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How Fast is Wireline Communications?How Fast is Wireline Communications?

• How many bits are transfered per second?

Display Sources

D kt

Display Devices
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Server

=  Resolution (pixels)  x  pixel bit (bits/pixel)  x  refresh (Hz)Data rate (bits/sec) 

Screen
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(Full HD) =  (1920 x 1080) x  24 x 60 =  2.98 Gbps



Data Capacity of Wireline CommunicationsData Capacity of Wireline Communications

PCI-express
2 0 16x Sata 32.0 16x

~8Gbps

Sata 3

~6 Gbps

HDTVHDTV

HD Video

~3Gbps

IEEE 1394

~3.2 Gbps

Display
Port

USB 3.0

~4.8 Gbps
~5.4Gbps/lane
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X-box 360

Set-top box



Data Rate IncreaseData Rate Increase
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Why does it keep increasing?Why does it keep increasing?

-Consumers demand better performances

New digital solutions 
(Digital camera, Camcoder, YouTube …)  

- Suppliers have to keep providing better performances

 Faster  better quality  not necessarily cheaper    Faster, better quality, not necessarily cheaper   
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What is inside high-speed serial link? 

Transmitter Receiver

What is inside high speed serial link? 

Wireline
CommunicationCommunication

……01011010100110……

Channel 



PLL (Phase-Locked Loop)PLL (Phase Locked Loop)

• 1 port serial line communication.

SerializerInput
Data

Channel 

Reference

VSAT
PLL

clock

Before equalization
After equalization

Recovered
sampling clock

q

EqualizerCDRDe-
serializer

Output
Data
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PLL (Phase-Locked Loop)PLL (Phase Locked Loop)

-PLL provides clean digital clock signal 

• Charge Pump PLL

• Fabrication : Samsung 0.13um CMOS
• Spec.Spec.

target freq. : 2.7GHz
Dividing ratio : 80
Ref. freq. : 33.75MHzq
Rms Jitter : <18.5ps
Phase noise : <95dBc/Hz



PLL (Phase-Locked Loop)PLL (Phase Locked Loop)

• Measurement dB

Target
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Spectrum analyzer

Spectrum
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SerializerSerializer

• 1 port serial line communication.

SerializerInput
Data

Channel 
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After equalization
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SerializerSerializer

• Data flow through serializer.
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Channel & EqualizerChannel & Equalizer

• 1 port serial line communication.

SerializerInput
Data

Channel 
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clock
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Output
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Channel Characteristics (Low-Pass Filter)Channel Characteristics (Low Pass Filter)

Channel

Frequency domain

dBd

Transmitted Data Data Distortion

f

Channel

f

Transmission channel showsTransmission channel shows
low-pass filter characteristic.



Channel & EqualizerChannel & Equalizer

Equalizer Characteristic (High-Pass Filter)
Frequency domain
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Channel & EqualizerChannel & Equalizer

• Measurement 

O illTest Board Oscilloscope
Eye diagram
monitoring

Bonding 
wired Chip

T itt d D t E li R d D tTransmitted Data Equalizer Recovered Data



CDR (Clock & Data Recovery)CDR (Clock & Data Recovery)

• 1 port serial line communication.

SerializerInput
Data
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Output
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CDR (Clock & Data Recovery)CDR (Clock & Data Recovery)

• CDR

Conventional PLL 
architecturearchitecture

IN

Recovered Clock

Recovered DataRecovered Data



DeserializerDeserializer

• 1 port serial line communication.
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DeserializerDeserializer

• Data flow through deserializer.
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Chip LayoutChip Layout

• Chip Layout – Tx

Process: Samsung 013g

Serializer Serializer Serializer Serializer

Pattern Pattern Pattern Pattern

PLL
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Chip LayoutChip Layout

• Chip Layout – Rx

Process: Samsung 013

Equalizer Equalizer Equalizer Equalizer

CDR+
Deserializer
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Deserializer

CDR+
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Chip Design ProcessChip Design Process

Circuit Design Design tool

Schematic simulation
 HSPICE_vC-2009 (SYNOPSYS)

Text mode netlist
Layout

V ifi tiVerification

Post-layout simulationy
with parasitic RC

Tape out

Simulation result

Tape out

Chip on Board
& Probing

Measurement

& Probing



Chip Design ProcessChip Design Process

Circuit Design Layout tool

Schematic simulation
 Virtuoso (Cadence)

Layout

V ifi tiVerification

Post-layout simulation Verification tooly
with parasitic RC

Tape out

Verification tool
 Calibre (Mentor)

Tape out

Chip on Board
& Probing

Measurement

& Probing



Chip Design ProcessChip Design Process

Circuit Design

Schematic simulation Post-layout netlist

Layout

V ifi tiVerification

Post-layout simulationy
with parasitic RC

Tape outTape out

Very complicate withChip on Board
& Probing parasitic RC component

Measurement

& Probing



Chip Design ProcessChip Design Process

Circuit Design
HSCS L b t

Schematic simulation
HSCS Laboratory
In Yonsei Uni.

