
AGENCY AGREEMENT

December 8, 1998

Federal Communications Commission
Post Office Box 429
Colombia, MD 21045

Gentlemen:

I hereby appoint United States Technologies to act as our agent in the preparation of a application for
equipment authorization of Model 4100 under Part 15 of the FCC Rules and Regulations.  I certify that
Exhibits 1 and 4 properly describe the device of system for which authorization is sought, that the
information described in the User’s Manual will be provided with each item manufactured or distributed by
the applicant, and that the labels described by Exhibit 2 will be affixed to each item manufactured or
distributed by the applicant.  I further certify that appropriate arrangements have been made to insure that
production units of this equipment bearing the name and FCC IDENTIFIER listed in this application will
continue to comply with the Commission’s requirements.

I further certify by signature below that no party [per 47 CFR 1.2002(b)] to the application is subject to
denial of Federal benefits, including FCC benefits, pursuant to Section 5301 of the Anti-Drug Abuse Act of
1988 21 U.S.C. 853(a).

This appointment also includes the authorization to complete FCC Form 731 on our behalf and sign the
application as an authorized agent.

Name:       James W. Pearce               Signature:      /s/                             .

Title:   Lead Engineer, Wireless Product Development  Date:  December 8, 1998

Computational
Systems

Incorporated
835 Innovation Drive
Knoxville, TN 37932
Phone 423-675-2110

Fax 423-675-3100



December 8, 1998

Federal Communications Commission
Equipment Authorizations Branch
7435 Oakland Mills Road
Colombia, MD 21046

Gentlemen:

In regard to the submission of the Computational Systems Inc., FCC Part 15 Certification Application for
the Model 4100 RF Smart Sensor under FCC ID: NL54100, I respectfully request under the provision of
section 0.457 of the Code that all Schematics and Block Diagrams related to this application be provided
confidential status as Trade Secrets.

Thank you for your assistance in this matter

Sincerely,

/s/

James W. Pearce, P.E.
Lead Engineer, Wireless Product Development

Computational
Systems

Incorporated
835 Innovation Drive
Knoxville, TN 37932
Phone 423-675-2110

Fax 423-675-3100



Computational Systems, Inc.

Antenna Description for Model 4100 RF Smart Sensor

Manufacturer: Cushcraft Corporation
48 Perimeter Road
P.O. Box 4680
Manchester, NH 03108

Type: Offset Patch

Model Number: Custom Made

Gain: 0 dBd

Connector: Hirose H.FL-R



Determination of Processing Gain for CSI Model 4100
November 17, 1998

The CSI Model 4100 incorporates a radio section that is identical to that used in the CSI Models 4200 and
4210.  The only difference in the radio circuitry between the Model 4100 and the Model 4200 / 4210 is
that the physical printed circuit board dimensions and characteristics were changed to accommodate the
product application.  The CSI model 4200 and 4210 have been granted an Equipment Authorization
Certification with FCC Identifier of NL54200.

Since the Spread Spectrum Transceiver circuits of  the products are identical, the processing gain of the
Model 4100 will be identical with that of the Model 4200 / 4210. The report on the measurement of
processing gain for the Model 4200 / 4210 is included in this application as being completely applicable to
the Model 4100.



Determination of Processing Gain for CSI Models 4200 and 4210
July 27, 1998

Measurements were made to show the compliance of CSI Models 4200 and 4210 with 47 CFR 15.247(e)
which requires a direct sequence spread spectrum transmitter to have a processing gain of at least 10dB.

The model 4200/4210 uses a baseband processor integrated circuit manufactured by Harris Semiconductor
Corp., model HFA3824A. In the 4200/4210 the baseband processor is programmed to use a spreading
code (PN code) with a length of  15 chips.  The code used is a modified Barker code, 1F35.  A
spectrogram of the transmitter output signal using this PN code is shown in Figure 1.  Note: The CSI
Models 4200 and 4210 are identical except that the Model 4200 is line powered and the 4210 is battery
powered.

Figure 1 - Spectrum with Spreading Enabled



The processing gain was measured by comparing two bit-error rate (BER) versus signal strength curves;
one with signal spreading enabled and the other with spreading disabled.  The HFA3824A allows non-
spread spectrum communication by setting the register that contains the spreading code to an all-ones
value (7FFF for a 15-chip code)..  A spectrogram of the transmitter output signal using this PN code is
shown in Figure 2.

