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• interface options and 

• added functionality. 

These issues are discussed further in the chapter dealing with the initial analy~is and 

concept design of the design project. 

2.3 Conclusions 

In this chapter we looked at the architecture ofthe existing groUlld penetrating radar system 

to which the radar user interface must be integrated. It i~ important to UIlder~tand the basic 

hardware strudlll'e of the ground penetrating Hldar system in order to advance to the next 

phase which is the gem:ration of the user requirements and system specification. 

W e also looked at cOIl1ID<:rcial ground penetrJ.ting radar ~ystems in order to 

understand implementation ~trategies and design concepts that can be integrated into the 

system ~pecification. We concluded that a design approach of integrating the HMI and the 

radar electronics was the optimum route to follow 

Impl.menti>'~ a Ground Pe"otrati"g Radar U.fer Inlerface in Sy,lem.on.Chip Teohnology 

12 
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Chapl'" 4: hliliai Ana/pis and Concepl LJe.<iJm 

• f..llPS 

• PowerPC 

• x86 

• 68000 

• Other (any not listed beforc) 

ltwas necessary to lay down some key criteria to aid m the selection ofthe SoC processor 

tor the radar user interface. These key criteria were defIned to be: 

• 

• 

• 

• 

SoC processor architecture, 

power consumption v ~ . relative speed, 

peripheral integration and 

design rCWllrees and support. 

The available processor architectures were evaluated fIrst. The results of the evaluation 

proce~~ are shown in Tabl« t. The evaluation was done hy evaluating the SoC processors 

that wen:: commercially a vailahl e at that ~tage. 

Tablc 1 SOC Proce,sor AIThitech,re Selection Criteria 

SoC Proce~sor Prmer Pcriphu"l Dcsilln Resourccii ' 

Archit«cture Comllmption H. Int«gration' and Supp<lrt 

Relativc Speed 

ARM Good High High 

MIPS Good High High 

l'ol\'erPC Moderate Moderate Moderate 

x86 Moderate Moderate High 

, 68000 Sec Text' See Text' High 

Other See Text" See Text"' Low 

• Processors that fell in the '680(i()' category wa~ not con~idered as the~e proces~or~ 

generally did not have a memory management umt (MMU) and thus could not provide the 

processing power needed to execllte the radar apphcation so!lware. Similarly, proc es~on 

imp/cmenling " Ground Pelle/raling Rad"r Us.-r /meJface in Sy!;tem-on-Chlp T"ohn%gy 

23 
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Chapl~r 4: iniliar Ana/ysi' and Co",,'"pl Design 

in the 'ARM' category that implemented the ARM7 architecture, generally did not have an 

MMU and were thus also e)(c1uded from the survey .. , Processors that fell in the 'Other' 

category were J1Qt considered either, becati';e there tended not to be a lot of design 

resources and support available for them due to their limited and application specific use. 

Their availability in limited quantitie8 for development purposes was also a concern, 

Looking at the other critena we can see the AR1vf and MIPS architectures being 

generally better than either PowerPC or )(86. The reason for thlS is due to the usc of 

PowerPC and )(86 architecmres in more processor inten,;)ve areas such as embedded 

personal computers and the ASIC market. AR1I.1 and MIPS architecture ~ are used mote in 

PDA and cellular applications where low power consumption is the major de';lgJ.l lactor. 

These reasons caused us to only focused on ARM and MIPS architecmre-based SOC 

processors that "ere 8pecifically intended for low power consumption applications. 

Taking the ne)(t step. we looked at the critena ofpower consumptiO)l vs. relative 

speed and peripheral integration. The criteria of de8ign resource8 and the level of support 

were deemed to be equal at this stage. Peripheral integration o("the SoC proce,>sors was 

measured against the radar user interrace sy8tem 8pee-ific-atlQn to ensure only processors 

that could meet the requirement'; were evaluated. The I(lllowing peripherals had to be 

present on the SOC proce';8or to qualify 11 for consideration 

• Integrated LCD Controller 

• Static Bu,; Tnterlace 

• Separate SDRAM Controller 

• Dual USB Interlace 

• Dual UARTTnter(aces 

• Ethernet Interface 

• Bulk Storage Interface, like Compact Flash or PCMelA 

Table 2 shows the ARM and MTPS architecture So.cprocessors that were evaluated based 

on these critena, 

It was difficult to compare the different processors with the information supplied 

hy the manufacturers, as they implement different architecture';, peripherals and operate 

at dirlerent clock speeds, Nevertheless, we had to asswne that all the characteristics were 

impl~menli"g II Ground Penelr"lin!,; Radar U, er Jnte>jac~ in Sy"l~m o()n_Chip ToohlJ{'/ogy 
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more or l~~s equal in nrd~r to proc~cd, from the table it is clear that the AMD Alchemy 

Au11 00 MTPS32 series of processors had the best power consumption \'~. relative ~p"~d 

charadenstic, We decided to u~e this range of SoC processors as it also had added power 

r~duction feahu~s that we will discuss ill the chapter on the hardware impl~melltatiOll of 

the radar user int~rli:lCe. 

Table 2 SOC Processor Power Conswnption Compari~OIl 

" Processor SoC Processor Power Con~umption \'5. 

, ,Archi,$,e(ttare Relative Speed 

AMD Alchemy AulOOO MIPS32 <300mW@266MHz 

266MHz 

AMD Alchemy Aul[)(){) MIPS}2 500mW@400MHz 

400Mllz 

AMD Alchemy Aul 000 MIPS32 900mW@SOOMHz 

500.MHz 

AMD Alch~my AlillOO MTPS32 <200mW@333MHz 

333MHz 

AMD Alch~my Alii 100 MIPS}2 250mW@400Mllz 

400MHz 

k\1D Alch~my Aull[)() lI--IIPS32 400mW@500Mllz 

S[)()MHz 

Atme! AT91 RM92[)() ARM920T 120mW@ 180MHz 

(abs. mm, estimate) 

Cirrus Maverick EP9301 ARM920T 100 - 67SmW@166MHz 

Cirrus Mav~rick EP9302 ARM920T <500mW@200MHz 

Cirrus Maverick EP9312 ARM920T 45 -750mW@200MHz 

Cirru~ Maverick EP931S ARM920T 100 - 750mW@200MHz 

Frcescak i.MXl ARM920T ~oOmw @200.MHz 

MC932~MXl 

, , , ,'., , , Impl",,"mmg u Cn:"md Pcne'ratm~ Rad," (""or Imerjil<o In Sy<lem ~n C/"p Technology 

25 



Univ
ers

ity
 of

  C
ap

e Tow
n

Ch'.!£.ll!r 4: {nilial Analy.,i" ""d ConCrE.I Desi&n 

Pnx:enor . SoC Proce!i~or Power Con!ulnption vs. 

Architecture Rebthe Speed 

Intel XScale PXA255 AlUJ5TE 178mW@200MlIz 

200MHz 

Intel XScale PXA255 ARM5TE 2g3rnW@3OOMHz 

300MHz 

Intel XScale PXA255 ARM5TF. 411mW@4ooMH7. 

4OOMH7. 

NEC VR4!21 13lMHz MTPSM 300mW@ \3IMH7. 

NEC VR4121 168MHz MTPSM 3g5mW@16gMH7. 

NEC VR4122 MlPSM 270mW@180MHz 

NEC VR4131 MIPS III & MIPS16 270mW@ I gOMHz 

NEC VR4181A .MIPSlll&MIPSI6 <500mW@I3IMHz 

Samsung S3C2440 ARMnOT 368mW@400MHz 

Shmp LH7 A404 AHJ\1922T 265mW @200.MHz 

(abs. mil) estimate) 

4.2 Concept Design 

The next task was to generate a concept design forthe radar user mterface. It was decided 

to divide the radar user interface design into two pads, namely the RUI module and the 

RUI motherboard. This wa~ dOl)e in order to allowforthe upgrade of the processorsection 

of the radar user inter1;1ce, i.e. RUlmo<iule, without having to re-manufacture or redesign 

the whole radar user interface. 

4.2.1 Radar User Interface Module 

The concept design for the RUT module is shown il) Figure 3. It consists of the AM)) 

AullOO Alchemy MlPS32 SOC proces~or, the nOl)-volatile Flash boot memory al)d the 

Impl~"umling a Ground P~n~traling Rader UJer Jnrf"jace;" S)!£lem-on-Ch,p Tec/mology 
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\olatilc synchronous dynamic random access memory (SDRA\1). It also has the HAG 

programming interfaec COllleetor for programming the non- \'olutile Flash boot memory and 

the SoC processor. Allthc other signal ~ Irom the processor arc takcn to a connector lhal 

will allow the RUI module to interlace wilh the Rli I motherboard. 

4.2.2 Radar Lsrr Intf rface Mothrrhoard 

The concept design for lhe RUT molherboard i~ ~hown in Figure 4. H consists ofa field 

-programmable gate array (FPGA), configuration de~ice for the FPGA and interfoces foc 

thc peripherals. It also has the nAG programming interface for the fPGA, which is on1) 

used for dehugging the FPGA in this application, as well as the programming interface for 

the FPGA c<.>n fi b'-nration device. The FPGA ,,,IS reqnired to implement the radar module 

'----, 

Flash 

-L ---- - ,----_. - ~-.- . 
I RUI MB 

JTAG Au1100 
I Interface 

-

SDRAM 

Figure 3 RUI Module Concept Design 

iml'hmeliling v Ground P,'netm/illg Rvdvr U:'~r imel/ace ill SY!!lern-Of.-Chil' TecimoioKl' 
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Figurr 4 RLI Motherboard and Display COllCcpt Dcsign 

Im,,!em~"'inr; a Cnnmd Pen.'/J-alii'l! Rad(Q (},\'el' illt"lface in System_an_Cllip r,'clmoi(Jg,' 
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link (RML) interface as well as providing logic interfacing J::,;,hv~en SOUl<' of th~ 

components of the RUI motherboard. These int~rfacing functions are usnally implemented 

in 3 compiex. programmable logic d~vic~ (CPLO) or discrete logic components, but to 

reduce components and thus power consumption the FPGA wa~ used for that function as 

welL Th~ RML intcrfac~ Wa<! required in the design to allow the radar user interface to 

connect with the radar electronics in th~ CUlTrnl ground penetrating radar sy<;t~m de<;ign. 

It was also decIded to mclude an RS-422 mterfac~ m the deSIgn to allow the radar user 

interface to seamlessly integmte with the current ground penetrating radar system 

impkmcntatioo that ills l:x:cn d~scribcd pr~violLsly. 

For the J'i'npherals, an Ethcrnd, hvo USB 1l1!erfac~<; and an RS-232 interface was 

Impieul<'nted. A real-time clock (RTC) was also added to the design to allow for the 

accw-;lIe time-keeping and time-strullping of mdar data. Som~ light emitting diO(k~ (LEDs) 

were 3dded to the dcsign to aid in debugging th~ hardwar~. 

Forthe ~torage orradar data, two ",cur~ digital (SD) mterfaces were provided th3t 

3llow SO memory cards to be used. These interfacc~ al~o havc Olh~r impkrn;entations like 

glob31 po~ihoning systcm (GPS) and \~irck~s Efhernd int~rfaces. 1'hi:; functionality can 

thus be added to tlle radar user intelface in the future without redc:signing and re­

m3nufacturing tlle RUI motherboard. 

It was d~cided to use a commercial colour liquid crystal display (LCD) with 3n 

integr<lted touch screen to enable optional user mtemction with thc radar usa int~rface 

through the touch screen rathcr than tlle keyb03rd or a mouse. A commercial dIsplay unit 

from Cogent Computer Systems, Inc. Witll an mtegrated touch screen controller and pow~r 

supplies were selected in order not to bind the radar user interface hardware d~sign to any 

specific LCD deSIgn. 

The power suppli~s IDr th~ radar user mterlace would be located on the RUI 

motherboard. It would pmvide power to Ill;; RUI modul~ and Rill mothLTb<l1Ird. Th;; 

LCD module would 31so recciv~ it~ main power from the RUT molh~rboard 

The RUT motherboard would have connectors lhat would allow it to int~rface ".,-;th 

tlle RUI module, LCD modu]~, the Ethernet and USB J'i'ripherals as well as the R1I--1L, RS-

232 and RS-422 communications intafaces. 
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4.2.3 Radar User Int~rfac~ Mechanical Cuncept De~ign 

The mechanical concept design ofthe radar user mterface is shown in .Fignr~ S. Thc LCD 

module fit, on top of the RUI motherboard that also has the RUI module on top ofi!. The 

radar electronics sits on a separate carrier backplane that mterfaces to the bottom of the 

RUI motherboard. It is not in the scope of this design project to produce the carrier 

backplane for the radar eiectromcs. An implementation of this carrier backplane already 

exists in a different fonn in the current ground penetrating radar data system. 

L.CD . 

D 

D 

Fignre 5 Radar User Interface .\1echanical Concept Design 

4.3 Conclusions 

It this chapter we firstly had a look at the current semiconductDf industry as far as 

implemel1Hng aGround P">r"rralj>rg Radar User brte,face in Sy."em_on.C/Jip Technology 
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pnxes,or technology implementation goe~. Vie concluded that SOC processor technolo>,'Y 

would be the ideal selection for the radar ",er interface. Following on from thi" we 

selected a suitable SOC processor based mainly on the system specification and other 

important criteria like processor architecture, power conslIlllption V3, relative speed and 

peripheral integration. The SoC processor selected wa, the A..\1D Alchemy Aull00 

MIPS32-based processor as it had the lowest power consumption vs. relative speed of all 

the devi~es that had been evaluated. 

Next, we did a concept design for the radar "ser interface based on the SoC 

proces,or ,elected and the system specification. It was decided to ,plit the hardware 

implementation into two sections to allow for the reuse of the hardware platform, We will 

use this concept design to produce the hardware nnplementation of the radar user inteIiace 

in the next chapter, 

Implementing aGround Pe>1e1rnling Radar User ]nM:face i" System-an-Chip Toch'kJlogy 
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Implem.mting aGround f'melYalinl< Radar User ["Ierface In Syste",-",,-Cilip r-chnoiogy 
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Chapter 5 

Hardware Implementation 

The concept design orthe mdar u~er lllterfa~e that was generated in the previous chapter 

allowed 115 to implementthe hardware forthe radar ll~erillterrace. We started by selecting 

the reqllired components to optinme the desIgn for low power consumption, followed by 

dOlllg the schematic designs of the RUt module and RUl motherboard and [mally 

Implementing the schematic designs in printed circuit boards. 

5,1 RUI Module Component Selection 

5.1.1 SoC Processor 

The mJcroproce~~or that WaS u~ed in the RUT llKldule was the AMD Alchemy 

AllIIOO-400MBC Ii-om AMD.[5] The pro~essor is a complete MLPS architecture SOC 

processor based on the MIPS32 instruction set. It is specifically designed for maximum 

perfimnance with low power con~umptlon for mobile and handheld applications. The 

power dissipation for the device is less than250mW for the 400MHz ver:;ion, whi~h is the 

speed version that we selected. The 500MHz version's power consumption was deemed 

too high (40OmW) for a speed increase of a 100MHz over the 400MH;o: version. The 

device is highly integl1lted with on-chip SDR.J\.,\1, SRAMlFlash FPROM memory 

controllers, an LCD controller, 10/100 Ethernet controller, USB 1.1 host and device 

~ontroller, three UARTs. and general purpose inputs and outputs; up to 4& with 13 being 

dedicated. 

5.1.2 Non-Volatile Program Memory 

The RUI required non-volatile memory for program storage. The memory that was 

selected was an Intel Corporation StrataFlash" TE2gF256J3C-125 memory, which is a 

implementjng" Ground l'enelrUljng 1{ad"r U",,. in/cry"", in Sy. ,lem-on-Chil' Technology 
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125ns (nanosecond) 256-Mbit (megabit) Flash memOJ)'.[6] The reason for selecting this 

specific Flash memory was Intel's usc of two-bit-pcr-cell technology in the memory 

manufacturing. This means that the memory provided double the ,torage den~lty when 

comparGd to ~tandard memory uevices in the 81!me footprint without a twofold increa,e in 

power consumption, i. e. this memory COllSllIllGS les~ IXlwGr per "'tbit when compared with 

one-bit-per-cell technology memory devke>. 