Layout

V ifi tiVerification

Post-layout simulation Fabrication 
Company

y
with parasitic RC

Tape out

Company

Tape out
Chip making

Chip on Board
& Probing

Measurement

& Probing



Chip Design ProcessChip Design Process

Circuit Design Chip on Board

Schematic simulation
Probing

Layout

V ifi tiVerification

Post-layout simulationy
with parasitic RC

Tape out

Measurement 
Setting

Tape out

Chip on Board
& Probing

Measurement

& Probing



Much Faster Serial Links ?Much Faster Serial Links ?

Transmitter Receiver

• Serializer • EqualizerSerializer
• Phase-Locked Loop (PLL)

Equalizer
• Clock & Data Recovery (CDR)
• Deserializer

…1010110011… …1010110011…

Large loss at high frequencies !!
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Large loss at high frequencies !!



Much Faster Serial Links ?Much Faster Serial Links ?

Transmitter Receiver

• Serializer • EqualizerSerializer
• Phase-Locked Loop (PLL)

Equalizer
• Clock & Data Recovery (CDR)
• Deserializer

Electrical-to-
optical (E/O) 
conversion

Optical-to-
electrical (O/E) 

conversion

…1010110011… …1010110011…

Use light over fiber !!

28

Use light over fiber !!



Loss of the Communication CablesLoss of the Communication Cables

29

Very small loss even for very high frequencies!!!



The Nobel Prize in Physics 2009 The Nobel Prize in Physics 2009 

Charles K. Kao
• Director of Engineering of Standard Telecommunication 
Laboratories, Harlow, UK, and Vice chancellor, Chinese 
University of Hong Kong Retired 1996University of Hong Kong. Retired 1996

“For groundbreaking achievements concerning the transmission

30

For groundbreaking achievements concerning the transmission 
of light in fibers for optical communication”



Top Record for Long-Distance CommunicationTop Record for Long Distance Communication
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Long-Distance Optical CommunicationLong Distance Optical Communication

 Optical fiber underwater system
- Domestic: optical cable 198 640 km

32

- Domestic: optical cable 198,640 km
- Oversea: 0.4 billion km (earth – the moon 628 times round trip) 



Access Network Optical CommunicationAccess Network Optical Communication

• FTTx: Fiber-to-the-Home (FTTH), Curb (FTTC)…

 More bandwidth for more services OLT: Optical Line Terminal More bandwidth for more services …
• HDTV with interactive programs, multiple TV sets or PCs
• VOD movies and programs streaming or download

On line ideo games or do nload

OLT: Optical Line Terminal
ONT: Optical Network Terminal
STB: Set-Top Box

33

• On-line video games or download
• Simultaneous and symmetrical usage



Communication & Interconnection SystemCommunication & Interconnection System

 Long-distance: Optical Communication
 Short-distance: Electrical Interconnect

34

Short distance:  Electrical Interconnect
 But the boundary is moving!



Board-to-Board Optical InterconnectBoard to Board Optical Interconnect

 Luxtera (Blazar)
• 40-Gb/s full-duplex active optical cable 
transceiver
• 10.3125 Gb/s (max.) per channel

 Intel (Light Peak)
• 10-Gb/s dual-channel transceiver

“O i l fib h hi d

35

“Optical fibers much thinner and 
lighter than copper”



Applications: Cloud ComputingApplications: Cloud Computing

“The cloud is a smart, complex, powerful computing 
system in the sky that people can just plug into.” 
Marc Andreessen

IBM cloud computing data center 

 Application development
- Google, IBM, Intel, HP, Microsoft etc..

