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Summary

Tests for compliance with FCC Regulations, Part 15, Subpant C, and for compliance with Industry
Canada RS5-210, were performed on a DSA GIGA3 modular transceiver. This device is subject 1o
the Rules and Regulations as a transmitter, receiver, and as a digital device.

In testing performed on March 27, May 4 and 22, 2001, the device tested in the worst case
met the allowed specifications for radiated emissions by 15.0 dB at fundamental and by 4.8 dB at
harmonics (see p. 6). Besides ha.rmmms. there were no other s.lgml'l:ﬂnt Spurious emissions
found; emissions from receiver portion were negligible. Digital emissions, Class A, were met by
5.9 dB. Since the device is powered by a 9-volt rechargable MNH battery pack, the conductive
emission tests do not apply.



1. Imtroduction

DSA GIGA3 modular transceiver was tested for com

pliance with FCC Re

tions, Pan 15, adopted

under Docket 87-389, April 18, 1989, and with Industry Canada RSS-210, Issue 2, dated February
14, 1998, The tests were performed at the University of Michigan Radiation Laboratory Willow Run
Test Range following the procedures described in ANSI1 C63.4-1992 "Methods of Measurement of
Eadio-Noise Emissions from Low-Voltage Electrical and Electronic Equipment in the Range of 9

kHz o 40 GHz". The Site description and anenuation characteristics of the

n Site facility are on

file with FOC Laboratory, Columbia, Maryland (FCC Reg. No: 91050) and with Industry Canada,

Ouawa, ON (File Rel. No: 1C 2057).

2, Test Procedure and Equipment Used

The test equipment commonly used in owr facility is listed in Table 2.1 below. The second column
identifies the specific equipment used in these tests. The HP 8593E spectrum analyzer is used for
primary amplitude and frequency reference,

Spectrum Analyzer
(9kHz-220GHz)
Spectrum Analyzer
{9kHz-260GHz)
Spectrum Analyzer
(0.1-1500 MHz)
Preamplifier
(5-1000MHz)
Preamplifier
{5-4000 MHz)
Broadband Bicone
(20-200 MHz)
Broadband Bicone
(200-1000 MHz)
Dipole Antenna Set
{25-1000 MHz)
Dipole Antenna Set
(30-1000 MHz)
Active Loop Antenna
{0.090-30MHz)
Active Rod
{30Hz-50 MHz)
Ridge-hom Antenna
{ﬁfs-s GHz)
5-Band Sud. Gain Hom
C-Band Std. Gain Hom

XN-Band Sud. Gain Hom

X-Band Std. Gain Hom

Ku-Band 5td. Gain Hom

K-Band Std. Gain Hom

LIEN Box

Signal Cables

Signal Generator
(0.1-990 MHz)

E =

Table 2.1. Test Equipment

el Cal, Date/By
Hewlett-Packard 8593A October 1999/UM
EN: 3107ADIASE

Hewlett-Packard B593E
SM: 3107A01131

Hewleuw-Packard 182T/B558B
SN: 1529A01114/543592

Walkins-Johnson
All -1 plus A25-18
Avanek

University of Michigan
University of Michigan
University of Michigan

EMCO 3121C
SN: 991
EMCO 6502
SN: 2855
EMCO 3301B
SN: 3223
University of Michigan

5/A, Model SGH-2.6
University of Michigan
University of Michigan
5/A, Model 12-8.2
University of Michigan
FXR, Inc. K633KF
University of Michigan
Assored
Hewlett-Packard B656A

september 1999/HP

October 1999/0 of M Rad Lab
Ocwober 1999/0 of M Rad Lab
Oct. 199% U of M Rad Lab
June 1996/U of M Rad Lab
June 1996/U of M REad Lab
Dec. 1997/U of M Rad Lab
June 1996/U of M Rad Lab
December 1993 EMCO
December 1993/EMCO

March 1999/U of M Rad Lab
Manufacturer, NRL design
Manufacturer, NRL design
Manufacturer, NRL design
Manufacturer, NRL design
Manufacturer, NEL design
Manulacturer, NRL design
Dec. 1997/U of M Rad Lab

January 1993/0 of M Ead Lab
January 1990/U of M Rad Lab



3. Configuration and Identification of Device Under Test

The DUT iz a 8 x 5.5 x 1 cm vransceiver module designed to communicate with a similar product in
the 2400 - 24835 MHz band. ( It is like a PCMCIA card, with digital infout, and RF out/fin, but docs
Mol use ad spectrum). The module has been develo for use in numerous DSA products, such
as Hand Held Terminal. Steering Wheel Ballancer, or E Systems Radio Current Probe. The
module will rate from 2403 10 2481 MHz on ﬂ of T2 available channels.

