|m|zer

Re Srcle and! Reuse “Throw-Away”
. m Circuit Noise Current with a
Tiny Integrated Circuit

| (D

= (5mm X 5mm X 1.2 mm)
=———
== ‘ i ' PowerOp;"__:_l

IC

@15
L

= 52 838

(AT )’“”‘T”?v 23
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& Recycle and Reuse “Throw-Away”
= :gystem Circuit Noise Current with a
> Tiny Integrated Circuit Embedded in
Derivative USB Products

PowerStic

10/20/2014 CurrentRF Confidential 2



Energy
Harvesting

Digital

CurrentRF
CC-100
and Derivatives

Power
Management
/Integrity

The C-100 and Derivatives bridge the
4 Engineering disciplines above
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DIGITAL
PROCESSING
CIRCUITS

PORTABLE
DEVICE TYPICALLY BYPASSED, "THROWN AWAY” CURRENT
SYSTEM PCB
SYSTEM INTEGRATED CIRCUIT
VOLTAGE YN Y )
REGULATOR PACKAGE
T 4 cq INDUCTANCE
— SYSTEM PCB ON-CHIP
BYPASS CAP | DE_COUPLING -
CAPS
BYPASSED,
“THROWN AWAY"”
NOISE CURRENT e XN
= PACKAGE
. - INDUCTANCE

TRANSIENT RESPONSE

|

10/20/2014
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~ Due to the CC-100 wide bandwidth of operation,

The CC-100 device can harvest at all 3 levels of integration simultaneously,
with total system additive results

10/20/2014 CurrentRF Confidential 5



The PowerStic
(Patent
Pending)

10/20/2014

SYSTEM PCB

PORTABLE

DEVICE

SYSTEM

VOLTAGE
REGULATOR

he CC-100 Power Optimizer(PowerStic-Exodus)

10% REDUCTION IN SYSTEM SUPPLY POWER

INTEGRATED CIRCUIT
YY)y —

DC CURRENT (mA)

TYPICAL CC-100 SUPPLY
CURRENT REDUCTION PROFILE

C4A |C3

ftow-q). == =

BYPASS

SYSTEM |iNpPUT|RETURN
cap | €AP | cap

CurrentRF
CC-100 POWER OP
(PATENT PENDING)

PACKAGE
INDUCTANCE

ON-CHIP L
DE-COUPLING T
CAPS

SLINDYID
ONISSIO0Ud
TvV1I9Ia

XY

PACKAGE
INDUCTANCE

WITHOUT THE CC-100

WITH THE CC-100

System Level Model

TIME (s)

7

6 =,
8l .
a 10% DC CURRENT REDUCTION
5 (10% BATTERY LIFE EXTENSION)
2

1

o |

ey (PowerStic/Exodus

Devices)

CurrentRF Confidential

Digital signal

U




System Level Modél
(PowerStic/Exodus

Devices)
— i -:—:. =
T ——— e i
10/20/2014 % CurrentRF Confidential ~ > ety '2



WaIImlications-Workstations and Servers
ing and Extracting Previously Unreachable Power at the System Level
" I
System Level Model
(PowerStic/Exodus
Devices)

/—_—\

Patent Pending

PowerStic Enhanced Workstation-Server System Model

10/20/2014 CurrentRF Confidential 8



Wall Plugged Applications-Workstations and Servers

ing and Extracting Previously Unreachable Power at the System Level

FRp—

PowerStic Extracted/Inserted --Movie Stimulus
HP Pavilion Workstation measured with a Kill -A-
Watt Wall Plugged AC Meter

Low Activity Data Processing

85 2
75 %c ‘A ,1‘j /‘\ ’
sP{p AW

Expanded View
11 seconds to 55 seconds

Power(W atts)

u (o))
(Oa) Oy}

I~
’———

3

Time(s)
3 517 9 111315171921 2325272931333537394143454749515355
PowerStic Extracted ==@==PowerStic Inserted

S
wn
ad

6% 2,5% EMI Suppression
21%  Average Average due to PowerStic
oo : System Level Model
Savings Savings Savings Negat“’e FeedbaCk )4 )

Workstation idle power consumption

Devices)
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T he PowerStic .

