ノイズ伝達経路

ノイズ発生量
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61 LR

61
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BGA

PCB
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LPE(Layout Parasitic Extraction) ANG

SPICE ANG

3.3.2.1

p-well n-well deep n-well(DNW) PN

3.13 3.13(a) well
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3.10:

Length 10 μm 20 μm 40 μm 3

3.13(b) PN

S PN

2

DC

S 3.14

p-well

p+ Diffusion
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PCB BGA interposer ChipPower source

BGA

ANG/OCM power input

RF power input

Chip
R

F
 d
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ai

n
O

C
M

 d
om

ai
n

A
N

G
 d

om
ai

n

Vdd to Vss
coupling

Pwell
resistor

Vss wire

Vdd to Vdd
coupling

1 1 7 7 7

2OCM_Vdd-high 10 10 10 10

OCM_Vdd-low 1 111 1

1 10101 10

ANG_Vdd_low 3 6 6 6 6

ANG_Vdd-high 1 2 2 2 2

RF_Vdd-high 2 7 7 7 7

RF_Vdd-low 1 2 2 2 2

16 161 161

3.11: PDN(Power Derivery

netowork)

3.3.3

RF LNA

VCO

MIX

LNA MOSFET

3.15

LNA LNA MIX

LNA Signal input

MOSFET

MOSFET

LNA Signal input
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Substrate network

Vss wire

Vdd wire
Wire impedance CPM

Parasitic 
capacitance

ANG
model

Substrate potential
Probing

Z

Z

Off -chip impedance network On-chip impedance network

3.12:

MOSFET Bulk

PWL

3.4

3.4.1

ANG

OCM ( 3.16) ANG

124.8MHz ANG

2 4 OCM PFE

ANG

Vpp 19.2%

3.17 Vpp

LNA -34.2

dBV
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3.13: Well(p-well n-well DNW

3.4.2

LNA MOSFET 3.18

LNA MOSFET

DNW

LNA p-well -34.2 dBV

DNW -54.6 dBV 90.4 %

3.18 LNA MOSFET Bulk

2121 MHz (RF test tone)
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4.1

3.9

LTE(Long Term Evolution) 4 LTE-Advanced

LTE -100 dBm 95%

3GPP

RF

RF

SoC(System on a Chip)

LSI

LSI

LTE

LTE

RF

SoC LTE



60 4 RF SOC

4.1: Key parameters of LTE down-link RF channel.

Communication method LTE

1st Modulation QPSK

2st Modulation OFDM

RF Local Frequency 2120 MHz

Bandwith 5 MHz

Frame Mode FDD

RF

4.2

4.2.1

4.1 LTE

Hardware In the Loop Simula-

tion(HILS)

LTE

(SG) SG 2.120 GHz LTE

RF

IQ

(SA)

Throughput(THP)

Bit error ratio(BER) Error vector magnitude(EVM)

SoC

(ANG:Arbitrary Noise Generator) RF

SoC On-Chip Mon-

itor(OCM)

LTE 4.1
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RF Communication
System Simulator

Noise config data

Signal
Generator

Signal
AnalyzerRF Receiver

On-chip

Monitor

Arbitrary
Noise
Generator

RFin I/Q Output

RF signal data I/Q signal data

Chip

On-chip Noise Generation

Pseudo Wireless Channel

On-chip Noise Measurement

Monitor config data

Digital
Meter

S/W - H/W I/F S/W - H/W I/F

Noise map

Noise current [mA]

Noise power [mW]

Vpp

T

V

Noise waveform

4.1: LTE

4.2.2 SoC

SoC 4.2 SoC 3

SoC

4.2.2.1 RF

RF (RF) RF 4.2

Low-Noise Amplifier(LNA) MIXers(MIX) Low-

Pass Filter(LPF) Programmable Gain Amplifier(PGA) Phase Locked

Loop(PLL) Voltage Controlled Oscillator(VCO) Trans Impedance

Amplifier(TIA) Low Path Filter(LPF) SG

IQ

LNA MIX VCO

IQ MIX

TIA PGA

LPF
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4.2: SoC
Process 65 nm

Size 5 mm × 5 mm

Well Triple well

Metal 6 metals + RDL

RF RF :LTE RF Receiver

ANG :Arbitrary Noise Generator

OCM :On-Chip Monitor

LNA LNA 30dB

LTE

RF input +

RF input -

LNA: Low Noise Amp.

MIX: Mixer

PLL: Phase Locked Loop

TIA: Trans Impedance Amp.

PGA: Programmable Gain Amp.

LPF: Low Pass Filter

LNA MIX

TIA

PGA LPF

I signal +

I signal -

Q signal +

Q signal -

MIX

TIA

PGA LPF

PLL
External
Clock
(26MHz)

4.2: RF

4.2.2.2

ANG ANG 4.3 ANG

ANG TCELL TCELL

LSR(Loop Shift Register) TCELL
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TSDPC TSDPC

[29]

[67] ANG TCELL 6 bit

64 TCELL 8

ANG Block 18 ANG

ANG Block TimGen

ANG 144

TCELL 907

pF 2NAND 1 MGate

ANG Block

Arbitrary Noise Generator Top

C.code & clock

C.code

TCELL (6bit capacitor array)

1

20 64 108 1412 16

3 75 119 1513 17

Block Block Block Block Block Block Block Block Block

Block Block Block Block Block Block Block Block Block

Clock

C.Code

TimGen

LSR

TCELL

LSR LSR LSR

LSR LSR

LSR (TCELL Controller)

LSRLSR

TCELL TCELL TCELL

TCELL TCELL TCELL TCELL

Clock devider

Clock delay

Clock ClockC.Code

LSR:Loop Shift Resister

C2*Ct4*C

8*C16*C32*C

4.3: (ANG)
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4.2.2.3

OCM OCM 4.4 [22] OCM

PFE(Probing FrontEnd) VG(Voltage Generator) TG(Timming Gen-

erator) PFE

0 V

(Vref) SoC

ANG 9 42

( 4.5) ANG

LNA

Waveform Acquisition
Kernel (WAK)

Voltage Generator

Timing Generator

M
U

X

Probing Front Ends

(PFEs)

Vref

Vfeo

Vin

Vfeb

LC

SF

Data Proc. Unit

Vtck

FPGA Board

Host
PC

1 MHz
Meas. Clock Generator

USB BUS

Mclk

VINC

TINC

ΣDout

Off-Chip On-Chip

Circuit Under Test & PSUB

4.4: (OCM)
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ANG

RF

OCM

OCM

4.5: SoC

SoC OCM

ANG ANG ANG

OCM
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4.3

4.3.1 OCM

4.7 OCM δV =

62.5 μV ΔT = 1ps 10 MHz

peak-

to-peak Vp−p = 236.22mV SNR(Signal to Noise Ratio)=54.53

dB SFDR(Spurious Free Dynamic Range)=60.78 dB ENOB(

:Effect Number Of Bit)=8.35 bit

OCM 125MHz

LNA ANG

C.Code=32 35 4.8 C.Code

ANG Vp−p

71.0 mV 46.5 mV

FFT 4.9

2GHz 2.1GHz -67.8 dBV -74.4 dBV

ANG 17

4.10 ANG

LNA 6.8 dB

4.3.2 ANG (C.Code)

LTE ANG

ANG 124.803 MHz 17

2121.65MHz LTE 4.11

SA

IQ DC 5 MHz LTE

1.65 MHz ANG

Psig 4.1

Psig =

∫
inband

P (f) · df (4.1)
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