The GIGA3 was designed and manufactured by DSA - Daten- und Systemiechnik GmbH -
Pascalstr, 28 - 52076 Aachen - Germany. It is identified as:

DSA RF Module
Maodel: GIGA3
FCC 1D: PIYDO3
CANADA:

The GIGA3 Module was fested in conjunciion with the DSA Hand Held Terminal, To meet the
modular device testing requirements, i.e., to separate the DUT from the host device, a meter long
ribbon cable was construcied and used. In addition, the tesis were performed for two different patch
antennas that will be used in future configurations.

A special software was provided to help with esting. This provided 6 sec. continuous ON
(FS5K modulated) with 10 sec. breaks for cooling off.

A1 EMI Relevant Modifications
There were no modifications made to the GIGAJ module by this laboratory.

4. Emission Limits

4.1 Radiated Emission Limits

The DUT tested falls under the category of an Intentional Radiators and the Digital Devices. For
FCC, it is subject to Part 15, Subpan C, (Section 15.231), Su B, (Section 15.109), and Subparn A,
(Section 15.33). For Industry Canada it is subject o R85-210, (Sections 6.1 and 6.3). The applicable
lesting frequencies with corresponding emission limits are given in Tables 4.1 and 4.2 below. As a
digital device, the DUT is considercd as a Class B device.

Table 4.1. Radiated Emission Limiis (PCC: 15.33, 15.35, 15.109; IC: RS5-210, 6.2.2(r)).

(Digital Class A)
Freq. (MHz) Ejjm (3m) pVim Ejjim dB{pY/m)
30-B8 N 40.0
B8-216 150 43.5
216-960 200 46.0
Q60-2000 500 54.0

Mote: Average readings apply above 1000 MHz (1 MHz BW)
Quasi-Peak readings apply to 1000 MHz (120 kHz BW)



Table 4.2, Radiated Emission Limits (FOC: 15.231(b), 15.205(a); 1C; R55-21(; 6.1, 6.3)

Transmitber.
Fundamontal spurious**
Frequency Ave. Ejjp (3m) Ave, Ejpm (3m)
(MHz) (U /m} dB (uV/m) (uV/m) dB (uV/m}
2400 - 2483.5 50,000 94.0 500 540

*#  Measure up to tenth harmonic: 1 MHz RBW and VBW

4.2 Conductive Emission Limit

The conductive emission limits and tests do not apply here, since the DUT is powered by six NMH
AAA batiery pack, This batiery pack can only be recharged in 8 special charging module and
cannot be recharged in the device in which it is used.

5. Radinted Emission Tesis and Resulis

5.1 Anechonic Chamber Measuréements
To familiarize with the radiated emizsion behavior of the DUT, the DUT was first studied and
measured in a shiclded anechoic chamber. In the chamber there is a set-up similar to that of an
ouldoor 3-meter site, with a umtable, antenna pedestals, and a ground plane. Instrumentation
includes spectrum analyzers and other ncﬁ:{'ﬁnnnt as needed.

In testing for radiated emissions, antennas were used, Measurements were made from 2
o 25 GHz. Up 1o 8.5 GHz, measurements were made at 3 meter distance and, above that, at 1.0 and
0.5 meter distances. The field strengths were compensated in computations by 9.5 and 15.5 dB.
respectively.

Through four harmonics emissions were detected, and above those, only the instrumentation
noise, The receiver portion emissions (such as from the LO, that is 43 MHz below the carrier) were
unmeasurable.

