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OUTLINE

» Electronic Design Applications Area

» Analog Integrated Circuit Research Program
On-chip filter research
High-performance frequency synthesizers
1.5V, ImW, 98dB AZ analog-digital converter
On-chip, DC-DC conversion
Recent publications

e Summary
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ELECTRONIC DESIGN AND APPLICATIONS AREA
WHAT ISTHE EDA AREA?

The EDA areais a group of faculty, graduate students, and courses in the
area of electronic design using both discrete and integrated circuit technology.

The key activity of this areaisdesign.

FACULTY

Phillip Allen - Analog IC design

Martin Brooke - Analog IC design

Alvin Connelly - Analog IC design

Stephen DeWeerth - Analog VL SI design

Robert Feeney - RF circuits and systems design
Paul Hasler - Floating gate MOS applications in analog 1C design
David Hertling - RF circuits and systems design
Steve Kenny - RF amplifiers and systems

Joy Laskar - Microwave circuits design

Marshal Leach - Audio circuit and systems design
Bill Sayle - Electronic design

John Uyemura - Digital 1C design

p Georgia Tech, School of ECE
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SEMESTER CURRICULUM IN ELECTRONIC DESIGN APPLICATIONS
|ECE 3040 - Microelectronic Circuitsl
Tier |
| ECE 3041 - Instrumentation & Circuits Lab] | ECE 3042 - Microelectronic Circuits Lab]
Tier Il | ECE 3050 - Analog Electronics]
_________________________________________ t______________________________________.
v v v v
ECE 4415 - RF ECE 4430 - Analog ECE 4435 - Op ECE 4330 - Power
Engineering | (F) IC Circuits (Su,F) Amp Design (Su,Sp) Electronics (Su,F)
2 v
Tier 1l ECE 4360 - RF/UW| [ECE 4040 Electronics
Measurements Labj [ Design Project (F,Sp)
v
ECE 4418 RF
Engineering Il (Sp)
UNDERGRADUATE
GRADUATE I 1 ECE 6330 -
ECE 6440 - Freq.| | ECE 6442 - Elect. Power Elect.
Synthesizer (Su) Oscillators (Sp) Devices and
Y Subsystems
(Su)
v
T > > ECE 6331 -
ECE 6416 -|| ECE 6412 -}|ECE 6420 -] | ECE 6414 -] [ECE 6360/6361
. . : Power Elect
Low Noise j[ Analog IC || Wireless IC Analog Microwave Circuits (F)
Electronic || Design (Sp)j| Design (F) | | Integrated Design and T
System Systems Laboratory
; ; ECE 6332 -
Design (F) Design (Sp) Power Elect.
CAD Lab (F)
PEA 2/15/00
p Georgia Tech, School of ECE
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ANALOG INTEGRATED CIRCUIT RESEARCH PROGRAM

OBJECTIVE
» Apply analog circuit design methods to standard technology to achieve improved performance
- Increased frequency
- Decreased power
- Reduced area
- Increased accuracy (dynamic range)
. %ev_el op new design techniques and methods to increase the effectiveness of analog circuit
esign
- Enhanced resuability and reconfigurability
- Understand the implications of differing technology
- Capture design expertise
- Increased design robustness
FOCUS

Wireless analog | C design particularly on-chip filters and low-phase noise frequency
synthesizers suitable for software programmable radio applications.

p Georgia Tech, School of ECE /
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PRESENT PROJECTS

p Georgia Tech, School of ECE

RF on-chip filters for band selection - Mustafa Koroglu
|F on-chip filters for channel selection

Switched current filters with reduced clock feedthrough - Ganesh Balachandran

Low power bandpass, sigma-delta modulators for |F conversion - Changhyuk Cho

Wide-dynamic rangefilters- Fang Lin

Log domain filters using BiCMOS technology - Franklin Bien

Low power filters - Zhiwel Dong

Tuning algorithms for low power, high-accuracy continuous time filters - Tien Pham
Frequency synthesizers

CMOS fractional-N and integer-N frequency synthesizer - Benyong Zhang (NSC)

SiGe frequency synthesizer for OFDM applications - Han-Woong Son

Efficient, on-chip, DC-DC conversion and regulation - Dr. Habetler, Wei-Chung WU,
Jonathan Griffith

Noise insensitive analog signal processing in amixed signal environment - Eric Kim

Op amps with gain-bandwidths of greater than 500MHz in standard CMOS - Naratip
Wongkomet