Figure 2 - Spectrum with Spreading Disabled



The experimental setup used to measure the processing gain is shown in Figure 3.
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Figure 3 - Experimental Setup

The procedure used to determine the processing gain was as follows:

1. Set the transmitter and receiver to use the normal (1F35) PN code.
2. Set the variable attenuator to 0dB and measure the power delivered to the receiver. This is the

reference power level.
3. Set the variable attenuator to the highest attenuation that still allows measurement of BER.
4. Record the BER and attenuator setting for this power level and successively lower attenuation

levels until the BER becomes too low to be measured in a reasonable length of time.
5. Set the PN code to 7FFF.
6. Repeat steps 2 through 4 for this code.



The results of this are plotted in Figure 3.  It is seen that at lower BER values the two curves have
approximately the same slope but are separated by more than 10 dB of signal strength.

In order to arrive at a more precise determination of the processing gain a least squares fit of the data
represented by the 5 lowest BER points was determined.  Using the linear equation thus derived, the
signal power necessary for the reference BER (1 x 10-6) was determined.  The results of this yield the
following:

Power for reference BER with spreading = -95.394 dBm
Power for reference BER w/o  spreading = -83.587 dBm

The processing gain is the difference in these two power levels:

Processing Gain = 11.807 dB

The theoretical processing gain for a 15 chip direct sequence spread spectrum system is given by:

Processing Gain = 10 x Log(15) = 11.761 dB

The agreement between the theoretical and measured processing gain is excellent and clearly shows that
the Model 4200 complies with 47 CFR 15.247(e).
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CSI RF Smart Sensor Model 4100 Labels

Overall View of Smart Sensor
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2.5 KHz 3-pole Bessel High Pass Filter
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PO3/AD3
PO4/AD4
PO5/AD5
PO6/AD6
PO7/AD7

