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What 1s the Opportunity?

All integrated circuits are deaf, dumb, and almost blind.

Combining ferroelectric capacitors with transistor
technology allows functionality orthogonal to anything
yet imagined.
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Introduction I

Unlike CMOS, ferroelectric capacitors in the outside world
do not burn up from static discharge, lock up due to photonic
impingement, or die from contamination.

Proposal: Have a sensor switch a ferroelectric capacitor then
read that capacitor like a memory bit.
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The RCyg Circuit A

First, we need to understand how a ferroelectric capacitor
interacts with a series resistor.

We must go from: to:
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C =100pF & InF
R =15MQ
Numerical Solution

A
Classic RC

Vout =Vpwre(1— eR_C)

—InF |
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Polarization (uC/cm 2)
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Ferroelectric Capacitor

What is the capacitance of a ferroelectric capacitor?

—

(uF

Capacitance

0.00055
0.00050
0.00045
0.00040
0.00035
0.00030
0.00025
0.00020
0.00015
0.00010
0.00005
0.00000

Take the derivative of the
polarization hysteresis loop!

I
Hysteresis Data
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A
Ferroelectric Capacitor Model

For a simple model, create a 2-level capacitor to represent the

ferroelectric capacitor when it switches.

[
Hysteresis Data

0.00055
0.00050 : Use only Cap 1 for
0.00045 I all voltages when

_ ! |

5 000040 I the capacitor does

o 000035 i ¢ switch

S 0.00030 : not switcn.

5 0.00025 I

° |

g I Use Cap 2 only
0.00015 | )
0.00010 when the capacitor

0.00005

0.0

05 10 15 20 25

Voltage

30 35 40 45
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Switching Cp; = Use higher capacitance from 2.2 to 2.9 volts.

RC,. A

Numerical Solution

R = 15MQ !

Volts

- 0.000 0.001 0.002 0.003 0.004 0.005 0.006 0.007 0.008

Vout =Vpwre(1—e"“*)

Seconds
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A Real RCyp
Measured
C =400 um? 2600A-thick 20/80 PZT
R= 15MQ
[ ]
(0 RC AB401 15Mohm 9V RC AB401 15Mohm 9V
9
8
T
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1 ‘ Defined as t he| [ Slhel
0
0.0 0.5 1.0 {.5 2.0 2.5 3.0 3.5 4.0
Time (ms) _
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Add a Transistor

A transistor added to the RC.g circuits causes negative

feedback to Vout.
Vpwr

o > Vout
T1

Vpwr

Conductive Load

Ce 4 > Vout
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Add a Transistor
If current through both Rs 1s the same, then

1) All of the current in the RC circuit goes info the capacitor.

2) Most of the current in the transistor circuit goes through the
transistor so much less goes through the capacitor.

V. . = .
Vpwr | <ommmmemeee 2P s | Vpwr The ferroelectric
: capacitor in the
: transistor circuit
: R RS : must charge more
; vo—p 7 slowly!
: V <____O_M_t _____ 0_ M_f__} < ..................... . V
. out > Tout
-
T ~
: Cee Ce T1
v \4
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RC,,vs RCiiX

N
N
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Measured | Wit no transiston, gain — 0and
) ' the classic equation emerges. i
C =400 um? 2600A-thick 20/80 PZT N ebisscadta L L
R =15MQ !
_ I4+gain)RC
p=2 Vout = Vpwr e (1— e84k
Blue dashed = RCg Red solid = (1+gain)RCrg
RCAW1Mm 9V RCAm1mm 9V
I I
RCXAB401 15Mohm 9V RCXAB401 15Mohm 9V
y -F _
_EE
o (1+B) =3
R
ot E
o ) -E
LY e
e A . .
E Vinreshola 10T the transistor causes this gap.
B S e S ot
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 1.0
Time (ms)
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Event Detector

Autonomous Memory Logic Buffer

Explanation on the next page!