It was also decided to implement one of these memory devices to give thG RUI 

module 32r..ffi (megabyte) of lXln-volatile program mGmory storagG. This was deemed 

enough memory to st()re tile bootloadGr and tilG compressed program imagG. 

5_1.3 SDRAM Volatile Program Memory 

The RUI requires SDRAM fOTtemporary program, data and variable storage. The Au II 00 

SoC processor has a separate SDRAM bus intGrface. This interface allows the SDRAM 

bus to operate at a lower voltage than the stati~ memNy bus of the pnwessor. For this 

reason we selected a Micron Tocbn()\()gy, ln~. MT48V IGMI6LFTG-IO Mobile SDRMf, 

which is IOOMHz 256-Mbit SDRAM.[7] This memory is specifically design for low 

power COllSumption mobile dGvice applications andoperate8 li'()m ~ 2,5V compared to otller 

devices that operate from +3.3V 

11 WaS decided to implement the maximum amount of SDRAM that the Aul100 

SOC processor was designed for to allow for the maximum amount of llexibility for the 

software implementation phase of the design project. This equated to two of the~e memory 

devices, giving a total of 64"'13 of SORA.\1 program memory. 

5.2 RUI Motherboard Component Selection 

5.2.1 Field-Programmable Gate Array (FPGA) 

The RUT required an FPGA forthe implementatwn oft])" RML interface and general logic 

interfacing. The FPGA that was selectGd for usc in the RL'I motherboard WaS a Xihnx 

lmple_nling a GroundPe""waUng Rnda,. fA".. lnlerfac~ in Sy,km-on-Chip h chno/vgy 
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XC2V250-6FG2561 Virtex™-II PlatfQnn FPGA.[8] rhis FPGA is a 250 000 gate devH:e 

which has cnough rcsourecs tQ implcmcnt the RML interfacc and general logic interfacing. 

The FPGA neededa ~onliguralion de"ice and an Almel Corporation A TI7L VOO2-

lOCI FPGA COllfiguratiOIl EEPROM Men}{)ry wa, , eleded.[9] This allow, the FPGA tQ 

operate in a ~tand-alone application, ie. thc FPGA does not need !o be manually 

reprogrammed every time the RUI i, ~v.-it~h ed Qn and u,ed. 

5.2.2 1011 OO'fbps Ethernet Interface 

The RUI had to have a lOilOOMbps Ethcrnet interfacc. The AullOO SoC processor had 

an integrated Ethernet controller (MAC) and all it required wa~ an Ethernet PHY 

(tTan'><:eiver). The AMD Am79CR74Vl NelPHYT"-ILP Low PQwer 10/l00-TXiFX 

Ethcrnct Transcciver was ,elccted. [10] This device was selcctcd as it was dcsigned for low 

power<:on~llm]Jtion application~ and Wa~ recommended by AMD for ll~ewi!h the Au II 00 

SoC proccssor. 

5.2.3 RS-422 OMI Interface 

rhe RUI had to have an RS-422 illlerfa<;.e to allow i! !o interface wl!h the <:un-en! ground 

penetrating radar system.. It was de<:ided to use the SlpeX Cmporation SP3485EN +3.3V 

Low Powcr Half-Duplex RS-485 Transecivcrwith 10Mbps Data Rate.[ll] These dcviccs 

wcre designed for low power applications and they typicaJly CQn,ume only lmA of supply 

current. Thesc dcvices also have internal short-circuit protection. Although they arc 

designed for RS-485 apph<:ations, they can be used for RS-422 applkatiQns a, well. Two 

of these devi~e, will be llSed to implement a tran~mit and a re<:eive communi<:ation 

~haJmel. 

5.2.4 RS-232 Debug Illterfac~ 

Thc RUI had to have an RS-232 interface for debugging and any general RS-232 
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communicati ons fundi ons. It was decided to use the Sipex Corporation SP3232EEY True 

+3.0V to +5.5V RS-232 Transcei,'er.[12] These devIces were de~igned for low power 

application~ and they typically ~onsume only 0.3mA of supply current. These devices al so 

have intemal short-circuit protection. 

5.2.5 Re~l Time Clock and Power-On Reset Circuit 

The RUr had to have a real time clock (RTC) lor ac~urate time-keepmgand time-~Iamping 

of radar dala, The Xicor, In~. X1227S81-2.7 A Real Time Clock/Cal eooar/CPU Supervisor 

with EEPROM was selected.[I3] The device was selected as It featured a RTC with 

clock/calenda.r, two polled alarms with int~grated 5!2x8 LEPROM, oscillator 

compen~ation, CPU supervi~or anda battery backup switch, The device i~ accCl1~ed via an 

I'C interface and operates from an external 32.768klIz crystaL 

5.2.6 Power Supply Lllit~ 

The RUI would be supplied with + 7V to + 12V DC and it had to generate the required 

mtemal voltages; in thi~ ca.\.C + 1.22V, +1.5V, +2.5V, +3.3V and 15V. The ~mrent 

requirements for the power supplie~ were ~alculateda~ be~l as pos~ible. TallIe 3 ~how~ the 

rCl1UUs 0 r Ihe ca\Culation~. These val lies OIl!y reflcct the ClLfrent consumption of the major 

component~ that will be used in the Rur design. Generally, the rule ofthomb for power 

snpply cnrrent design is to design for 80% of the power supply capacity being the load 

current with a reserve of20%. In this case we wIll design lor 500;':' of Ihe power supply 

ClLfrent being the load current with a rescrve of 50'% giving a power snpply ~urrent 

requiremenl of 1.5A. Thi~ was done as we did not have a vel)' a~cUIate power snpply 

cnrrent consumption modeL As an example, the ClLrrenl con~lLmption ofthc FPGA would 

val)' depending on Ihe design thai would be implemented in the device. It was also dccided 

to use the ~ame power ~upply device for all sllpplies in order to reducc the nnmber of 

different componcnts that will be requircd and so 'impliry the electronic component 

prol'mement proce~s. It was de~lded to \I.\.C the Lmear Technology Corporation LTl767 

Imphmonting a Groulld Pelietrat;lIg Radar [i, er Inter/ace;n SY'I~m-on-Chlp Tech'lOio;!y 
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Dt'vict' +1.22V +1.5V +2.5\" +3.3V +5V 

.\m790!7-t Ethernet ~ nOmA ~ 

l'llY 

AT17L Y(102 H'GA ~ ~ Sm.A. ~ 

Cllnfigun,tioll PROM 

Aull(10 4(10vlH/ SoC n /Hl/\ ~ 86mA 17mA 

Ethernet Cunnedur ~ ~ ~ 40m .. A 

H'GA O~cillatur ~ ~ ~ 25mA ~ 

I.cn :\10']ulc (e~timaje) ~ ~ ~ SOO!nA. 

MT48Yl6.M16LFTG-l(1 ~ ~ 3.l0l)lA ~ ~ 

SDR.UI (x2) 

SI) Ca,·d (x2) ~ ~ ~ 200mA 

SI'3232 RS-232 ~ ~ ~ 100mA ~ 

Transceiwr 

SP34~5 RS--tS4 ~ ~ -tmA ~ 

l'ram~ph-el· (x2) 

T.E281i256J3C-125 M:u.h ~ SOmA ~ 

Memory 

LSBO Dcvice (Iimitpd) ~ ~ ~ ~ lOOm.1I,. 

llSBI Devi~c (limitcd) ~ ~ ~ ~ l00mA 

XU27 RTC ~ ~ 3mA ~ 

XC2Y250 lipGA ~ 200rnA ~ IS0mA ~ 

(minimnm) 

TOTAL 287mA 200mA 416mA 7S4mA 700mA 

MOIlOlidlic 1.5.-\, 1.2S_\111z Swp-Down SWllching Regulator>. [141 These regulators were 
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high~cffJcicncy (90% maximum) switching regulators with a large input voltage range 

(+3V to +25V) lor battery powered applications that w~r~ also available in fix~d voltage 

versions and were scketed for the~e reasons. 

Table 4 shows a compansoll bel\Ve~ll linear and switching regulators.[15] 

Although linear regulaton; have a clear advantage when it comes to r~dueed complexity, 

total cost and output rippkinoise when ~01npared to sWItching regulator~, sWItching 

regulato~ have the advantage when It wmes to Improved efficIency and reduced waste 

heat generated. Reduced size is also an advantage in high power typ~ applications where 

a linear regulator would n~ed a heatsink, while a switching regulator would not need a 

heatsink. Linear regulators only reallyhavc an advalltage OvCr ~witching regulat~ irthe 

input and output voltage differential of thc regulator i~ smalL Thi~ is not the ca~e in the 

RUT implementation where thc input voltage can vary b~l\veen + 7V and + l2V and the 

output voltag e~ vary from + L22V to 15V. Furth~rmor~, a lin~ar regulator can only step 

the inputvoJtage down, so ifth~ RUI i~ wpphcd with an mput voltage below the minImum 

input voltage for any reason, dlC linear regulator would not operate corr~cdy. 

Table4 Linear vs. SWlt~hlllg Regulator Comparison 

Comparison Criteria-' Linear Rc!;iilatbr, Switching Regulator 

Function Only Step~ Down Steps Down, Up or Inverts 

Efficiency ulw/Medillm High 

Waste Heat HIgh I_ow 

CompleJity Low MedlulIliHigh 

Small/Medium@ Low Larger@ I_ow Power 

Power 
Size 

~ompared to Ijnear Reg. 

Large @High Power Smaller@HlghPower , 
(RcqulTes Heatsink) compared to Linear R~g. 

Total Coilt Low Medium/High 

RippleINoise I_ow Medium/High 

implementing" Ground Penetruling Radar US" Intor/ac:o in Sy"om.on-Chip r"c:hnol"gy 
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5.3 RlJl Module Schema tic Design 

An overview of the design of the RUI moduk is sho"VI] in the block diagram in Figure 6. 

The schematic diagrams and parts li,tlorthe RlJI module is included in Appendix A.I for 

rclCrence purposes. 

5.3.1 SoC Processor Design 

1111' central component in the RFI module design is the AMD AullOO SoC processor. It 

h~s an integrated SDRAM controller that can operate at a bus voltagc of either +2.5V or 

+3.3V dlat is sele"iable by applying the requircd logic level (0 or I) on the V.%"L pin. In 

this design the SlJRAM bus was configured to operate at +2.SV as the SDRAM used was 

of the +2.SV bus voltage type. I'or this reason the VSA"L pin was tied to ground (logic OJ. 

The SOC proccs,or has a static bus controller that allows lor thc mcmory mapping of 

extenl~l memory devices. The SOC proce>sor h~d to be configured to boot from either the 

SDRAM or ,talic bus controller, by applying the required logic level (0 or 1) to the 

ROMSEL pin. In this design the SOC proces'0r had to boot from the 'tatic bus controller. 

For this reason the RUMSEr pin "a, lied to ground (logic 0). 

The SOC proces'or wa~ de,igned to operate from a 12MBz cry'tal and has an 

intell1al phase-locked loop (Pl.\') 10 ge!lerale the required inlernal clock frequencies. 111e 

powcrsupply connections fortbe PI.I. had to be decoupJed Vvith a special circuit consisting 

of a 22fl.F and a 1 OnF capacitor and a 1000 re,istor. There was ulso a 32.76RkHz cr}slal 

connection that allowcd lor the implementation of an RTC in soft" .. arc in the processor. 

It was decided not to use this function of tile proceswr a' ane>;ternul RTC "as going to be 

implemen\edon the RIJ1 motherboard. Neverthele>s, the unllsed powersuppl} connections 

lorthe 32.768kHzcrystal COlllcction also had to be decoupled with the samc circuit as was 

used for dlC 12)..Uiz crystal. lhe unused 32. 76~kllz crystal connections also had to be tied 

to ~3.3V. 

1 be SoC proces'0r required ~ core voltage of t I.nv connected to the VTJTJ! pins 

und ~ninterface bliS "ollage of+3.3V connected to the VDDXpins. The internal SDRAM 

39 



Univ
ers

ity
 of

  C
ap

e Tow
n

---------------------- -- --------, , J "- 00 , •• p , U0211! "'-~1 •• N' , 
N° M. , 
_0 , , , , 

" 
, , , , , • , 

• , , , , 
! 

0 , , 0 

, ""10",""00 

, ·l ~l¥a 

-- -- , '" .",,~aay , , 
~!l~ , l'''''~ 

~·i , o~ • , 0 

l 
0 • , t 

, 10"'''''0 flS~ • , E 

• • , • 
, ~ < '.1< 'l~a I g • , 0 

1M 0 , • • , 
8 , • ill - ~ " - , .. ~ 

" 

0 • ! • , ,~ 

0 , , 
~ , • 

.~ 
0 

" Snaay I , UN'GHI1. 

" NO • , ,un M. ." >lya 
, , ••• n 

, 'Hyn 
"IOlIlNO~ , OJ.nn , , , 

, ''" , , 
, "" , oH+ 

, />Zz·,. , 
-------------------------------, 

-FIgure 6 RLI Sioduk DeSign Block Diagram 

iml'i'lnenli"R." Gm.md I'ene/raliIlS R"dar U,er In/elja,"" il1.I:,·.wm-un-Chip Teehl~)log)" 
40 



Univ
ers

ity
 of

  C
ap

e Tow
n

Chapler 5: I fm'th'are Implementation 

controller required a voltage of +2,5V connected to the VDDY pins a, discu,sed earlier. 

The power supply pins on the proces,or wa, decoup1cd using mainly lOOnF capacitor" 

A 6,8nl', IOn!' and 15nJ:i capacitor wa, also added to provide a broader spectrum of high­

frequency noise filtering. A I OJ-lF capacitor connected to each of the three supplies were 

al,o included in the design to jiller out noise from th~ power supplie~ Th~ SoC pnX' e~wr 

had an output, call ~d PWR -'oN, that was used to enabk the + I.22V power supply, This 

output goe, to a logic high I ~vd (+3.3V) a8 ~oon a~ th ~ fDDXOKmput i~ a~~rted high. 

The VDDXOK input is u,ed to signal to the processor that the +3.3V interfu~e bus voltage 

8upply (VDDX pins) IS stabl ~ _ The VDDXOK mput wa~ ti~d to the RESEl1N' input, The 

RESETli'linput waS connected to the FPGA on the RUr motherboard. This allowed forthe 

contro I ofth ~ power-up sequence of the processor. The SOC processor provided a buffered 

output of the RESETlN input, called RF.Sl:.TO'U'J: that was not used. 

The IT AG programming mterf"ce that allowed for the programming of the SOC 

proce'80r and d~vices memory mapped to it had to be included in the design, It was 

decided to connect thi8 interface through to the RUI motherboard and place the JT AG 

connector th~re to red\IC~ the side profile of the RUI module. Thi, would also reduce the 

overall side profik of the radar user mterfuce. 

5.3.2 Flash Non-Volatile l'ro:,:ram Memory Desi;:-ll 

As slated before, 32MB of Flash memory was added to the deSIgn to provide the non­

volatile program memory, This memory would be used to ,tore the boo!loader and the 

compressed program image_ The bus width of the boot memory had to be selected Wlth the 

ROMSIZE input on rhe SoC processor by applying the required logic level (0 or I) to the 

input. The boot size options were 16-bir or 32-bit data bus width memory devices. It was 

decided to mclude the optir'" ofhrlflting from either si~e option to allow forthe maximum 

flexibility in the design. Applying a logic 0 to the lWMSlZE input boots from a 32-bit 

data bus memOlY device and applying a logi~ 1 to the ROMS1ZE mput, boot~ from a 16-bit 

data bus memory device. The Fla~h memory device was configured for a 16-hit data bus 

width by connecting the BfTF. input to a logic high leveL In thi~ configuration the Ai 

Impl~menting a Ground Penetrating Rad,u User Imerji,ee in System-an-Chip Tt:L'hnology 
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address illput becomes the least significant address bit. TheAO address input was not used 

and thus connected to a logic high leveL The VPLJ.V input wa, also connected to a logic 

high IcvellO allow ror the device to be "Titlen to and crascd. 

