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OUTLINE

* Motivation and challenges:
 Why Signal sources and why in GaN technology

* Design of a GaN signal source:

« Some fundamental oscillator design and a specific GaN
example

« Some design examples and GRACE specific work
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Communication links! 5 'Yi

RE Simplified
/ Radio receiver

All applications move up in frequency
with need for new electronic hardware
Challenges change due to increased
bandwidth available

Simplified
Radio transmitter

Radio base statig
Phase noise is the main challenge in a

g% signal source
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PROBLEM I: STRONG BLOCKER
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White noise floor

Off-set frequency

Near-carrier phase noise

LIMITED CAPACITY

[%2]
=
S
T
2
=
o
<
]
°
3
[h4
°
=
S
=
2
T
3]
IS
5
=
=
S
O
)
g
z
=
=
Q
5
2
=}
s
S
)
E
o
kS
o
c
S
T
o
>
@
2
=
©
=
5]
>
)
K=l
]
=
<
[5}
@
fid
©
5]
=
3]
n
g
=
5
]
=
2
7]
=
Q@
>
=}
<
=
I
o

©

=
L]
—
0
O
(Y
al

1)
14
m
2
=
g
L
)




CHALMERS

LO NOISE LIMITATIONS
PD—@< M L(f,,) = 10log, il 1+ Jo 1+f1/f3

1 2P;; 20
= sig fm fm
=N * Increased Q factor
X OO phase noise « 20l0g(Q2/Q1) improvementin
A A X CO +P D noise floor VCO phase noise but not noise floor

* Increased oscillation frequency

VQO phase noise . 20log(M2/M1) outside loop bandwidth
with flicker noise

. including noise floor
VO phase noise * Increased power
ougside fiicker noise  10log(P2/P1) improvement in

, , VCO phase noise and noise floor

VCO white noise floor

High frequency, High power, good Q desired®

> Far carrier noise limit capacity of wideband
signals ------- > Oscillators in GaN
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TRANSIENT RESPONSE OF OSCILLATOR

External noise starts oscillation XClp Y(S) Y(s)=—CS8)_x(s)
1-GH(s)
_ / _ _ H(S) 1-GH(s)=0

Amplitude grows until saturation

*Eventually steady state is reached
*where variations in
frequency and amplitude are small
| V *Frequency variations are known as
jitter or phase noise

Magnitude

Time
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REPRESENATION OF AN OSCILLATOR
Feed-back view Negative resistance

Negative resistance Passive

X(S) © Y(S) amplifier resonator

. GB) %T%

G(S) -ﬁ ’3
Y(S)=X(S)1_G(S)H(S) Xin(los j@o) + X (jar,) =0

Rin(lg, Jo,) + R, =0

Positive feedback amplifier with infinite gain A passive resonator determines the
if oscillation frequency

1-G(s)H(s)=0 ()

Active circuitry (reflection amplifier/
negative resistance)

injects energy to compensate losses in
the resonator

At a frequency where (1) is fulfilled, any little
energy injection will spontaneously start an
oscillation
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OSCILLATOR TOPOLOGY

Oscillator topology means in what way the electrical components are arranged to form the
oscillator

« differ primarily in the feedback arrangement, the way the signal is coupled between active device and resonator

/ Single-ended oscillators \ / Balanced (differential) oscillators \

Negative resistance Tapped feedback Cross-coupled Balanced Colpitts
Ao Ve Wee Iv.,
Ltani/2 Liank/2 Liank/2 Ltank/2
VCC ‘ . é’Vtun h
Vbb
%/{ﬁ&%

/

Several different topologies can give good phase noise if they are well designed
* Some are difficult to tune
* May also be suitable for different technologies
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OSCILLATOR DESIGN

CMOS

Integration more

A 4

High power
best phase noise,
moderate frequency

A 4

\ 4

InGaP HBT

SiGe HBT

4 important than
performance Bipolar
? technology Low power
Understand Near carrier Ggpdhat;ase r;mse
oscillator [  phase noise Igh Trequency

specification important?
GaN HEMT Millimetre-wave
technology applications

Short gate length,
Ex. OMMIC DO06GH

A 4

Balanced tapped Fully integrated
feedback oscillator [¢—__| divider-vCO-multiplier
topology GaN MMIC
Only phase
Integrated noise floor <
Single-ended divider-_re_flection amplifier- important?
Reflection-type [T | multiplier GaN MMIC No
topology connected to _external
resonator, e.g., in FOWLP