5.2 Outdoor Measurements
On the OATS, only digital emissions were measured.

5.3 Computations and Results
To convert the dBm measured on the spectrum analyzer 1o dB{pV/m), we use expression

Ez(dBuV/m) =107 + PR + Ks - Kg + Kg

where Pr = power recorded on spectrum analyzer, dB, measured at 3m
Ka = anlenna factor, dB/m
K = pre-amplifier gain, including cable loss, dB
Kg = pulse operation correction factor, dB (see 6.1)

When presenting the data, al each frequency the highest measured emission under all of the
possible orientations is given. Computations and resulis are given in Table 5.1 (with antenna  ANT I},
Table 5.2 (with antenna ANT 11}, and Table 5.3 (digital emissions). There we see that the DUT meets
the limits by 15.0 dB at fundamental and by 4.8 dB at harmonics. The Class A digital emissions were
met by 5.9 dB,



f. Other Measurements and Computations

.1 Correction For Pulse Operation
In nommal operation, the device transmits 1.3 ms wide FSK modulated pulses 217.5 ms apart. See
Figure 6.1. Thus, the duty factor is

Kg = 1.30 ms/ 100.0 ms = 0,013 or -37.7 dB. ({Use -20.0 dB)

6.2 Emission Spectrum
Using the ridge-hom antenna and DUT placed in its aperure, emission spectra were recorded for the
three bands and is shown in Figure 6.2,

6.3 Bandwidih and Band-edge Emizsions of the Radiaied Emission 1
Under 15.249 only the band-edge and outside the band regulations y. The limits is 50 dB below
the carrier, or General Limit of 54 dB(uV/m), whichever is higher.

See Figure 6.3, The spectra measurements were made with 1 MHz RBW and with 100 kHz
RBW, the latter to show the more representative spectrum. At lower band-edge (top trace) and u
band-edge (botiom trace) the spectrum is down about 50 dB, which is marginal for meeting the
dB requirement. However, since the peak measures 79 dB{uV/m) (Table 5.2}, the "50 dB down™ takes
it to 28 dB(uV/m), which more than satisfies the 54 dB(uV/m) requirement.

6.4 Effect of Supply Voltage Variation

The DUT has been designed to be powered by a 9-volt battery pack. For this test, the battery was

replaced by a laboratory variable power supply. Relative power radiated was measured at the

{_Etidmngnr.ﬂl 2% the voltage was varied from 6.0 to 10,0 volts, The emission variation is shown in
igure 6.4,

6.5 Input Voltage and Curreni

-
i

80V
12000 mA (o Hand Held Terminal, pulsed)

The University of Michigan
Radiation Laboratory
3228 EECS Building
Ann Arbor, Michigan 48109-2122
(734) 7 00



