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1 The New Argus Array Receiver

This documert describesa new systemarchitecture for Argus. The new architecture has
two main goals: low cost designand an architecture which is scaleablein bandwidth as
well asnumber of elemerts. Thesetwo designgoalshave beenmet with successFigure 1

illustrates the basiccomponerts of the newArgus system. The newarchitecture consistsof

four main componerts: a Direct ConversionReceiver (DCR), a Digital Receiwer/Pro cessor
(DRP), a badckplane, and a Backplane Cortroller Interface (BCI). The current designis

capableof processingup to 64 (N=64) simultaneous RF inputs from an antenna array

with up to 100 kSPS@32-bitdigital outputs, for ead RF input. The cost of ead stage
(including componerts and PCB) is alsoshown in Figure 1 for reference.The approximate

total costper RF-input is approximately $250.

$116 per channel $140 per channel  $100 $140
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Figure 1: Block diagram of the new ARGUS systemarchitecture.

A
Y

Daisy-Chain
Backplane

A

Y

DCR DRP
RF 4> Lvos HX)HrRH LrE
N

! !

! !

The DCR has the function of down-corverting an RF input signal of frequency 1-
2GHz using a low cost direct corversion tuner. This results in 14MHz of bandwidth
which is then corverted using a low costdual 8-bit Analog-Digital-Converter (@20MSPS
complex.) The ADC parallel data is serializedinto a Low Voltage Di®erenial Signal
(LVDS). This serialdata stream (400Mbps) can be transported over low cost CAT5 cable
to the DRP. The distancebetweenthe DCR and DRP canbe up to two metres. The DRP
transmits the ADC clock via the sameCAT5 cablealsousing LVDS, which simpli es the
clock distribution network.

The DRP converts the LVDS serial data streaminto a parallel form. There are two
possibleoutputs of the DRP: full bandwidth data of 20 MSPS, or a reducedbandwidth of
lessthan 100kSPS.The full bandwidth data is usefulfor diagnostics- sud as measuring
I-Q imbalance. The I-Q imbalancecan then be correctedusingthe on board FPGA. The
bandwidth is reducedusinga Digital Down-Corverter (DDC.) The DDC cantune digitally
to a desiredfrequency and then perform decimation and Ttering. All the DDCs in the
systemare syndironizedtogether. The DDCs are programmedacrossthe badplane.

The badplane of the Argus architecture is basedon a singleLVDS daisy chain. Each
DRP cortains a LVDS daisy chain input and output. The DRP cortains state macines
to decae the daisy chain data and act accordingly The badplane data bus is reduced
two traceswith a di®ererial impedanceof 100-. Additionally, there arefour LVDS traces
which distribute the clock and DDC syndironization signals,as well as power. Howeer,
daisy chains do have an inherert disadwantage that if oneelemen in the chain fails then
the ertire chain fails. It is easyto detect the failed elemen though.

The BCI providesa cortrol interfaceto a PC containing a digital 1/0 card. The PC
can then program the DDCs and cortrol the output of eadr DRP. The PC can capture
the data for software post processing,or alternatively the data can be post-processedn
hardware. Sinceall data is presen on a singleLVDS cableit is possibleto have multiple
real-time hardware beamformers,RFI processorsspectrometers,data recorders,etc..
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2 Direct Conversion Receiver

The DCR is rst of two stagesin the new Argus receiwer chain. The DCR is designed
to be a low cost interface betweenthe RF and digital domains. A block diagram and
photograph of the DCR is illustrated in Figure 2.

The DCR RF-input is hasan initial gain stageof 18dB usinga ERA-5SM RF ampli er
[1], which is then fed to a Direct ConversionTuner (DCT). The DCT is a MAX2105 [2],
and can be tuned over the frequencyrange of 1-2GHz. If strong RFI is presen in the
RF input, the DCT AGC °uctuates resulting in unpredictable data. A recommended
strategy to avoid this situation is to band limit the RF input. For example,at the ESL
laboratory stronginterferenceis presern around 1 and 2 GHz. Consequetly, the RF input
is pre- Ttered with a 1200-1800MHz band pass Iter (external to the DCR.)

The amourt of gain provided by the DCT is programmablethrough an analogcortrol
voltage. The circuit board providestwo options for this voltage,the rst isa xed voltage
divider of 2.5V (near maximum gain) and the secondis to provide a corrol voltage to
two headerpins. The gain setting haslittle e®ecton the DCT's responseto strong RFI.
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(a) Block diagram of the DCR
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(b) Photograph of the DCR (without enclosure)

Figure 2: (a) Block diagram and (b) photograph of the DCR.



The LO frequencytunes to the cerire frequency of interest, and the DCT output
bandwidth is approximately 100MHz. This bandwidth is reducedto 14MHz, using two
low pass lters with a cut o®frequencyof 7MHz. The measuredfrequencyresponseof
this Tter is showvn in Figure 3. This Tter alsoactsasan anti-aliasing Tter for the ADC.

The DCR usesa dual 8-bit ADC to corvert the two IF channels. The ADC chosen
is the AD9281 [3] which is optimized for situations requiring closematching betweentwo
ADCs. The samplingrate of the ADC is setto 20MHz which is suzcient to samplethe
14MHz of bandwidth.

The sampling clock is received from the CAT5 cable using a LVDS-to-CMOS level
corverter (90LV018 [4].) The clock frequencyreceiwed is double the ADC sampling fre-
guency 40MHz, and consequetly the FPGA cortains code to divide this frequencyby
two. The ADC usesa level-sensitive input to multiplex | and Q data over the same8-bit
data bus. The e®ectie output rate is then 40 Mbytes/second.

The LVDS serializerusedis the DS921V1023[5] which operateson 10-bit data. The
two most signi cant bits of the LVDS data are set to the state of ADC 1/Q selectline,
sud that any devicesdown the processingchain will know which samplesarel and Q. The
FPGA cortains codeto drivethe clock and selectlinesof the ADC, aswell ascoordinating
the timing of the LVDS serializer. Referto Appendix A for the sourcecode to this FPGA.
The FPGA usedis an Altera EPM7032AE [6] which is a 3.3V device.

The LVDS serializerusesa total of 12-bits (additional start and stop bits) to transmit
the ADC data at a clock frequencyof 40MHz. This represeis a frequencyof 480Mbps.
An advantage of using LVDS is that there is minimal electromagneticinterference(EMI)
generated[7].

Of particular concernwith the LVDS serializeris Repetitive Multi-T ransition (RMT),
whereby the data bits are confusedwith the start and stop bits. RMT can be avoided by
implemertation of 8b/10b encalers,but this requiressigni cant FPGA encaling/decoding.
In this situation there is suxcient Gaussiannoisepreset that the probability of RMT is
suzciently low to ignoreit.