The Fl;,,;h memory wa~ directly conncct<XI to the static bus controller with the 

RAD[24:l}, RD[J5:0] and ROE signals. TI1C static bus controller sIgnals RCS[3:0}, 

RBEN[l:O}, RWE and EWAlT were connected to the FPGA Of] the RUi motherboard and 

the Flash memory control signals ReS and RiVE were comlected from the FPGA to the 

Flash memory. This al!owed for the implementation of the Flash memory mapping and 

decoding logic circuitry in lhe FPGA, which aUowed for a very flexible design The stalic 

bus control!er signals RAD[12:0] and RD[7:0j were aho connected 10 the FPGA on the 

RU ilnothe,board to allow the SoC proce5sor to access the RML inlerface implementation 

in the FPGA as a memory mapped deVIce 

The Flash memory device had all mpUl, called RESET, and an output, called 

STATUS, that Vias connected 10 lhe FPGA onlhe RUI motherboard a, well. The STATUS 

output indicates irthe Fla~h memory is busy "ith an inlernal operation. The RESET input 

resets the Flash memory and ""ill be controllcd during the power-up ,equence by the 

FT'GA. 

The power supply pins of the Flash memory device were connected to + 3.3V with 

S!l!ne I 00n F docoupling capacitors added to the design to provide noise filtering and power 

supply decoupling. 

5.3.3 SDRAM Volatile Program Mcmory Dcsign 

Two 32MB SDR.A!\1 devices were added to the design to provide 64MB of volatile 

program memory. These devices were connected 10 the SVRAM controller nfthe SoC 

processor as described earlier. The SDRAM controller ,ignals SDA[l2:0j, SDBA[l :OJ, 

SDRAS, SDCAS, SDWE, SDCSO, SDCLKO and SDCKE were connected to both SDRAM: 

devices. The 32-bit dala bus of thc SDRll.M controller was divided between the two 

SDRA\!! devices with the SDD[J5:0j and SDQM[I:0] ,ignals connectillg to the least 

sigl1it'icalllword SDRA}..tdevice and theSDD[31: 167 andSDQMf3:27 signals connecting 

fml'i<m<nting a Ground Penetrating Rudat User Im"f~ce in Sy.<rem-on-Cll1p r . chnnlogy 
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Cha",e, 5: Hay{n,;a,e !mplemen/Q/;ml 

to the most signilicanl word SDRAM devi~e. 

The addres~ ~onfiguration lor the ~hip sele~l slgnals of lh~ SDRAM: d~Yi~~s 

(SDCSO) C,lll be configured in the SoC processor and this will be done by the bootloader 

software on start-up. 

Th~ power sUPpIYPlll> ofth~ SDK.A}vf devices were connected to +2.5V with some 

lOOnF decouplmg capacitor< added to the d~8ign to pro"id~ noise ftltcring and power 

supply (l~~ouphng, 

5.3.4 RL'I Motherboard Interface Desi!:" 

The RUI module interra~ed to th~ RUT moth~rbt"'rd through four connectors. These 

conn~dors provided connection for the following devices and functions. 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

5.4 

17 (icneral Purpose InpuBiOutputs (I Pmgrammabk Clo~k Output) 

Ethernet Controller 

FJa:;h J\.1~lllory Interface (ReS, RW1';, STATUS and RESET) 

LCD Controller 

SD Card 0 & SD Card 1 

SoC Proce:;sor JTAG Interface 

SoC Proce,-~or Re~et and Core Power Supply Enabk 

Static Bus Controlkr (RAn[ 12:0), RD[7:0}, RCS[3:0}, RJJ1:.N{1 :O}, RW1>", R01>", 

and l:'W A rr slgJl<li8) 

UARTO & UARTI 

USBO& USBI 

+1 ,n-V Pow~r Supply 

·1 2.5V Power Supply 

+3.3V Power Supply 

RUl Motherboard Schematic Design 

An overview of the de>ign of the RUT moth~rbt"'nl i8 :;hov.n in the block diagram in 
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FigUl'e 7, Thc schematic diagnllllS and pat1s list for the RTTI motherboard is induded in 

Appendix A.2 for reference pw:poses. 

5.4.1 Field-Programmable Gate Arra~ (FPGA) Design 

The central component in the RUI motherboard desIgn was theXihnx XC2V250 ViTlex-1I 

FPGA. The FPGA was needed to implement the RML intcrfacc and general logic 

intcrfacingneeded forthe Flash interface and reset and power-up circuitry. The FPGAhas 

a core (VCCINT) that operates from +1.5V, while the auxiliary eircuitry (VCCAUX) 

operate~ from + 3.3V. The inputs/outpnts are arranged in eight banks that can each operate 

frOID a different voltagc. Sincc all the extcrnal circuitry cxceptthe&\1L interface operated 

at +3.3V, the inputioutput banks (VCCO-{3:0] and VCCO-{7.'5}) wcre snpplied with 

+3.3V. The bankthatconnectcd tothe RML interface (VCCO-4) was supplied with +2.5V. 

The powcr ~upply pins on the FPGA were decoupled ming lOOnI' capacitors. 

Thc FPGA had to have ancxternal oscillator to provide the dock signal to driv~ the 

internal circuitry, A32MHz oscillator was added to the de,ign and COlmected toone of the 

digital clock managcr.1 (DCM) of the FPGA. The olcillatorhad to havc an InF and lOOnF 

decoupJing capacitor for noi~e filtering. 

The FPGA JTAG interface was also included in the design to allow for the 

d~bugging and prognmuning of the 11'GA during the firmware development process. The 

Atmel A Tl7L V002 configuration devicc and ill in-,y,tem prograrruning (iSP) connector 

was induded in the de~ign to allow the FPGA to operate in a stand-alone application, On 

power-up the IiTITIware dc.llgn i.1 uploadcd from the non-volatilc configuration device to 

the FPGA. Some 100nF decoupling capacitor.1 WerC adclcd to the power supply 

connections ofthc configuration device, 

It was decided to also include cightLED, and some switches in the design to allow 

for the debugging of the hardwarc and firmware, These LEDs and switches were 

connected to the FPGA so that they could be acce,sed via the firmware de~ign in the 

FPGA. 

All the .Italic bus controller signals RAD/12:0j, RD{7,O}, RCS{3:0}, RBF-N{l:!!}, 

lmplemenlinli: a Gmund Perle/culing Rada,. Usee Interfix< in .1)',,,em_on_Chip Techndogy 

44 



Univ
ers

ity
of

Cap
e T

ow
n

, , 
• 
1 
J 
• 
0 , , 
< ~ , ~ • 
~ > , ~ .. ~ 

• r 
" • 

~ • 
0 , 
• • • i: .. s; 
! ~ ; , • ~ 
~ 0 

i ~ 
r 

Q -, > > 

~ 
• , 
3 

g 

,-- -- ----- - _ ...... _. _ .. - - -- - - - - - -- - - - - - --. ---_ .. - -_. - _. _ . .. ..... .. . .. . .. _ ..... ... -
)~- I 

I ""d -- ,--

I-W'~1t T 
d---

"."..,." I .... , I -" 

I .• , .... ,"" Hi.;.~;~;.;~~t"""-L_~_,_~rrr_7_J = . 

I_ .. _I • • 
• 

•• 

'. j 
, 

• . 

~. I LCD I I ,:.:. 
I ... , 

~ 

, . , , , 

• • 
• 
• • • 
• • 
· · 

" , 

17J I';'" I 
: i ·~r·~& 1 r ~~-m J 
c ..... ... .......... ......... ......... .. ......................... L .... I . .. : 

r 
" 



Univ
ers

ity
of

Cap
e T

ow
n

RWF., ROE. lmd EWAlT w~r~ cOlllected to the J'PGA to a1JO\\( the SOC processor on the 

RUl module to acc~ss th~ RML inter!iIc~ implementation in th~ I'PGA The 17 general 

purpose inpm~ioutplLts from the RUI modul~ were also connected to the rp(iA \<) be 

implemented in Iimwiareas required. The Flash memo') control signals STATUS, RESET, 

ReS and RWE were connecled 10 the FPGA as the memory cOlltrol decoding would b~ 

implemented infil'm", .. e in the FPGA. Thnesct signals from th~ RTC, SoC processor and 

its .rr AG corll.-:ctor and the Ethern~t PHY transceiver w~re als.o connected to the FP(iA 

a~ it IOlTns part of the reset logic firmware d~sign. J'inally. the R'lC I'C signals were 

connected to the rPGA so that it could be routed to some of the general pllTpOSe 

inplits/olLlpllls III firmware, 

5..1.2 lO/iOOMbps Ethernet Interface Desi!!n 

The Ethernet interface consis1ed of the AMD Am79C874 PIIY transceiycr connectcd to 

thc !::themet MAC on the SOC processor. The Ethernet transceiver also had to have an RJ· 

.\5 Ethernet COlUlector an<l iwiativn trans/onner to "llow il tv mnned to the external 

ntherne1lletwork. It was. d~cidcd to US~ an Elh~rnet connector with integrated magne1ics 

and ~tatus T EDs 10 reduce th~ number ofsq:maw componen1s l1S~d in the design and thus 

the complexity of1he <lesign. The ac1ual detail of the nthernet interface design \\ill not be 

disell.~sed here as lhe re!i:reJ1Ce desigJ.l in th~ da1ashe~1 ofth~ Am79C874 PHY transceiver 

was implemented. 

5..1.3 RS··H2 HVII Intcrface ne~igu 

Th~ RS·422 HMI design consisted of two Sipcx SPH85 RS-.\85 trallscdvers that were 

jmplcm~nted as a transmit and a receiw communications chauneL The SP3485 RS-485 

trlmscdvers were connected to UART1 of 1he SOC processor and allowed for the 

in1erfaclllg of th~ RU! to the radar eledronic~ of the current groun<l peJ.letrating radar 

system implementatioll, These devices had to ha"e 1200 termination resistor~ on each 

c hUllnel as v,dl as I OOn\' d~co lIphnp: capacitors felr power suppl} decoupliJlg and noise 

implementh,!!" (h'OllM Pmenw;ng Rada, G~er fiU"'(aC" jn Sy."em-on-Ch;p Technology 
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filtermg. The RS-422 lIMl interface COllllects to a 9-Way V-Type plug that allows it to 

mterface to the external radar electronics, 

5.4.4 RS-232 Debul: Interface Desie:D 

The R S-23 2 debug interfa~e deSlgt1 consisted of the S ipex SP3232 RS-232 transceiver with 

ih reqUIred Ciipiicitor~ and ii9-Wuy V-Type socket. The SP3232 RS-232 transceiver was 

cOllllected to UARTO of the SoC processor and allows for debugging and any general RS-

232 c()mmulll~ati()ns rundi()1l~. The RS-232 debug interf,lCe only implemented the IX and 

RX signals of the RS-232 specification. 

5.4.5 Real Time Clock and Power-On Reset Circuit De~igu 

The Xi~or Xl227 reul time cl()ck (RTC) wus included In the design to perform two 

functions. Firstly, it had to serve a time-keeping and time-stamping functi()n. Secondly, 

it provided a power-on reset signal as well as a programmable watc.hdog timer reset sigmll. 

This reset signul was cOlmected to the FPGA to allow for the implementation of this signal 

by the firmware in the FPGA. The RTC is accessed by the SOC processor via the Pc 

!1lterfilCe, ulso conneded t() the FPGA 

The RTC reqUIred an external 32.768kIIz cl)'stal that provided the clock lor the 

intemal cir~uitry as well as requiring a back'4"' battery and charging cirewL This would 

allow the RTC to maintain the correct time when the RUI was switched off. 

5.4.6 Power Supply Unit ~ Design 

The RlJi motherboard ,md R1Ji module required five separate p()wer '>'llpplies. The Linear 

Technology LT1767 switchingregulutors were used to implement the power supplies. l'or 

the ·2.5V, 13.3V und 15V power supplies, lixed voltiige verW)1lS of lhe LT1767 were 

used, For the 11 ,12V ,md . 1 SV pmver supp1ie~, a pr()gnmmJable (!l1lput voltuge version 

of the LTl767 WiiS used The output voltuge of th,~ deVIce is p[()grammed with an 
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external programmmg resistor which value is calculated with a fixed formula that is shown 

below. 

10k , (Vou, - 1.2V) 

1.2V - (lOb 0.25,uA) 
[16] 

The calculated values of the required re,>i~tor~ are ~hovm in Tahle 5. A~ re~i'>tor~ are 

manufactured in ,>tandard re,>i'>tance range,>, the do~est available resi~tance value from the 

I % tolerance range of resistors to the calculated resistance value had to be chosen. The 

percentage error oct\.veen the required and calculated output voltages of the power supplies 

are al~o ~hovm to ensure that the power ~upp\ie,> do not over- or under-supply the specific 

electronics circuits. From Table 5 it can be seen that the selected re sl~tor value~ produ~e 

output voltages with negligibly small error values. 

The -I- I.IIY power supply is ~ontrolled from the SOC proc e~~or via the ,>hutdown 

pin on the L TJ767 switching regulator. This allows for the core voltage of the SoC 

proce~"or to only be applied once the other power supplies have stabilised. 

Table 5 Calculated Re~i~tor Value,> for + 1.12V and + 1.5V Power Supplies 

Required Calculated Selected Calculated % Error 

Valtage Resistfll" Re~i~tar Output 

Value Value Yoltage 

+ 1.2lV 167.0150 1690 +1.220Y 0% 

+l.5V 2505.2190 25000 +1.499Y 0.067% 

Thepower ~upplies are supplied with + 7Y to ,. llV from an external power supply 

or battery. The inputs to these power supplies have lD,;.F capaCl(or~ for noise IIltcring as 

well as multiple 10ftI' capacitors on the output~ of (he~e supplies for power supply 

lmplem"nting aGround l'enefrating Radar U,cr In,,rja('o in ~\~lem-<'n-Chjp Technol""" 
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decoupling and noise filtering. The voHage Iforn the ~xkmal power supply is al:w taken 

(0 a connC~lor (hal would allow it to b~ fed through to the backplane l'or the radar 

dectromcs. 

An important issue rela(ing 10 the power ,upply d~~ign IS to enSllre that it can 

maintam the r~q lUred ou(pul volt.age at the maximum designed load CUTTent ov~r the rlill 

supplied input voltage range. The maximllm output ClITTCnl (hat lh ~ power supply design 

can ,upply 1]1 relation to the maxmllim load cun~nt of the regulator (iI" - L5A). the 

~Wl tching fr~q 11~llCy 0 I" th~ regulator if = 1.25MIIz). the input voltage (Vi".), (he r~qun:-ed 

output voltage (Y ()(i') and the output inductor value of the power wpply de~lgn (L) is given 

hy (he fonnula shown helmv. 

I OUT( ~I.{AX) 
I _ (VOU7)(V iN - Vau,) 

p 2( L )(f)(V" ) 
[ 17] 

Table 6 shows the calculated value~ of the Olltput Clm-ent of the power :mpplies for an 

output inductor value of IOI-lH and a maximum continuous ~UTTent 01" 1.7 A. Thi~ ~peClflC 

indudor value \Va3 selcded as it provides for higher output ~urrent values than lower 

lndudor value.,. The lTade-oil" i, that mductors or larger indudance valll~~ are physically 

I arger thaI lndu~lOr~ with smaller mdu~tan"" valu~s. 

Table 6 Cal CIliated Power Supply Maximum Output Currenl vs Input Vollag~ 

VI'< +I.2lV +1.5V +l.SV +3.3V +5V 

+7V 1.4&OA L453A IA36A L430A 1.443A 

+12V 1.456A L448A IA21A I A04A l.383A 

From Table 6 it can be "'~n that for the full inpllt voltage range of + IV to +J2V and the 

ma;>;'lnlllnl de~igned OU(pllt current of L5A the calculated output current for a JOlIn output 

impiemem'ng a GrvWJd Pe'le/rmi,,!: Radar Um' [merjxc in Sy."em-<J,,-Chip Tedmoiogy 
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inductor is in mo<>t ca,e, vel)' close to toc 1.5A required and only varies with a maximum 

of" I J 7mA under this value which is acceptable for thi~ application a~ the power ~upplie~ 

were over designed by mor~ than 100%. 