(1,994 of servers)

Mobile
 Services

- Google calendar
- Windows live skydrive

Mobile 
phones

36

Windows live skydrive
- Photoshop on-line
- Amazon web service …

Database, 
server

PCs, 
laptops



Communication & Interconnection SystemCommunication & Interconnection System

 Long-distance: Optical Communication
 Short-distance: Electrical Interconnect

37

Short distance:  Electrical Interconnect
 But the boundary is moving!



Next Step: Chip-to-Chip interconnect ?Next Step: Chip to Chip interconnect ?

Rx RxTx
T

Optical interconnection 
(Optical PCB, Fiber array …)

Tera-Scale Computing

Tx
Rx

Tx
Rx RxTx

RxTx
Rx

Tx RxTx
RxTx

Rx
Tx

Tx
Rx

Rx
TxRxTx

(Optical PCB, Fiber array …)

RxTx
RxTx

Rx

Tx
Rx

Tx
Rx

Tx
Rx TxRxTxRx

100’s GB/s Multi-core CPU
or Bulk memory

IBM cloud computing data center 
(1,994 of servers)

Tx
Rx

RxTx
RxTx

or Bulk memory

Bulk storage

Another “box”
(shelf or rack)

10’s GB/s

1’s GB/s

Multi-core CPU

Intel Teraflop Research Chip

• 80 processor cores
• 100 million transistors

 Single  Multi  Many-Core μProcessors
 Tera-scale many-core processors • 100 million transistors

• 275mm2

y p
 aggregate I/O rates ↑
 CPU-CPU, CPU-Memory bandwidth
 2x performance per 2 years

38

S. Vangal et al, “An 80-Tile Sub-100W 
TeraFLOPS Processor in 65nm 
CMOS," JSSC, 2008.

pe o a ce pe yea s
 100 Gb/s memory BW in 2012-2013



Challenges ?

• Conventional optical receiver system

Challenges ?

 Increasing cost
Hi h f h t d t t- High-performance photodetector

- Special fabrication process
- Packaging solution using wire bondingg g g g

 Decreasing reliability/yield
- Usage of additional material 

39

g
- High temperature process

I. Young et al, “Optical I/O Technology in Tera-scale 
Computing," ISSCC, 2009.



Monolithic Solution at Yonsei HSCS

• Photonics integrated with standard CMOS technology

Monolithic Solution at Yonsei HSCS

Monolithic integration with photodetector and CMOS circuitsMonolithic integration with photodetector and CMOS circuits

- Low fabrication cost
Hi h i t ti l l- High integration level

- Better performance (jitter, crosstalk, EMI)
- More reliable/higher yield process than wire bonding

40

- Compatibility with μP/logic process



Research Topic at HSCS

Recovered

Research Topic at HSCS

• High-speed monolithic CMOS optical receiver

Output 

Recovered 
sampling clock

RF Decision p
data

Photodetector
(CMOS PD)

Transimpedance 
amplifier

Limiting 
amplifier

Clock and 
data recovery

/Recovery

Deserializer
(CMOS-PD) amplifier

(TIA)
amplifier

(LA)
data recovery

(CDR)

Device physics + Circuit design

 Photodetector (PD): optical-to-electrical conversion

Device physics + Circuit design

 Transimpedance amplifier (TIA): current-to-voltage conversion
 Limiting amplifier (LA): signal amplification
 Clock and data recovery (CDR): data decision and system clock extraction

41

y ( ) y
 Deserializer: serial to parallel signal conversion 



Our Previous WorksOur Previous Works
Device physics research Circuit design research

Chip photograph Measurement Setup Eye-diagramChip photographChip photograph Measurement Setup
4.25 Gb/s (Popt = -5.5 dBm)

Eye diagramChip photograph

Size: 30 um x 30 um

69 mV/div 47 ps/div 

• TMS Best paper Award (Gold Prize), 2007
• Applied Physics Letters (APL), Vol. 90, No. 15, 2007

42

• IEEE Electron Device Letters (EDL), Vol. 29, No. 10, 2008
• IEEE Photonics Technology Letters (PTL), Vol. 21, No. 20, 2009



Wire or Wireless?Wire or Wireless?

• Wire Communication

Wireless CommunicationWireless Communication•• Wireless CommunicationWireless Communication

43



Data Capacity in Wireless CommunicationsData Capacity in Wireless Communications

• Data capacity in recent wireless communications?• Data capacity in recent wireless communications?