Low power, delta-sigma analog-digital converters - Oguz Altun (T1)

A prefabricated design experience with CMOS op amps - Lee-Kyung Kwon
A web-based analog testing capability - Kyong-Pil Jeong

1/f noise measurements for short-channel CMOS - Hoon Lee

Page 5
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ON-CHIPFILTER RESEARCH

I nter mediate Frequency
and Baseband Filters
Bandpass Filter Specifications:
* Center frequency 1-10MHz

* BW = 100kHz to IMHz
Lowpass Filter Specifications:
* Cutoff frequency 0.1-5MHz

| mage Rej ect
Notch Filters
Notch Filter Specifications
» Center frequency = 1GHz
* Notch BW = 100kHz
* Notch atten. = 40dB

I

1

Page 6
)

Alternate Filter Discrete-Time Continuous-Time High-Perfor m-
Architectures Filters Filters ance | F Filters

* 2A BandpassADC « Tuning not required « Tuning required « Low power

- Power concerns « Programmable * Not programmable * High frequency
* 2A LowpassADC « Charge feedthrough « No charge feedthrough » Wide DR

- Power concerns « Not minimum power « Low power «HighQ

- Frequency capability * Easily tunable

i3

Tuning Algorithms

» Efficient
» Fast
e Accurate

for Continuous-Time Filters

p Georgia Tech, School of ECE
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REVIEW OF SOME ON-CHIP FILTER RESEARCH PROGRESS

» On-Chip Image-Reject Filters - Mustafa Koroglu

» Improved Memory Cellsfor Switched-Current Filters - Ganesh Balachandran
» Low Power Baseband Filters- Zhiwei Dong

» Tuning Algorithmsfor Continuous Time Filters - Tien Pham

¥ Georgia Tech, School of ECE /
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ISuperheterodyne Receivers

\

Superheterodyne Receiver Architecture

Automatic Gain Control (AGC)

r—— - - - - - — — - - - - - - - - — — — =

@ Prefilter Low NF : Its NF directly adds to the overall NF

A 4

. Image S IF
Prefilter Cilver “‘ —» Filter‘»b—»DemodulatOM Out

High DR : > DR of incoming signals

@ Image Filter NF requirement relaxed (LNA)

@ |F Filter High Q

DR requirement relaxed too if AGC techniques are employed

,
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ISuperheterodyne Receivers

ChallengesAdvantages

® Noise, linearity, dynamic range(general RF considerations)

® Image problem
The higher the IF frequency, the more image suppression

® Channel Filtering
High Q off-chip bandpass filters used (integrated filter are noisy)
The higher the IF frequency, the higher the Q

® Trade-off between Image-rejection and channel selection!

® No DC offset problem

DC offset removed by ac coupling. Very robust to LO feedthrough
second order nonlinearity effects that can result in dc offset.

® Flicker noise less harmful
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l)n-chip Image-reject Filters

+
Om2 :
vV -
! L Coo—e
(from LNA)

Imaqge-reject Filters using on-chip S

.......

tuned to image band

+
Om1

Om1

\

2. s G
+ 2= 25+ (1— /L
. sL+r, 0L CETS (1=Grgy)/LC
V(S): gml 2 r
[ S L2C2+SI’82C2+ 1 32+ ils+i
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G= Ym29m3

o~ on-chip inductorS\‘
T I
T % v
: . m3 T —0
: L1:C — | L l . (To mixer)
TS B |
: : I's2

......

tuned to received band
Image=reject Filter

i

iral Inductors
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l)n-chip Image-reject Filters

Challenges & Benefits

@ Automatic tuning required

During TX, filter is converted to a VCO and using a PLL, VCO frequengy is
set to the desired reference frequency

An amplitude-locked-loop is used to limit the oscillation amplitude by
varying g,z to make sure small-signal behavior

® No linearity degradation as in active bandpass filters

9dBm IP3 is simulated using 5.4 nH spiral inductors with Q of 6 and 6
mA total current consumption (BICMOS 0.35um)

® Image rejection limited by

matching between the transconductyg andg,,» (for 40dB, 1% required)

width of the image band ((ROAW, a0/ Oinage )

\- ,
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l)n-chip Image-reject Filters

mp. Det- RXB,
Com — LPF [+
Viref V
oe h. Det LPF | ref
RXB,
4 RXBo
+ RX """
Om2 — A2 + % .......
e L= o T 1
Vi Cprr G 3. = Ly
= 02 == = CT : 2 :
(from LNA) L _ = = !
- sl. ' !
_______ r52:
+ h—
Om1