For referencea schematic, Figure 4, and bill of materials, Table 1, are included.
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Figure 3: Direct Conversion Receiver ADC anti-aliasing Iter measuredresponse (with
spectrum analyzer.) The half the ADC sampling frequency (Fs=2 = 10MHz) the anti-
aliasing Tter has approximately 37dB of relative attenuation. The cuto® frequencyis
approximately 7MHz, giving the overall bandwidth of the systemto be 14MHz.
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Table 1: Bill of Materials for the Direct Conversion Receier

] Componert \ Value | Quantity | Supplier | Unit Cost | Total Cost |
Circuit board ad9281rev2.b 1 ExpressPCB $19.37 $19.37
Integrated Circuits MAX2105CWI 1 Avnet $6.92 $6.92
AD9281ARS 1 Future Active $5.93 $5.93
EPM7032AETC44-10 1 Arrow $2.00 $2.00
DS92LlV1023TMSA 1 Arrow $13.37 $13.37
DS90LV018ATM 1 Arrow $1.33 $1.33
LM2937IMP-3.3CT-ND 1 Digikey $1.33 $1.33
LM2937IMP-5.0CT-ND 2 Digikey $1.33 $2.66
LM78L0O9ACZ-ND 1 Digikey $0.39 $0.39
Connectors ARFX1232-ND (RA) 1 Digikey $4.10 $4.10
ARFX1231-ND (vert.) 2 Digikey $2.40 $4.80
A9044-ND (RJ45:8-8) 1 Digikey $0.64 $0.64
929836-09-36-ND(unpr. Hdr.) 1 Digikey $0.50 $0.50
281-1435-ND(5mm conn) 1 Digikey $0.51 $0.51
Resistors P22ACT-ND (22-) 1 Digikey $0.04 $0.04
P33ACT-ND (33-) 1 Digikey $0.04 $0.04
P51ACT-ND (51-) 2 Digikey $0.04 $0.08
P56ACT-ND (56-) 1 Digikey $0.04 $0.04
P75ACT-ND (75-) 2 Digikey $0.04 $0.08
P100ACT-ND (100-) 1 Digikey $0.04 $0.04
P200ACT-ND (200-) 2 Digikey $0.04 $0.08
P1.0KACT-ND (1k-) 4 Digikey $0.04 $0.16
P2.0KACT-ND (2k-) 1 Digikey $0.04 $0.04
P10KACT-ND (10k-) 2 Digikey $0.04 $0.08
P51XCT-ND (1W)(51-) 1 Digikey $0.88 $0.88
Capacitors P9878CT-ND (EMI lter) 4 Digikey $0.70 $2.80
PCC100CCT-ND (10pf) 4 Digikey $0.08 $0.32
PCC220CCT-ND(22pf) 6 Digikey $0.08 $0.48
PCC561BCT-ND (560pF) 4 Digikey $0.07 $0.28
PCC102BCT-ND(1000pF) 5 Digikey $0.08 $0.40
PCC1812CT-ND(.1uF) 23 Digikey $0.07 $1.61
PCS3106CT-ND (10uF) 9 Digikey $0.54 $4.86
PCF1128CT-ND (.22uF) 2 Digikey $0.56 $1.12
PCE2024CT-ND (47uF) 2 Digikey $0.31 $0.62
Inductors PCD1176CT-ND (.22uH) 1 Digikey $1.15 $1.15
PCD1190CT-ND (1.8uH) 6 Digikey $1.45 $8.70
RF Componerts T4-1-KK81 2 MiniCircuits $3.25 $6.50
ERA-5SM 1 MiniCircuits $3.90 $3.90
Enclosure Aluminum Tube 1 OnlineMetals.com $2.00 $2.00
Barrel SMA 1 Jameco $3.25 $3.25
SMA Lead Assenbly 1 Jameco $3.95 $3.95
Feed-thru capacitor 1 Digikey $1.00 $1.00
Right angle SMA 1 Jameco $3.29 $3.29
4-40 screws 8 Jameco $0.16 $1.28
1" stando® 5 Jameco $0.35 $2.80

| Total Part Count |

121

\ Total BOM Cost

| [ $115.72 ]




2.1 DCR Enclosures

Figure 5 illustrates the PCB for the DCR. A problem arosethat adjacen channelscould
radiate energy between circuit boards. A solution to the problem was to enclosethe
DCRs. The simplestand most economicalway of enclosingthe circuit boardswasto use
aluminum rectangular tubing (available from www.onlinemetals.com.) The tubeswere
cut to the correct length and the circuit board supported by stando®sinside the tube.
Two end plates have holesfor RF-input, power, CAT5 cableand the LO.

Figure 6 is a photograph of eight enclosedCR modules. The amourt of suppression
provided by the enclosuress appraximately 30dB. There is no noticeableconductedcross-
talk betweenchannels.

(a) PCB Top Side (b) PCB Bottom Side

Figure 5: Direct Conversion Receier printed circuit board layout images(actual size.)
(a) The PCB top side cortains mainly signalrouting and a ground plane. The RF input
is at the top, and the signal chain runs from top to bottom (Direct cornversionreceier,
ADC, FPGA and LVDS serializer.) (b) The PCB bottom side mainly cortains power
tracesand alsoa ground plane.



(a) Front view of the 8 Direct Conversion Receiwers

(b) Rear view of the 8 Direct Conversion Receiwers

Figure 6: Photographsof eight encloseddirect corversionreceivers mourted in a 19inch
tray. (a) The front view illustrates the 8 RF inputs. (b) The rear view illustrates the
connectionsto the rear of the receivers. An LO input is split eight ways using a power
divided and distributed through equal length RG58 cables. A CAT5 cable carries the
ADC clock (40MHz) aswell asthe output LVDS data.
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3 Digital Arra y Receiver/Pro cessor

The DRP is the secondstageof the new Argus Receiwer chain. The DRP is designedto
be a low cost digital tuner and decimation stage. A block diagram of the DRP is shavn
in Figure 7. There are four main parts to the system,the LVDS receiw IC for the DCR,
the controlling FPGA, the DDC and the LVDS data/control signalsfrom the bad plane.
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Figure 7: Block diagram of the Digital Receiwer/Processor.

The LVDS receiw IC [5] for the DCR is always operational and there is a constart
stream of ADC samples. The data that is received from the ADC is in o®setbinary
format. To corvert this to 2's complemen form 128is subtracted from the received data
using an unsignedsubtraction. This data is then output to the DDC input port. The
cortrol bits in the LVDS data which identify | and Q samplesis usedto toggle the A/B
input of the DDC. The DDC in this caseis the AD6620 [8].

The DDC is programmedvia the FPGA. The FPGA is an ACEX serieslow cost
FPGA from Altera [9]. This is a write only interface and there is no read badk of the
DDC internal registers. The cortrol registerdata for the DDC originatesfrom the LVDS
daisy chain badkplane. The FPGA cortains code to extract the addressand data for the
DDC programming port. It takes appraximately 100msto fully program all the DDC
registers. Changingthe DDC tune frequencyis of the order of milli-seconds.

The DDC is kept syndironouswith all the other DDCs in the systemvia three cortrol
bits. These cortrol signalsoriginate from the badplane in the form of LVDS signals.
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These signals are translated to CMOS levels using quad di®eretial line receiver [10].
All DDCs arerequiredto have identical programming, exceptfor the possiblywherethey
have di®eren tune frequencies.The referenceclock for the systemalsocomeshrough this
level translator. A referenceclock is required for the LVDS receiver PLLs upon startup.