Another Important issue relating to the power supply design is to ensure that toc 

catch diode u~ed in the power supply de,ign can handle the requiud current through It for 

the mmdmum de,ignedload current. The avef3g~ catch diode current lor the power supply 

d ~sign in relation to the maximum load current (J(){j;= 1.5A). the input voltage (VI.,) and 

the required output voltage (V 0('7) is given by the fonnula shown [:",[ow. 

J D(AVG) 

lOUT X (Vii\' - VOuT ) 

Vn" 
r 1 NI 

Table 7 shows th~ calculated values ofthe output catch diode current ofthe power >upplies 

for the reqllired input voltage range. 

Table 7 Calculated Power Supply Catch Diode Current v>. Jnput Voltage 

V. +J.22V +1.5V +2.5V +3.3V +5V 

+7V 1.239A I.J79A O.964A O.793A O.429A 

+12V 1.348A 1.313A 1.188A I.OS8A O.875A 

From Tahle 7 we can ,e~ that the highest average current that will Ilow through the catch 

diode will be 1.348A, so we need to select a diode that is rated to handle this current. 

Anotocr important issue rdating to the powa supply design is to ensure IhlIt the 

inductor llsed in th~ power sllpply d ~sign can handl~ the required Clment through it for the 

maximum designed load current. The peak inductor current for the power ,upply design 

in rdation to the maximum load current (Io!Jr= 1.5A). the input voltage (VI.')' the uqlliud 

output voltage (Vw ,.). till' ,witching frequency of the regulator (j" - 1.25MHz) and the 

J"'I'!e"'~nling aGround P""elraling Radar iJ.I", Inlerjace in Sy,"/em-on-CMp Technology 
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output inductor value of the power supply design (L) is given by tbe fonnula shown helow 

IpEAK 1191 

Table 8 ~hows the calculated values of the output inductor current of the power ,upplie, 

for tile reqlllred mput voltage rallge 

Tahle 8 Caklilated Peak Po\\-er Slipply Indllctor Currellt vs. Input Voltage 

V,,, +1.22V +1.5V +2.5V +3.3V +5V 

+7V , 540A I 547A 1.564A L570A U57A 

+1 2V I 544A l.553A I 579A 1.596A 1.617A 

From Table 8 we can see that the peak calculated output mductor CUlTelll value is 1.617 A, 

wh ich means that the inductor we had previously selected would be adequate for this 

applicatiml as lthas a peak output ~llITent rating of 1.7A. 

A final important p;sue re lating to the power ,"pply design is to en,ure that the 

outputnpple currel1\ value p; 1l0t exce>sive as this wOlild !legall vely illllllence the operahon 

of the digitll circuits m the desl gJl To Ih" end we mu>t ~a lclllate Ihe OUlpllt ripple mrrenl 

value for the power wpphes filr the inpllt voltage range and then ensure that Ihe correct 

type of capacilor wa> ,eieded lilr pOVi'er sllpply decoupling and noise fIltering as 

recommended by the appli~ations in(illmation in the datasheet of the LT1767. The 

important factor in selecting the type of power slipI'll' demupling a"d llmse filterillg 

capacitor is the effective seri es re>istan~e (FSR) of the ~apacitor WhlCh relates to the 

amount of ripple cUlTent it call halld\e alld not the actual ~apacitance value oflhe capacitor. 

The RMS output ripple currell! for tlle power supply design in relation to the input voltage 

(1'1.'), the required output voltage (Ve" • .,.), tlle switching frequ ency of the regulator {j= 

implementing a Ground Penetrating Radar L·:w" !nterfac~ in Sy.'I~m_on"Chip Techn()logy 
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Charter 5: Harmmre IrnplCmCllfation 

1.25MHz) and the output inductor value of the power supply design (L = (0)111) is given 

by the formula shown below. 

J RIl'l'LE(RMS) 

0.29(VOUT )(V", - VaUT ) 

(L)(f)(VIN ) 
[201 

Tallie 9 shows thetalculated value~ oftbe outputcatcbdiode current of the power supplies 

for the required input voltage range. 

Table 9 Calculatcd Power Supply OUiplit Ripple Current n. Tnpllt Voltage 

Y" H.22V +T.5V +2.5V +3.3V +5V 

+7V nAmA. 27.3mA 37.3mA 40.5mA 33.lmA 

H2V 25AmA 30.5mA 45.9mA 55.5mA 67.7mA 

From Table 9 we can see that the highest calculated ripple current value is 6HmA which 

means that a power sllpply decollpling and noise filtering capacitor with a maximum ESR 

rating of anything from 0 10 to 0.90 Can be selectcd, actording to the applications 

info.-mation in the L TI767 damsheet 

5.4.7 rSB Intcrface Dcsign 

The US13 interfate deSign con~lsted of a dual USB Type-A connector for the two TJSB 

interfates USEO and USBI. This type of connector wa~ llsed as it had a .Imaller fooiprint 

that two separate smgle USB Type-A COllllectors The re~istors on the USB signal~ were 

requm::d as ~tated in the TJSB specification. The power lor the USB mteriace wa~ going 

to be Sllpplied from the +5V power supply On the RTn motherboard Some lOOnF 

Implementing a GroU>ld Pelldratillg Radar U.fl!r 11IterflX~ in Sy.'tem~n.Chip rechnology 
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de~olLpling ~apa~itOfl1 were added to the design for p;!wer supply decouplmg and noise 

liltenng. 

5.4.8 LCD Interface Iksign 

The LCD mterfa"" design ~onsisled of a connecLor compatihle with the commercial colour 

LCD that wa~ initially going to be used in the RUL The power foc lhe U'O module was 

going Lo he ~upplied Ii-om the -,-5V power supply on the RUI motherboard. 

5.4.9 Radar l\1.-.dule Link Interface Design 

The RML tnlerfoce will be Implemented In firmware in the FPGA and is thus connected 

to the FP(iA. The RML intcrfa~e ~ignal~ aho ~onned to the same 9-Way D-Type plug as 

lhe RS-422 HMJ mlerfa~e lL~e~. Tlll~ wIll allow the Rill to interface directly to ~n RML 

challlld in the radar electronics of the current ground penetrating radar ~yqem 

implementation. 

The RML illlerJa~e i~ phy~ically Implemented with low voltage differential 

signalling (L VDS). L VDS IS a data comnJunicatilM1 system that uses a very low voltage 

swing of ahout 350mV. differentially over two PCB ~ignaILra~e~ Or over a halan~ed cahle. 

Thls charactenstic of LVDS allows for hlgh speed, low power, low cost and most 

importantly low noise communication. To maintain this low noise characteristic ofL VDS 

some important design rul es need to be followed. rhese rules are briefly outlined below. 

• Use a solid ground plane beneath the LVDS signals to establish a controlled 

impedan~e for the tran~mi%lOn line illlerconne~ts. 

• Isolate L\TIS ~ignals ii-om all other ~ignals, e~pe~lal1y high speed digital signals 

with fast edge rate~, to Il1mllmze cro~stalk that may ~OlLple onto the LVDS lines. 

• Minllmze the length between Lh~ LVDS dnver.; and receivers and the LVDS 

~onneclOrs a~ mlLsh a~ pos~ihle. 

• ProVIde enOlLgh p;!wer ~lLpply de~ouphng and n01S<' filtering for L VDS devices in 

the form of bypass capaciloTs. 
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• Power and ground connections ofL VDS devices should he low impedanc.e, J,e lISe 

wide PCB traces. 

• MinllTIlZe PCB ground return paths ,\& mush as po>sib le to nummize the loop for 

the Image currents to return. 

• L'se two or more \;as to ~onne~t the power and grollJld ~onl)ecti()ns Irom bypa~s 

capa~itor& to minimIze (he effect> ofinductalJce. 

• LVDS signal traces should he coupled close together and designed for loon 
differential impedance. 

A> , VDS >lgnal trace> must be implemented ill controlled impe(bnce PCB tra~e >, thIs 

means using either Microstrip, StriplinI' or Broadside Striplini' signal traces. We decided 

to usc Microstrip sIgnal traces as we would probably only have one ground plane in the 

PCB. The formula for calculating the LVDS Micro,lrip differential impedance (Zo/N) in 

relatioll to the truce ~eparution distance (S), trace v,idth (if), trace thlckness (I), trace and 

ground plane 8eparation (tistance (h) and PCB material dielectric Con8tant (E,) is shown 

below. 

ZDIFF::::: 2x Zo[ 1- OA8e-
o
.
Y6f,) 

where , . ,. [21] 

60 IJ 4h 
'~c;'0.C=47""5;;;D,;;;c~0~.6~7 \ 0.67(O.8W + 

The best approac.h to using this fonnula is to use the minimum trace separation (S) that is 

possihle in the PCB manufacturing process, fixed values for the trace thicknes8 (I). trace 

and ground plane separation distance (h) and PCB milterial dielectric con,tant (EJ and then 

to manipulate the trace width (il) to obtam the required nominal differential Impedance of 

Impiomell/in:;: a Gr01",d f'erO'lralf"g RfJda,- Use,. [me'flla i" System-an-Chip T<chnillo!:.y 
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loon or a value in the range of 900 to 1300 as statcd in the L VDS specification 

A final design point On LVDS i~ to termmate lhe difIerential ~ign<tl ",itll a 

termination resistor that best matches the differential impedance of yonr transmission line. 

This valnc shonld be bch.'cen 900 and 1300 tilr point-to-poml COJlnections as ~tated 

hdi,re fi-om the I.VDS specification. FUlthennore, fail-safe pull-up and pull-downresistors 

should be place on the differential signal pairs to force it mto a known logic state in thc 

event of a failurc. 

5.4.10 Non-Volatile Data Memory Design 

The RUI requIred non-volatile memory for radar data storage. Thc SOC processor had two 

dedicated Sccure Digital (SD) controllers as well as a PCMCiA or Compact Fla~h (CF) 

inlerface for two device~ lhat were ,haredonlhe static bus and controlled by tlle static bus 

controller and some dedicated signals. The SD controllers allowed for the direct 

connection OfNiO SD memory card~ or SD slot device~. It wa~ decided to ratller use the 

lwo SD slol mtertllCe, m~tead of the PCMCIA or cr lIlterfaces in order to rcduce the 

amounl of tcamc On the ~tatic bu~, which would mamly be u~ed for acce~.~ing the RMI. 

lllterillce after the boot proGe>s. CU1Tently, the memory cards come 1Il different storage 

capacities up to 512MB in size which would provide more that enough storage space lilr 

lhe acquired radar data 

5.4.11 RrI :vfodule Interface De~ign 

The RUI motherboard interfaced to the Rm m<ldule thmugh f<lur connectors. The.~e 

conneetor.~ have been de~eribed belilre, hut are mc1l1ded agam in thi~ , ection on the RUI 

motherboard for comp1elene.~s. The.~e c()nneCln~ provlded connection for tlle following 

device~ and fl1nction~. 

• 17 General Purpme Inpuls/Outp111~ (1 Pmgrammab1e Clock Output) 

• Fthem et Conlroller 

• Fi;u;h Memory Interlace (ReS, RWF., ST4TUS and RF:SF:l) 

Implemenling (I G'/'Ound Pendl'(lli"g Rad~t U,.",.In/err",,· . in SVj/em-on-Chip Technology 
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• LCD Controller 

• 

• 

• 

SD Card 0 & SD Card 1 

SoC Processor HAG lntertacc 

SOC Processor Reset and Core Power Supply Fnabk 

Static Bus Controller (RAD[12:0j, RD[l.-Oj, RCS{3:0j, RBEN[l;()j, RWE, RUE, 

and El'VA!T signals) 

• UARTO & UARn 

• USilO & USill 

+ 1.22V Power Supply 

• +2.5V Power Slipply 

• +3.3V Power Supply 

5.5 RUI Module Printed Circuit Board Design 

As the RUt module wOlild plug dircctly onto the RUT motherboard we first did the PCB 

layollt for the RUl module as it, SiLC would mdirectly dictate the si~.c 01 the RUT 

motherboard. The printed clTcuit board layout for the RUI modlile wa~ done once the 

schematic diagram~ Well' completed and venfied for correctness. The PCU layout for the 

RUt moolile is lIlcil1(led in App~ndix 8.1 for refercncc purposes. 

Onc olthe u~er requiremo.nts of the de~jgn project was to keep the size of the PCU 

to a minimum and not to cxcced clght layers 111 the PCB de~ign. It wa~ decided to use the 

maxnTIum number of PCB layers as was allowed for m the user reqllJrements as it would 

allow for a continlIou~ ground plane and ~upply planes. A CO!ltinlIou~ ground plane is 

important a~ a slot Cllt mto the grwnd plane wlll add indll<.1:ance to signal traces running 

perpendicular to the slot in the ground plane and increase the inductance of the signal 

tra.ces, increase crosstalk bet"een them and slow down the ri~ing edge~ of the ~jgnai 

traces. [22J Continuous power supply planes are also important as segmented p(rn:er supply 

planes canliliroduce large amount, 0 1 sci f-indlictance and mutual mdlIctance in the variou~ 

sections of the same power supply planc if it is not designcd corrcctlY.l23 J For thcsc 

reasons the eight PCillayers were functionally divided as shown below. 

impl.m~ming a &r(}und P~netrating Radar U.'~r Inter/ace in Sy.!tem-rm-Chil' r.chnology 
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• 

• 

• 

• 

• 

• 

• 

Top Signal Layer 

Ground Plane 

Tntcmal Signal Layer I 

-1 .22V Supply Plane 

+2.5V Supply Plane 

Tntemal Signal Layer 2 

1-3.3V Supply Plane 

Bottom Signa! Plane 

As th~ power ~upply planes were ~olid, the edge~ of the power supply planes ,."ere masked 

back by a few millimeters to minimize PCB resonan~e dfeds as staled by th~ 20H 

ru1c.[N] The rule stat~s that the edges orthe pow~r supply planes need to be pulled back 

by a filctor of up to 20 times the plane-to-plane separation distance as this reduces th~ 

amount of radiation along the edg~s of the PCB being refkcwd ba~k into th~ PCB and 

~au~ing rc,()nan~e within th~ PCB Thi~ ref>Onanc~ ~an adver~eJy influence the ,ignal 

quality of high-,peed dIgital sIgnal line,. The trade-off with the 201l rule IS that more 

energy ,vill be radiated away from the PCB and will thus negativdy influence EMC 

compitance, but then agam you can't have everylhing inhfe. 

As far as possible, the smallest surface mount eompOilent, pradi~ally u~abk were 

u'>ed m the de~ign, Availability of components wa'> al'>o a lirmting HlCtor m the package 

selection or the components. FOllr mounting holes were added to the design to allow the 

RUI module to be secured to the RUI motherboard although the four connectors along lh~ 

edges of the RUT module ,vill secure it fimlly enough. The final size of the RUI module 

wa, 60mm by 80mm. 

Once the PCR layout was completed, it was verified for correctness ,md then sent 

to be manllJilclured and the wmponents placed. The PCR was manufactured from FR-4 

based dieknric material as all the signals in the RUI module dcsign WLTC dib,;[al and it ha, 

b~en prov~n that it i'> th~ most ,uitablc material for thi~ ~pccdk 1 ype or app1i~ation.[251 

The manufacturing sp~eifjcation ofth~ RUI module PCB wa~ defmed a~ J"l1ow,> with the 

13y~r~ pla~~d as specified before. 

• 1 oUnce Copper Foil (Top Layer) 

fmpkmcnti1lg a i.imund Pmetmting Radar User illterj{,,,, in Systcrn_c,n_U11]) TechlU!logy 
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• 

• 

• 

• 

• 

• 

• 

• 

Q,Q63mm x 3 Prepreg 

1 ounce Copper O.2nml Thin Laminate (Power Plane liSignal Layer 1) 

O.063mm x 3 Prepreg 

1 ounce Copper O.2mm Thm T.amlDate (Power Plane 2iPower Plane 3) 

O,063mm x 3 Prcpreg 

I ounce Copper O.2mm Thin T,ammate (Signal Layer 2iPower Plane 4) 

O,063mm x 3 Prepreg 

I ounce Copper Foil (Bottom Layer) 

This manufacturing ~pecification gave a nonllnal PCB thickness of l,omm. The copper 

laycrthickncss was sj)Ccified at I ounce ofcopperpcr square foot of PCB to give suIlicient 

c.urrenl carrying capacity to the PCB 

Figure 8 shows the top and hottom views oI"the manufactured RVT module PCB. 