Table 5.4 Highest Emissions Measured

Radiated Emissions GIGA An 1|
Freq. . Det Pass
#| MHz | Used | Pol. | dBm | Used | dBfm | dB  |dBpV/midBuY dB Comments
1} 2463.0 | HoemS|HEV]-3.1] P | 215 | -06 | 780 | 940 | 150
1| 2442.0 | HomS |H&V|-320] Pk | 215 | - 06 | 770 | 940 | 169
1| 24810 | HomS |H&V(-321| Pk | 215 | -06 | 77.0 | %40 | 170
2| 4806.0 |HomC|H&V| 666] Pk | 255 | - 08 | 467 | sS40 | 73
2| 4884.0 |HomC|H&V| 641 P | 255 | - 08 | 492 | 540 | 48 | Worstease
| 2| 4962.0 | HomC|H&V| 689 Pk | 255 | - 08 44.4 .0 9.6
3| 7209.0 HomXNH&V|-71.5| Pe | 250 | - 10 | 415 | s40 | 125 B ]
3| 7326.0 HomxNH&V|-725| Pk | 250 | - 10 | 405 | 540 | 135
3] T30 HomXMHEV|-TDG| Pk 250 | - 140 424 540 | 116
4| 9612.0 |HomX|H&V|684| Pk | 202 | .02 | 385 | 540 | 155 |Noise: meas Im, add -9.50B
4| 97680 | HonX | H&V| 658| Pk 2821 -02 41.1 540 | 129 [Meas Im, add -9.548
4| 99240 |HomX|H&V|-651| Pk | 292 | - 02 | 418 | 540 | 122 [Meas Im, add -0.5dB
5 12015.0 | HomX | H&V| 67.5] Pe | 202 | - 02 | 334 | 540 | 206 |Noise: meas 0.5m, add -15.54B
5) 122100 | HomX | HEW| -67.7| Pk | 292 | - 032 331 54.0 | 20.8 |Moise; meas 0.5m, add -15.5d8
5] 124050 | HomX | HEV| -679]| Pk 202 -02 33.0 540 | 21.0 |Maoise; meas (.5m, add -15.5d8
6] 144180 [HomKy H&V| -67.5| Pk | 309 | - 02 | 351 | 54.0 | 189 |Noise; meas0.5m, add -15.548
| 6] 14652.0 Em[(:l H&V|-673] Pk 309 | -02 35.3 54.0 | 187 |Noise; meas 0.5m, add -15.5d8
6| 14886,0 [HomKy H&v| -673| Pk | 309 | - 02 | 353 | 540 | 187 |Noise; meas 0.5m, add -15.548
7| 16821.0 [HomKf H&V| 668 Pk | 309 | - 02 | 358 | 540 | 182 |Noise; meas 0.5m, add -15.5dB
| 7] 17094.0 [HomKd H&V| 653 | Pk | 309 | - 02 | 373 | 540 | 167 [Noise: meas 0.5m, add -15.54B
7| 17367.0 [HomKu H&V| 655| Pk | 309 | - 02 | 370 | 540 | 169 |Noise; meas 0.5m, add -15.548
| 8] 19224.0 | Homk |H&V| 662 Pk | 323 | - 03 | 379 | 540 | 161 [Noise; meas 0.5m, add -15.5dB
8| 19536.0 | HomK |H&V|-66.1| Pk | 323 | - 03 | 380 | 540 | 16.0 |Noise: meas 0.5m, add -15.54B
8| 19848.0 | HomK |H&V| -61.7| Pk | 323 | - 03 | 424 | 54.0 | 11.6 |Noise; meas (.5m, add -15.5dB
9121627.0 | Homk |H&V| 657| Pk | 323 | - 03 | 384 | 540 | 156 |Noise: meas 0.5m, add -15.548
91219780 |Homk|Hav]-s8.7| P | 323 ] .03 | 454 | 540 | 86 |Noise; meas 0.5m, add -15.54B
9/22320.0 | HomK |H&V|-585| Pk | 323 | - 03 | 456 | 540 | B4 |Noise; meas0.5m, add -15.548
10|24030.0 | HomK |Hav|-585| Pe | 323 | - 03 | 456 | 540 | B4 |Noise; meas 0.5m, add -15.5dB
10{24420.0 |HomK |HEV| -584| Pk | 3123 | -03 | 457 | 54.0 | B3 |Noise; meas 0.5m, add -15.5d8
10] 24810.0 | HomK | H&V| -585| Pk | 323 | - 03 | 456 | 540 | B84 [Moise; meas 0.5m, add -15.548

