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Motivation

* Critical to harsh environment systems

» Applications
— Automotive electronic systems
— Aircraft industry and space programs
— Geothermal and well logging
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SOI Technology

* Reduces leakage current by isolating devices using
dielectric materials

* Peregrine UTSi® SOS technology was chosen in this project
to work up to 300°C

UTSi (MOS Transistors
pchannel FET  n-channel FET

™ ™ M. slicon dicide

insulating sapphire substrate

}: www.peregrine-semi.com

| 01/22/2003

Introduction Yunli He

Objectives

Design a high-temperature FSK transmitter with a
tunnel diode and a planar loop antenna

Test FSK transmitter with varactor
Test FSK transmitter with SOI MOSFET varactor

Design and test a receiver pre-amplifier to detect a
very weak signal at 27 MHz
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Digital Telemetry
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Digital Telemetry

* Carrier frequency
— ISM band 27.12 MHz + 163 kHz

» Antenna design

— Inductively-coupled planar loop antenna implemented
on PCB

» Modulation technique
— ASK, PSK and FSK
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Digital Telemetry

BFSK vs. BPSK

* BFSK vs. BPSK

Baseband

p,(t)=A coser,t @-Q."'_'
. xarax (1)
Pyit) A cosuryt ®_/

Basaband

xspsx(t) ” 5
p,(t)-—A.,e«w,:®_.f ¢ +Ac

W @ )
BFSK BPSK
BER where
g = 5 Pk =0 2E, E, is bit encrgy,
“ N, “ N, N, is noise/bit,
£, is bit rate,
Spectral Efficiency BW=2f, + Af BW=2f, Af = f1-f0

Power Efficiency
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High-temperature Transmitter Design
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High-temperature transmitter design

Transmitter Architecture

Oscillator

Planar Loop Antenna

2cm : FSK modulator

— L |
i o [
Tunne‘lj Diode, v > —— Yuning Cap

1 01/22/2003

?;% High-temperature transmitter design

Tunnel Diode Oscillator

+ Bias point
— Negative resistance region

+ Start-up condition

v
_261_.5__2. < gd * (a) b)
R +o°L

* Oscillation frequency W‘v\

0 U S N
2z L(C+C,) L :
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MOSFET Capacitors in Si and SOI

TSMC 0.35um Peregrine 0.5um Inversion
Accumulation W/L=100um/50um : W/L=120un/50um
- : @! MHz Inversion @1 Miz
‘‘‘‘‘
" Depletion
Depletion
s .
Si SOI
[
Accumulation Corcumtuen = Cor = e
i fu &5 &, €5
Depletion Cgiern = Coc + €, :7:¢7‘ Cuponon = Co +Cy s.’:+7!
Inversion
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High-temperature transmitter design

Q in MOSFET Capacitors

-1
Q depends on the channel resistance: Ty ® [ uC,, —PLK ({9 )]}

Lumped model for MOSFET capacitors

G G
i [ 1
- - S
v el S e R T — J
[ (¥ 2 9 .
e T tyid
‘?
l o
<)

Design Approach: Increase W/L ratio to decrease r, increase Q
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Planar Spiral Loop Antenna

The inductance was studied and three expressions are
used as reference in this project

Yunli He

[DOSIE S

Expression Value From
45 22 The Design of CMOS Radio-
~ PH 8 237 nH Frequency Integrated Circuits
22r-14a by Thomas H. Lee
where
n s the number of turns,
a is the mean radius,
2 d Simple Accurate Expressions for ‘;-V; 'fh'h‘ "(‘“" (‘"‘;_'““’l:
n : ris the outmost diameter,
Lo =K —2% 1 98 nH Planar Spiral Inductances pis the fill ratio, givenby £ =754
H vl
mW 170 by Mohan, S.S. etc.
1+K,p

5
L =0.0241an? logs—a(yH)
c

305 nH

Printed Circuits: Their Design and
Application
by Dukes, J.M.C.
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A =d,

¢ is the radical depth of winding
1
r—;(dm_, -d,)

b
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High-temperature transmitter design

A Gelmanium tunnel diOde 1 N43 9 7 from American Microsemiconductor Inc.