,Figure 9 shows the top and bottom views of the populated RUT module PCB with the most 

impm·tant features clearly vL~ihle. 

5.6 RUI Motherboard Printed Circuit Board Design 

rhe printcd circuit board layout for thc RUI mothcrboard was donc once the schematic 

diagram,~ were completed and veri lied forcmreClness aml the RUT module PCB layout was 

completed. The printed circuit board layout Jilr the RVT motherhoard is included in 

Appendix B.2 Jilr reference purposes. 

As 8tated before, one oftheuser wquirements ofthc design project was tv keep the 

size of the PCD to a milllmum and not to excced eight layers in the PCD design. It was 

decided oncc again to use the maximum number of PCB layers as was allowed for in thc 

uSer requirements as it would allow for a continuous ground plane and ,~upply planes with 

the minimum amount or.~p1it supply plane8 in them. TIte rea,l,ons that thi s i,~ required have 

been 8tated III the previOlL~ section. For these rea80ns the eight PCB layers were 

fllIlctionally divided as shown below. 

• 

• 

Top Signal Layer 

GrOlmd Plane 

Implemenling" Gruund l'"n"lmting Hadar U,er Inler/ace in SHfem-oll·Chip Technology 
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Figure 8 RUI Module Top and Bottom Unpopulated PCB View 

rmpl. m~nting a Ground P~n~'mting Rada>- U'~r Int~,jac. in Syst~m-on-Chip Techn% gy 
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Figure 9 RUl .Module Top and Bottom PGpu_',ted PC13 View 

Implementing a Gro,md Perle,rming Radar (/.'er I" ,erface in Sp,em-oa-Chip Technology 
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• 

• 

• 

• 

• 

Intemal Signal Laycr I 

-1.22Vi-I.5V Supply Plan~ 

I 2.5V/ I 5V Supply Plane 

Internal Signal Layer 2 

+3.3ViVl~ Supply Plane 

Bottom SIgnal Plane 

A;: th~ power ;:upply plane;: were sohd, the edges of the power supplyplanc;: were masked 

hack hy a few m!llimet~rs to minllni,,~ PCR n:sonance dfeds as stated hy th~ 20R rule and 

as was done with the Rlil module PCB layout. 

As far as po;:sible, thc smallc;;t surface Jll()unt crnnponcnt~ practically u;:able were 

usedin the design as was done in the RUI moouk PCB layout. A .. ailahility ofcompon~nts 

WCre once again also a limiting factor in the package selection of the componel1ls. The size 

of the RIJI motherhoard PCB was madc the ;:amc a;: the dimension~ ofth~ LCD and the 

four mounting holes of the LCD were ahgned to thos~ on the RUI motherboard. ThIs was 

done to COnfOlTIl to the mechanical conccpt design that was shown prcviously. The four 

mounting holes for the RIJ1 mooule w~re al;:o placcd and aligned to thc RUI module PCB 

layout. The connectors for the USB, RS-422, RS-232, Ethernet and RML interfaces and 

th~ power connector wcrc placed at the top of the PCB to allow for casy acccss and 

connection to external equipment. The two SD card slots were both placed on the nght­

hand ~ide ofthc PCR to allow it to be easily accessed from the right-hand side, while the 

RUI is be ing held on the left-hand ~ide. 

The area under the Ethcmet conncctor, which contained integrated magnetics, had 

to ht: eleared on all power ~",pply and ground planes as these magnctic~ created a zone of 

hlgh-li-equency noise that could couple onto any planes in close proximity to it.[26] A 

guard tracc was place around and bet",een the RML interface signals to reduce crosstalk 

between thc~c signals and other signals on the same PCB layer. The final size of the RUI 

motherboard was 12(}rnm by 160mm. 

Once th~ PCB layout Wail completed, it was verified for corrcC111e,'f; and then scnt 

to hemanufactured and the components placed. The PCB was also manufactured frrnn FR-

4 ba;:cd dielcctric material as all the signals in the RU 1 motherboard design were digital and 
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it 11M been proven that it is tlle most suitable material for this specific type of application. 

a, di,cusscd previously. The ~ame manufadming specification as wa~ llsed for the RUI 

m()(lule PCB wa, used fOr the RUT motherboard PCB. Thls manufacturing specification 

was defined a, follow8 with the layers placed as specified before. 

• 

• 

• 

I Olllice Copper Foil (Top Layer) 

O.063mm x 3 Prepreg 

I ounce Copper O.2lmn Thin Laminate (Power Plane J/Signal Layer I) 

0,063mm x 3 Prcpreg 

• I ounce Copper O.2mm Thin Laminate (Power Plane 2IPower Plane 3) 

0.0631mn x 3 Prcpreg 

• 1 Olmce Copper 0.2mm Thin Laminate (Signal Layer 2JPowcr Plane 4) 

• O.063mm x 3 Prepreg 

• I ounce CoplX'r Foil (Bottom Layer) 

Tl1i8 manufactunng ,pecification also gave a nominal PCB thickne8, of 1.6mm. TIle 

copper layer tllickness was also specified at I OllllCC of copper per square foot of PCB to 

glVe ,ulficient ~urrcnt ~aTTying capa~ity to the PCB. 

lIigure 10 ,bows the top and bottom views oftlle manufactured RUI motherboard 

PCB. Figure 11 <;how8 the top and bottom views oftlle populated RUT motlleTboard PCB 

\vith the most nnportant features clearly ,·isible. 

5.7 Conclusions 

Tn this chapter wc had a look at the hardwarc implementation of the RUl. Wc ,tartcd by 

,ele~ting the component8 filr the RUT module and the RUT Ill()therboard. We then took the 

concept de,'gn of each section and implemented it in a detailed haniware de,ign. Some 

minor changes v,'ere made from the original concept designs. TIle detaded 11ardv.rare 

de<;ign<; wcrc captured in schematic diagrams and then converted into PCBs while 

obs.crving the constraints imposed by the user requirements. l'he,e PCBs were 

manufactured and the component8placed. We can thus conclude that the hardware we had 

implemented has met the mteria of the 8y,tem <;penlkation that wa, generated before 

[mplem~nting a Ground P~nelmting Roo", U.,~r inleifaee in SyslenJ-<,n-Chip l ~eh"ology 
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FiglJre HI 1l UI \Io:her:,oard Top IIml BOllom Unpopulated l'C.13 Vle\\ 
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Figure 11 RUI Motherlxx_H', -j c·p and 13ottom Pco:mlc.kd FL"B View 

fmpiemerning ~ G,.",,,,d Penetrating RaJar U',T :'_"riao,;" Sy_",m_m'_Ch,;_, Tcci.n('/ofi}-
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In the n~"t chapterw~wi1J look atthe softv.'are and fmnwarc implementation of the 

design proj ect In detail, mcJllding the FPClA hardwar~ conliguration lirmware, the fL\,IL 

i1l1~rface FPGA firmware, the software bootloader and the radar appl1cation sofu'are. 

Impl~me'''ing Q Ground l'enemJlin;; Radar U,e" In/e'faa in Sy. lem-on-Chip r,c/mology 
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Implementing a Ground P~ne,"",jl1g Rada, to'S"" Inlerfac~ in Sv,lem-on-o,ip Techl1"'~gy 
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Chapter 6 

Software and Firmware Implementation 

The hardware implementation of the RUl that was completed in the previous chapter, now 

allowed U~ \0 ~hifl OUr !,)Cus to the <;olhvare and lirmw«TC implementation lonhe RUt We 

started with the FPGA hardwan configuration finm'ian that linked the hardware signals 

in the RVl design . .t\ext we discuss toc RML interface FPGA firmware that has ~lready 

been developed and u,cd in (he current ground pCIlctr~ ting radar system and adapted for 

use in the RUT. Finally, we looked at the hooHoader that wa, used in the RUT and 

examined the status oflhe radar application sofuv~re. 

6.1 FPGA Hardware Contiguration Firmware 

The function of the FPGA hardware confib'ur~ tion firmware is to route the required 

hardware sIgnals I,)r the SoC proces,oT, Flash non-volati le program memory, RTC, 

Ethernet tnm~ceivcr and ma~ter reset ,witch. Figure 12 and Hgu re 13 show~ the 

functional blCk.'k di agmms a rthe FPGA hardware con figuration firmware. The source wde 

listing for the FPGA hardw~re confi~uration firmware is included in Append ix C.l for 

reference purposes, The finn ware was lmplemented in YHDL 

From F'igu re 12 and Figure 13 we see that the signal from the m~ster reset switch 

(nRESET), the RIC reset signal (Rl'C:nRESEI) ~nd the reset signal from the SoC 

processor JT AG COimeClOr (J1A G:nRESl:1) are connected to a 3·inpmlogic AN l) gate and 

provides four ontput reset signals as well as the Master Reset signal, which is intemally 

used in the FPGA. These signals go to the Ethemet interface (El1f:nlI.E5El). SoC 

processor (A UP: nII.ESE1), Flash non-yo latile program memory (FLASH: nRESEl) and one 

of the general purpose debugLEDs (Lt1X!). The RIC reset signal (Rl'C:nlt£Sl;l) and the 

reset ,ignal from the SoC processor JTAG COlmec tor (Jl'AG:nRESEl) are enabled by 

signals from the DIP switch (SWITL'H4 & SWITCH5 re,pcctivcly) through two OR gate,. 

This function allows the u~er to enable or disable thcsc two reset SOUTce, a~ requiTed. The 
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Figure 13 FPGA Hardware Configuration Firmware Block Diagram - Part 2 of2 
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three input signals to the AND gate are all adive low and thus the signal {rum the AND 

gate will be lugic low if any of the inplll signah arc logic low. This will em'lIre that the 

SOC proce&lor. the Flash non-vuJatile program memory and the Ethernet interface will bc 

reset if either the ma,ter re ,et ,witch i, pres,ed, the RTC forces the reset ,igmllow orthe 

re >et signal from the SoC proce,sor HAG connector is forced low. The LED is just a 

visual indication of the state of the reset signal. The RTC can force the re,l.et ~ignallow if 

the watchdog timer" enabled and overflows or when the power-on reset circuit is 

activated. The power-on reset signal will kcep the system in reset until the power supply 

level, have reached a stable state or ifthe power ,upply level drops below a certain value 

it will force the l-e,et signal low. 

The next gl\'UP of signals deal.~ with more of the Flash non"volatile program 

memory control signals. The \Hite enable signal (SB{JS:nlIWn), byte enable ,~ignal for 

data hits 0 to 7 (SlJUS:nRBnm) and hyte enable signal for data bit, 8 to 15 

(SB (IS: nRB EN J) ofthe static bus controller of the SoC processor are eonne~ted to a 3-input 

logic OR gate and provide~ the wnte enable signal to the Flash non-volatile program 

memory (FLASlI:nRWE). The three input signals to the OR gate are all active low and 

thus the signal from the OR gate wiil be logic low only ifall of the input signals arc logic 

low. The function of this cIrcuit lS to enable the write rlln~tion ofthe Flash non-volatile 

program memory only when it is required. The lint chip ,eJect ,ignal (SlJUS.I1RCSO) of 

the ~tatic bu~ eor.troller IS cOlmected to the cllip ~elect sIgnal (FLASll:nRC::') of the Fla~h 

non-volatile pwgram memory. Thi, chip select signal is active low, I.e. the Flash non­

volati le pTOgrammemorywill only be enahled Jll the ChlP select signal is driven logic low 

by the SoC processor static bus controller. The function of this ~jgnal i~ to memory map 

the Flash non-volatile pfOgram memory to the memory address space of the SoC pro~e:;sor 

static hus controller. The ,~ta!m signal fi·om the Flash non-volatile program memory 

(FLASHST ATUS) is connected to one of the general purpose debug LEDs (LEDJ). The 

user can configure, via the SoC proce~wr application software, the Junction of the ,tatlls 

,ignal to mdi cate what status that the stalUs ~ignal should indicate, The status "ignal could 

mdicate the smtus of the Flash non-volatile program memory as far as programming, 

erasing and internal functions are concerned, i,e. the LED wil1lUm On or flash brieflywhen 

implementi"!: a Gm""d f'e'>f:INilil)g RoolK (/<0, inleifoce in Sy"tem.on-Cn;l' Technology 
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any of these fl1nctions are performed or remain tl1rned on while these functions are being 

perfonned. 

rhe static bus controller wait access signal (SBUS:ItEWAITj is not used by the RUI, 

but was induded in the design for furnre applications. The funetion of the wait access 

signallS to stretch the bus access time when it is forceu logic low Th~ signal is connected 

to a logic high to prev~ nt It from Iloating and generating wait stat~s in the static hus 

controller of tile SoC processor. 

One of the external dock signal, from the SoC processor (AuF: EXTCLKl) is 

connecled lO one oflhe general pnrpose debng LEDs (LED2) This allows for the external 

clock signal generator in the SOC processor to be programm~d to gen ~rare a slow clock 

Slgnal (IH7. for example) that Can be lI$eu as a visual heartbeat indicator for the SoC 

processor. 

The RIe J'e dock signal (RTC:I2Cj;CL) and bi-directional data signal 

(RTC: I2C _ SDA) are connected to two genera I purpose input/output signals (A UP __ GPlO 29 

& ACT:GPI030 rcspectively) on th~ SOC processor, The function of these signals is to 

provide access to the RrC and its internal functions. The dir~ ction ofthe hi-directional I'C 

data signal is controlled Via a process that is triggn~d by an input signal (A UP,'GPI03l) 

from thc SOC processor. ThIs prGCess is also tJiggn~d by the FPGA dock Slgnal 

(FPGA __ CLOCK) to make it synchronous as wcll as the Master Reset signal, which resets 

the state of the pmc~ ss. The SOC processor application software will implement the I'e 

driver and necessary RTC access software. 

Four of the debug LEOs (LED4, LED5, LED6 & LEDT) are connected to fonr 

general purpose input/output signals (AUP,GPIOl, AUP.GPIOT, AUP.GPlOl9 & 

AUF GPI022 respectively) on the SoC processor. The function ofthesc LEOs is to aid in 

the development and uebugging of hardware and sofu.vare on the RUl. These LEOs are 

also individually controlled via signals from the DIP sVi~tch (SWITC1l0, SWITCIIl, 

SWfTCH2 & SWfTCH3 respectively) through four AND gates. This function allows the 

user to enable or disahle the LEOs as requireu. 