See the Difference.
o

A 2.5 -

PowerStic

Extending battery life.

B PowerStic
Inserted

- Normal

Time (hrs) nserted Extracted
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See the Difference.
B |

EXO DQS

Extending battery lif

i | Exodus

Same circuits as the PowersStic,
smaller form factor
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ExodusyPowerStic Laptop Average

Performance .

(Stimmulus: Szl - USBFport, Gircut actiVi’t‘y--Measured and

File Edit Run Info Help BatteryMon - [39% Chargel

ole|v|5|E| | o|2|e)

.g”e Status [Stopped Capacity 46931 / 98790 mWh

Capsony 23872 /5045 mom |

Cas:

50% e i . -
Batlery details ————————— Capacity drop 1854 m\Wh Disenarge rate 19097 i |
Powersource Bal | i ih i Discharge rate 22378 m\___ P
Battery Status [Normal 0% Tare Fmaiing [0 |

Totel Tine (37227

Tirs o By 1 S50

Hlfols {8 | gy i B s

Time Remaining [11.40:42

Total Time [03.20:47 80% i i
Timeon Battery [00:31:55 | b bbb R R

Nurm samples @1

un time (HAM:S) 000431 b .
Funtime (04) Powerstic/Exodus Inserted
" Discharge Rate [3.500 T i e R

B Comporisenfete |None = | bbb
Stant | ______
0%

Stop

File Edit Run Info Help

—meleuwlE|slz@

Hom sarpies 1741
Fountire (=W 3 15501

V Dicheomtiae B2

¥ Comperisonflaie [Hens =]

PowerStic

inserted
T o
5=39%=51

21:47 5
21:462)
214851
21:49°2]

Fle Edt Fun info Rep

BT ]

o o i i s :
- “ﬂ‘ Stalus Sinpped Capacily 46898 / 98790 m\Wh W ceb Capacty 20301 /50622 mih
- L... e - ” 4 - Balteny deziz ‘Capacty arop 33655 MW
& Betery/details 0 “Capacity drop 1887 mwWh Powe sauies [ 51 = i
— Power source Bot Discharge rate 22300 mW Batloy Stats el Discharge rate 16238 mi
- - B % Liter it [2¢

- - Battery Status :.I;lmnl B e S i Tune Remariva [0as 95

- % Life left Toa Tine (208
- £ Twe en Batiery [0 5302
- Time Remaining 015716 709 TRt T TYTTTTTTRYTTTTTT
Nuserps [IEBT

Runtine KM 8] [0151.05

Total Time 040418

00.07.06 s s o § Disshoge e (307

¥ Conparicon Fxe. [Hone =

Time on Battery

Murn samples 91

Run time (HM-S) 000431

L} Discharge Rate 407 ioaa - ...... S O,
¥ comparisonRat [Nene <] Powerstic/Exodus Extractéed

rStic E
-34%=

i
“20%
Stop

Em|

=

PowerStic Inserted/Extracted

Movie on Battery Performance

4 GByte flash drive to desktop data transfer (Dell Computer) 56%-51%/56%=~9%
~10% Power Decrease-PowerStic Extracted vs Inserted 9% improvement in battery life
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—— POMUS Demonstration Board Performance
he PowerStic and Exodus Devices

- . — -

gdwerStic/ Exodus PowerStic/Ex us Supply Current ‘ Percentage Dynamic

[
erted (DC mA Extracted (DC mA Reduction (DC mA) Current Reduction
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— .