Tunnel Diode

Yunli He

V(Datl, 690 mV
1., Max. 22mA @j
I, Tolerance 0.22 mA
Veatl 80 mV.
V,atl,, 510 mV
) NS 25 ‘Gf(‘fé’.;"ﬁ' \
1(f) Max. 4.5mA A\
1(s) Max. 2 ohm L{'fa'sﬁl“‘v?”
C(t) Max. 200 pF —
T(operating) Max. 200°C
* A 3-region model was used tp (roes )
I,=1e e M
Tunnel Diode (AM-1N4397) L 4

R R — {(l—A”%’N;'%’N")-ox)

vp gomv v 08smA I, =1, V(%IN+%IN-)e ’

Ip 22mA i1 26mv

W 5i0mv Vpp 690mv

o .
REe =L
. . .

|
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Tunnel Diode Oscillator

Parameters
Description Equation Value e ST
Al
gy =— 7 mA/V St U It ! U e
& i A | T "o
L1 Loy = Kyt 200 nH :
1+ K0
Ctd - 170 nH @ b ok
Operating Conditions -
Conditions Equation Value
DC bias R RI < 140 ohm
d
R|
Start-up Rro'l <& Yes
Resonance 1 1 R
e e .
frequency ZNUGHC) L 27.31 MHz
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High-temperature transmitter design

FSK-Modulated Transmitter

* SOI PL transistor 1s tn 10.5 nm
w 120
used um
L 50 um
Conversion =W -L-Coo =W-L Lo Cao,Cato 3.6 x 10"° F/m
Ciepteion = L(Cgso +Cou0) Caleulation Simulation
Cinversion 19.98 pF 19.72 pF
—_ — Cepieion 36 fF 87 fF
* fhigh flow >=2 fb

@ 501 VED sehamane
() Smalksignal equivalent acurt of SOI
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Channel Resistance

R, Includes the channel resistance from PMOS

and output resistance from the buffer

The buffer resistance was designed very small by
increasing W/L ratio

The channel resistance R, is dominant to impact

the circuit e
1 - o
Y =——-g, +joC, +—11~“ " ) T
ijl R + | frot * i ! ! I
Jh 4 HS2 I
Im{¥ } = E+ij,,+ja)Cmg 1fa)2R2c2 «<l s
¥

1 C
Im{Y FEH(HC«: # L 3 , when W/L=120/50=2.4, f=27MHz
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Buffer Design

Objectives
— Fast transition for both PMOS and NMOS
— Low output impedance for PMOS

Transition time must << (125 kbps)!
C

! :(WT ol 1172 )
Four-stage non-inverter buffer design

01/22/2003
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High-temperature transmitter design

Complete Transmitter Design

« Two SOI PMOS T gt =
capacitors reduce the wo ! e 3 Sl
size of the driving s mi e e o v
buffer, but no impact | . om / Ty
on the effective . Y / f
capacitance

01/22/2003

High-temperature transmitter design Yunli He

Simulation of Transition Time

[ER—— PO ——

 Falling edge takes longer ’ - :
on settling the buffer output |
Both falling and rising edge =~
have clear roll-off

The roll-off at falling edge ~ WRIIRIATRITITN
results from small size of e T
buffer NMOS

The roll-off at rising edge
results from channel
resistance

Transition time << 10% of
bit period (0.8us)

Risiag Edge (80 )

T

Faliag Edge (184 u$)

*

| 011222003
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Transmitter PCB Design

PCB can be used with either SOI die or PN varactor
SMT components were used to reduce the parasitic effect

The space inside 2-turn loop was utilized to reduce the size
The unused copper was removed to reduce eddy current

| 01/22/2003
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Transmitter Measurements and Results
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Tunnel Diode Oscillator Measurement