* Ave: measured with 1 MHz RBW and 100 Hz VBW

* Prak: measured with | MHz REW and 3 MHz VBW

l

i

|

|

Meas. 5A/01; U of Mich



Table 5.4 Highest Emissions Measured

Radiated Emissions GIGA3 Ant 1]
Freg. | Ant |Ant.| Pr [ Det | Ka | kg | E3 | E3iim | Pass
| MHe | Used | Pol. | dBm | Used | dBfm | dB  |dBpV/mpBuV/m dB Comments
1] 24090 | Homs |H&v| 301 Pk [ 215 | - 06 | 790 | 940 | 150
1| 24420 | Homs [H&V| 318 P | 215 | 08 | 773 | 40 | 167
1| 2481.0 | Homs [H&V|-324] Pk | 205 | <06 | 767 | %0 [ 173
2| 4806.0 |HomC|H&V| 649] P | 255 | - 08 | 484 | 540 | 56 | Worsicase
2| 4884.0 | HoeC [H&V| 665 Pk | 255 | - 08 | 468 | s40 | 72
2| 4962.0 |HomC|H&V| 699| P | 255 | -08 | 434 | 540 | 106
3| 7209.0 HomXNH&V|689| Pk | 250 | - 10 | 441 | 540 | 99
3| 7326.0 HomXNH&V| 673 Pk | 250 | - 10 | 457 | s40 | 83
3| 7443.0 HomXN H&V|-696] Pk | 250 | - 10 | 434 | 540 | 106
| 4| 96120 |HomX |H&V|-650| Pk | 202 | - 02 | 419 | 540 | 12.1 [Meas Im, sdd -9.54B
3| 9768.0 | HomX|H&v|-63s| P | 292 | - 02 | 434 | 540 | 106 |Meas im, add 9508
3| 99240 |HomX |H&V|633] Pk | 202 | - 02 | 436 | 540 | 104 |Meas Im, add -9.5dB
5| 12015.0 | HomX | H&V| 677| Pk [ 292 | - 02 | 332 | 540 | 208 [Noise: meas 0.5m, add -15.5dB
5| 12210.0 | HomX |H&V| 67.7| Pk [ 202 | .02 | 332 | 540 | 208 |Noise: meas 0.5m, add -15.54B
5| 12405.0 | HomX | H&V| -68.7| Pk | 292 | - 02 | 322 | 540 | 21.8 |Noise; meas 0.5m, add -15.5d8
6] 14418.0 [HornKuf H&V| -67.7] Pk | 309 | - 02 | 349 | 540 | 19.1 |Noise; meas 0.5m, add -15.5dB
6| 14652.0 [HomK B&V| 673| Pk [ 309 | - 02 | 353 | 540 | 187 |Noise; meas 0.5m, add -15.5dB
6| 14886.0 [HomK H&V| 673 P | 309 | - 02 | 353 | 540 | 187 |Noise: meas 0.5m, add -15.54B
7| 168210 [HomKy H&V| -66.3] Pk | 309 | - 02 | 363 | 540 | 17.7 |Naise; meas 0.5m, add -15.548
7| 17094.0 [HomK H&V| 654 Pk | 309 | - 02 | 372 | 540 | 168 |Noise; meas 0.5m, add -15.548
7| 17367.0 [HomKd H&V| 653 Pk | 309 | - 02 | 373 | 540 | 167 |Noise; meas 0.5m, add -15.5dB
8] 192240 | HomK |H&V| -653] Pk | 323 | - 03 | 388 | 540 | 152 |Moise; meas (.5m, add -15.5dB
8| 19536.0 | HomK |H&V|-65.1] Pk [ 323 | - 03 | 390 | 540 | 150 |Noise; meas0.5m, add -15.5dB
8| 19848.0 | HomK |H&V| -61.7] Pk | 323 | - 03 | 424 | 540 | 11.6 |Naise; meas 0.5m, add -15.548
9|21627.0 |HomK |H&V|-59.7| P | 323 | - 03 | 444 | 540 | 96 |Noise; meas 0.5m, add -15.5dB
9(21978.0 |HomK |H&V| -586] Pk | 323 | - 03 | 455 | 540 | 85 |Noise; meas 0,5m, add -15.5dB
9(22329.0 | HomK |H&v|-585] Px | 323 | - 03 | 456 | 540 | 84 [Noise: meas 0.5m, add -15.54B
10{24030.0 | HomK |H&V| -58.5] Pk | 323 | - 03 | 456 | 540 | 84 [Noise; meas 0.5m, add -15.54B
10{24420.0 | Homk |H&V|-584| Pk | 323 | - 03 | 457 | sS40 | 83 |Noise; meas0.5m, ndd -15.54B
10] 24810.0 | HornK | HE&V] -58.5 [ Pk 323 | -03 456 540 8.4 |Moise; meas 0.5m, add -15,548

* Peak: measured with 1| MHz RBW and 3 MHz VBW

l |
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Table 5.1. Highest Radiated Emissions Measured

GIGAZ, FCC A
] Freq | Ant |AnL| Pr | Det| Ks | Kg E3 | E3lim | Pass
#| MHz | Used | Pol. | dBm | Used | dBim | dB  |dBuV/m|dBuvim| 4B Comments
I 3.0 | Bic V | -520] Pk | 126 | M0 431.6 49.5 59 .
2] 470) Bic | H | -560 | QP | 11.8 | 239 38.9 45.5 | 106
3 4.0 | Bic vV | 630 | P | 110 | 236 314 49.5 18.1
4] 854 | Bic | H |-s90| P | 13| 232 | 361 | 495 | 134
5] 1100) Bic | H | 650 ) Pk | 126 | 229 31.7 M0 | 223
6] 1161 | Bic H | 660| Pk 99 | 228 8.1 M40 | 259
7] 161 | Bic | v | 640 | P | 129 | 228 | 332 | 540 | 208
8] 1320 Bic | H | 60| P | 139 | 225 | 363 | sS40 | 177
oy 1850 | Bic H | 630 ] Pk | 156 | 21.8 378 540 | 162
0] 2100] Bic | H | 20| Qp | 160 | 215 | 395 | 540 | 145
n| 2240 Bic | H [ 680 | Pe | 163 ]| 213 | 30 | 569 | 229
12 -
13 _
14
15 - ]
16 B
17
L1}
19 B
0
21
2] -
3
il -
25
26 1 il
7
.IE .
29 :
3
3
2 =]
i3
k)
35 B
36
37 i
38
39