A majority of the FPGA functionality is taken by the state macdineswhich process
data to/from the LVDS daisy-dain badkplane. The contents of this FPGA will be dis-
cussedin detail in a separatesection.

The BOM for the DRP is listed in Table 2 for reference. A majority of the cost is
dominated by the DDC and LVDS IC's. These prices are basedon very low quartities
and signi cant savings are possiblewith higher quartities. Thesepricesare of May 2002,
and sincethen they have dropped by at least10%. The FPGA usedis alsoover sizedand
lower speed(and size)devicesare possible. The FPGA operateso®at 2.5V power supply
with 3.3V 1/0. A photo of the DRP is shavn in Figure 8(a), and the PCB layouts are
shown in Figure 9 for reference.

Table 2: Bill of Materials for the Digital Receier/Pro cessor

| Componert \ Value | Quantity | Supplier | Unit Cost | Total Cost |
Circuit board serialproc.pcb (quantity 8) 1 ExpressPCB $17.62 $17.62
Integrated Circuits EP1K30TC144-2 1 Arrow $19.75 $19.75
AD6620AS 1 Future Active $30.77 $30.77
P524CT-ND (LED) 8 Digikey $0.30 $2.40
LM2937IMP-3.3CT-ND 2 Digikey $1.33 $2.66
LT1118CST-2.5-ND 1 Digikey $4.75 $4.75
DS90LV032ATM 1 Arrow $3.89 $3.89
DS92lV1224TMSA 2 Arrow $13.61 $27.22
DS921V1023TMSA 1 Arrow $13.37 $13.37
DS90LVO17ATM 1 Arrow $1.52 $1.52
Connectors A2103-ND (DB37) 1 Digikey $4.93 $4.93
A9044-ND (RJ8) 1 Digikey $0.64 $0.64
Resistors P1.0KACT-ND 15 Digikey $0.04 $0.60
P100ACT-ND 6 Digikey $0.04 $0.24
Capacitors PCC1812CT-ND(.1uF) 35 Digikey $0.07 $2.45
PCS6106CT-ND (10uF-35V) 5 Digikey $1.38 $6.90

| Total Part Count | | 82 | Total BOM Cost | | $139.71 |

3.1 Array Controller

In additional to the DCR is the array cortroller. This board is similar to the DRP in that
it connectsto the LVDS daisy-dain badkplane, howewer it also has a connectionto the
PC via a digital 1/0 card. A photo of the array cortroller is shavn in Figure 8(b), and
the PCB layout in Figure 10 for reference.

The array cortroller FPGA is idertical to the DCR, but cortains a di®eren set of
state madines. These state machines are cortrolled by the PC through the PCI-DIO-
32HSdigital 1/0O card [11]. The conroller can addressup to 64 separateDCR's. The
masterclock is alsodistributed from this point aswell asthe DDC syndironization signals.
The state machinesfor the array cortroller will be discussedn a separatesection.
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(a) Digital Receiver/Pro cessor

(b) PCI-DIO-32HS Controller

Figure 8: Photographsof the Digital Receiver/Pro cessomand Controller asserbled boards.
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(a) PCB Top Side (b) PCB Bottom Side

Figure 9: Digital Processorprinted circuit board layout images.(a) The top sidecortains
mainly signal traces. The badplane connectoris on the right and the LVDS data from
the direct corversionreceiver on the left. The DDC is located above the FPGA. The top
side cortains all signal traces. (b) The bottom side is all power routing and a ground
plane.

a) PCB Top Side b) PCB Bottom Side
p

Figure 10: Digital Controller printed circuit board layout images. (a) The top side con-
tains mainly signaltraces. Data °ow is from right to left (LVDS daisy chain to PCI-DIO-
32HSconnector.) (b) The bottom sideis all power routing and a ground plane.
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3.2 LVDS Backplane

The LVDS badplane is the third dimensionin which the DCR's and array cortroller are
connected. The completedbadkplane and daugher cards are shovn in Figure 11. The
badkplane usesa DB37 connectorto connectead of the DCRs. A DB37 connectoris not
a recommendedLVDS connector, howewer the point to point distance (three inches)is
very short. The ability to screwdown the DCR's givesa rigid connection.

The PCB layout for the badkplaneis showvn in Figure 12, wherethe daisy-cain traces
can clearly be seen. All the LVDS tracesare optimized for 100- di®erenial impedance.
Ead of the DCR's is provided a regulated 5V power supply, and the total power con-
sumption of eight DCRs is appraximately 2.5A.

The rst DCR connectorhasthe ability to be a master DDC, and the remaining slots
are DDC slaves. In this mode the master DDC cortrol signalscan be broadcastto the
slave DDCs. Alternativ ely, all DDCs can be slavesand the array cortroller can generate
the appropriate syndironization signals.

Each DRP is addressablein the array. The current addressmode allows up to 64
DRP's to be addressed. The addressof eatc DRP is located within the FPGA and
consequetly they all require a di®erer program.

Figure 11: Photograph of the complete Argus Array Receiver. The eight LVDS CAT5
cablesfrom the DCR's erter on the right. A badplane cortaining eight DRP's and one
array cortroller is shavn. The master 40MHz clock ernters on the top right. The DCR's
receie a clock via the CAT5 cable using LVDS transmit and receiwe IC's. Eacd of the
FPGAs require a di®eren FPGA program (lost upon power-down) via a JTAG cable.

13



(a) PCB Top Side (b) PCB Bottom Side

Figure 12: LVDS badkplane printed circuit board layout images.(a) The top sidecortains
a large ground plane which shieldsthe digital receiver/processordrom the LVDS signals
on the bottom of the badkplane. (b) The bottom side cortains all the LVDS traces as
well as power (+5V). The LVDS daisy chain can be seenon the left side of the layout.
The nal LVDS output runs the length of the circuit board.
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4 FPGA State Mac hines and Control Logic

This section aims to provide insight into the various modes of operation of the Argus
Array Receier. Firstly, there are two separatecomponerts; the DRP and the array
cortroller. For eadh componert there are two main state macines;the rst decalesthe
input daisy chain data, and the secondcorirols what is output.

Firstly, the array cortroller will be discussedsudh that the readerwill have an intro-
duction to the modes of operation of the array. The PCI-DIO-32HS control interfaceis
de ned in Table 3, where the four modesof operation are listed: IDLE, Program DDC,
SendRAW Data and SendDDC Data. There are three registersinternal to the array
cortroller which set the Channel AddressRegister, and the other two are related to the
DDC (Data and Addressregisters.)

Table 3: Port assignmets for the PCI-DIO-32HS digital 1/0 card.