‘Waveform Probed Across Tunnel Diode
o o ) Probed Here

\ - ol Y] | e |
! ‘I o Icby_pass C1

Lpp |

* The measurement was done by HP54615B Oscilloscope
» The voltage oscillated around the bias point, 0.21V

~+ The peak-to-peak voltage is 320mV
| 01/22/2003
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Tunnel Diode Oscillator Test Result

L 1 1
. Llnearlty L(C+Cy)= o m o =LC+LC,
*  The inductance of 2-turn 2-cm square loop antenna is 218 nH
» The junction capacitance of tunnel diode is 68 pF

"

390E-17 1 -

3.40E-17

2)

§ 290E-17

megar2 (;

¥ 240817 fomet
H

1

1.90E-17

140E-17
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Measurement of FSK Transmitter using
Si PN Varactor

Verify the feasibility of FSK modulator concept
and PCB design

VC()/RFin

<TE>— TRONCO —ie
T\” w | ‘ 220 nH |
“N T L:_bypass__'_v_td C_bypass TD1J 7%01 {
tonf 021 [10nF j“ ! Varactor|
B | *

b0

i f . . ™0
?i VC(+)
|

<a>-Vw
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Frequency Spacing vs. Capacitance
Difference

The relationship between frequency spacing and
capacitance difference @ 27 MHz

LA = L =-78kHz/ pF
dc C

Bit rate 125 kbps and FSK modulator requires

Af >2f,,250kHz

3pF capacitance difference are required to provide
250 kHz

| 01/22/2003
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Measurement Results

The characteristics of Zetex 933 varactor -
AN
N
™ etex 933 — |
with Varactor at DC mode % 4 f A\ %i —
I AN
e i i 2'?3\‘/ 18pF —
268051z 4—————————p] 27120 A / . \\.\ pl
- ' . 256V, 21pF I~ -
1 L i -
1 0
Reverss Voitage, Vr (Volte)

[

i
26.50 26580 2670 26.80 26.90 27.00 2710 2720 27.30 2740 27.50
Frequency (MHz)

| 01/22/2003
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Schematic of FSK Transmitter
using SOI IC

* Same PCB is re-configured

01/22/2003
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Measurement Setup

Twisted pairs
of wires /
shielded wires
are used

Transmitter with SOI BH

 01/22/2003
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: Tunnel Diode Bias

High-temperature transmitter test

Measurement Results — DC input

The circuit was Ressios,EproshCa, T02.Ctgt
tuned to 27.04MHz ™
when the digital = .
input is low

PMOS capacitance
from simulation is "}
7.5pF @ 27 MHz

The calculated e M

frequency spacing Wl
410 kHz vs. the -
measured, 230kHz

208 nn an w0 08 2090 2.6 nw 2708 e mas
Fraq (i

01/22/2003
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[—— t1-voomn-vee-1

Vool Vee-3
10-Voain-Vdd-1|

|— 10-veom-ves-3)
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Measurement Results — 125 kbps Input
62.5 kHz Modulation Signal

62.5k,3.3 Vpp
+75.00 )
-80.00 |
i
-85.00 ot
-90.00 \ /7‘ A

-95.00

o[ b WAL JA SV
o0 NIA/AY 2\ -
N \;

\1/ A

26.67 26.72 26.77 26.82 26.87 26.92 26.97 27.02 27.07 27.12 2707
Freq (MH2)

Power (dBm)

| 01/22/2003
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Coupling Factor

Power @ Induced Vol Calculated Coupling Facter vs. Distance
ower oltage
4395A (KV, rms) k
(dBm)
107 Rt {‘E
-4 60.0 2.6x10*
<719 285 1.2x104
-90.5 6.7 2.9x10° .
060 © 0s0 100 120 140 160 1% 200
984 27 1.2x10° 2 e

* The coupling factor degrades exponentially with
distance

r01/22/2003
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Receiver Pre-Amplifier Design and Test Results

| 01/22/2003
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Coupling Impact