Wireless

Standard Frequency Data capacity State

Bluetooth 2.4-2.4835 GHz 1 Mbps Commercializedp

Wibro(4G) 2.3~2.4 GHz
24.8 Mbps Commercialized

1 Gbps Now in standardization

WLAN (802 11n) 5 GHz 600 Mbps CommercializedWLAN (802.11n) 5 GHz 600 Mbps Commercialized

UWB 3.1-10.6 GHz 480 Mbps Commercialized

Millimiter-wave
WPAN (802.15.3c) 60 GHz > 3 Gbps

(up to 6 Gbps)
Now in 

standardization

44

WPAN (802.15.3c) (up to 6 Gbps) standardization

Millimiter-wave
WLAN (802.11ad) 60 GHz > 1 Gbps Now in 

standardization



Millimeter-Wave Wireless CommunicationsMillimeter Wave Wireless Communications

• Local Multipoint Distribution Services (LMDS)
l k ( ) d l– Metropolitan Area Network (MAN): Fixed point-to-multipoint

– 26, 29 GHz (licensed band) / 2 – 5 km

• Ka-band Very Small Aperture Terminal (VSAT)Ka band Very Small Aperture Terminal (VSAT)
– Satellite communications: 12 – 18 GHz  26 – 40 GHz
– Typical use in EU: 30 GHz (384 kb/s)

LMDS VSAT

45 - D.Koether, WSB-1, IMS 2008 Workshops



Millimeter-Wave Wireless CommunicationsMillimeter Wave Wireless Communications

• Automotive radar
/ / /– 19 / 24 / 66 / 77 GHz

• Passive mm-wave imaging
– 35 / 94 / 140 / 220 GHz (radiation windows)35 / 94 / 140 / 220 GHz (radiation windows)
– Airport security, medical diagnostics
– Comparable with infrared systems

h h d• 60GHz high-data rate communications

Automotive
radar

Passive
imaging

46 - D.Koether, WSB-1, IMS 2008 Workshops



Millimeter-Wave Wireless CommunicationsMillimeter Wave Wireless Communications

• Earth-Observing Radiometers
b / b h f l l h h– Absorption/emission behavior of molecules in the atmosphere

– Temperature, humidity, pressure, wind, and density
– 118 GHz  Oxygen for a temperature profile
– 183 GHz  Water vapor for a humidity profile

• Radio Telescope
– Searching for sources of natural radio interference in the skySearching for sources of natural radio interference in the sky
– Communicating with outer-space (Deep Space Communications)
– 0.1-20 GHz (Do not know exact frequencies)

47
Earth-Observing Radiometers

Radio Telescope



Characteristics of 60GHz CommunicationsCharacteristics of 60GHz Communications

• 7GHz continuous bandwidth as an unlicensed band
– Operators do not have to buy a license
– World-wide band  World-wide market

Europe

48
- Terabeam, Performance characteristics
of 60-GHz comm. Systems.



Characteristics of 60GHz CommunicationsCharacteristics of 60GHz Communications

• 7GHz continuous bandwidth as an unlicensed band
– Operators do not have to buy a license
– World-wide band  World-wide market
– High-data rates with the widest unlicensed bandHigh data rates with the widest unlicensed band

49
- Terabeam, Performance characteristics
of 60-GHz comm. Systmes.



Characteristics of 60GHz CommunicationsCharacteristics of 60GHz Communications

• Path loss and antenna gain
– Path loss increases with frequency

(decreases with wavelength)

2
 

21 4t
path

r r t

P RL
P G G




    
  From Friis transmission equation

– Solution: high-gain small-size antenna

4 AG 
2

4
Ant

AG 




For same gain,
frequency↑  dimension↓

50

q y

- Terabeam, Performance characteristics
of 60-GHz comm. Systmes.



Characteristics of 60GHz CommunicationsCharacteristics of 60GHz Communications

• High atmospheric absorption at 60 GHz
– 98% of energy absorbed by O2 over a 1-km path
– Unsuitable for long-haul wireless applications
– Ideal for short-distance and high-security transmissionIdeal for short distance and high security transmission

24 GHz link

60 GHz
link

51
- Terabeam, Performance characteristics
of 60-GHz comm. Systmes.



Characteristics of 60GHz Communications

• Frequency Reuse

Characteristics of 60GHz Communications

– Possible to deploy numerous radio terminals that operate on 
the same frequency in very dense configurations

– Eliminating the probability of interference (≤1.2km) Eliminating the probability of interference (≤1.2km) 
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Characteristics of 60GHz CommunicationsCharacteristics of 60GHz Communications

• High atmospheric absorption at 60 GHz
– 98% of energy absorbed by O2 over a 1-km path
– Unsuitable for long-haul wireless applications
– Ideal for short-distance and high-security transmissionIdeal for short distance and high security transmission
– High frequency re-use

very short radiation range
at 60GHz link

53
- Terabeam, Performance characteristics
of 60-GHz comm. Systmes.