Port Function

Port A: bit 0 IDLE Command

Port A: bit 1 Program DDC Command
Port A: bit 2 SendRAW Data Command
Port A: bit 3 SendDDC Data Command
Port A: bit 4 Reset

Port A: bits 5-7 | Register Address0-2

Port B: bits 0-7 | RegisterData Bus

Port C: bits 0-7 | Lower Data Byte

Port D: bits 0-7 | Upper Data Byte

When programming the DDC's the user must perform se\eral steps:
1. Load the Channel Registerwith the addressof the DRP to be programmed.
2. For eath DDC cortrol word:

(a) Load the DDC Data and Addressregisters.
(b) TogglePort A:bit 1 high and low.

There are two types of data outputs from the system: RAW and DDC. Raw data
refersto the raw ADC samplesfrom a single channel. To accesghis data the user must
write to the Channel register the addressof desired DRP and assertPort A:bit2. To
accessDDC data from all DRP's the user simply assertsPort A:bit 3. When changing
modesit is recommendedhat the userassertthe IDLE commandto clear any previous
modes.

The logic and state madines which are located in the array cortroller are shavn
in Figure 13. The transmit cortroller writes data to the LVDS transmit port, and the
receiver cortroller writes data to the PC. During periods wherethe LVDS Tx data has
no meaning a sync pattern is sert to keepthe LVDS daisy-dain operational (i.e., no

15



Mode State Machine LVDS Tx Data
IDLE ‘ B"0111", addr_cntr[5..0]
Clock 6 Addr_cntr
Program DDC Send Program
(—\V DDC Command B"0101", channel™| 00
Program ° G B"0000111", DDC address™| 01
DDC T >
B"00", DDC Data | 10
FQOSE O
DDC B"0000011111" > 11
Send DDC Data Send DDC Addresp (Sync. Pattern)
Send RAW
0
(—\V Send RAW B"0100", channel ™
Sd| () -
RAW B"0000011111" > 1-3
(Sync. Pattern)
DDC Dvout Send DDC
(—\V Reset Data Command
Send B"0110", address™] 3
>
DDC B"0000011111" > 3
(Sync. Pattern)
Increment Address
Mode State Machine Portc, Portd Data
Send No Sate Machine Required portc=imagdata[], portd=realdata[]
RAW
portc= imaghigh or imaglow
Send portc= realhigh or reallow
DDC
pck =0,1,1,0,0,1,1,0
datasel =1,0,0,0.0,1,1,1,1

Figure 13: Simpli ed state madinesfor transmit and receiw in the array cortroller.
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RMT). The two modes which need somedocumenation are the Send RAW and Send
DDC commands.

For the Send RAW command the transmit cortroller cortinuously sendsthe Send
RAW commandwith the addressof the channel. If this commandis repeatedly sert then
RMT occurs- consequetly three sync patterns are sert to stop this. The received data
is simply written to the PCI-DIO-32HS 16-bit data port.

For the Send DDC command the state madiine is more sophisticated. Firstly the
state macdine waits for the DDC to output a sample,indicated by Dvout. It takestwo
clock cyclesto write this data to a registerin the DRP. The SendDDC Data command
is then sert with an addressand then the cortroller waits 7 clock cyclesbeforerequesting
the next address.Only four clock cyclesare requiredto transmit 32-bits of DDC data, so
there is a possibility to shortenthis statemadine.

The LVDS receiwe data could be directly broadcastto any post-processingdevices
(such asa beamformer)sinceall information is encaledin this stream(DDC addressand
data.) For this implemertation though, the data is decaled and sen to the PCI-DIO-
32HSI/O card. The receiw state madine looks for the rst DDC address(zeroin this
case)and then writes out the real and imaginary samples. No addressesare written to
the PC sincea special cortrol medanismis implemerted. The PC can resetthe output
data state madcine and start from addresszero.

4.1 DRP Logic and State Mac hines

The DRP cortains more logic than the array cortroller to decale the incoming data
stream. A summary of the logic corntained within the DRP is illustrated in Figure 14.

The raw LVDS input is always presern and is output to the DDC and a syndironizing
FIFO (two clock domains- raw clock and daisy in clock.) The data which is output to
the daisy out LVDS port is decidedby a master state madine.

The LVDS daisyin datais decaledto determineif a commandis addresgo this module
and triggers the master state macdiine. The master state madcine activates smaller state
madines depending on the command. For the most part though a majority of the data
simply passesfrom input to output. The LVDS data in cortains 10-bits, the rst two
identifying it asraw data or a command.

The FPGA resourcesconsumedby DRP FPGA is approximately 400LE (when the
FIFO is implemerted in Logic Elemerts (LE)), which is relatively small. If 1Q correction
wasto be implemerted then signi cantly more LE would be required (approximately 500
sincetwo 8£ 8-bit multipliers are required.) Preliminary testsindicate that the the image
of a sinusoid is appraximately 30dB down. [-Q correction hasnot beenimplemerted yet
but will be includedin a future version. The I-Q correction factors will be programmable
through the LVDS bad plane.

There are somemodi cations of the DRP logic that could makeit slightly smallerand
more excient. This will not be discussedherethough.
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Summary and Conclusions

This report has discussedhe implemertation details of a new Argus Direct Conversion
Receiwer and Digital Array Receiver/Processor.There are three key developments which
make this a cost e®ectie implemertation: a Direct ConversionTuner, LVDS data trans-
port, and a Digital Down Converter. Thesekey technologieshave beendiscussedn detail.
The resulting systemcould be the basisof a larger array receiwer.

The authors would like to thank the SETI Institute and OSU for funding part of this
researt. Additionally, the authors would alsolike to thank Keith Hampsonfor his time
and e®ortin building the Direct ConversionReceiver enclosures.

There are seeral improvemerts which may improve the performanceand lower the
cost of the system. Theseare listed in the following section.

Possible Impro vements
List of possibleupgrades:

1. Upgradethe DRP to a 4 layer PCB with similar costs($15 per PCB for quartity 16
(from pcbhexpress.com). Could have signal layer, 3.3V, 2.5V and a ground layer.
Improved performancedueto power planesand reducenumber of voltageregulators.

2. There are signi cantly more LVDS deviceson the market now and it could be pos-
sible to upgrade. For examplethere is a new 16-bit LVDS Tx/Rx chip speci cally
designedfor badk plane use(DS92LV16). It could be possibleto upgradethe badk-
plane and increaseits bandwidth by a factor two (with appropriate modi cations
to the state madines.) The DCR bandwidth could alsobe increasedtoo. There is
no signi cant increasein cost.

3. In the current addressingsthemeeat FPGA cortained a di®eren pieceof rm ware
which cortained a di®erer address. It would be bene cial to changethis so the
addressis externally set (using a dip switch) and have all rm ware be idertical.

4. There is a signi cant number of voltage regulators in the system which increase
costs. It could be possibleto place larger power regulators (3.3 and 2.5 volts) on
badplane, instead of local regulation.

5. The costof the DCR enclosuresould be reducedfrom $17to lessthan $1 by using
adi®eren type of enclosure.The enclosurewould be a sliceof 5 by 2 inch aluminum
tubethat is a quarter inch deep. All Connectorswill be placedon badc sideof board
and a aluminum sheetcover placedon the other sideof the box with six 4-40screws
holding the sandwid together.