The seven unused general pnrpose input/output signals (AUP:GPf014, 

AUP:GPfOf5, AUP:GPfO}Of. A UP. GPf0202, AUF'GPlOl03, AUP:GPfO}04, 

Impkment;ng a Ground P~ne''"''t;ng RailCl1' V"",. Inwfilc~ ;n SY-'I~m_nn_Ch;p h chnology 
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A Up. GPf0206, AUP;GPl0201J & AUP. GPJ0214 respectively) from the SoC processor 

are set as outputs and driven high, These signals may be used for future apphcations_ 

All the signals used in the FPGA hardware configuration firmware and liS 

resp<: ~liv~ pin numbers on the FNA ar~ shown in Tahle 10 1><: low_ 

Table 10 FPGA Hardware Configuration .Firmware Signal Definitions 

Signal Type Description Pin Number 

AUPFXTCLKI Input Aul 100 Fxk mal Clock K8 

(Healtbeat) 

AVP:GPTOI Input Aull 00 Debug Input 0 PI 

AUP:GPJOI4 Input ~ot Uscd ill2 

AUP:GPIOI5 Input \lot Used BU 

AUP:GPI07 Input AullOO Debug Input I LI 

AUP:GPI019 Input AullOO Debug Input 2 E14 

AUP GPI022 Input Aul l OO Debug Input 3 DI4 

A1JP:GPT029 Bidir~dional RTC J'C Bus Bidinxtional AI2 

Data Signal to Au!! 00 

AUP:GPI030 Input RTC i'C Bus Clock Signal Fl5 

from AullOO 

AUP:GPI031 Input RTC J'e Bus Data Direction C!6 

Control 

Al)P:GPI0201 Input \lot Used B5 

Al)P:GPT0202 Input ~ot Used A5 

AUP:GPI0203 Input \lot Used ll4 

AUP:GPI0204 ifJlut 1\'ot Used L2 

A1JP:GPI0206 input Km Us~d C4 

AUl-':GPI0208 Input 1\'ot Used VI6 

A1JP:GPI02!4 Input I\'ot L'sed FI6 

Impieme m;"g a Gro,md Penetrat;n:,; Radar [,~,er Inte'.tir, in Sy-,tem-an-Ch;p Technology 
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Signal T}'pe Description Pin Nnmber 

AUP:nRESEI OUlpld AullOO Re~et M2 

LTH:nRESET Output Ethernet Interlace Re~e[ HI6 

FLASH:nRLSET Output Flash \1emory Re~el DR 

FLASII:nRCS Oldpul Fla~h \1emory Chip Select C8 

FLASH:nR\VE Output Flash MemDry Write Enahle N3 

FLASH:STATUS Input Flash Memory ConEgurable "3 

Status Input 

fPGA:CLOCK Input 32MHzFPGAClock R8 

JTAG:nRESEI Input AuilOO JT AG b ::tcrnal Reset All 

Inpllt 

LLDO Output Reset Debug LED Gl 

LEDI OUlplit flash Statu., Dehug LED 1'2 

LED2 Output All1100 Extemal Clock Fl 

(Ileartbeat) LED 

LED4 Output Debug LED 0 EI 

LLDS Output Debug LED 1 02 

LLD<i OUlpUt Debug LED 2 01 

LLD7 OUlput Debug LED 3 CI 

nRLSET Input \1aster Re~ct Switch Cl2 

RIel2C SCL Output InC I'C Bus UDck GIS 

RTC:12C SDA Bidirectional RIC r'c Bu~ Data Gl6 

RIC:nRESET Input RTC Reset Input II 15 

SBUS:nEWAIT Output Au1100 Static BliS Controller "<I 

Bus Wait Access 

SBUS:nR13E"<O Input AliI 100 Static Bll~ Controller A9 

Enable for Data Bit~ RD17:01 

impiementing aGround l'""drul;ng Radar crier Inwlfaa in System-on-Chip Technology 
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Signal . .' TYpe ; Ue§fdption 
. 'i! 

, 
Pin Nurnhcr 

SBUS:nRl3ENI Input Aul100 Static Bm. Controller 09 

Enable for Data Bits RD[15:8] 

SBUS:nRCSO Input AuilOO Static Bus Controller 010 

Chip Se1ed 0 

SBUS:IlR\VE Input Au) 100 Stalk Bus Controller Eto 

\\'rite Enable 

SWlTCl10 Input Debug: LED 0 Enable R' 
SWTTCHI Input Del'",g: LED I Enable TS 

SWITCH2 Input Debug LED 2 Enahle R6 

SWITCII3 Input Debug: LED 3 Enable r6 

SWnCII4 Input Enable RrC Re,et R7 

SWlTCH5 Input Enable IT AG re,et T7 

6.2 FPGA Rl\lL Interface Firmware 

The RML mteriace finnware ba> already been o:kveloped for tbe cw:rellt ground penetrating 

radar system by Open}ue1 (Pty) Ltd.[27] It wa.<; thus only necessary to port the RML 

interface Jlrmwarc to the RUI by changing (he interface signal pin number 3s~ignmcnts. 

Since the R.,\1L interface is a proprietary dcveloped interface and a patent is still pending 

on its design [28], we will only present the signals that are used in interfacing the SOC 

proce~!Or with thc R.,\1L interface flnnwarc through the FPGA 

All the signals u~ed in (he RML intcr la~c linnware alld its respedive pill numbers 

OIl the FPGA are sbown JIl Table 11 below, 

Table!l }PGA RML Illtelface Fimwiare Signal Definitions 

Signal Type Description Pin ~Ilmber 

Fl'GA:CLOCK Input 32MIIz HGA Clock R8 

implememing" Ground l'ene/r~ling Radar User Inte(r"ce jn Sys/em-<m-Chip Tedm,,/ogy 
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Sign~1 Type Description Pin Number 

LVDS:CLK N Output RML TntcrEICc Clock R9 

Tnv~Tling 

LVDS:CLK P Output RML Tnt~rfac~ Clod J\on- T9 

mv~rtmg 

LCDS:DATA N Biduectional R];fL lllt~rf.1ce Data lllV~rting R12 

LVDS:DATA P Bidirectional RMl Int~rf.1ce Non-illverting TI2 

LED3 Output RMl Link Active LED E2 

SBUS:nRBE~O Input Au II 00 Static Bus C ontmlkr A9 

Enable for DatA Bits RD[7:0] 

SBUS:RADO Input AuilOO Static Bu~ Controlkr C9 

Address BmBit 0 

SBlJS:RADI Input AullOO Static Bns Ci)jJtrol1~r A7 

Addres~ Bus Bit I 

SBUS,RAD2 Tnput AuilOO SLatic Bus Controller A8 

Address Bus Bit 2 

SllIJS:RAD3 lllput Aul1 00 Static Bus Controller A6 

Address Bus Bit 3 

SBlJS:RAD4 Input Au 1100 Static Bus Controller il7 

Address Bus Bit 4 

SBUS:RAD5 Input Au1100 Static Bus Controller il8 

Address Bus Bit 5 

SBlJS;RAD6 Input AnllOO Static Bns Controlkr 05 

Addres~ Bus Bit 6 

SBUS:RAD7 Tnput AullOO Static Bns Contliil1eI D<5 

Address Bus Bit 7 

SBUS:RAD8 Input AullOO Static Bus Controller B9 

Address Bus Bit 8 

Implementing a Ground ['enetra/in;: Rada, U,e, Int"ryac" in ~}"Ie",-on -Chip l"chnology 
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Signal " Type Description 

SBUS:RAD9 Input AullOO Static Bus Controller 

Address Bus Bit 9 

SBUS:RADlO Iuput AuilOO Static Bus Controller 

Address Bus Bit! 0 

SBUS:RADII Input Au l lOO Static Bus Controller 

Address Bus Bit 11 

SBUS:RADI2 Input AuilOO Static Bus Controller 

Address Bus Bit 12 

SBUS:nRCSl Input AullOO Static Bus Controller 

Chip Select 1 

SBUS:RDO Bidirectional Aull00 Static Bus Controller 

Data Bus Bit 0 

SBUS:RDI 13idirectional AuilOO Static Bus Controller 

Data Bus Bit 1 

SBUS:RD2 Bidirectional Aul100 Static Bus Controller 

Data Bus Bit 2 

SBUS:RD3 Bidirectional Aull00 Static Bus Controller 

Data Bus Bit 3 

SBUS:RD4 Bidirectional AuilOO Static Bus Controller 

Data Bus Bit 4 

SBUS:RD5 Bidirectional AullOO Static Bus Controller 

Data13usBit5 

SBUS:RDG BJdirectional AuilOO Static Bu:; Controller 

Data BlL~ Bll Ii 

SBUS:RD7 Bidirectional Au llUO Static Bus Controller 

Data Bus Bit 7 

SBUS:nROE Input Au! I ()() Stalic Bus Controller 

Output Enable 

1m lemen/in aGround Peneitulin , 
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Signal Type Descriptio" Pi" Numher 

SBUS:nR\VF. Input AllI 100 Static Bus Comroller E10 

W,ite Ellable 

6.3 Bootloader Sofhvare 

The oootioader that Me, used for thi~ projecl was MlCro\-lonitor.[29J The booUoader 

provides an environment onto ,vhich a developer can develop and deploy a variety of 

different types of applicatimK The boolloadcr can be ported to a variety of difIerent 

hardware targets, because it is not inhibited by the use of an overlaying operating system 

or file system, 

For this reason, the bootloader will only be used for initially testing the operation 

of the SoC proee~sor. The complexity of using the USB interface, LCO interface, 

10/ I OOMbps Ltheruet intelface and R},11 intClfaee, will have to be handled by an operating 

system. Similarly, the storage of the radar data on the SO memory cards via the SO 

interfaces "viII have to be halldl eel by the operating ~y~tem' s file system. As \-licro\-! onitor 

docs not allow for the use of a suitable overlaying operating system, a different bootloader 

will have to be llsed once a suitable operating system has been selected and ported to tile 

RUI hardware platfonn. 

The .\1icroMonitor bootloader was ported and complied wi lh a MIPS32 target GNU 

cross-platform tookhain that was built fo, the RIJI hardware unde, Linux. The whole 

proces~ that was followed to build tile toolchain is documented in Appendix D. The detail 

of porting the booll oader son ware to a specific target platform is well documented in the 

reference. 

6.4 Radar Application Software 

The origmal radar application soflware fDr the ground penetrating radar sy>tem i~ WriHeJl 

in Java and is thus easily portable between hardware and software platfonllS. It i~ outside 
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of the .cope of thi<; design project to deal ,,,jtb the wctm- application sofuvilre or the 

sofiv .. "re platfonn on which it would be used. The radar applicali on software ,viII be JXllted 

,md a software platfonn developed for the RlJI at a later slage as a separate project. 

6.5 Conclusions 

In this chapter we had a look at the <;oftwarc and firmv,'are implementation of the Rut We 

started with the design and implementation ofthc FPGA hardware configuration finnwilre 

that hoked the hardwil)-e ~ignab in the RUT design_ The implementation of the &\1L 

interface FPGA finnware that has alreildy been devdoped and u~cd in the CUlTcnt ground 

penetrating radar system ,md adapted forme III the RUT was bndly discl1s~cd_ Vic briefly 

mtroduccd and examined the operation of the RUr bootloader and bnefly discu~~ed the 

shltus ofthe wdm- application ~olhvare_ In the next chapter we will look at the verification, 

testing and integration of the RUI hilrdware, finnv,'are iUld so Ihvar~_ 

Impl<menring aGround Pene/raling Rad"r Use" I"I~rfan i" S)',!tem_on_Chip Technology 
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Chapter 7 

Verification, Integration and Testing 

Once the hardware nnplementation and the sollware and l1rmware implementation pha~e 

of the design project was completed we proceeded to the next phase of the design project_ 

Thi~ was the verification, integration and testing phase of the design project. In this phase, 

we first verified and tested the hardware (OOmponent~ and then integrated the hardware wi th 

the sofuvare and finnware. Vie concluded this phase by verifymg the operation of the 

software and flrmware with the hardware. 

7.1 Verification,lntegration and Testing Procedure 

The followlllg steps were tollowed m the verilication, mtegration and te~tingprocedure or 

the RUI hardware, software and firmware. 

• General Hardware Verification and Testing of the RUI Module 

• General Hardware Verification and Testing of the RUI.\1otherboard 

• General Power Supply Verification and Testing of the RUI Motherboard 

• Integration of the RUI Module wlth the RUI Motherboard 

• Power Supply V erili catwn and Testing with the RUi Module and RUt Motherboard 

(MinimuffilMaximum External Supply Voltage Range and full Load Testing) 

fPGA Verification and Testing 

• RUI Hardware Configuration firnl\vare Verification and Testing 

• SoC Processor Verification and Test ing 

• RUI Bootloader Verification and Testing 

• lO!IOO.\1bps Ethernet Interface Testing 

• RS-422 HMI Interface Testing 

• RS-232 Debug Interface Testing 

• Real Time Clock and Power-On Reset Circuit Te~ting 

• USB Illlerface Testing 

impiemelUing aGround r emlraring Radar U,er Inteiface ;11 System-an-Chip r~chnoiogy 
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• 

• 

• 

7.2 

7.2.1 

LCD Interlace Testing 

Radar Module r jnk (RML) inte,face Testing 

Non-Volatile Data /v1emory Interface Testing 

Verification, Integration and Testing Procedure Results 

General Hardware Verification and Testing 

We 3tarted by domg a general hardware verification by taking the blank RUI module and 

RUI motherboard PCB3 and measuring the resistance between the ground plane and the 

power supply planes on the PCBs in order to enSlire that there was nO short-cirellit 

condition between them. Although a tlying probe /est was condllcted by the PCB 

manufacturer after the PCBs were manuiactliTed to verifY themanllfdctllTing proce,~s. error3 

could still have occurred in the design process. No shOlt-cirCllil conditions were found to 

e~ist between the grollJld plane and the power supply plane3, 

7.2.2 Power SUJlpl~ Verification aud Testing 

The external power supply was connected to the RITI motherboard and + 7V applied. The 

current draw by the RUI motherboard was monitored to ensure there wa,~ no e:>,ces,~ive 

current bemgdrawn that would indicate a pos,~ib le problem with the hardware. The output 

voltages of the power ,~upply unit.~ on the RUI motherboard were measured at the test 

points and found to be within normal operating parameters, TIle peak·to·peak ripple 

voltages for the power supply units very also measured and noted, 

.N ext, the RUI module was plugged into the RUT motherboard and the same 

procedure as before was followed, TIle output and ripple voltages ot the power supplies 

Were measllred on the RUI module test poinL~ and noted and found to be within normal 

operating parameter,~. 

Finally, the full load capacity of the power supplies was measured by COlmecting 

high·power resistors to the te3t points and drawing apprOl'imately 20% Jess than the 

Implementing" Ground Penetraling Rad", US~"lnte'fi>c~ in System-an-Chip Techn% !,.y 
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maximum designed load current of the power supplies. That equates to approximately 

1.2A for each of the power supplies. This figure is less than thc maximum output currcnt 

capacity of the power suppli e ~ (ie l.5A), bllt still Jar above the projected maXJmllm output 

current rcquired by the RL'I, as previously calculatcd in Table 3 in Chapter 5, The output 

and ripple voltages were measllred and noted and I'lllnd to be within normal operating 

parameters, -i11cse mea8urements were done with only the R1JI motherboard with nodling 

el~e connected !o it. Table 12 shows thc te<;t resi<;tance values and the resllltant te<;t 

current, ll~ed to perl"oml the fllilioad capacity test 01" the power supphe,. 

Table 12 Power Supply Full Load Capacity Test Parameters 

Required 
Test 

Re~istor 

PSlJ Voltage Resistance@ 
Resistance 

Test ClIrrent Power 

1.2A Dissipation 

+ 1.22\" 1,0170 In 1.220A 1.488W 

+1.5V 1,250 1.20 1,250A 1.87.'iW 

+2.5V 2,0830 nO I.l90A 2.976W 

+3.3V 2,750 2.770 1.I91A 3.931W 

+5V 4.1670 4.20 L190A .'i.952W 

The whole proces<; as (llltlined above was repeated with +12V applied Ii-om the 

external power supply. This was donc as thc system specification dcllncd the external 

sllpply voltage to be + 7V to -12V. Table 13 <;hows theresllits orall the measureme nts that 

were taken and noted as described preVi(lllsly, 

We Can see that the outpllt voltages 0 I" the power <;llpplie, llnder all external mpllt 

voltage and load conditions remain relatively stable. The ripple voltages or the power 

supplies do increase with an increase in load current as expected, but the levels remain at 

acceptable levels. 