PowerStic Tests™ =

KT
41 i
o R eerern (i
’ g v ....7,_ - o sva®
L e
_-a (~‘B‘
A B SR

P B N R T, Tesmsss ) YR T REREETESY B »

PowerStic Extracted LSFR DC Overhead PowerStic Inserted

210.5mA-37.6mA=172.9mA

200.4mA-37.6mA=162.8mA
10.1mA
(10.1mA/172.9mA)X100=5.8%
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ExodussPowerStic-CC 100 Demo Board
R/ Pseudo-Random Number GERElatoss
Sehematic) -

J_IIIIII: J_IIIIII: J_IIIIII: J_IIIIII:

Pwndo-'andwn oo Pwndo-'mdoen modvs Pwndo-'andwn oo Pwndo-'mdoen modvs
Geomcair Geomcair Gaomcator Geomcair

L

s | 7 | e | s 4

Nine groups of 4 shift registers configured as LSFR, Psuedo Random Number Generators
10/20/2014 CurrentRF Confidential 15




I i —

Exodus-Pow erStic-CCTIW

e

-g F N -~

e -—

-' -Noi Generators, as shown in Slide 15, that utilize a

4HCT164 IC shift register, a single 74AHC 1G86 Exor gate,

igle 74LV07 inverter. The 9 individual LSFR blocks are

/dlsabled by individual clock input jumpers as circled in

= ;-; lide 17 The 20 MHz clock is generated by a CB3LV Crystal,

. ;_:z_a wered by it’s own regulator (LM317) on a separated clock
ower plane (see Slide 17). The LSFRs are supplied by an

, .?:, flsolated main power plane via a LM317 regulator(can be

- bypassed if an external regulator is desired) and supply current

measurements made across a 1 Ohm resistor on the supply side

= ~ of the main regulator(see the circled area in Slide 17).

n
)\ Y
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ExodussPowerStic-CC 100 Demo Board
(Regulators/Clock Enables for LSERS)

——

k==Y T
Mea_qyremént

1

13w omoy

(U
1"z
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2 CC-100 Power Optimizer(PowerOp IC)

d Extracting Previously Unreachable Power at the

PORTABLE

DEVICE 10% REDUCTION IN SYSTEM SUPPLY POWER
. SYSTEM PCB :
| Digital signal
SYSTEM INTEGRATED CIRCUIT
VOLTAGE Yooy — —
REGULATOR PACKAGE frr—
INDUCTANCE
i ; ]ca |c3 3
: -~ -~ n
SYPSEEM RETURN 2 Q g
CAP ON-CHIP | m =
Erpancas DE-COUPLING T S &3
CurrentRF CAPs v %
CC-100 POWER OP
(PATENT PENDING)

L

YY)
= PACKAGE
- INDUCTANCE

TYPICAL CC-100 SUPPLY
CURRENT REDUCTION PROFILE

7
= .| 3\ —
£
> 4 10% D¢ CURRENT REDUCTION WITHOUT THE CC-100
§ 3 (1 0% BATTERY LIFE EXTENSION) WITH THE CC-100
2
S ? PCB Level Model
S

1 2 3 45 67 8 9 10 (CC-100
TE (s) PowerOp IC)

10/20/2014 CurrentRF Confidential



PORTABLE

sv?rmclfcs 10% REDUCTION IN SYSTEM SUPPLY POWER
) Digital signal
SYSTEM INTEGRATED CIRCUIT
VOLTAGE LYY
REGULATOR PACKAGE — |
INDUCTANCE leca |es .
C —~ Q o c
ON-CHIP RETURN |5 8 =
=g CAPS CAP Q E &
b bR Lt S S@3
| Lo 2ZE Az
IS PowerOp s« =1 CurrentRF =
. IP % Mt CC-100 POWER OP
— (PATENT PENDING)
b vy T
-E_ PACKAGE
= INDUCTANCE

TYPICAL CC-100 SUPPLY
CURRENT REDUCTION PROFILE

T
€ T 6 —-
- ."-t - 5 ¥
CIrcuits A 10% DC CURRENT REDUCTION | 2 — =~ "
-sc:'ale tO_IP g 3| (10% BATTERY LIFE EXTENSION) | | WITHOUT THE cC
Dimensions B
= ' -
appropriate -3 - = ‘
for IC O e e IP Level Model

Integration e (PowerOp IP)
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monstration Board Performance
The CC-100

."-é
——

i_’

F‘l’h—e CC-100 PowerOp IC The CC-100 PowerOp IC Supply Current Percentage Dynamic