Logic Out

Event | i |[ Tl
Sensor |

R, 1 SR

______________________________________________

a

Radiant Technologies, Inc.

Autonomous Memory



Event Detector

Autonomous Memory

Event Sensor powers this node
. high which turns on TI and

Logic Buffe

T2 is ON if there

switches Cry DOWN through TI
. to ground. 5

éDiode blocks negativeé

is voltage across
R e T2 is OFF
if no voltage
across R

sense*

. voltages that can occur
. from some sensors like :
. piezoelectric switches. '

Event
Sensor

R, is necessary because Tl is a ;i ..

Logic Out
o

Logic Out is High
L if T2 is ON and |

FET with no gate-to-source
current path. TI is a FET to
minimize current requirements
from the Event Sensor.

ELOW if 12 s |
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Event Detector

Autonomous Memory

Logic Buffer

After Vpwr LS
activates the
circuit, Crg 1s

always UP. \

Event |
Sensor !

Logic Out

Rout

______________________________________________
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Event Detector

Autonomous Memory L_ng}@_l?_uff_er
| Vowr |
Event Sensor ; P Lo
forces Cpp o
DO W N only lf ; I:eSense E :
event occurs.
G 0{ T2
| Logic Out
Event | E |[ Tl
Sensor |
Ry Rout
®

___________________
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Event Detector

Autonomous Memory Logic Buffer

Does the shelf Rsense T2 turns ()N if
voltage occur?\ / the shelf voltage
 Ge—— EO{TZ occurs. |
= =
| Lo Logic Out
Event | ||: 1 4 |
Sensor |
i Rn i i I%)ut
: [

______________________________________________
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Signal Interpretation

Every time Vpwr 1s applied, the ferroelectric capacitor is left in the UP
direction. Every read is a Reset.

The ferroelectric capacitor can only be set DOWN by an Event.
Every time the circuit i1s powered up, a read takes place:

U If the shelf voltage occurs, the ferroelectric capacitor was DOWN
before Vpwr was applied.

An event occurred since the last read operation.

U If the shelf voltage does not occur, then the ferroelectric capacitor
was UP before Vpwr was applied.

An event did not occur since the last read operation.
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Output Buffer Operation

When Vpwr steps to the power voltage, T2 turns on until| A

Vinreshold ©F VPWr. See the area in the plot with the blue arrows.

[
RC AD103A 1Mohm 3V
.
RC AD103A 1Mohm 3V
3.0 -
25 4
20
§ .
S 15
O
[h'd
10 &
05 &
0.0 :
POt e e Ll
- | L I I I I | | | |
0.9 05 1.0 1.5 20 25 30 35 40 45 50 55 6.0
: Time (ms)
Logic
Out

No Event!

ey

Even

approaches to

the circuit output with another.

The microprocessor powers the
circuit with on I/O pin and reads
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Output Buffer Operation

The switching trajectory causes Logic Out to go HIGH for much longer

than the non-switching trajectory.

RC AD103A 1Mohm 3V

ey

Digital
Output

Digital
Input

uP

Autonomous Memo . Logic Buffer
------------- |m——====
E
O
>
&)
(4
00 & :
L L L
0.§) 0‘.5 1?0 1?5 2‘.0 2‘.5 3‘.0 3?5 §4‘0 4‘.5 5?0 5?5 6.0 E
: Time (ms) : ven
Out pa— ra — - — -'i ........... Programming is  simple:
K Read I output HIGH here and read
.......................... . here.
Here! |
>
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Autonomous Event Detector

Autonomous

1 +R1 @

Domer 1 1| Eu- = 100K R4 . NEA)E-50TES
Onat Amaleg | 2 | -Anakog
OuLogic | 3 [ s 100K ’1
Event E 4 - ;
Ground 5 L_I_ | COut-Logic

HOR301 — ER_%

10.0E

I | L ZQ?}BOI-E_'H;DS-'SGTJ} =
Event Input Line %l{;‘_m = X
/ S . = Output Buffer