We funher also monitored the power supph es lor exces,ive heat generation ovcr 

a period of time, but it also remained at acceptable levels. 

imp/"men/jng " Gmwllf I'en"traling Radar User inter/ace in Sysl"m-on-Chip rechnol~gj' 
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Table 13 M~asured RUT Power Supply Outplll and Ripple Vo ltag~, 

V" +1.2rV II.SV .2.SV +].}V +5V 

RUt 
17\' +1.226V +1,507V +2.514V +3.313V +5.02V 

l\Jolhcrhoard 

T~,t Point 
+12V ,l.2nV +I,507V +2.514V +3.313V ,5.02V 

Vollage 

Rut 
+7'V ,15mV +15mV +l7.5mV +17.5mV ,15mV 

Motherboanl 

Ripple 
+12V +22.5mV +20mV 

Voltage 
+20mV +17.5mV +17.5mV 

RUll\1odule/ 
17Y ,1.226V I I.S07V .2.513V IJ.312V ,S.02V 

l\1l1lh erlward 

rest Point 
+J1V .1.226V +L507V +2.514V + J.313V +S,02V 

\'ollage 

RUI l\1odulci 
+7V +J2,SmV +32.SmV +22.5mV +32,5mV +22,5mV 

Motherbo3rd 

Ripple 
+12V ,32,SmV +32.5mV +25mV ,37.5mV ,l7.5mV 

Volbge 

CompJct,· +iV +1,226V +1.507V +2,513V +3.312V +5.02V 

RLI Test 

Point Voltage +12V +1,226V +L507V +2,513V +3,J13V +S.02V 

Complete ,j'V +37.5mV +42.5mV +27.5mV +40mV +50mV 

RlJI Rippl~ 

Voltage +12V +37,5mV +47,SmV +30mV +41.5mV 14SmV 

Implement;n:;: aGround Pmetralins: Radar [,:"". """'jac, in .1y.""",_on.Chip Tochnaiogy 
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VI~ +t.22V +1.5V +2.SV +3.3V +SV 

Full Load +7V +1.2V +1.4RV +2.47V +3.2RV - 4.98V 

Tes! Point 

Volbgc +I2V +1.22V +1.49V +2.49V +3.29V +5.01 V 

Full Load +7V +47.5mV -'-37.5mV I 67.5mV +47.5mV +l41mV 

Ripple 

Voltage H2V +47.5mV -40mV +65mV 145mV 114hnV 

The power supply data needed to be reduced fUlther to e:<press it 1Il standardised terms. 

The effectiveness of the JXlwer supply filtering is indicated by the ripple factor of the power 

supply_ The ripple factof (in %) in terms of the R..\1S ripple voltage (V,) and the power 

supply o"tput voltage (V",) is giVGll by thG formula shown below. 

r 130] 

Table 14 RUT P()w~r Sl.lpply Rippl~ Factors 

V " +t.22V +l.SV +2.SV +3.3V +5V 

, +7\, 2.8% L79% 1.93% 1.02% 2% 

+12V 2.75% 1.9% 1.R5% 0.97% 1,99% 

Table 14 shov.s the eakulatGd ripplG factors for the poWGr supplies over the external 

supply vollag~ rangG of' + 7V to + 12V as ddll~d by thG SystGll specification. The ripple 

impiemenlinga Grormd I'~n"'raling Radar User Interface in SySlem-on-Chip Technology 
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factor, are for tl-.: full load condition a, this represents the worst case scenario for the 

d e~iglJ ofthe power 5upplies_ The RMS npple voltage values are taken as 0.707 time. that 

oflhe peak-Io-peak npple voltage values. 

The effectivenes. of the power ouppJy to produce a constant output voHage wlIh a 

change in the input voltage to the power supply, under a no load condition, IS defined a, 

the I ine regulation ofthe power 5upply _ The line regulation (in %) in terms of the change 

in output voltage (LiVo",.), Olltpllt vo ltage (V,'"r) and change in inpld voltage (.1VIN ) is 

glven by the f0T1111ila shown bel"w. 

LineREG 

(~V IV.) 
o[JT OGT * 100% 

[.. V
iN 

1311 

Table 15 RUI Power Supply Line Regulation . 
V,,; +1.22V +l.S\' +2.5V +3.3V +5V 

+7V to 
0.02% 0% 0% m;,. 0% 

+12V 

Table 15 .hows the calculated lure regulation values for the power ~upplies over the 

external .upply voltage range of -'-7V to + 12V ao defmed by the oystem specdication_ 

The effectiveness of the power supply to produce a constant output voltage acro~s 

a varying load with a resultant change in the current through the load, i~ defin<: ,l a, the load 

regulati,m ofille power supply. The load regulation (in %) in tenD> of the no load output 

voltage U':,,J and full load output voltage (V,.J is given by the formula ~hown below 

Table 16 ~how~ the calculated load regulation values for the power ~upplie, OVer 

the external supply vo ltage range of +7V to -'-12V as defined by the ~ystem ,pecification 

arulthe fllllload condition ao stated before. 

Impl. n",n/ing" Ground PenelmJjn!> Hadar U_<er lnlerji'ce in 5.mem-on-Chip Tcch",,/ogy 
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LoadREG 

(V - V ) 
NT FL * 100% 

VH 
[32] 

Table 16 KUI Power Supply Load Regulation 

V,,, +1.22Y +1.5V +2.5V +3.3V +SV 

+7V 2.17% 1,82% 1.78% 1% O.R% 

+J2V 0.66% 1.14% 0.96% 0,7% 0.2'}' 

Tf we examine th~ data in Table 14. Table 15. and Table 16 we see that the 

performance of the power .~upplie.~ IS vcry g()od, evcn lakmg into consideration (hat th~ 

power supplic:; are :;witching regulators. which are m{)rC el1iclcn( than a ltnear regula(or, 

but d{)e.~ n{)( have good perfolmance figures when compaIlng ripple fador" The -11.22V 

power supply ha:; the "orsl pcr1{)m-.ance IigillU compared to the other power supplies and 

thl' is probably du~ to the fact that the power .~upply is {)perating very cl().~e (0 (he 

mimmum mllpul voltage, being +1 ,2 V , of that specIfic switching regulat()r. l\'evcrlhclcs.~, 

these flgure ~ are for a I()ad c()nditi()n in exccss of what the system willnolmally operate 

al and is thus not a major concern. 

7.2.3 Integration of the RUll\Iodule with the Rli1-'Iotherhoard 

During the power supply te,ting phase ofthe verifICation, integration and testing phase of 

the design projccl, lhr RUI module was integrated with the KUlmotherhoard. 

Fig;urc 14 ,h{)ws (he lOp vie" oflhe integrated RUI module and RUlmodlerboard 

after the general hardware and powcr 'lipply verification and testing was done,. to illustrate 

how the two parts ofdle RUJ integrale. 

Impleme1ltin!; a (irmmd Pe",,'mting Jladac U",'c In/"iface in Sysl,'m-on·Chip Techn%f..' 
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Figure 14 Integrat~ d RUI Module and Moth~rlxlard 

7.2.4 FPGA Verification and TesHng 

The next phase of th~ RL' I hardwar~ verification and testing was th~ verification and testing 

of the FPGA. Th~ FPGA was packag~d in an LOmm pitch BGA packag~, which m~ant 

that it was a highly technical pmces~ to place it on the PCR. FOT th,S Teason we first had 

to perform an 1Ultial test to \'enfy whether the FPGA was plac~ con-ectly_ 

The FPGA verification and testing wer~ done by scalllling the FPGA HAG POlt 

using an FPGA HAG pmgrammer and the iMPACT programming software from Xilmx 

(http. iiw",w.xilinx_com)_ The software successruJly detected the FPGA in the IT AG chain, 

which meant that the FPGA was receiving tlw correct supply voltages and could now be 

Impiem en/inR Q Gro"nd Pene/rating Pad",' U' eI'int",j«c in System_on_Ch,j' Tcchnnir>gy 
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configured. 

rhe FPGA configuration PROM was configured with the FPGA hardware 

configuration linnware, as di'>cU';sed in Chapter 6, using an ATOH2225 in-system 

programming cable and AT17 CPS software fi.-om Atmel (http://www.atl)leLcol}lj. 

The le'>t LEOs on the RUr motherboard w~re enabkd ""ith the orP switch and the 

LED,> ,witched on as expected. This was an mdication that the FPGA had b e~n 

sl1ccessfully configured At th" ,>lage we concluded lhat the FPGA Wa!; operating 

correctly. 

7.2.5 SoC Processor Verification and Testing 

rhe n~xt phas~ of the Rut hardware verification 'md testing W<lS the venfication and testing 

of the Alii 100 SoC processor. TheAuilOO SoC processor was packaged in a O.8mm pitch 

BGA package, which m<!ant that it was a highly techllleai process to place it on tl:1 e PCR. 

For th,s re;L~on we lim had to pelfonn an initial test to verify whethertl:1e AuilOO SOC 

processor was place correctly, be l(>re we could attempt 10 dO\vnload any sofhvare to the 

S)'st~m for execution. 

The venllcation a.nd testing w~re done by scanning ilie A111100 SoC proces,>or 

JTAG port wiili a Wiggler programlll<'r and the OCDemon Flash Memory Programmer 

software from Macraigor System,> LLC (hltp;.'.''>""'',,,' macraiCor com). The software 

successfully detected the Au1 100 SoC processor and Flash m~mory and itwas possible to 

r~ad the contents orthe internal registers in the AuilOO SOC processor and read and writ~ 

value,; to the Flash memory. rhlS indieal~d Ihat the Aul100 SoC processor and Flash 

memory was operating correctly. 

7.2,6 RUI Bootloader Verification and Testing 

The next phase of the RUT hardware verification and t~sting was th~ illl~gratjon and then 

verification and testing ofthe bootloadcr with the RUI hardware. The following procedure 

was followed to integrated the bootloader with the RUI hardware. 
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• Download the bootloader to the SD~\1 on thc RUI mooulc. 

• Run the bootloader form thc SDRAM on the RUlmoouk acros, the RS-232 debllg 

port on the Aull 00 SoC processor. 

• Download the Flash image of the bootloadcr to the RUI hardwarc acro>" the RS-

232 debllg port on the Aull00 Soc processor 

• Program the Flash image ol"the bootloader into the Flash mcmory. 

Thl8 procedure was done by using thc Aull 00 SoC processor nAG port with a Wiggler 

programmer and the OCD Conunander software from Macraigor Sy,teln8 LtC 

(http://www,macraigor_com)_ 

The procedllre di,cll~sed in the previous paragraph is technically more compkx 

thall alluded to m the di>ClI,siOll_ For this reason a detailed explanation of how ro 

intcgrated the bootloader with the RUI hardware i8 mcluded 1)1 Appendix C.2. In 

Appendix (.'.3 the macro that was uscd to set up thc AutlOO SOC processor, a, reqUired 

by the procedure outlined in Appendix (.'.2, I, shown_ 

7.2.7 lOllOOMbps Ethernet Interface Testing 

The 10/1 OOMbps Elhemet interface was not tested past testing the digital controllil1e" a, 

the software effon requircd to implemcnt thc required device driver, TCPilP ,tack and port 

a sUItable operating systcm to thc RUI hardv.'l\fe platform was out>ide of the <cope of thi, 

design project. 

7.2.8 RS-422lJMI Interface Testinl: 

The basic hardware functionality of the RS-422 HMT interlace was tested and found to be 

operating correclly. The RS-422 H1vfI lllterface can be used to conununicatc with the 

current ground penetrating radar system, but it requires that the radar application sofuvarc 

and a sllitable operating system be ported to thc RUI hard\\'l\fe platform, which i, ouhide 

of tile scope of this design project 

Impicmem;,'g a Gmund Penetrating Radar t':,er Inferface in 5y.,lem_rm.Chip T"d,n%g)' 
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7.2.9 RS-232 Debug Interface Testing 

The RS-232 debug intertaeewilS tested with the bootloader, as the bootloaderoperated via 

this interface, and found to be operating correctly. 

7.2.10 Real Time Clock aDd Power-On Rese-t Circuit Te:stin!: 

The ba<;ie f'unetimlaliry oftllC Real Time Clock (R TC) was te<;ted. The RTC also provide 

a power-on re<;et signal. 250ms after the supply voltage reaches a predetemlined valuc, to 

the restoftbe RUT hardware via the FPGA. This power-on reset circuit wa<; also te<;ted and 

found to be functioning ~orrectly, 

7.2.11 USB Inte-rface Te-sHng 

The integrated USB mterfaee ofthe Aull 00 SoC processor was not tested, as the software 

effort reqUlred to Iluplernent the n:qUlred USB device dri vcr and porI a suitable operating 

8y8tem to the RUT hardware platfonl1 was outside ofdlC scope of this design project. 

7.2.12 LCD Interface Testing 

rhe integrated LCD interface "fthe All 11 00 SoC processor was not tested past testing the 

digital eonlrollines, as the software effort required to impleme nt the required I,CD de\ice 

driver and port a suitable operating 8ystemto tlle RUI hardware platform wa:; out8ide of 

the <;cope ofthi<; design project. 

7.2.13 Radar ?lfodulc Link (R'fL) Tnlnfacc Testing 

The radar mlldule link (RML) in terface was not tested past testing the physical interface 

lines, as it required the radar application <;oI'lware and a suitable operating system to be 

ported to the RUI hardware platfonl1 The RML finl1ware ha<; been used before in the 

Implementing" Ground Pe»elran'n~ Radar User InterjaIT in Sy.<tem_ol1.Chip Tociln%f!}' 
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current ground penetrating radar syst~m, so its operation has been verified, 

7.2.14 Non-Volatile Data Memor)' Intcnacc Testing 

The basie hardware functionality of the v,vo non-volatile data m~mory int~rrace~ was 

te,ted. The sofuvare effort required to implement the requireJ Ilk ~y~tem anJ port a 

~uitablc operating system to the RUJ hardware platflllID was outside of the SCllpe of this 

desi gn proj ect 

7.3 Verification, Integration and TestingProcedure Summary 

The results of the verification, integration and te~ting procedure are ~llmmarised in Tahle 

17 below, 

Tahle 17V~rification, Illt~grati(m and Testing PrllCedme Summary 
" c 

,Procoouul Ster Ti~t.Stahi~ Result/Reason 

<Tel1eral Hardware VenJicatlon and Testing (ll-
y" P~5S 

the RUJ Modlile 

General Hardware Verification and Testing (ll-
y" P~5S 

[he RUT Motherboard 

General Power Supply Verilication and Te,;ting 
y" P~ss 

of the RUI Mothcrbo~rd 

Integration (lfthe RUI Module with the RUI 
y~~ Pass 

Motherb<.lard 

Power Supply Verific~tion and Testing witli the 

RUJ )'1odulc and RUJ Motherboard 
Yes Pass 

(MinimumJM~ximum External Supply Voltage 

Range and Full Load Testing) 

FPGA Verification and Te~ting Yes Pas~ 

Tmp/ementing" Ground Penetrating Rada,. U"er inter/ace in .\\~t'm.'m.Chip l"chnD/ogy 
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I:!}.,ter, - en 1canon, , nte~ratwn an "''''''Ii: 

Procedural Step Test Status Result/Reason 

RUT Hanlwan: Configuration Fmnware 
y~.~ Pas~ 

V cri ficalion and T e8!ing 

SoC Procc~:lOr V~rificati()n and T~sling y " Pas, 

RUI Bootlomkr VcriJicalion and Testing y" Pas, 

Requires 

1O/100Mbps Ethernet Interface Testing Partial 
D~vicc Driv~r, 

TCP/TP Slack 

&OS 

RS-422 HMllntelface Testing yc.~ Pas, 

RS-232 Debug Interlace Testing Y~:l Pa8'> 

R~al Time Clock and Power-On Reset Circuit 
y" Pass 

Testing 

RcqUlr~s 

USB Interface T ~S[illg No o.:vice Dnv~r 

&05 

Rcquir~:l 

LCD Int~rfac~ T~sting PaTliai D~V1C~ Dri\'er 

&OS 

ReqUln:s Radar 

Radar Moduk Lmk (RML) rnt~rface Testmg Partial Application 

S()ftwar~ 

Pas:l_fRcquirc~ 

Device Driv~r 
Non-Volatile Data M~n)(jl)' Int~rface T~sting y~s 

& OS for Fik 

Sy,wm 
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7.4 Conclusions 

In this chapter we had a look at the verification, testing and integration of the hardware, 

wftware and firmware of the RUt We started with the integration and testing of the 

hardware, followed by the integration and teSling of the finnware. We concluded this 

phase of tlle desJgn project Wilh the mtegration of the ~oftwar" with the hardware and 

firmware, In the next chapter we will look at what conclw;ion~ can be ,lrawn form this 

design project. We wi!! also be looking at further 8lud'e8 that can be undertaken based on 

the work completed and the knowledge gained from thi~ de8ign project 

fmpi<'mt'nling a G1'Ound Penetrating Radar limy fntel!<K:£ jn SyJlem-o>l-Chip Techn%K)' 
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Chapter 8 

Conclusions and Further Studies 

With the objectives of the design project SliccessrlIlly achiev"d, we w!ll condu<k by 

discu~sing what conclu~ion~ can be dmwn tilrm this de~ign project. W" will al~o pr"s"nt 

and discuss funher studIes that can be undertaken based on the work completed and the 

knowledge gained from this <k~ign project 

8.1 Conclusions 

The succcssfili achievement oflllC objcctivcs of this dcsign projcct allows liS to draw ~ome 

conclusions based on what we have expcricnce and thc knowledge wc havc gaillt<d in 

achieving these ubjectives_ We will also ~how that the original aim of the (resign project 

has becn mel. The conclusions we have drawn and a brief discussion of each conclusion 

will folluw next. 