Image-reject Filter with Tuning Circuitr

(To mixer)

01/2@&%




Improved Memory Cells for Switched-Current Filters

Research Emphasis

= |» Design of memory cells with
very low chage-feedthrough

* Development of Novel differ-
ential current-mode structures
with common-mode feedback

- for low-voltage operation

A low-voltage fully differential memory cell

-

* Developnew architectures fo

G.K. Balachand d P.E. Allen, Electronics Letters, . 1
Dec. o 1995, o en, Electronics Letters, | Qyvitched-Current filters




The Analysis of low power filters

4 What affects integrator power dissipation?

The power dissipation equation is:

P=N Slg D\/dd V2DR ,tota

where lo is the bias current of the mtegrator, N is the number of the bias current pf the
integrator.
The power dissipation is determined by
1. Number of bias current N
2. The harmonic distortion HD,
3. Supplied voltage Vdd
4. Dynamic range DR

5. Noise power




The Analysis of low power filters

4 Switch Capacitor Integrator A
The transfer function of the SC inteqg -
tor is: ) g vealt) 0, \c
: Vin "1 R, _ Vout
O—/ + | / / \ | +
gVout = C1 Vin 0
dt T2 Sl c|>l\ A L / lCZ
Ad :
vantages ¢2 \52 ¢1\83
1. Tunable ofclock frequency 1/T, +
2. Controllable of the ratio of C1 to C, J:
The gain bandwidth of the ampilifier is: ) _Figure 2

2
= — +
GB 0D (s+ wa)

where HD is the harmonic distortion anga is the 3dB frequency of the op amp.

If HD=1/100 and s=wa =1MHz, we can get GB=0.4GHz, Avd(0)=400. For the o
ational amplifier with this performance, the power dissipation is around the 10mV
level. This power dissipation is too large for a low power filter.

per-
V

\

Therefore the SC integrator is not suitable for low power high frequency filters.



The Analysis of low power filters

Gm-C Integrator

The transfer function of the Gm-C integrator |

d _Gm,. . 1, W
aVout = —Eme,%Gm: é+<t(vOn1+vOnz)B

where Von is the gate source voltage Vgs minus
threshold voltage Vt.

Advantages:
1. it is Simple
frequency range.

2. It can work over a larg

The power dissipation of this circuit as follows:

W

P = 300 0Vdd = L

W13

Voutt I

Ild

Vout-

2

et

l T

2 (U

Figure 3

4D\/TEQD<D—[DR

vdd

nt[C [HD

filter.
\

Let f=1MHz, C=10pF,W/L=5, DR=60DB, HD=1/100, Vdd=2V and K=110uS/\
the power dissipation of this integrator can be resulted 58.3uW. The power level
filter made up by this kind of integrator is about 0.5mW, it is too large for a low pd

/,
pf the
wer

/




The Analysis of low power filters

4 Log Domain Integrator

The transfer function of Log Domain Integrato|
IS:

| Lk e 5 = R R

digut _ 1o =i ) '
dt _CD\/T in “out -

LT

The power dissipation equation of the integra
can be resulted

P=12B+2B+1) [gUf (MddODR
Figure 4

transistor.

performance is poor when its current gain is small.

\

where B=rb*Gm, rb is the base resistor and Gm is the transconductance of the b

For f=1MHz, DR=60DB, Vdd=2V, B=0.5 and® =2, the power dissipation is 15.4 u

The power dissipation of the log-domain integrator is smaller than the Gm-C integd
when the current gain of bipolar transistor is small. But normally the bipolar trans

ipolar

W.

rator
istor

/
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Constant G,,-C Integrator

Decreased power
dissipation for the same
dynamic range

Linearization of . Decreased harmonic 0
transconductance distortion

Linear Transconductance Integrator:

Vbb
The transfer function of theintegrator is i
Vot gm M2 |——||‘_'|v|1
dt N C _Vout R
For this circuit the transconductance is given by,
Knw —f el
KNW
L N Vo= =
Om = Z-W (Vbias- VN - V1P}) tin C °T T—{ )—T Vi
where A is defined from Me MSF
KNWN KpWpO =
= Ab——0O
LN olp o

It can be shown that g,,,is constant with vin

¥ Georgia Tech, School of ECE /



The Analysis of low power filters

" The power dissipation analysis of a constant Gm-C integr%

There is very little harmonic distortion for this integrator, Isignal = lo. The
dynamic range equation is given by:

1.2 1.2
DR = élsignal _ élo _ Ll DVOH2 _ nC o
2 2 240t ey, kY
'total 'total TH L
and the power dissipation of this integrator as:
48 V1 [ (K DVL—V DR
P = Itotal (Mdd= 3o [Wdd = Vdd

i LC

Let f=1MHz, C=10pF, W/L=5, DR=60DB, Vdd=2V and K=110uS/V, the pow
dissipation is 7.0uW.