WDTOUT
NMI

EA
AM8/16

P10/AD8/A8
P11/AD9/A9

P12/AD10/A10
P13/AD11/A11
P14/AD12/A12
P15/AD13/A13
P16/AD14/A14
P17/AD15/A15

P20/A0/A16
P21/A1/A17
P22/A2/A18
P23/A3/A19
P24/A4/A20
P25/A5/A21
P26/A6/A22
P27/A7/A23

P30/RD
P31/WR

P32/HWR
P33/WAIT

P34/BUSRQ
P35/BUSAK

P36/RW
P37/RAS

P40/CS0/CAS0
P41/CS1/CAS1
P42/CS2/CAS2

P50/AN0
P51/AN1
P52/AN2
P53/AN3
P54/AN4
P55/AN5
P56/AN6
P57/AN7

P60/PG00
P61/PG01
P62/PG02
P63/PG03
P64/PG04
P65/PG05
P66/PG06
P67/PG07

P70/TI0
P71/TO1
P72/TO2
P73/TO3

P80/INT4/TI4
P81/INT5/TI5
P82/TO4
P83/TO5
P84/INT6/TI6
P85/INT7/TI7
P86/TO6
P87/INT0

P90/TXD0
P91/RXD0
P92/CTS0/SCLK0
P93/TXD1
P94/RXD1
P95/SCLK1

PA0
PA1
PA2
PA3
PA4
PA5
PA6
PA7/SCOUT

U20

AT29BV020-25T

12

11
10

8

7

6

5

27
26

23

1

4

28
29

22

24

31

13
14
15

17
18
19
2021

32

16

3
2

25

30

A12

A15
A16

V
C

C

WE

A17

A14

I/O5
I/O4

I/O2

A11

A13

I/O6
I/O7

I/O1

G
N

D

A10

A7
A6
A5

A3
A2
A1
A0I/O0

OE

A4

A8
A9

I/O3

CE

R42

44.2K

J2

1
2
3
4
5
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SS_CLK

SS_MD_RDY

SS_DAT

SS_POWER

SS_T/R

SS_T/R

PIC_DT

PIC_DT

PIC_CK

PIC_RB7

PIC_CK

SS_POWER

PIC_RB7

SS_T/R

ADCCLK

DB0

DB1

DB2

DB3

DB4

DB5

DB6

DB7

DB0
DB1
DB2
DB3
DB4
DB5
DB6
DB7

RD*
WR*
PICCS*

PIC_RESET

SS_R/W
SS_AS
SS_CS
SS_RX_PE

SS_TX_PE
SS_MD_RDY

SS_RXCLK

SS_TXCLK

SS_RXD

SS_TXD

PLL_LE
SS_SCLK
SS_SD

PIC_INTR
PIC_DATR
RXCLK_GATE_PR
RXCLK_GATE_CL

SS_POWER

CLK

SS_RESET

ADC_DAT

ADC_W/R

SS_R/T

SS_T/R

ADCFS*
SS_CSENS

ADCSCLK

CTRL+3.3V

CTRL+3.3V

RF+3.3V

RF+3.3V

RF+3.3V

CTRL+3.3V
CTRL+3.3V

RF+3.3V

CTRL+3.3V

R41
10K
SM/R_0603

R39
10K

TP1

BLKCON.100/VH/TM1SQ/W.100/1

TP5

BLKCON.100/VH/TM1SQ/W.100/1

U26

PIC16LC65A-04PT
QUAD.80M/44/WG13.45

7
28

6
29

18

30

31

38
39
40
41
2
3
4
5

25
26
27

19
20
21
22
23
24

8
9
10
11
14
15
16
17

32
35
36
37
42
43
44
1

Vdd1
Vdd2

Vss1
Vss2

MCLR/Vpp

OSC1/CLKIN

OSC2/CLKOUT

RD0/PSP0
RD1/PSP1
RD2/PSP2
RD3/PSP3
RD4/PSP4
RD5/PSP5
RD6/PSP6
RD7/PSP7

RE0/RD
RE1/WR
RE2/CS

RA0
RA1
RA2
RA3

RA4/T0CKI
RA5/SS

RB0/INT
RB1
RB2
RB3
RB4
RB5
RB6
RB7

RC0/T1OSO/T1CKI
RC1/T1OSI/CCP2

RC2/CCP1
RC3/SCK/SCL
RC4/SDI/SDA

RC5/SDO
RC6/TX/CK
RC7/RX/DT

GND

VCC

U32

TC7W241FU

1
2
3
4 5

6
7
8

U31

MAX4053ACEE

SOG.025/16/MG.244L.200

12
13

2
1

5
3

6
11
10
9

14

15

4

16
87

X0
X1

Y0
Y1

Z0
Z1

INH
A
B
C

X

Y

Z

V
D

D
V

S
S

V
E

E

R38