Current Reduction

As Expected, the CC-100 PowerOp IC and IP Data is almost Identical to the Exodus/PowerStic Data
10/20/2014 CurrentRF Confidential 20




CC=100'PowerOp IC and
IP.-Tests =

CC-100 Extracted LSFR DC Overhead CC-100 Inserted

210.5mA-37.6mA=172.9mA

200.6mA-37.6mA=163.0mA
9.9mA

(9.9mA/172.9mA)X100=5.7%

10/20/2014 CurrentRF Confidential 21



ro‘E&sor Power Savings
1e CC-100 PowerOp IC™
naslP

Processor
Normal Power
Processor With CC-100

Power

_ CC-100 Percentage Reduction
_—
STMBL Dynamic runwithFlash | 16| 154 40 19 15|
sl__—”_ﬂ
[STMSLDynamicrunwithFlash | 42| 433 [ qee] 1

Recycllng

_|STMBLDynamic runwithFlash | 32} 154 4| 218 17§
AtmelAT320C3A | 12} 154l 40 70| 710
AtmelAT32UC0512C  |Unknown | 154 4] s a7
TIMSP430F2619  |Unknown | 154 40 515[ 475
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ExodussPowerStic-CC 100 Demo Board
R/ Pseudo-Random Number GERElatoss
Sehematic) -

J_IIIIII: J_IIIIII: J_IIIIII: J_IIIIII:

Pwndo-'andwn oo Pwndo-'mdoen modvs Pwndo-'andwn oo Pwndo-'mdoen modvs
Geomcair Geomcair Gaomcator Geomcair

L

s | 7 | e | s 4

Nine groups of 4 shift registers configured as LSFR, Psuedo Random Number Generators
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I i —

Exodus-Pow erStic-CCTIW

e

-g F N -~

e -—

-' -Noi Generators, as shown in Slide 23, that utilize a

4HCT164 IC shift register, a single 74AHC 1G86 Exor gate,

igle 74LV07 inverter. The 9 individual LSFR blocks are

/dlsabled by individual clock input jumpers as circled in

= ;-; lide 25 The 20 MHz clock is generated by a CB3LV Crystal,

. ;_:z_a wered by it’s own regulator (LM317) on a separated clock
ower plane (see Slide 23). The LSFRs are supplied by an

, .?:, flsolated main power plane via a LM317 regulator(can be

- bypassed if an external regulator is desired) and supply current

measurements made across a 1 Ohm resistor on the supply side

. - of the main regulator(see the circled area in Slide 23).

n
)\ Y
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ExodussPowerStic-CC 100 Demo Board
(Regulators/Clock Enables for LSERS)

——

k==Y T
Mea_qyremént

1

13w omoy

(U
1"z
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R CC=100"PowerOp IC and IP

ﬂ!‘(mnimum Sensitivity)™

AN o — —— . v
¥ LTI (R 0409
- = ‘- . ‘.' L:q-v — yogr
‘ L I - A ' Ii[_ 4 :", e e e
v-...-u.. ,o“ - . - ] ' 1 -~ “aL® ® _ s*"x_©®
- - 4 > i - 5 .
o G e ™
o & E :
S e UL & 2
v Y

CC-100 Extracted S PLL DC Overhead CC-100 Inserted

41.1mA-17.6mA=23.5mA
40.9mA-17.6mA=23.3mA

2mA
(.2mA/23.5mA)X100=.85%
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ExodussPowerStic-CC 100 Demo Board
(Minimum Sensitivity Test)

K= T
Mea_syremént

5 Parallel PLLs - ’

Stimulus CC-100 Engaged(mA) CC-100 Disengaged(mA:)m
Mixed Signal PLL X 5 23 . 0.2 1
Single PLL 4.6 . 0.04 1
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Independent/Device Level
r Tests/Characterization

A=
e —

—
- ———
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-----
Vv evanbd

- B
3T

00 Spectral Power Tests

=
-
-
— ~
e
-~

-
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CC-100/PowerOp Spectral Power Response