The power dissipation is about one-eighth of the Gm-C integrator and abou
half of the log-domain integrator.

tor

~

- /

er

t one-



The Analysis of low power filters

-

Let f=1MHz, C=10pF,W/L=5, DR=60DB, HD=1/100, Vdd=2\
K=110uS/V, and from the power dissipation equations of the Gm-C, the log domair
the constant Gm-C integrator, we get the power dissipation of 58.3uW, 15.4uW 3
7.00uW respectively, shown on the following table.

Comparison of these four kinds of integrators

Table 1. Comparison of these four kinds of integrators

=2 and B=0,

~

: Dynamic ran o : Power
Integrator Transfer equation ynamic range Power dissipation equation| . ower
equation Dissipation
Switch q c1
Capacitor | gV/out= A Vin | e | e 10mwW
Gm-C
d _Gm,. w
SVout = ?mv.n DR = 30TC DTHD\E/IVO S 4D\/TEQEKDEEDRVdd 58.3u\W
A0V DK OE - m[C OTHD
Log : i mC OV P=120B+2B+1) A f Vdd(DR
Domain | out _ lo Qi —i_ )| DR = 15.4 uW
dt CD\/T in  “out 2gOp+2B+1)
Constant W
Gm-C i Vout = mVln DR = n[C o o 48 D‘/T [g LK DE EDRVdd 7.00uW
160V, MK DVL—V e

1 and
nd




The Analysis of low power filters

-

mance for filter design. The following table summarizes the advantages and disad
tages of these four kinds of integrators. From the table, we can also see the consta
C is the best choice for low power dissipation.

\
Besides power dissipation, we should consider other aspects of integrator pe

Table 1: Advantages and Disadvantages of Integrators

Integrator

Form Advantages Disadvantages
Switch 1. Tunable of the cutoff frequency (by changing. Harmonic distortion.
Capacitor | the sampling frequency) 2. Low frequency range(<500khz)

2. Precisely controllable the ratio of C1 to CR3. Large chip area,

Gm-C 1. Simple circuit. 1. Harmonic distortion.

2. Small chip area 2. Large power dissipation
3. Wide frequency range.

Log 1. No harmonic distortion
Domain 2.Wide frequency range.

. High noise floor.

3. Low power dissipation . Can not be made by CMOS process.

. Low current gain

Constant | 1. No harmonic distortion.
Gm-C 2. Wide frequency range.

. Voltage shiftcircuit.
. Higher supplied voltage.

NEF,A~WDNPRP

3. Low noise floor.

. Cutoff frequency changed with temperature .

rfor-
van-
Nt Gm-

4. Low power dissipation




The Analysis of low power filters

4 Figure 9, shows the com-
parison of the filters made in

the past three years The nun 5 | cnmplaratinn nfthree kinds fo?lters |
ber in the figure is the numbe X Br-C | 2]
* Switched-Capacitor
of reference. Because the 7l + Log-Domain
) . . . . . = 0 Constant Gm-%g]
power dissipation is linear witt ¢ x 5]
. . 3 15 #
the order of filter, and increase  z o " e o i
with the cutoff (or center) fre- = | Edfdll® il £
. = a0
quency, then for a fair compar ¢ 9 .- ﬁ”xfg]]x[” 1]
son, we let log(power/ 5 B 4]
(order*cutoff frequency)) as 2 <112 e P
. . . o, 14
the vertical axis, and dynamic g A new
. . 11r
range as the horizontal axis. onew
Three integrators analyzed ir | | | | |
this report are also shown in th 4 =0 P 5 0 7
ynamic Range

figure as ‘news’. From the fig-
ure, we can find that constant
Gm-C filters dissipates at the lowest power. And switch capacitor filters and Gm-C fil-
ters are at the same power dissipation level.