10K

U27

TC7SH04F

2

5

4

3

TP3TP2

GND

VCC

U28

TC7W241FU

1
2
3
4 5

6
7
8

U30
TC7SH04F

2

5

4

3

U29
NC7S08 1

2

3

4

5

R40

10K
SM/R_0603

TP4

BLKCON.100/VH/TM1SQ/W.100/1

R136

1M
SM/R_0603

R137

1M
SM/R_0603

R138

1M
SM/R_0603

R139

1M
SM/R_0603

R135

1M
SM/R_0603

R134

1M
SM/R_0603

R133

1M
SM/R_0603

R140

1M
SM/R_0603

R144

1M
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2_RF

SS_R/T

10MHZ
TXI

RCV_I
RCV_Q

RF+3.3V

GND POWER

PLL_LE

SS_SD

SS_SCLK

PLL+3.0V

-3VBIAS

+6VTUNE

SS_T/R

IF+3.0V

RSSI
PLLCV

DRV+3.0V

SS_SD
SS_SCLK

RCV_Q
SS_TX_RDY

RSSI

TXI

10MHZ

SS_SCLK

SS_SD

RCV_I

SS_RXD

SS_MD_RDY

SS_TXD

SS_SCLK
SS_SD

SS_R/W
SS_CS

SS_AS

SS_TX_PE

SS_RX_PE

SS_RXCLK

RXCLK_GATE_CL

SS_RESET

RXCLK_GATE_PR

SS_TXCLK

SS_R/T

PLL_LE

SS_T/R

SS_CSENS

RSSI

PLLCV

OSC+3.0VOSC+3.0V

RF+3.3V

OSC+3.0V

RF+3.3V

RF+3.3V

RF+3.3V

RF+3.3V

RF+3.3V

BBP+3.0V

BBP+3.0V

-3VBIAS

+6VTUNE

RF+3.3V
IF+3.0V
PLL+3.0V
DRV+3.0V

C45

0.1uF

SM/C_0603

C46
0.1uF

SM/C_0603

R44
18.2K
SM/R_0603

R45

8.25K
SM/R_0603

R46
9.09K
SM/R_0603

C47
0.1uF

SM/C_0603

R47
20K

SM/R_0603

R48
20K

SM/R_0603

U35

TC7W74FU
SOG.65M/8/WG4.00/L3.17

1
2

3
5

6
78

4

CK
D

Q
Q

CLR

PREVCC

GND

U40
TC7SH04F

2
5

4
3

U37
TC7W74FU
SOG.65M/8/WG4.00/L3.17

1
2

3
5

6
7 8

4

CK
D

Q
Q

CLR

PRE VCC

GND

U36

NC7S08 SOT23-5

1

2

3

4

5

U38

TC7W74FU
SOG.65M/8/WG4.00/L3.17

1
2

3
5

6
78

4

CK
D

Q
Q

CLR

PREVCC

GND

C43
0.1uF

C44
0.1uF

R43

10
SM/R_0603

C48
0.1uF

SM/C_0603

TP8

TP9

TP10

TP11

TP12

C53
22.pF
AVX

C51
0.1uF
SM/C_0603

C50
0.1uF
SM/C_0603

C49
4.7pF
AVX

L1
FER

C52
0.1uF
SM/C_0603

U34

NC7S08 SOT23-5

1

2

3

4

5

U39

ES6315C3-20.000M

TCXO-SM

1
3
5
6

4

2

VCC
GND
GND
GND

FO

CV

S
ER

IA
L

C
O

N
T

R
OL

P
OR

T
X

M
IT

P
OR

T
R

C
V

P
O

RT

U33

HFA3824VI
QUAD.50M/48/WG9.00

9
8

23
24
25

2
5
4
3

33
34
36
35

28
30

32

37
38
39
40
43
44
45
46

1

6
22
31
41

42
29
21
7

11
15
19

10
18
20

12

13

48

47

26

14

27

16

17

CS
R/W
AS
SCLK
SD

TX_PE
TX_RDY
TXCLK
TXD

RX_PE
MD_RDY
RXCLK
RXD

RESET
MCLK

CCA

TEST0
TEST1
TEST2
TEST3
TEST4
TEST5
TEST6
TEST7

TEST_CK

GND1(Digital)
GND2(Digital)
GND3(Digital)
GND4(Digital)

VDD4(Digital)
VDD3(Digital)
VDD2(Digital)
VDD1(Digital)

GND1(Analog)
GND2(Analog)
GND3(Analog)

VDD1(Analog)
VDD2(Analog)
VDD3(Analog)