Ferroelectric |
Capacitor ) L=
: I‘.’S:'l-'SElIB]\:iJ-i'SDDi}_X

Input Overvoltage :
Pr ion. |
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Demonstration Circuit
1

AN
Ramp Voltage Generator = Vv L=
Event Event —_
B e Lol 3 3 s
Sensor: || Detector Time —
PieZO Lal‘ch —
Or Event Power -1
RF Tndicator Indicator
WRITE DOWN READ:
Bend piezoelectric detector 1. Press ON.
OR 2. The RED LED will always
Place cell phone near antenna with light indicating power.
NFC radio active. 3. The GREEN LED will
light if event did not occur.
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Demo Board - Piezo

This piezoelectric flapper is a
Measurement  Specialties, Inc.
LDT0-28K Piezo Film Sensor.
Bent 90 degrees, it generates
exactly 7nC of charge, precisely
the amount required to saturate
one of Ra d i dypd ABS20/80
PZT or Type AD 3/20/80 PNZT
thin film capacitors.

The Radiant ferroelectric
capacitor is encased in the TO-18
transistor package on the Event
Detector board.
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Demo Board - RF

All new phones have Near Field
Communications capability. It is
probably labeled as Smart Tag or a

O

e NFC app and waving
the phone over the antenna will write
the ferroelectric capacitor!
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Possibilities

U An event detector can monitor the security of a door
when power to a security system fails.

U How many server enclosures are there in the world?

Autonomous Memory
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Existing FRAM Produc_t/f

TI RF430FRL152H Fujitsu MB89R112

RF XCVR RF XCVR

MSP430FRAM Digital Control

8 1/0O Ports 2 Port FRAM

SPI Serial Comm

Only slight modifications are need to implement event detectors.

a
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Possibility
Event Detectors embedded in an RFID Tag report earlier
events when powered by an RF reader:

SOC

Piezoelectric RF XCVR
Bender
Small cheap puP

PV Sensor
pPMEMs Radiation
Shock Detector
Detector

a
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Possibility

A wearable RFID Security Badge that communicates between

its user and the security system:

Piezoelectric
Key Pad

RF XCVR
Small uP

4 EDs

Radiant Technologies, Inc.
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Possibility
A super-fast system-wide fault recorder: subsystems write to

their local ED register if a fault occurs. Processor surveys ED
registers on reset.

Security
Power S‘y‘sﬁm DSP
Supply " e Regiviar il
A mmE e )
:_ _E_D_R_egiiteir_ _:'\ r\——:_ ED _R_egiitczr_ .i
, DSP
Disk System #2
Drive
Processor o
- - _U _‘ _‘ - 1 ED Register 1
, EDRegister Tt TTT-===="

——————————
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Possibility
Radiation spectroscopy: Use ferroelectric capacitors of different thickness

and area to differentiate the energy content of a solar storm affecting a

satellite. EDs record storm intensity while the satellite 1s shut down due to
the storm.

Energy
Energy ‘ 3‘#‘3‘ Energy
= D Regie #
:_'_'E_B_'fs%éiétérfl\ | EDRegister_|
Energy
En; {gy System 45
7] Processor A
P T T 1 . ED Register !
. EDRegister +— T TT====-=
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Fabrication

Autonomous memory and autonomous event detectors can be

constructed using any technology:

U Discrete or Integrated Bipolar
U Discrete FETs
U CMOS
Antegrated FRAM process
ABump bonding of the capacitor to the CMOS die.
UJFETs
U Integrated-scale Mechanical Relays
U Thin-Ferroelectric-Film FETS. (This has been done at Radiant!)

Radiant Technologies, Inc.

Autonomous Memory

d



Closing

s

We at Radiant believe that integrated ferroelectric capacitors

will have their greatest impact following a path completely

different than what has been known 1n the past.
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See:

Nuts & Volts
Magazine

NA SIimple Ferroel

Me mor yo
February 2015 Issue
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