Test/Measurement System
SOMMIIVO000-Agilent AT-N1996A Test/Measureent Setup) e

ey sd2ra@m

SSSSSS

aaaaaaaaa

'
'
'
'
B oo Stmis Rosponse - Retun Loss 051451 08002013 Revio - -
Pl e 100 1z g Diceentel (44) rercam
B om)
| A Start freq
~. ATV v 1 e

wowe  Grweows  ame
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c 2FOL JE e 0 aF ReSPC <
e » |
e = - = o)pé e 0 - @ -
Q) . . . A (] o A ale o A = al- ~ ~ '~
Raw Data from Spectrum Analyzer(dBm) Corrected Data Through Bias Tee(dBm) Disengaged
(CC-100 Disengaged) (CC-100 Disengaged) Average(dBm)
-41]  -41.25 415  -40.75]  -41.25 21| 2125 215  -2075|  -21.25 -21.15
-40.25 41| -41.25 -41 -41 -20.5 21| 2125 21 21 -20.95
-41 TS G 40.75 -40 -21 -215 -21.5]  -20.75 -20 -20.95
-40.75 -41.5 -41.5 -41 0 p -20.75 -215 -21.5 21 -20 -20.95
Ngo.75 41| -41.25 -41 4] L a0db -20.75 21 -21.25 21 21 21
e -4125]  -40.5]  -40.75]  -41.25 21| 2125|205 -2075] 2125 -20.95
41 NgL5 -415|  -40.75 -40 21 -215 -215|  -20.75 -20 -20.95
-40.5] 40 -41.25 -41 -1 -20.5| -20.75] -21.25 21 -21 -209
N -41.5 -41 \Q.S -40.75 -40 -21.5 -21 -21.5 -20.75 -20 -20.95
-40.75 41 LN, 4L -41 -20.75 21 2125 21 21 21
= Raw Data from Spectrum Anahger(dBm) Corrected Data Through Bias Tee(dBm) Engaged
- (CC-100 Engaged) (CC-100 Engaged) Average(dBm)
—

; 43| -43.25 435  -42.75|  -43.25 23| -23.25 -235|  -22.75| -23.25 -23.15
e -42.5 43| -43.25 -43 -43 -22.5 23] -23.35 -23 -23 -22.95
e -43|  -43.25|  -42.75| -43.25 -43 ™ 23] 2325 -22.75| -23.25 -23 -23.05

-43.25 -42.5 -43|  -43.25|  -43.75 -23.25 -22.5 23| -23.25| -23.75 -23.15
-42.75 -43|  -43.25 -43 -43 20db -22.75 23] -23.35 -23 -23 -23
43| -43.25 425  -42.75|  -43.25 23| -23.25 -225|  -22.75| -23.25 -22.95
-42.5|  -42.75| -43.25 -43 -43 -225| -22.75] -23.25 -23 -23 -22.9
-43 -43.5 435 -42.75 -42 23 -23.5 235  -22.75 -22 -22.95
43| -43.25 -43.5|  -42.75 -43 23| -23.25 -235|  -22.75 -23 -23.1
425  -42.75]  -43.25 -43 -43 225  -2275]  -23.25 -23 -23 -22.9
Minus Bias Tee Attenuation
Vims
pP= dBm *1mW —— = Irms
10 500hms
Vrms
*) —
Vims=~/500hms*P 07 2=Vpp
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CCz100 PowerOp Spectral Power
Characterization Results

([EVO000/ATENTLO996A, Test/MeasuremeRtSYSLEn)
Moderate Power

CC-100 Broadband Power Profile
(400Mhz to 1Ghz)

-21dBm (56mVpp) womi & | sow :?

in  out in ow
CC-100 CC-100

L L 4 <
Without  With

e \N ithout the CC-100
= \\/ith the CC-100

-23dBm (43mVpp)

20% AC Power Reduction

1 2 3 4 5 6 7 8 9 10

Time (s)
(50 Ohm resistor inserted for test purposes only)
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CC-100PowerOp Power Characterization

Results

(BVO000/ATENIOS6AJesty MEasurermient: Syster’ﬁ)
High-Power

o S—
T

CC-100 Broadband Power Profile
(400Mhz to 1Ghz)