6. It might alsobe able to make DCR PCB a three layer board which would provide
a better power and ground plane. The number of voltage regulators could also be
reducedon this board.

7. Two additional OPAMPs betweenthe anti-aliasing Iters and the ADC inputs to
improve matching.

8. Implemerting I-Q imbalancecorrection.
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App endix A: Direct Conversion FPGA Source Code

-- AD9281ADCand DS92LV1023.VDSSerialiser
-- G.Hampsonl2 April 2002

SUBDESIGHd9281
(

clk40, -- Clock from LVDSor External clock
adc_data[7..0] -- 8-bit output of ADCon rising edge of adc_clk
(INPUT;
adc_clk, -- ADCClock (new sample on rising edge)
adc_select, -- Selects ADCI/Q output (sel=0=Q=imaginary, sel=1=I=real)
Ivds_tclk, -- LVDSdata clock
Ivds_data[9..0] -- LVDSdata bus
:OUTPUT;
)
VARIABLE
clk20: DFF; --  20MHzclock
data_latch[9..0]: DFF; -- 10-bit register
BEGIN
clk20.clk = clk40; -- ADCclock is half the LVDSclock

clk20.d = !clk20.q;

adc_clk = clk20.q; -- commonClock and Select lines
adc_select = clk20.q;

data_latch[7..0].d = adc_data[7..0]; -- offset binary data
data_latch[9..8].d = adc_select; -- encode the 1Q data
data_latch[].clk = clk40; -- latch data at LVDSrate
Ivds_tclk = clk40;

Ivds_data[9..0] = data_latch[9..0]; -- transmit the LVDSdata

END;
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App endix B: Digital

-- Serial Processor Board
-- Grant Hampson28 Feb 2002

CONSTANWIYADDRESSB"000110";
INCLUDE'Ipm_fifo_dc.inc";

SUBDESIGHerialproc
(

clock, --
reset, --

rawin_data[9..0], --
rawin_clk, --
rawin_lock, --

daisyin_data[9..0], --
daisyin_clk, --
daisyin_lock, -

ddc_dataout[15..0], --
ddc_dvout, -
ddc_iq -

INPUT,;
ad_clk, --
raw_refclk, --
daisyin_refclk, --

daisyout_data[9..0], --
daisyout_clk, -

ddc_datain[7..0], --
ddc_ab, --
ddc_clk, --

ddc_data[7..0], -
ddc_address[2..0], -
ddc_rw, -

led[7..0] -

:OUTPUT;
)

VARIABLE
real_latch[15..0],
imag_latch[15..0], --
ddc_data_reg[7..0],
ddc_addr_reg[2..0]: DFFE; --

control_sm[3..0], --

-- 6 bit
-- include file

Receiv er/Pro cessor Source Code

for

system clock
system wide reset

LVDSraw data bus
LVDSraw clock
LVDSraw lock signal

LVDSdaisy chain input
LVDSdaisy chain input
LVDSdaisy chain input

DDCoutput bus
DDCdata valid output
DDCdata is 1/Q

clock for AD converter

LVDSdaisy chain input
LVDSdaisy chain input

LVDSdaisy chain
LVDSdaisy chain

DDCdata input
DDCI/Q selection
DDCclock
DDCprogram data
DDCaddress
DDCwrite line

Status LEDs

Registers for

Registers

Statemachine which is the main control

22

binary address

input

FIFO

data bus
clock
lock signal

(converted to LVDS)
reference clock

reference clock

output data bus
output clock

DDCoutput data

to hold the data and address while writing

mechanism



ddcpr_sm[2..0], -- State machine for programming DDC

ddcdata_sm[2..0], -- State machine for outputting DDCdata onto bus
ddc_out_sel[1..0], -- For transmission of DDCdata

rawdata_sm: DFF; -- State machine for capturing data into FIFO - change of clocks
address_match, -- Adddress in packet matches mine

command, -- Packet is a commandyacket

control[3..0], -- decoded commandpacket

data_out[1..0], -- multiplexor  selection lines

prog_ddc, ddcdata, -- Signals which start their state machines

wraddr, wrdata, -- Signals from statemachine to write address and data

ddc_out_data[9..0]: NODE; -- Datapath for Real low/high, Imag high/low

raw_fifo : Ipm_fifo_dc WITH(LPM_WIDTH 10,
LPM_NUMWORDS;,
LPM_WIDTHY 4,
LPM_SHOWAHEATDFF",
LPM_HINT= "USE_EAB=OFF")-- in LE

BEGIN

-- Connection of status LEDs

I-ed[O]

= VCC; -- power indicator
led[l] = command; -- indicates address matches
led[2] = !daisyin_lock; -- LVDSdaisy chain lock signal
led[3] = !rawin_lock; -- LVDSraw lock signal
led[4] = control[3]; -- idle indicator
led[5] = control[1]; -- program DDCindicator
led[6] = control[0]; -- Rawdata indicator
led[7] = control[2]; -- send DDCdata indicator

-- Give the two receive LVDSIlinks a reference clock

ad_clk = clock; -- Analogue-Digital  converter clock
raw_refclk = clock; -- Rawdata LVDSreference clock
daisyin_refclk = clock; -- Daisy chain in LVDSreference clock
daisyout_clk = daisyin_clk;-- Daisy chain output clock = input clock

-- DDCis always receiving/generating data

ddc_datain[7..0] = rawin_data[7..0] - B"10000000"; -- convert to 2's complement
ddc_ab = rawin_datal[8];
ddc_clk = rawin_clk;

real_latch[15..0].d = ddc_dataout[15..0]; -- latch DDCoutputs
imag_latch[15..0].d = ddc_dataout[15..0];
real_latch[15..0].clk = rawin_clk; -- DDCclock

imag_latch[15..0].clk = rawin_clk;
real_latch[15..0].ena = ddc_iq ANDddc_dvout;
imag_latch[15..0].ena = (/ddc_igq) ANDddc_dvout;

-- A FIFO to match Rawand Daisyin data streams on the same clock
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raw_fifo.aclr = lreset;

raw_fifo.wrclock = lrawin_clk;

raw_fifo.wrreq = VCC;

raw_fifo.data[7..0] = rawin_data[7..0] - B"10000000"; -- convert to 2's complement
raw_fifo.data[9..8] = rawin_data[9..8];

raw_fifo.rdclock = ldaisyin_clk; -- read data using daisy chain clock

TABLE -- State Machine for loading FIFO

rawdata_sm.q, reset, raw_fifo.wrusedw[2] => rawdata_sm.d, raw_fifo.rdreq;
B"0", B"0", B"X" => B"0", B"0"; -- reset condition
B"0", B"1", B"0" => B"0", B"0"; -- half fil FIFO
B"0", B"1", B"1" = B"1", B"1"; -- FIFO is now half FULL
B"1", B"1", B"X" => B"1", B"1"; -- read and write data
ENDTABLE;
rawdata_sm.clk = rawin_clk;
rawdata_sm.clrn = reset;