Figure 9

- /

10
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HIGH PERFORMANCE FREQUENCY SYNTHESIZERS
(Frequency Synthesizers for Programmable Radios)

PLL-Based Fractional-N Fractional-N and Integer-N Wide-Range,High-Frequency

Frequency Synthesizer Agile Frequency Synthesizer Frequency Synthesizer
* 0.5um CMOS * 0.25pm CMOS * 0.35um SiGe BiCMOS

« 1GHz * 1GHz * 5.4 GHz

« -110dBc/Hz at 200kHz * Low phase-noise « Low phase-noise

« Sideband spurs -73.5dBc * Agile, switching time < 50us « Switching time < 100ps

* 43mW with 3.3V supply * Wide tuning range +10% « Wide tuning range 1-6GHz
. CICC'98 » Low power, low voltage .

Low power, low voltage

iy

Multiple Standard
Frequency Synthesizers

Tentative Specifications:

* Wide tuning range
Adgile, fast switching
Low phase-noise
Low power
Low sideband spurs

p Georgia Tech, School of ECE /
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Freguency Synthesizer Research Efforts

» PLL-Based Fractional-N Frequency Synthesizer - Byeong-Ha Park
» Fractional-N and Integer-N Agile Frequency Synthesizer - Benyong Zhang
» Wide-Range, High-Frequency Frequency Synthesizer - Han-Woong Son

¥ Georgia Tech, School of ECE /
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L ow Phase-Noise Freguency Synthesizer

\ 4

LPF

Multimodulus Prescaler

A

A N

Fractional-N frequency synthesizer with athree-stage modulator.

VCO

Buffer

Multimodulus Prescaler

» PFD/CP
A
fref —»|<R
Data m bits
Input ——=»
k D

A D J A

v

¥ Georgia Tech, School of ECE

»
7> \ »

Output

Page 13
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M easured Results:

Experimental Results For The L ow-Phase Noise Synthesizer

Page 14
)

Proto- | Close-in | Phase noise Frequency Reference 2nd Settling | Loop BW | Power Dissipation
type RMS @ 200KHz Range Spurs | Harmonic| Time
noise
1 < 110dBc/Hz° | 834-965MHz | <-71dBc| -24dBc | 172us 20kHz | 43mW@Vpp=3.3V
2 < 110dBc/Hz° | 862-1004MHz | <-74dBc | -24dBc | 172us 20kHz | 43mW@Vpp=3.3V

p Georgia Tech, School of ECE

B. Park and P.E. Allen, “Low-Power, Low-Phase-Noise CMOS V oltage-Controlled-Oscillator with
Integrated L C Resonator,” Proceedings of International Symposium on Circuits and Sytems, May 31-
June3, 1998, Paper MAA13-22, Monterey, CA.
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2.4 GHz CMOS Frequency Synthesizer

A fractional-N and integer-N designs are being fabricated in 0.25um CMOS
» Agile, fast frequency transition < 50us

e Low power

 Uses aunique switched capacitor filter associated with the charge-pump

V CO using bulk tuning:

Vbb
VBias O—|[§
5 =

P “1h
Vo

¥ Georgia Tech, School of ECE /
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L oop Filter Using Switched Capacitor Technigue
Thelow passfilter inthe PLL can be implemented by:
1.) Activefilters which require an op amp
2.) Passivefilters and a charge pump.
However, the passive filter components are generally off-chip.
A solution is to use switched capacitor techniques to achieve on-chip, quickly adjustable

loop filters.
Concept:
VDD VDD
Ip Ip
I o Ve E» I / o V¢
Dn | Dn
Passive N N
IP Filter Ip Cl/\ CZ/\
1 4 L

SCFChar-gePump

C, and C, are on-chip components.

¥ Georgia Tech, School of ECE /



Page 24

Prof. Phil Allen (2/16/00)

1.5V, ImW, 98dB A>X ANALOG-DIGITAL CONVERTER

a A> modulator

Iment

Microphotograph of the exper

s

5

o

SRR

e

mw'vm.m.m.vu.&%.

R

Bk
s
3

IR

b

s

.
o
o
S

S
25

S i

Georgia Tech, School of ECE
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Measured 4th-Order A> Modulator Characteristics

Table 5.4

Measured fourth-order delta-sigma modulator characteristics

Technology : 0.5 pm triple-metal single-poly n-well CMOS process

Supply voltage
Die area
Supply current
analog part
digital part
Reference voltage
Clock frequency
Oversampling ratio
Signal bandwidth
Peak SNR
Peak SNDR
Peak S/D
HD; @ -5dBv 2kHz input
DR

1.5V

1.02 mm x 0.52 mm
660 HA
630 A

30 HA
0.75V
2.8224MHz
64

20kHz

89 dB

87 dB
101dB
-105dBv

98 dB

Page 25
)

A.L. Coban and P.E. Allen, “A 1.5V, ImW Audio A~ Modulator with 98dB Dynamic Range, “Proc. of
1999 Int. Solid-Sate Circuits Conf., Feb. 1999, pp. 50-51.