+3dBm (900mVpp) ,,% ;

n out

+.837dBm (700mVpp) ccron
Without With

20% AC Power Reduction = \\/ithout the CC-100
s \\/ith the CC-100

AC Current (mA RMS)
O kB N W B 0 O N

1 2 3 4 5 6 7 8 9 10

Time (s)
(50 Ohm resistor inserted for test purposes only)
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CC-100PowerOp Power Characterization

Results -
(BV9000/ATENLOS6A Tiest/MeasurementiSysien) -
Low-Power

CC-100 Broadband Power Profile
(400Mhz to 1Ghz)
230dBm (20mVpp) wom £ | wom |

£

¥

? .
t

e e e ————— - Fe—
-31dBm (17mVpp) o100 ce10

Ll T L T
Without With

: === \\ithout the CC-100
15% AC Power Reduction

s \Nith the CC-100

1 2 3 4 5 6 7 8 9 10

Time (s)
(50 Ohm resistor inserted for test purposes only)
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..

662100 PowerOp Device vs Application,..
Characterization Results

CC-100 Device vs Application
Efficiency

% 15 e CC-100 Device
:E Current Reduction
g 10 s Efficiency
& 5 / = Typical Application
0 Current Reduction
0083 .14 4 6.3 12 Efficiency

Standard System Capacitor AC Current (mARMS)
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3
-‘}
5

._;,.., nput Impedance/Bandwidth
'€ sts/ Characterization
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) Device Input Impedance/ Specjral
Response |

05:12:25 02 Oct 2013 Rev 2.0

- Return Loss 05:13:14 02 Oct 2013 Rev 2.0 4F Agilent
Freq/cCalib Start Freq 100 MHz Avg: Exponential (4/4) Freq/Calib

— 3 Start Freq

7 100 MHz
o .
1.6 GHz 1.6 GHz
B N -+ Calibrate

Center 850 MHz

P

100 MHz Avg: Exponential (4/4)

Calibrated (100 MHz *,5,GHz)

Center 850 MHz

Best Worst Best Worst
Frequency 370.588 MHz 594.118 MHz Frequency 170.588 MHz 952.941 MHz
Return Loss -63.9 dB -45.7 dB Return Loss -56.3 dB -36.6 dB
SWR 1.00 1.01 SWR 1.00 1.03

Screen Image capture in Progress ***kseessssook s xansts

EMI Suppression  —
50 Ohms due to CC_100
Negative Feedback

(spectral smoothing
Network effects of the CC-100 Network
Analyzer Engaged plot) Analyzer

Figure 16a: CC-100 Disengaged Figure 16b: CC-100 Engaged

10/20/2014 CurrentRF Confidential 37



CC-100 Disengaged
(Max Noise at JVO000
Supply Port)

JV9000/AT-N1996A
Gt ol - | Test/Measurement

(Max Noise at JV9000

Supply Port) e - ¥ AN WA System

CC-100 Disengaged

: — (spectral smoothing
(vinx Nons ema 00 i [ effects of the CC-100
one at JV¢ Supply Po e | Engaged plOtS)
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Co sions/ T Nays
rSt|c E;;cm&loo recovers and saves up to

Circuit Dvnamic Power in Application configurations.
Ne Svsten , and

éf“ mtegratlon with little interaction between

: levels.

,_--== possesses an Ultra-Low input impedance as

4 _;-,‘;'s- ad by device S11 plots.

The CC-100 possesses a 300Mhz to 1.6Ghz effective bandwidth.

-

4

* -
)

;- to the negative feedback action of the CC-100, the device

| ~,a|ds In power integrity/transient and EMI suppression in system

——-power grids.
e “Real World” circuit noise sources are typically intermittent and
variable, thus test runs “with” and “without” the CC-100 and
derivatives using these intermittent sources must be averaged
to produce reliable test measurement results

o —
———
ss-’»,‘:
,;‘
=
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Current RF

o — 543 Livingston Ct.
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—— (209)-914-2305
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http://www.CurrentRF.com
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