Standardization Activities – IEEE 802.15.3cStandardization Activities IEEE 802.15.3c

802.11ad

IEEE 802.15.3c for high-rate WPAN

- 1.5Gbps mandatory and 6Gbps optional for TG3c
C ll f  I t t   th  26 i  d i tit t  (I t l  IBM  Phili  IHP  FT  NiCT  

54

- Call for Intents: more than 26 companies and institutes (Intel, IBM, Philips, IHP, FT, NiCT, 
NTT, Panasonic, Samsung, ETRI, LG, Motorola, …)



Target Applications

UM1: Uncompressed Video Streaming (Audio/Visual mode)

Target Applications

- OFDM Asymmetric link

STB

TV or Monitor

Environment Throughput MAC SAP Data Rate Distance

1 49 Gbps for

LOS/NLOS
Residential

1.49 Gbps for
1080i, 24bit, 60Hz

2.98 Gbps for
~3.807Gbps 10m

1080p, 24bit, 60Hz

- IEEE 802.15 TG3c Usage model: 15-06-0369-008-003c
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Target ApplicationsTarget Applications

Distance: 10 m (beamforming)

LG electronicsLG electronics
CMOS 130nm

56



Target Applications

UM4: Conference Ad-Hoc (High-speed interface mode)

Target Applications

- OFDM Symmetric link with low latency

Access point

PC
Beam
ProjectorProjector

PCPC

Environment Throughput MAC SAP Data Rate DistanceEnvironment Throughput MAC SAP Data Rate Distance

LOS/NLOS
Office

1.75 Gbps Ethernet traffic ~5.67Gbps 5m

57

Office



Target Applications

UM5: Kiosk File-Downloading (Single-carrier mode)

Target Applications

- Single carrier burst-mode with lower cost

Kiosk STB

Mobile storage
device or PDA

Environment Throughput MAC SAP Data Rate DistanceEnvironment Throughput MAC SAP Data Rate Distance

LOS
Office

1.5Gbps burst

2 25Gb  b t
~5.18Gbps 1m

58

Office 2.25Gbps burst



Issues of 60GHz WPAN StandardIssues of 60GHz WPAN Standard

 Millimeter-wave circuits had been implemented with compound semiconductors
- High-speed  but expensive and bulkyHigh speed, but expensive and bulky

 60GHz WPAN transceiver requires
- Compact

Sh ld b  li d ith Sili  RF IC

800

- Low-cost
Should be realized with Silicon RF-IC

600

700
Ⅲ-Ⅴ HBT

Ⅲ-Ⅴ HEMT

300

400

500

f T
[G

H
z]

(65nm)

(45nm)

100

200

300

SiGe HBT

Si CMOS

(90nm)

60GHz
회로설계가능

Possible  But  not so easy

1985 1990 1995 2000 2005 2010

100

Year

Possible… But, not so easy
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Issue of 60GHz WPAN Standard – RF ImpairmentsIssue of 60GHz WPAN Standard RF Impairments

Hard to implement due toPLLPLL p

 High frequency operation (60GHz)

- higher noise figure of LNA

- higher phase noise (jitter) of PLL

DAC/
Modulator

Mixer BPF PA

DAC/
Modulator

Mixer BPF PA g p (j )

- lower power gain of transistor

 Wide bandwidth (2GHz)Mixer
IF/BB
Amp. LNA

Free-space

Mixer
IF/BB
Amp. LNA

Free-space

( )

- higher channel noise (No=kTB)

- difficult impedance matching

- requires high-speed modem/ADC

ADC/
Demodulator

PLL

ADC/
Demodulator

PLL

So, 60GHz WPAN standard is mainly biased on RF part ( e.g. OFDM or Single Carrier ? )

Single carrier OFDM

VS

- In 2.5/5GHz WLAN/UWB, OFDM
is clearly better choice

- But, not in 60GHzut, ot 60G
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RF Building Blocks-Transmitter