* GMI project targets 1-m distance
* The coupling co-efficient k is 1x10
» No impedance impact between transmitter and

receiver M. L2 R
1zs [ [
Yoo @KLL + * o
Z,=-t=joL +—12 L ¢ )
A jol, +Z, =Vs Ea 2| ZL
= jal, , if k = 1x10% T ( -
-4 ]

01/22/2003
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Receiver Antenna

e A commercial ISM 27MHz antenna was selected
in receiver design

* A model derived from measurement of its
characteristics by

— Using Anritsu MS4623B Vector Network Measurement
System

— Using Agilent 4395A Network Analyzer

 01/22/2003

& Receiver pre-amplifier design Yunli He

Antenna Model — Agilent 4395A

magnituds, phase of TACOME antenna

01/22/2003
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Antenna Model — Agilent 4395A (Cont’)

» The transfer function

H(w)= R,

oC, 11 I
JOCs  joC, +—— b —
JjoL, R,

R +R,+

* When L, resonates with C,, H(w) is minimum #)=

 When L, resonates with C, and C;, H(w) is
maximum #ew)=;

R
RP

Cs 1.81 pF
Cp i8.4 pF
La 1.71 uH

Rs 4.27 ohm

| 01/2212003
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The Simulated Impedance vs.
The Measured Impedance

Impedance simulated Impedance measured from
from the estimated model Anritsu MS4623B VNA

01/22/2003
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First-stage, Pre-Amplifier Design

 Cascode configuration

improves the output -
impedance

¢ The derived antenna r e
model and Zetex BFS17N | | =

were applied

 01/22/2003

[s3 Receiver pre-amplifier design Yunli He

SNR and Output Impedance

e Q =57

e .

R, ! : i
0= Rg It pi_s_p o | cs o | : ) cs e
al, e s L e
‘a Rs u 180F 207, 1 43x022= 20 18pF
PO | Rpr
p 43 171 L La

* SNR =3 . W | G e

R -
2
2 (k T-ﬂ |V||) 2, 2 Lw——wv- — — . . V
(SNR)z =k'_|-= X hae) = K I"ll ) uL:ork 20k i o
i 29l B-& 4x-kT-f1 L, ‘——»—f(;, M ; ) SR Vo i )
43002422 206 | 1 8pF ISIOF -10m034=267
| ta | ]
. e T N
R, 4.7 kohm i
=267 x 04+ 290k

* Bandwidth 450 kHz

01/22/2003
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o |

s o 2™ stage
. . ersiix )
G RAEERR e oy s transimpedance
v R, ) Ao ersinx L
\ Ly e ; amplifier
o ‘o i
. o o oes e N
Rt e S vt Y I
b ey TriCOME
e . ; Cre | {
.‘ 1 Ty t ' ! antenna
v md i . 1 model
- P v I, lew Rie
5 . @ B 7L} ," jeori je
& I . ‘_M | :
e
i

T
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Tuning and Gain

Output with different input, 27MHz, Vdd=3.0V

— Vpp 10 mV]

Voltage (V)

| 01/22/2003
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Conclusions

The high-temperature transmitter was designed, fabricated
and tested

The inductance of 2-turn, 2-cm square loop antenna was
measured

The parameters of tunnel diode was measured

The FSK scheme was tested with Si PN varactor and SOI
PMOS varactor

The coupling factor as a function of distance was measured

The receiver pre-amplifier was designed and fabricated and
further measurement will be continued by a senior project

1 01/22/2003
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(

| 01/22/2003

Future Work

Channel and gate resistance should be minimized
The size of PMOS and NMOS should be comparable

The pad for PMOS gate could be digital input pad to reduce the
connection when testing transmitter alone

Ground connection in PCB should be well considered

A multi-turn loop antenna is worth to try to increase its radiation
efficiency

High-temperature PCB material and discrete components should be
explored, or convert them to on-chip devices

High-temperature transmitter test should be done

The integration of A/D converter, decimation filter and transmitter
should be done

The entire work should be converted to SiC technology for higher
temperature
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