-- Determine the purpose of the incoming data packet on daisy chain input

address_match = (daisyin_data[5..0] == MYADDRESS)- does it have my address on it?
command= address_match AND(daisyin_data[9..8] == B"01"); -- is it a control packet
control[0] = commandAND(daisyin_data[7..6] == B"00"); -- send raw data

control[1] = commandAND(daisyin_data[7..6] == B"01"); -- program DDC

control[2] = commandAND(daisyin_data[7..6] == B"10"); -- send DDCdata

control[3] = commandAND(daisyin_data[7..6] == B"11"); -- go to idle state

case data_out[1..0] is -- determine output data source

when B"00" => daisyout_data[9..0]

when B"01" => daisyout_data[9..0]

when B"10" => daisyout_data[9..0]
end case;

daisyin_data[9..0]; - input data
raw_fifo.q[9..0]; - raw data from FIFO
ddc_out_data[9..0]; -- ddc data

-- State Machine for incoming commands

TABLE

control_sm[].q, control[]  => control_sm[].d, data_out[], prog_ddc, ddcdata;
B"0000", B"0000" => B"0000", B"00", B"0", B"0"; -- idle condition
B"0000", B"1000" => B"0000", B"00", B"0", B"0"; -- idle mode(NOP)
B"0000", B"0001" => B"1000", B"01", B"0", B"0"; -- sel raw data
B"1000", B"XXXX"=> B"1001", B"01", B"0", B"0"; -- sel raw data
B"1001", B"XXXX" => B"1010", B"01", B"0", B"0"; -- sel raw data
B"1010", B"XXXX" => B"1011", B"01", B"0", B"0"; -- sel raw data
B"1011", B"XXX1" => B"1000", B"01", B"0", B"0"; -- newraw command
B"1011", B"XXX0" => B"0000", B"01", B"0", B"0"; -- stop raw command
B"0000", B"0010" => B"0010", B"00", B"1", B"0"; -- program DDC
B"0010", B"XXXX" => B"0000", B"00", B"1", B"0"; -- return to idle
B"0000", B"0100" => B"0011", B"00", B"0", B"1"; -- Start DDCsm
B"0011", B"XXXX" => B"0100", B"10", B"0", B"1"; -- first byte
B"0100", B"XXXX" => B"0101", B"10", B"0", B"1"; -- second byte
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B"0101", B"XXXX"=> B"0110", B"10", B"0", B"0"; -- third byte
B"0110", B"XXXX"=> B"0000", B"10", B"0", B"0"; -- fourth byte
ENDTABLE;
control_sm[].clk = daisyin_clk; -- Runson the daisyin LVDSclock

-- State Machine for Programming DDC

TABLE

ddcpr_sm[].q, prog_ddc => ddcpr_sm[].d, wraddr, wrdata, ddc_rw;
B"000", B"0" => B"000", B"0", B"0", B"1"; -- reset condition
B"000", B"1" => B"001", B"0" B"0", B"1"; -- SMactivated
B"001", B"X" => B"010", B"1" B"0", B"1"; -- write address
B"010", B"X" => B"011", B"0" B"1", B"1"; -- write data
B"011", B"X" => B"100", B"0" B"0", B"0"; -- write to DDC
B"100", B"X" => B"101", B"O", B"0", B"0"; -- 2nd clock cycle
B"101", B"X" => B"000", B"0", B"0", B"0"; -- 3rd clock cycle

ENDTABLE;

ddcpr_sm[].clk = daisyin_clk; -- Runs on the Ivds receive clock

ddc_addr_reg[2..0].clk = daisyin_clk;

ddc_addr_reg[2..0].d = daisyin_data[2..0];

ddc_addr_reg[2..0].ena = wraddr; -- only written to on 2nd clock cycle

ddc_address[2..0] = ddc_addr_reg[2..0];

ddc_data_reg[7..0].clk = daisyin_clk;
ddc_data_reg[7..0].d = daisyin_data[7..0];
ddc_data_reg[7..0].ena = wrdata; -- only written to on 3rd clock cycle

ddc_data[7..0] = ddc_data_reg[7..0];

-- State Machine for Writing DDCData out

TABLE

ddcdata_sm[].q, ddcdata => ddcdata_sm[].d, ddc_out_sel[1..0].d;
B"000", B"0" => B"000", B"00"; -- reset condition
B"000", B"1" => B"001", B"00"; -- SMactivated
B"001", B"X" => B"010", B"01"; -- write real high
B"010", B"X" => B"011", B"10"; -- write real low
B"011", B"X" => B"100", B"11"; -- write imag high
B"100", B"X" => B"000", B"00"; -- write imag low

ENDTABLE;

ddcdata_sm[].clk = !daisyin_clk; -- needs negative edge for transmit

ddc_out_sel[].clk = ldaisyin_clk;

case ddc_out_sel[1..0] is
when B"00" => ddc_out_data[9..0] = (B"10", real_latch[15..8]);
when B"01" => ddc_out_data[9..0] (B"10", real_latch[7..0]);
when B"10" => ddc_out_data[9..0] (B"10", imag_latch[15..8]);
when B"11" => ddc_out_data[9..0] = (B"10", imag_latch[7..0]);
end case;

END;
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App endix C: PCI-DIO-32HS Controller

Board
2002

Serial Controller
Grant Hampson9 April

CONSTANWAXADDRESSB"000111"; -- 8 channel system

SUBDESIGBHerialcont

(

clock, -- system wide clock

daisyin_data[9..0], -- LVDSdaisy chain input data bus

daisyin_clk, -- LVDSdaisy chain input clock

daisyin_lock, -- LVDSdaisy chain input lock signal

ack, -- PCI-DIO-32HS interface

porta[7..0], -- control signals

portb[7..0], -- data bus

sync_nco_in, -- Sync signals from Master DDC

sync_cic_in,

sync_rcf_in,

dv_out_in -- Signals DDCdata is valid
INPUT;

reset, -- system wide reset

sys_clock, -- system wide clock

daisyin_refclk, LVDSdaisy chain input

daisyout_data[9.
daisyout_clk,

.0], LVDSdaisy chain output data bus

LVDSdaisy chain output clock

led[7..0], Status LEDs

req, interface to PCI-DIO-32HS card
pclk,
portc[7..0],
portd[7..0],
Sync_nco_out, to all slave DDCs
sync_cic_out,

sync_rcf_out

Sync signals

: OUTPUT;
)

VARIABLE
porta_reg[7..0],
ack_reg,
rawdata_sm[1..0],
ddcprog_sm[1..0],
ddcread_sm][3..0],
data_sel, progddc_sel[1..0],
ddc_sel,

portb_reg[7..0], -- Register
state machine for
state machine for
state  machine for
control  bits for

selecting
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DDCcommandransmit

Source Code

reference clock

words
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programming DDC
DDCdata transfer
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dv_out,
cnt_rcf[8..0],cnt_cic[7..0],cnt_nco[15..0],
ddc_reg_en][3..0],
ddc_clk_out,

ddcout_sm][3..0],
ddc_outdata,

reset_addr, inc_addr,
ddc_cnt_ena, ddc_cnt_reset DFF;
addr_cnt[5..0],
address_reg[2..0],
channel_reg]5..0],
data_reg[7..0],
imag_data_reg][7..0],

real_data reg[7..0],

real_low[7..0], real_high[7..0],
imag_low[7..0], imag_high[7..0]

read_cnt[5..0],

DFFE;

ddc_start,
ddc_done, last_ddc,
ddcout_data[7..0] NODE;

BEGIN

-- Connection of status LEDs, etc.