I_IN

Q_IN

I_OUT

Q_OUT

A/D_CAL

RSSI

ANTSEL

V_REF_P

V_REF_N

TP21
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5VENA*

ANAENA

VBAT

VA_RAW

ANAENA

+6V

SS_POWER

GNDGND POWER

5VENA*

ANAENA

VBAT

RESET*

SS_R/T

SS_POWER

SS_T/R

+5V

+VA
VB

VB

CTRL+3.3V

VA_RAW

-VA

VB

VB

+6V
+6VTUNE

-3VBIAS

CTRL+3.3V

RF+3.3V
PLL+3.0V

RF+3.3V
OSC+3.0V

BBP+3.0V
RF+3.3V

DRV+3.0V
RF+3.3V

RF+3.3V

IF+3.0V

RF+3.3V

RF+3.3V

JP5

BATTERY
S2B-ZR-SM3A-TF

1
2

L8

CTX32CT-680
SM/L_1210

Q4
Si6433DQ

SOG.65M/8/WG8.20/L3.17

4

2

8

1
53

6
7

U51

ML4890CS-5
SOG.050/8/MG.244L.200

1

3

2

4

5

6

7

8

VIN

GND

VREF

VOUT

VBOOST

VL

SHDN

PWRGND

C82
1uF

SM/CT_1206_12

R54
1M

SM/R_0603

R53
1M

SM/R_0603

+ C57
10uF
6.3V

SM/CT_1206_12

R49 1

SM/R_0603

R50
1

SM/R_0603

R58
1

SM/R_0603

L2
FER
SM/R_0603

U41

LP2980AIM5-3.0

1

2
3

5VIN

GND
ON/OFF 

VOUT

+
C55
10uF
6.3V

U42

LTC660CS8
SOG.050/8/WG.244/L.200

1
2
3
4 5

6
7
8BOOST

CAP+
GND
CAP- OUT

LV
OSC

V+

C58
0.1uF

+C61
10uF
6.3V

+
C59
10uF
6.3V

R52
1

SM/R_0603

+ C62

10uF
6.3V
SM/CT_1206_12

TP14U46

LP2980AIM5-3.0

1

2
3

5VIN

GND
ON/OFF 

VOUT
R56

100

C77

220pF

C76

0.1uF

R55

100

+
C74
1uF
6.3V

D3

BAV99

1 2

3

+
C73
1uF
6.3V

+
C75
10uF
6.3V

U48

LTC660CS8
SOG.050/8/WG.244/L.200

1
2
3
4 5

6
7
8BOOST

CAP+
GND
CAP- OUT

LV
OSC

V+

+
C83
10uF
6.3V +

C86
10uF
6.3V

+
C84
10uF
6.3V

U52

TC54VN2702ECB
SM/SOT23_123

3

2

1VDD
VSS

OUT

+
C85
10uF
6.3V

C65
0.1uF

D7

BAV99

12

3

C195
0.1uF

+
C72
1uF
6.3V

TP13

R132

4.75K
C196

.01uF

R51 1

SM/R_0603

TP16

L5
FER

+
C60

68uF
6.3V
SM/CT_2917_12

U47

LP2980AIM5-3.0

1

2
3

5VIN

GND
ON/OFF 

VOUT

L6
FER

C70
0.1uF

U49

LP2980AIM5-3.0

1

2
3

5VIN

GND
ON/OFF 

VOUT

TP15

+C79
1uF
6.3V

+C71
1uF
6.3V

+
C56
10uF
6.3V

L4
FER

+
C68
1uF
6.3V

+C198
1uF
6.3V

TP20
U73

LP2980AIM5-3.0

1

2
3

5VIN

GND
ON/OFF 

VOUT

+C200
10uF
6.3V

L33
FER

TP32
U74

LP2980AIM5-3.0

1

2
3

5VIN

GND
ON/OFF 

VOUT

C197
0.1uF

L32
FER

C80
0.1uF

+C54
68uF
6.3V

SM/CT_2917_12

+
C69
1uF
6.3V

U45

TC7SH04F

2

5

4

3

+
C81
1uF
6.3V

SM/CT_1206_12

L7
FER

U50

LP2980AIM5-3.0

1

2
3

5VIN

GND
ON/OFF 

VOUT

C78
0.1uF

TP17

C199
0.1uF

R57
44.2K
SM/R_0603

+
C87
1uF
6.3V
SM/CT_1206_12

TP34

TP33

TP35
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IF

4_DOWN

RCV_I
RCV_Q

RSSI

RCV_2.4GHZ
2.2GHZ_LO

IFCLK

IF+3.0V
GND POWER

RF COMMON

5_RF_COM

SS_R/T
RCV_2.4GHZ
2.4GHZ_XMIT
TXI

RF+3.3V

GND POWER

-3VBIAS

SS_T/R

DRV+3.0V

PLL

3_PLL

10MHZ
PLL_LE
SS_SD
SS_SCLK

2.2GHZ_LO
2.4GHZ_XMIT

240MHz_LO

PLL+3.0V

GND POWER
+6VTUNE

PLLCV

RF+3.3V

RF+3.3V

+6VTUNE

GND POWER

RCV_I

PLL_LE

PLL+3.0V

TXI

SS_SD

SS_T/R

RCV_Q

IF+3.0V
RSSI

SS_R/T

PLLCV

10MHZ

-3VBIAS

DRV+3.0V

SS_SCLK



TRANSMIT

RECEIVE MIXER

0 DBM

-9 DBM

+2 DBM
-4 DBM

-4 DBM

9DB PAD

6DB POWER SPLITTER

LOOP FILTER
Kv=10MHz/V
LBW=43KHz
PhM=60 DEG.