¥ Georgia Tech, School of ECE
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ON-CHIP POWER MANAGEMENT

God: Develop an on-chip power management scheme that provides optimum power for each
block from a single, poorly regulated (battery) with al components on chip.

Requirements:
 Efficient
o Minimal area
» Compatible with standard digital CM OS technology
Capacitors < 100pF
Inductors < 10nH
Approach:
Power [ Component size X Frequency
1.) Reduce power to milliwatt level (many distributed converters)
2.) Increase the switching frequency (up to 100MHz)

¥ Georgia Tech, School of ECE /
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Typical Power in a Telecom Chip

One-Weatt, CMOS Telecom Chip:

Function Power | Voltage | Current | Regulation?
Micprocessor 200mwW [ 1.5V | 133mA | Moderate
Memory 250mW 2V 125mA | Moderate
Analog Front End 200mw A\ 50mA | Yes
Baseband (SCF,A/D, D/A) 100mW [ 3.3V [30mA | Yes
1/O Circuits 100mw 3.3 [30mA [No
Digital (Filters, DSP, etc.) 100mwW 1.5 67mA | Moderate
Power Control Ckts. 50mwW 1-4V - -

Page 27
)

p Georgia Tech, School of ECE
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Distribution of that Power
Off-chip conversion versus on-chip conversion

Off-chip Conversion: On-chip Conversion:

Vi % 4V Circuits 4V Circuits
L
3_3\/% 3.3V Circuits VBaI% . 3.3V Circuits
L €L
1.5V % 1.5V Circuits 1.5V Circuitg
L
JT_ IC Chip J—_ IC Chip
On-chip vs. off-chip
Characteristic Off-Chip Conversion On-Chip Conversion
Regulation Off chip On chip
Noise Sensitivity High Low
I2R L osses Reduces circuit voltage No effect
Reliability Poor - off-chip circuits All connections on chip
System Flexibility | Poor Changes can be made locally on chip

¥ Georgia Tech, School of ECE
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On-Chip Power Distribution

Example:
VBat -4V Analog Front | VBat -4V
<+ Converter &—» st Converter &>
Regulator ERiClicaiy Regulator
s +
*? VBat -3.3V Baseband VBat -3.3V
+ <« Converter &> P <«—Converter &—»
VBa — Regul ator e ks Regulator
_T ’ A *A
A A 4
¢ t t =
VBat -1.5V VBat -1.5V [ L] VBat-2V o
<«{Converter &>  <—{Converter &> P{Converter & )
Regulator Regulator Regulator ﬁl
¥y . AX * m
Microprocessor >
Memory
Al Al ? I/O
VBat -2V VBat -1V VBat -2V
<«{Converter &>  <«—{Converter &> | CiplConverter &
Regulator Regulator Regil ator
v v

PwrDistScheme

» Conversion and regulation locally permits the noise on the power supply busses to be eliminated.

* Reduces the amount of external connections required for power supplies which permits lower
inductance and resistance connections using multiple bonding wires.

p Georgia Tech, School of ECE /
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On-Chip DC-DC Converter
Simplified Circuit:

w

152

|+

7

A s i

CLK_in - C1 /< 1==
L] MG:_“_ 4[>w RL% Vout
o

L DC-DC

L <

Performance (Simulated):
Efficiency = 75%
Frequency of clock = 5Mhz
Power out = SmW
Output voltage = 2xInput
Output ripple = 20% (spike during switching)
Capacitor values are 300pF and are MOS capacitors (will use fringing capacitors in next version)

¥ Georgia Tech, School of ECE /
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SUMMARY

 EDA
Converting from quarter to semester system
New faculty member - Prof. Steve Kenney, ON Semiconductor Jr. Professor
L ooking for two more faculty membersin analog area
13 Ph.D students and 2 M S students
Program focus is on wirel ess applications suitable for wide range applications
Emphasis of theresearchis:
On-chip RF, IF, and baseband filters
High performance frequency synthesizers
Working closely with Prof. Joy Laskar to develop system solutions to:
Bluetooth 28 dBm specification in CM OS technol ogy
|EEE 802 WLAN specifications in SiGe technology
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