I-ed[O]

-- synchronising register

-- counter registers for synchronisation

-- enables for reallimag DDCdata registers
-- DDCclock which goes to pclk

-- state machine for DDCdata to PC

-- selects DDCI/Q output data to PC

-- DDCchannel counter controls

-- Channel address counter

-- Register for DDCaddress

-- Channel Address for RAW/ProgramDDC
-- Data written to DDCdata port

-- registers for buffering raw data

-- DDCreal output data register
-- DDCimag output data register

-- detects start of DDCdata packet
-- signals last DDCchannel
-- outputs of DDCwrite state machine

= VCC;
led[1] = reset;
led[2] = !daisyin_lock;
led[3] = pclk;
led[4] = porta_reg[O];-- Idle
led[5] = porta_reg[1];-- Program
led[6] = porta_reg[2];-- Raw
led[7] = porta_reg[3];-- DDC
reset = porta_reg[4];
sys_clock = clock;-- this gets broadcast to all processors
-- Generate synchronisation pulses for the DDCs
cnt_rcff].clk = clock;
cnt_cicf].clk = clock;
cnt_ncof].clk = clock;
if cnt_rcf].q == B"110001111" then
cnt_rcf].d = B"000000000";
else
cnt_rcf[].d = cnt_rcf[]l.q + 1;
end if;
sync_rcf_out (cnt_rcf[] == B"000000000");
if cnt_cic[].q == B"11000111" then
cnt_cic[].d = B"00000000";
else
cnt_cic[].d = cnt_cic[].q + 1
end if;
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sync_cic_out

if cnt_nco[].q
cnt_nco[].d
else
cnt_nco[].d
end if;

sync_nco_out = (cnt_nco[15..1]

-- sync_nco_out
-- sync_rcf _out
-- sync_cic_out

-- Three registers

porta_regf[].clk
porta_reg[]d =
portb_reg(].clk
portb reg[]d =

channel_reg[].clk
channel_reg[].ena
channel_req[].d

data_reg[].clk
data_reg[].ena
data_reg[].d

address_req(].clk
address_reg[].ena

address_reg[2..0].d

= (cnt_cic[]

= cnt_nco[]l.g +

== B"00000000");

== B"1111111111111111" then
= B"0000000000000000"

1

== B"000000000000000"); --
= sync_nco_in; -- whenchannel 0 is a master
= sync_rcf_in;

= sync_cic_in;

hold the relevant information
= clock;
porta(]; --
= clock;
portb(];

Align clock edges on PCand controller

= clock;
= porta_req[7];
= portb_reg[5..0];

= clock;
= porta_reg[6];
= portb_reg[7..0];

clock;
porta_reg[5];
= portb_reg[2..0];

-- Address Counter (6-bit = up to 64 channels
addr_cnt[].clk = Iclock; -- all transmit LVDSworks on falling
if addr_cnt]].g == MAXADDRES8®n -- N-channels
addr_cnt[].d = B"000000"; -- reset address
else
addr_cnt[].d = addr_cnt[].g + 1;
end if;
last ddc = (addr_cnt[].g == B"000000");

-- State machine for

TABLE
rawdata_sm[].q
B"00"
B"01"
B"10"
B"11"
ENDTABLE;
rawdata_sm([].clk
data_sel.clk =

getting raw data from one channel

=> rawdata_sm[].d, data_sel.d;
=> B"01", B"0"; -- send raw data
=> B"10", B"1"; -- sync pattern
= B"11", B"1"; -- sync pattern
=> B"00", B"1"; -- sync pattern
= Iclock; -- Invert clock to allow for LVDSsetup times
Iclock;
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-- State machine for programming DDCs

TABLE

ddcprog_sm[].q, porta_reg[l] => ddcprog_sm[].d, progddc_sel[1..0].d;
B"00", B"0" => B"00", B"11"; -- idle (send sync)
B"00", B"1" => B"01", B"00"; -- send command
B"01", B"X" => B"10", B"01"; -- send address
B"10", B"X" => B"11", B"10"; -- send data
B"11", B"1" => B"11", B"11"; -- only program DDConce
B"11", B"0" => B"00", B"11"; -- finnished
ENDTABLE;
ddcprog_sm[].clk = !clock; -- Invert clock to allow for LVDSsetup times
progddc_sel[].clk = Iclock;

-- State machine for getting DDCdata
-- Sync NCOis replaced by DVout signal from DDC

TABLE

ddcread_sm[].q, dv_out_in, last ddc => ddcread_sm[].d, (ddc_sel.d,inc_addr.d,reset_addr.d);
B"0000", B"0", B"X" => B"0000", B"000"; -- wait for DDCDVout, reset
B"0000", B"1", B"X" => B"0001", B"001"; -- DDCdata is ready
B"0001", B"X", B"X" => B"0010", B"001"; -- real written
B"0010", B"X", B"X" => B"0011", B"001"; -- imag written
B"0011", B"X", B"X" => B"0100", B"101"; -- send DDCdata command
B"0100", B"X", B"X" => B"0101", B"001"; -- 2nd clock cycle
B"0101", B"X", B"X" => B"0110", B"001"; -- 3rd clock cycle
B"0110", B"X", B"X" => B"0111", B"011"; -- 4th clock cycle
B"0111", B"X", B"X" => B"1000", B"001"; -- 5th clock cycle
B"1000", B"X", B"X" => B"1001", B"001"; -- 6th clock cycle
B"1001", B"X", B"X" => B"1010", B"001"; -- 7th clock cycle
B"1010", B"X", B"0" => B"0011", B"001"; -- next DDCchannel
B"1010", B"X", B"1" => B"0000", B"001"; -- finished

ENDTABLE;

ddcread _sm[].clk = !clock; -- Invert clock to allow for LVDSsetup times

ddcread_sm[].clrn = porta_reg[3];

ddc_sel.clk = Iclock;

inc_addr.clk = !clock;

reset_addr.clk = Iclock;

-- Daisy chain output controller

daisyout_clk = clock; -- transmit controller  LVDSIlink
if porta_reg[0] == B"1" then

-- Codefor sending all channels into idle state

addr_cnt[J.ena = VCC;

addr_cnt[].clrn = VCC;

daisyout_data[9..6] B"0111"; -- commandmodeidle

daisyout_data[5..0] addr_cnt[5..0]; -- address each channel into idle state
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elsif == B"1" then

porta_reg[1]