Meas, 32701; U of Mich.




i7id@vi1 @4 HAY Z0EL

ol AER & Z17.E@ nuws
BEF .8 d@s AT 18 4B =,26 48
PEAK : : .

LGB

im

di

CEHMTER 2.44197E BHE EFAH B Hz
SRES BN 1.8 MMz BUBE 1 HHE BERP 4,09 T T

L7Fod2oldd B4 HAY T@di

e REE & 1.3908 msec
REF .8 dEm AT 186 dB =24 EB dB
PCAK : :

LoB&

ia

das

CEHTER I .4441975 GMHE EFAN B HE
PRES BH 1.8 MHz BVEW 4 HHz BEWP 18.8 mres

Figure 6.1. Transmissions modulation chamcteristics: (lop) transmission repetition,
(botiom} pulse widihs,



141202232
REF =-i®.@

IZ HAY
dim

HER 4.883 GHz
#AT & dB

FEAK
LO&
ie
ol

HA 3B
8¢ FC
CORRE

=B6.T2 dBm

START S.90R GHE STOF 1i8.088 GHE
BRES BM 1.0 AHE BVEW 1@ uHgx BWF 2.10 awea
14124148 2T AAY ZTORL
AEER 4.898 BHIx
BEF =190.8 dEm anT B 45 =58 .7E dims
PEAK :
LOE
1. .......................................................
a8
HA EB :

SC FLC e o B e e T bt et I .
CORR : i o
ETART A.80@ SHE STOF 18.98@ EBHE

#EEE BH 4.9 MMz SUEH 18 kHE EHF 2.4 (T 1.1
11832038 23 WAY 2001

AER 4,968 @Hz

REEF =-1@.9 dBm #AT @ 9B =52 .82 dBEm
PEAK :
L& 1
Bl Jesdsdssssssasagadiian SL bR R dd e LB EERaaEdd L LiasnEEiing RN F R TR LT TiaLEL
di /s

ETART §.888 AHz
SRES BM

Fipure 6.2. Emiszion
The

1.8 RMHg

GTOP L8.00@ OHz

BUEH 10 kHz BHP 2.10@ LT 1]

of the DUT in frec space (pulsed emission).

amplitudes are only indicative (not calibrated). Low, Mid, and

High channels,

10



12124149 WAY 04. 2001
HER 2.40288 8M:z

REF -11 l dil iﬁTTtH ‘ Hi e
i b . : BR.11 ﬂE-

LO@
i@
di#

CENTER 2. llﬂll BHE !FHH ié. i
8 HMHz
BREE BW 108 kHz SUEM 508 WMz BEHF B00 muws

f2eddiail WAY B4, 2001
4 HER Z.44178 @Mz

RLF aii.- dEm ®ATTEN 0 dB -84 .89 diin
PEAK [ : ; : -

LOG

ie

a8/

LT I.i-u: I ] e BT T T T
ES B 188 uMHx SVEM BER kHEz REHF 380 saec

L2 145189 AAY B4 . 2081
ARER F.EaSLES BHE

REF -11.8 dEm OATTEN @ a8 -32,37 dBm
SERk T : TP LTSS ¥ Rpckehe

LO8 : :

i@

a8/

Tl

SC Fg

CORR

'H__H“ﬁ-..ﬁ...;'.j,-,‘-.m;.........:.-....... : S i : ; R

SRES B 100 boe VBN 300 WMz E“-'h‘r":‘u ey PR
Figure 6.3. Measured bandwidth of the mrr{:wprulwdm Low,
Mid, and High channels. Band-edge compli is demonstrated by

Top and Bottom plots.
11



=220

-22.2

-22.4 4

228 -

Relative Amplitude, dB

230 — 17— —
5 é 7 B <] 10 11
Supply Vaoltage, VDC
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