VCO at high frequency integrated
with multipliers to reach target
frequency and frequency dividers to
be phase locked with off-shelf PLL




CHALMERS

GAN HEMT REFLECTION TYPE OSCILLATOR

Phase shift to compensate

_ _ phase of amplifier and —
Resistor to terminate feeding lines - Inductance gives
Frequencies outside —

T May peak gain

IF

M RREAET
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l: SELECT DEVICE AND RUN DC SIMULATION

OMMIC GaN FET Curve Tracer
Techlinclude Gate Drain

GaN_TechlInclude

Techinclude

GaN_OPTION=GaN_on_Si

D
G
Vs Lg=100nm

Source resistor

included in simulation

DC_FET

SIM1
VGS_start=-2
VGS_stop=0
VGS_points=5
VDS_start=0
VDS_stop=10
VDS_points=41

DisplayTemplate
disptemp1
"DC_FET_T"

ADS

(

DC_sim..IDS.i

plot_vs(ts(id_int.i), ts_vds) <invalid>

0.00

] X
T I T I T I T I T I T I T I T I T I T
0 1 2 3 4 5 6 7 8 9 10
DC_sim..VDS
nothing

Choose quiescent point
Class AB operation
Moderate Vds to reduce noise
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Il: DESIGN RESONATOR
« Suitable resonator topologies depend on

Bl frequency and technology

« All may be approximated as simple series
resonator

« Design challenge is to maximize Q and
obtain a reasonable R that can be coupled
to reflection amplifier

wOL 1
RwOC oAAN_ﬁF_rrrfl

L
- \/7:>R_EE

BK_R023 §° BK_RO12

I . - i * Aresistance of 5-20 ohm to reflection
v . transformer amplifier is equivalent to about 2-7 dB
l l resonator loss which meets a gain of 5-10

dB from reflection amplifier
Coupled half-wave resonator Semilumped transformedI

resonator
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180
135
90

Fas

dB(S(1,1))

Quarter-wave
bias

freq, GHz

08L+(((1°1)s)eseyd)desmun

15

S11 (dB)

5 10 15 20 25 30 35 40
Freq. [GHz]

-fl Measured reflection gain slightly higher than simulated

Inductive
termination
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V. COMPLETE OSCILLATOR

Phase noise and output power from harmonic balance

B 0‘15—; /('\
$ =R (o
é %\E‘ 0.107: \\\"‘\\\\\\
N
f N\
-180 T T T T i 0.00—] —NS——
Small-signal open loop gain olsetied, Hz DG._sim. VDS
007 ts_vds
— _ ADS 4;
freq=23.50GHz 0_06; il
loopgain=1,018 / -0.487 ] 21
IVgg=-0.500 Y . = i
a §| 0.05*7 E -2{
S 412 10 08 1 2 14 ] n% .4i
003 _-Si
08 04 03 002 010001 0203 04 09 Wos ‘ -O‘A ‘ -o‘.a ‘ -o‘vz ‘ -o‘.1 ‘ oﬁo ‘ o‘.1 ‘ oﬁz ‘ o‘.s ‘ 0.‘4 ‘ 05
Yoo : vag

freq (1.000GHz to 40.00GHz)
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BALANCED COLPITTS VCO

m3
Vv=20.000
dBm(Pout_2nd[::,1])=-24.963

m4
Vv=24.000
dBm(Pout[::,1])=9.254

m2
Vv=24.000
dBm(Pout_2nd[::,2])=1.673

m4
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GRACE

The goal of GRACE project is to integrate VCOs, frequency multipliers

and frequency divider to form an ultra-low noise W-band source

2nd harm,
X-band VCO

| Quasi-static frequency
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W band amp
nEE § =S

FOWL package
with heat sink
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SUMMARY

Millimetre-wave low noise floor LO generation
critical in future communication and sensor systems

Short gate length GaN HEMT technology suitable
In terms of operation frequency and power capacity.

VCO, frequency multiplier and frequency divider
Integrated on one MMIC coupled to external PLL
circuit