 S l ti it S l ti it

RF Building Blocks Transmitter

IF SignalIF Signal  Selectivity
 Sensitivity
 Selectivity
 Sensitivity

IF SignalIF Signal

LORF

DAC

90°

BPF

PA
LOIF

RF

 Mixer: freq Mixer: freq

DAC

RF SignalRF Signal

Upconverter

 Mixer: freq. 
Conversion

 LO: Clean CW

 Mixer: freq. 
Conversion

 LO: Clean CWBasebandBaseband SignalSignal
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SiGe 60GHz Up-MixerSiGe 60GHz Up Mixer

LOLO

BB+
Gilbert cell

LO balun

BB‐ RF balun

RF

RF balun
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SiGe 60GHz Cross-Coupled VCOSiGe 60GHz Cross Coupled VCO

Frequency Tuning Range : 
48.66~50.1GHz (1.44GHz)

Phase noise : -90 ~ -95dBc/Hz 
@ 1MHz offset

u
m

VDDVTUN
E

5
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0
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VLO
+ VLO

-

600um

VBIASVTAN
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RF Building Blocks-Transmitter

 S l ti it S l ti it  Selectivity Selectivity

RF Building Blocks Transmitter

IF SignalIF Signal
After BPFAfter BPF

 Selectivity
 Sensitivity
 Selectivity
 Sensitivity

 Selectivity SelectivityIF SignalIF Signal

LORF

DAC

90°

BPF

PA
LOIF

TransmittedTransmitted RF SignalRF SignalRF

 Mixer: freq Mixer: freq

DAC

RF SignalRF Signal

gg
Upconverter

 PA: Linearity PA: Linearity

 Mixer: freq. 
Conversion

 LO: Clean CW

 Mixer: freq. 
Conversion

 LO: Clean CW
yy
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RF Building Blocks-Receiver

 L i Fi L i Fi

RF Building Blocks Receiver

AfterAfter LNA & BPFLNA & BPF
 Loise Figure
 Selectivity
 Loise Figure
 Selectivity

ADC

LNA

IF

90°

LOIF

BPF

AMP ADC

ReceivedReceived RF signalRF signal LORF

RF
Downconverter

RF
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CMOS 60GHz Integrated Receiver (LNA & Mixer)CMOS 60GHz Integrated Receiver (LNA & Mixer)

<3 St C d LNA>

• 60GHz Receiver (LNA + Mixer) in TSMC 90nmm CMOS process

<3-Stage Cascode LNA>

LOin

IF+out IF-out

RFin

<Single-balanced Mixer>
RF Freq
(GHz)

IF Freq
(GHz)

Gain
(dB)

NF
(dB)

LOin

IFout

55 ~ 65.8 3.1 ~ 5.8 15 8.14 ~ 8.32

IP1dB
(dBm)

IIP3
(dBm)

Power
(mW)

-19 8 -10 2 59.5

66

RFinFrom 
LNA

19.8 10.2 @VDD=1.5V



RF Building Blocks-ReceiverRF Building Blocks Receiver

Baseband SignalBaseband Signal
 N i Fi N i Fi

AfterAfter LNA & BPFLNA & BPF
 Noise Figure
 Selectivity
 Noise Figure
 Selectivity

ADC

LNA

IF

90°

LOIF

BPF

AMP ADC

ReceivedReceived RF signalRF signal LORF

 Selectivity Selectivity

RF
Downconverter

RF

IF SignalIF Signal

y
 Sensitivity

y
 Sensitivity
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Silicon-Based Integrated 60GHz TransceiversSilicon Based Integrated 60GHz Transceivers

PA

DemodulatorModulator
MixerMixer BPF LNA

PLL PLL

• 60GHz passive components in CMOS / BiCMOS
• 60GHz up-conversion mixer in BiCMOS
• 60GHz VCO in BiCMOS
• 60GHz receiver (LNA & mixer) in CMOS
• 60GHz VCO in CMOS• 60GHz VCO in CMOS
• 1.6Gb/s QPSK demodulator in CMOS
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Experimental Setup for 60GHz ICsExperimental Setup for 60GHz ICs

< Wire-Bonding Setup >

► Parasitic inductance of 
bond wires severely affects 
overall circuit performancesoverall circuit performances 
in 60 GHz.

< On-Wafer Probing Setup >
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60GHz Link Demonstration60GHz Link Demonstration

Power SupplyPower Supply

Spectrum Analysis60GHz Tx

60GHz Rx
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60GHz Link Demonstration60GHz Link Demonstration
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Thank oThank you
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