Code for Programming DDCs
See state machine above

case progddc_sel[1..0] is
when B"00" =>
daisyout_data[9..6] = B"0101"; -- Program DDCmode
daisyout_data[5..0] = channel_req][]; -- this is the channel number
when B"01" =>
daisyout_data[9..3] = B"0000111"; -- Send Address
daisyout_data[2..0] = address_req[]; -- This is the DDCaddress
when B"10" =>
daisyout_data[9..8] = B"00"; -- Send Data
daisyout_data[7..0] = data_req[]; -- This is the DDCdata
when B"11" =>
daisyout_data[9..0] = B"0000011111"; -- sync pattern
end case;
elsif porta_reg[2] == B"1" then
-- Codefor sending RAWJata from one channel
-- Takes 4 clock cycles for this commandsee statemachine above)
if data_sel == B"0" then
daisyout_data[9..6] B"0100"; -- commandnoderaw

daisyout_datal5..0] channel_reg[5..0];-- this is the channel number
else
daisyout_data[9..0] = B"0000011111"; -- sync pattern to keep lock and avoid RMT
end if;
elsif porta_reg[3] == B"1" then
-- Codefor sending DDCdata from all channels
-- Takes 8 clock cycles for each DDC(see statemachine above)
addr_cnt[].ena = inc_addr; -- increments address counter
addr_cnt[].clrn = reset_addr; -- resets the address counter
if ddc_sel == B"1" then
daisyout_data[9..6] = B"0110"; -- commandmodeDDC
daisyout_data[5..0] = addr_cnt[5..0]; -- this is the DDCchannel number
else
daisyout_data[9..0] = B"0000011111"; -- sync pattern to keep lock and avoid RMT
end if;
else
daisyout_data[9..0] = B"0000011111"; -- sync pattern to keep lock and avoid RMT
end if;

Daisy chain input controller

daisyin_refclk
req = VCC,

= clock;

always

a reference clock for

input LVDSdata

transmitting  data
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-- Tworegisters for raw data output

imag_data_reg[7..0].clk = daisyin_clk;

imag_data_reg[7..0].d = daisyin_data[7..0];

imag_data_reg[7..0].ena = daisyin_data[9]; -- write Q= imag
real_data_reg[7..0].clk = daisyin_clk;

real_data_reg[7..0].d = daisyin_data[7..0];

real_data reg[7..0].ena = ldaisyin_data[9]; -- write | = real

-- Four registers for DDCoutput data

real_lowf].clk = daisyin_clk; -- connect clocks
real_high[].clk = daisyin_clk;
imag_low[].clk = daisyin_clk;

imag_high[l.clk = daisyin_clk;

real_low[].ena = ddc_reg_en[1]; -- connect enables
real_high[].ena = ddc_reg_en]0];
imag_low[].ena = ddc_reg_en[3];
imag_high[].ena = ddc_reg_en[2];

real_low[].d = daisyin_data[7..0]; -- connect data
real_high[].d = daisyin_data[7..0];
imag_low[].d = daisyin_data[7..0];
imag_high[].d = daisyin_data[7..0];

-- Address Counter for Reading (6-bit = up to 64 channels)

read_cnt[].clk = daisyin_clk;
read_cnt[].clrn = ddc_cnt_reset.q;
read_cnt[].ena = ddc_cnt_ena.q;
if read_cnt].g == MAXADDRES8#n -- N-channels
read_cnt[].d = B"000000"; -- reset address
else
read_cnt[].d = read_cnt[l.q + 1;
end if;
ddc_done = (read_cnt[].g == B"000000");
ddc_start = (daisyin_data[9..0] == B"0110000000"); -- detect start

-- State machine for writing DDCdata to PC

ack_reg.d = ack;

ack_reg.clk = daisyin_clk;
dv_out.d = dv_out in;
dv_out.clk = daisyin_clk;

ddc_reg_en[3..0]l.d = ddcout_data[7..4];
ddc_outdata.d = ddcout_data[3];
ddc_clk_out.d = ddcout data[2];
ddc_cnt_reset.d = ddcout_data[1];
ddc_cnt_ena.d = ddcout_datal0];
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TABLE

ddcout_sm[].q,
B"0000",
B"0000",
B"0001",
B"0010",
B"0011",

B"0110",
B"0110",

B"0111",
B"0111",
B"1000",
B"1001",
B"1010",
B"1011",
B"1100",
B"1101",
B"1110",
B"1110",
B"1111",
ENDTABLE;
ddcout_sm[].clk
ddcout_sm[].clrn
ddc_reg_en[].clk
ddc_clk_out.clk
ddc_outdata.clk
ddc_cnt_reset.clk
ddc_cnt_ena.clk

if porta_reg[2]

ack_reg, dv_out, ddc_start,

B"0", B"X",
B"1", B"X",
B"X", B"X",
B"X", B"X",
B"X", B"X",
B"X", B"0",
B"X", B"1",
B"X", B"X",
B"X", B"X",
B"X", B"X",
B"X", B"X",
B"X", B"X",
B"X", B"X",
B"X", B"X",
B"X", B"X",
B"X", B"X",
B"X", B"X",
B"X", B"X",
= daisyin_clk;

= porta_reg[3];

= daisyin_clk;
= daisyin_clk;
= daisyin_clk;

= daisyin_clk;
= daisyin_clk;
== B"1" then

pclk = !daisyin_data[9];

portd[7..0] = real_data_reg[7..0];
portc[7..0] = imag_data_reg[7..0];
elsif porta_reg[3] == B"1" then

pclk = ddc_clk_out;
if ddc_outdata == B"0" then

portd[7..0]

portc[7..0]
else

portd[7..0]

portc[7..0]
end if;

end if;
END;

real_high[7..0];
real_low[7..0];

imag_high[7..0];
imag_low[7..0];

ddc_done
B"X", B"X"
B"X", B"X"
B"X", B"X"
B"X", B"X"
B"X", B"X"
B"X", B"X"
B"X", B"X"
B"0", B"X"
B"1", B"X"
B"X", B"X"
B"X", B"X"
B"X", B"X"
B"X", B"X"
B"X", B"X"
B"X", B"X"
B"X", B"0"
B"X", B"1"
B"X", B"X"

RAWHata output to PC

=>
=>
=>
=>
=>
=>

=>
=>

=>
=>
=>
=>
=>
=>
=>
=>
=>
=>
=>

ddcout_sm[].d,

B"0001",
B"0110",
B"0010",
B"0011",
B"0000",

B"0110",
B"0111",

B"0111",
B"1000",
B"1001",
B"1010",
B"1011",
B"1100",
B"1101",
B"1110",
B"1111",
B"0110",
B"1000",

20MHzclock out (will
connect to PCI-DIO-32HS board

DDCdata output to PC

B"00001000"; --

B"00001000";
B"00001100"

B"00001100"; -

B"00001000";

B"00001000";
B"00001010"

B"00011010"

B"00011010"; -

B"00100010";
B"01000110"
B"10000110"
B"00000010"

B"00001011"; -

B"00001110%

B"00001110"; -

B"00001110"
B"00011010"

connect to PCI-DIO-32HS board
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wait

ddcout_data[7..0];

for ACK

PCready now

provide PCLK

wait

wait
write
write
write
write
idle
idle
idle
next
read
write

have missing data)

for DVOUT

for DDCdata
R-high
R-low
I-high
I-low

channel
MAXADDRESS
R-high