PHASE LOCKED LOOP
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PLL_SD

PLL_SCLK

10MHZ PLL_LE

10MHZ

PLL_SCLK
PLL_SD
PLL_LE

PLL+3.0V

PLL+3.0V

PLL+3.0V

+6VTUNE

PLL+3.0V

PLL+3.0V

PLL+3.0V

PLL+3.0V

+6VTUNE

PLL+3.0V

L11
47nH

D4

BBY51

1 2

3

Q5
AT-31033

D5

LED

2 1

U56
TC7SH04F

2

5

4

3

C97
22pFC96

1000pF

C108
18pF

C111
330pF

C113 100pF

SM/C_0603

C103
100pF

C99
.01uF

C116
100pF

C112
100pF

C102
100pF

C110

2200pF
C109
.012uF

C98
.01uF

C104

4.7pF

C107
100pF

R82

105

R80

52.3

R70

10K

R66
10

R73
5.62K

R69

12.1K

C118
15pF

C119
15pF

C106
2.0pF

C101
100pF

C105
22.pF

C115
3300pF

C114
220pF

C100
100pF

C117
33pF

L13
33nH

L12

100nHU55

HFA3524 I
{1ST PART FIELD}
SOG.65M/20/WG6.50/L6.60

1

2

3

4

5

6

7

8 13

14

15

16

17

18

19

20

9

10 11

12

VCC1

VP1

DORF

GND

FINRF

FINRF

GND

OSCIN LE

GND

FINIF

FINIF

GND

DOIF

VP2

VCC2

GND

F0/LD CLK

DATA

R67
10K

R68
75

R60

61.9

R63
105

R65

221

R77
1.82K

R59

18.2

R62

18.2

R75
8.25K

R76
100

R64
105

R61

18.2

R79

1K

C88
330pF

C89

22pF L9

100nH

U53

UPC2762T

4

532

1

6

C94
.01uF

C93
22pF

L10
FER

R74

1.5K

C91

8.2pF
AVX

R78

511

C90

8.2pF
AVX

C92

8.2pF
AVX

C95

8.2pF
AVX

U54

LVCO-2573U

1

2

3

4

5

7

86

Vt

G
N

D

VCC

G
N

D

RF OUT

NC

G
N

D
G

N
D

R81
105

R72
1M

R71
499K

TP19TP18

10MHZ

PLL_LE
SS_SD
SS_SCLK

2.2GHZ_LO

2.4GHZ_XMIT

240MHz_LO

PLL+3.0V

GND POWER

+6VTUNE

PLLCV



3rd IF TANK

1st IF AMPLIFIER

2.4GHz RF Signal

GAIN = ~18 dB

QUADRATURE PHASE NETWORK

1st IF TANK

MIXER

2.2GHz Local Oscillator

AGC AMPLIFIER

2nd IF TANK

240 MHz SAW FILTER

240MHz Local Oscillator

ATTACK

DECAY

8.2MHZ 3RD ORDER BESSEL LOWPASS
Z0 = 435 OHMS

DOWNCONVERTER
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IOUT

IFCLK

QOUT

1.6V

240MHZ_IF_SIG

RSSI_A RSSI

IF+3.0V

IF+3.0V

IF+3.0V

IF+3.0V

IF+3.0V

R100

130

L15
8.2nH

39nH
L17

C144
0.1uF

C120

330pF

C131
15pF

C130
27pF

C143

33pF

R102

200

R93

200

C129
18pF
AVX

C150

.01uF

Q6
AT-31033

R101

162

C134
1000pF

C128
3.3pF
AVX

C126

330pF

C136
0.1uF

C141

0.1uF

R91

130

C124
8.2pF
AVX

C147 6.8pF
AVX

C155

.01uF

C159

0.1uF

C160

330pF

U57
UPC2745T

TO-6

4

532

1

6

C1492200pF

L21

8.2uH

L22

15
nH

R92

162

C137

15pF

C132
8.2pF
AVX

C152
22.pF
AVX

R89
2.2

R88
2.0K

R87
274

R84

18.2

R86
301

R85
301

R115

511

R110

1M

R109
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