• In reviewing the existing ground penetrating radar system, we concluded that its 

modular de~ign is optimal for implementation in a surfaec·based ground penetrating 

radar ~y~tem_ 

In reviewing the existing commercmlly availabk ground penetrating radar systems, 

we concluded that Ill" integration of the InlI and the radar d ech-onics is not the 

most common design impkmentation, but from an engineering point of view it is 

the most optimal. 

• In generating the system ~peCl fication for tl;., radar userintt<rface, we conduded the 

detail that needed to be implemcnted m th" d,,~ign of tl;., RUI. 

• Tn th" idcnti1ieation of a suitable technology for the implementation of the radar 

user in!crfaec hardwarc, we concluded that SOC processor technology was the most 

suitahl" technology to liSe 

• In the de~ign and implementation phase of th" mdar u~er mt«rface hardware, w" 

concluded that we had met the system spt'eillcation for the hardwar" that was 

Impierrlel1liffg a Ground 1"""im1ing Flariar U"7 fnter}a", in ,I'yslem-m.-Ci,ip r . chnol"8}' 
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• 

• 

g~n~rated before by selecling the corred eomponenls and paymg a great deal of 

aUenlion 10 Ihe detail of/he de~ign and the design practices used. 

In the design and implementation phase of the radar user interface firmware, w~ 

conclud~d that w~ had met the ~ystem specification for th~ hardware that wa~ 

generated before by coneltly deslglllllg the configuration finllware that linked th~ 

hardware signals in th~ RUI design. We further concluded that the RML interfae~ 

finllware Ihal wa~ onlyhri ellypre~nted, due to a pending palenl applicalion, only 

needed 10 he ported 10 the RUI as it al ready had been designed and used before in 

the ClilTent ground p~netrating radar system 

In the design and impkm~ntation pha~ of the radar u~r inlerface soflware, we 

concluded lhat a l e ~s comple;<: and easily portable bootloaderwasmostsuitable for 

the initial te~ling of the hasi~ functionality of the RUl hardware Vie further 

conduded lhat tbe radar application software had to be ]XIrted and a software 

platfonll developed for the RUI as a separate proj~ct at a later stage, as it was 

outside of the scope of this d~~ign project lO do so 

In th~ verification, integration and le~ting pha~ of Ihe radar user inter1ace 

hardware, software andfinllware, we concluded that the basic operation of the RIJI 

had been verified. W e fll!1her concluded that a suitable OOotloader and operating 

system had to be port~d to th~ RUI to allow for the d~vdopm~nt ofthc requir~d 

drivers for the RUI hardwar~ that would be tlC~d~d by the radar application 

~oftware 

From these cOn<;lusion~ we can conclude that the design proJed has heen suc~essful and 

allth~ ob.iectiv~s of the design pro.i~ct have been achieved. 

8.2 Further Studies 

As the des) gn proj e~t has been concluded successfully we can fmally look at fllrlher studies 

that Can he lIndertaken ba~ed on the work completed and the knowledge gained from thl~ 

design project. 

In order to produce a comm~rcial1y viable surface-hased grolUld pcn~trating radar 

Imp/e"""»ting a Ground Penetrating Radar User Jnterjac~ in .\)·.II~m_on.Chip Technology 
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system, two phase~ or the d~~ign proce~s slill needs to be complekd. The first phasc would 

involve the implementation onh~ groUJxJ penetrating radar system appl ication soflware on 

the RUI. This requires a number of steps to be completed as outlined below, 

• IdentifY a suitable operating system for usc with the Aull00 SoC' processor; most 

likely this would be LimLx. 

• Id~ntil)' a suitable IJootloader that is compatible "ith both thc AuIIO() SoC 

processor and the operating sy~tem: most likely this would bt: the U-Boot 

bootloader. 

• 

• 

• 

• 

Port the selected bootloader to the RUI hardware platfoml, 

Port lhe seleckd operating system 10 the RUI hardware plalfimll. 

Deveiopthe hardv'llredrivers forthe RUI hardware platfoillllhat is r~4uir~d by the 

current ground penetraling radar system application soft\\llr~. 

Port lhe current ground po:netrating radar system application ~oft",ar~ to lhe Rl;! 

hardware platjilrlTI. 

• Verify and test lhe opermion of the ground penetrating radar ~yslem application 

soft",are. 

The second phase of !lie dcsign pmces~ would in,-oh~ the hardwarc dcsign and 

implementalion of the RUT radar dectronics backplane. Figure 15 shows a possible 

conc~pt design of tho: Rll radar electronics backplane that could bt: imp1emenkd in 

praclice, It is based on lhe current ground penetrating radar ekctromcs lhat had been 

described before. The R VI would interface to tfle RUI radar electronics backplane through 

the RML interface to lhe SMC module. In this specific implementation the CTL module 

would not bt: used and its functionality would be implemented in the ground penetrating 

radar system application soft"'llre. The antenna and the Rtf part of the ."NTmodule would 

be integrakd into an exkmal \IIlil. This antenna assembly will interfac~ to and bt: 

controlled by the RUT through lhe ANT inlerfacc via the A't\"T module and an RML 

interfacc. P""er "ould also be supplied h' lhe antenna as~~mbly through th~ A't\-T 

interface The pow~r supplics li)r the Rl:! radar electronics backplano: would also be 

implemented on the RUI radar e1cctronics backplanc. 

This design pmc~ss onl) presents one pos"ible concept design for the RUI radar 

Iml'l.mml;ng a Ground l'e""raling Radar Uur I"'('riac" in Sl'.vtem-o".Chip 1ixhllO/ogy 
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electronic, backplane. Its fllll~1:ionl' to JlJustratc: whal could po~.~ibly he achievoo in the 

nearfurnre based on the design of the current ground penetrating nldar system and currenl 

RUI de,ign. As technology is advancing at an ever increasing pace, one ha~ to look at 

other possible implementations and innovations in tlle grOlllld penetrating radar field when 

con,idering furlher .~llldle> based On lhi.~ design project 

l.,pl~meming" G.."und PeneWatini: Radar [/.'0 ""~ifa.,o in Sy."~m_Qn_Cln)J Toch""lo;:y 
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Apr.",dix A: Sch~matic J);agram" and Pm·'_, Li,,,_, 

Appendix A 

Schematic Diagrams and Parts Lists 

A.I RUI Module 

lhe schematic diagr,lln> and palis JI,t of the RUT \1odlile is ,hown m th" appendix 

• Figure 16 RUI Module Schematic Diagram - Sheet 1 of 8 

• Figure 17 RUr Module Schematic Diagram - Sheet 2 of 8 

• Figllre 18 RUI Module Schematic Diagram - Sheet 3 of 8 

• Figllre 19 RUT M()dllie Schematic Diagram - Sheet 4 ()f 8 

• Figure 20 RUI Module Schcmatic Diagram- Sheet 5 of R 

• Figure 21 RUI Module Schematic Diagram - Sheet 6 01'8 

• Figure 22 RUI Y10dule Schematic Diagram· Sheet 7 of 8 

• .<igure 23 RUI \1odule Schematic Diagr.nn - Sheet 8 of 8 

• Tahle 18 RUI Module Parts List 
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Appendix A- Scnemulir Diagrams ami ParIS Lf.Hs 

.. -=--.-.::.-~ ...... 1.. _ ._-'CC-. -- I 
~!, 

c:w: 

Figure 16 Rl)T \1mluTe Schematic Oiagram - Sheet J of 8 

lmpie""'''';rIg a Grou"d P",,"lruling Radar [,~er l"'"r/u,'e in Sy,tem-un-Ch,p t e,'nnolugy 
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Appendix A -Schematic Diagralm and Par:. List. 
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Figure 17 Rill Module Schematic Diagram - Sheet 2 of8 

lmpiemenling a Ground Penetrating Radar U""r lnteiface in Sy.tem-on-Chip Technology 
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"- .. ----r=-----.-.~--- --::-: I 
Figure 18 RUI Module Schematic Diagram - Sheet 3 of 8 

Jmpl~m"nting " (i1'ound P"""tmting Radw User !nt~rjac" in .~'·_""m-o,,_Chip Tedmolol:!' 
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Appendix A: Schemat;c Diagrams and Pam Lim 
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Figure 19 Rm Module Schematic Diagram - Sheet 4 of 8 

Implementing a Gro~"J Penetrating Radar U.,..,. Interface in Syste",-<>n_Chip Technology 
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Appendix -j: Sd""nqJiC Diagmms anrl Pam Li.<I.< 

~-

I<'igure 20 RUI Module Schematic Diagram - Sheet 5 of8 

impienreming aGround Pendmling Radar u.<"" interface in Syslem .. nn_Chil' Teclmningy 
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Appendu A: Schematic Diagram; and ParIS Lisl£ 

! 

------ - ------,-

Figllrr 21 Rur Module Schematic Diagram - Sheet (, or R 

Implo""'nUng a Ground Penetrating RmJar Us~r lntorf(J{.~ in Sy~tem_Gn_Chip Technology 
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Appendix. A: Schematic Diagralill and Part.' l.~ts 
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~ JU: 
j 

Figure 22 
-=~~=--

RUI Module Schematic Diagram - Sheet 7 of R 

imp/emenli"g a Gruund P enen-millg Radar L,:" , r"/">1;'c' ,n Sy_<fem_Ml_Chip Techm/o,gy 
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Appendix A. SchmwUc Diagrams and Pan, List.; 
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Figurt' 23 RUI Module Schematic Diagram- Sheet 8 of8 
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Aef!£ndix ,~: Schematic Dias.ra"" ao,d Pam LiJl.> 

Table 18 RUI \1odule Parts List 
, . ,', " 

DC5ienlltor VlIlue/Part Footprint! ;D~siliPti~n 
, ~umber PackRKf , 

Ct- C36 100nF 0402 Ceramic Capacitor, 10%, X7R, 10V 

C37, U8 22).1F 352SB Tantaillm Capacitor, 10%, X7R, 

16V 

C39 - C43 10nI' 0402 Ceramic Capacitor, 10%, X7R, 10V 

C44 - C46 6,8nl' 0402 Ceramic Capacitor, W"Io, X7R, 10V 

C47 - C49 15nF 0402 CeramlC Capacitor, 10%, X7R, lOY 

C50 - C52 10)41' 352SB Talltahlm Capacitor, 10%, X7R, 

16Y 

Rl - R21 4.7ill 0402 Carbon Fihn Resistor, 5%, 0.125W 

R12 2.5ill 0402 Carbon Film Resistor, 5%, O.l25W 

R2.'l, R24 100 0402 Carbon Film Resl~lor, 5%, O.l25W 

JI - J4 FX6-GOP-O,8SVI IIiro.~e 60 l,\lay SMD Plug 

VI AU1100-400.\1BC LF-PBGA- Al\1D Alchemy MTPS32 SOC 

399 Processor 

U2,U3 MT4SY16.\116LF TSOP54 Micron 256-11bi( \1obile SDRAM: 

TG-IO 

U4 TE28F256.13C- TSOP56 Inkl 256-Mbit StrataFla~h" Flash 

125 Memory (13) 

Xl HCv149- Ilc\149 12),1Hz Crystal 

12,OOOMAllJT 

!ml'icmen/ing a (lmund Penen-ating Radar User !ntcrfixe in Sy~rem-on-Chil' Technol"i:}' 
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App,'ndi.<A: Schemalic Djagram>' and P,w[J D .'I>' 

A.2 RUI Motherboard 

The schematic diagram, and part, list of the RUI S1otherboard is shown in this appendix. 

• Figure 24 RUT Motherboard Sch~nla!ic Diagnlm - ShGc! I of 12 

• Figure 25 RUI Mothcrboard Schematic Diagram" Shect 2 of 12 

• Figure 26 RUT Mothcrboard Schematic DIagram - Shed 3 of 12 

• Figurc 27 RUT MothGrboard Schcmatic Diagram - Sh~Gt 4 of 12 

• Figurc 28 RUI \1o!hGrboard Schcmatic Diagram - ShcGt5 of 12 

• Figurc 29 RUI \1othcrboard SchGmatic Diagram - Shcct 6 of 12 

• Figure 30 RUI Motherboard Schematic Diagram - Sheet 7 of 12 

• Fieure 31 RUI S1otherboard Sch~matic Diagram - Sh~et 8 of 12 

• Figure 32 RUI Moth~rboard SchGmatic Diagnnll - Sh~et 9 of 12 

• Fieure 33 RUI Moth~rboard Schematic Diagnlm - Shect 10 of 12 

• Figurc 34 RUT Motherboard Schcmatic Diagram - Shcct II of 12 

• Figure 35 RUI S1otherboard Schematic Diagram - Sheet 12 of 12 

• Table 19 RUI Motherboard Part> LIst 
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AW~db; A : Schematic Diasram:s and PwI'> Lisls 
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Figure 25 RUI Motherboard Schematic Diagram - Sh~ et 2 of 12 
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liicurc 26 RUI Motherooard Schematic Di~gram - Sheet 3 of 12 
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App"ndix A -Schemm;" Diagrams and Pari.< Lis" 

, . 

.J 

L_--"r,c.;-,.-,,-. CC;;l RIJT Motherboard Schematic Diagram _ Sheet 4 of 12 

Impl~",enlin;,; a Gr~lmd Pe""lratmg Rc.dar Use" inleriacr ;11 Sy.lwm_on_Chip re"hndogy 
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Ap",ndix A: Sdremat'(' D,agratm mJd Pari"~ Li_,,", 
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Figure 28 RUI Motherboard Schematic Diagram - Shcet 5 of 12 
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App"ndix .~: SdremalicDiagram.;andParl.!Li. lS 

I,====-=====~ 

I .1 ___ _ 
Figure 211 RUI Motherboard Schematic Diagram - Sheet 6 of 12 
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Appendix A - Schematic Diagrams and I'alf, Li. t. 
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Figure 32 RUl.'l1otherboard Schematic Diagram - Sheet 9 of 12 

Implementing" &ound l'enelraling RaJar U,er InkrjCK.:e in Splem-on-Ch,p l'e"h,wlogy 
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Appendix A: &'hemali<' Diagram., and Pan" H,,, 
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Figure 33 RIJI Motherboard Schematic Diagram - Sheet 10 of 12 
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Appendix A: Schemmic Diagrams and Part.; Lim 
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, ., 
, 

, ., 
I 

125 



Univ
ers

ity
of

Cap
e T

ow
n

Aee.endix A Schematic DiagYUms and?arl" Li,b 

Table 19 RUT Motherboard Parts List 
, . ,. '1<. , , 

Desi2Dator V~1,?e{P.,arl: ,,::-;., " FoofprlnU IJeo;criptioa 

Number Packlge , '-?'< "" .. 

BI VL621-F9D ~ Pana<;onie Battery 

CI I,F 0402 Ceramic Capacitor, 10%, X7R, 10V 

C2 - C66 IO()nF ()402 Ceramic Capacitor, 10%, X7R, IOV 

C67, C68 30pF 0402 Ceramic Capacitor, 10%, X7R, 10V 

C69 - C73 2,21lF 1210 Ceramic Capacitor, 10%, Y5V, 16V 

C74 - C78 1_5nF 0402 Ceramic Capacitor, 10%, X7R, IOV 

C79- C83 IOflF 1210 Ceramic Capacitor, 10%, X7R, 16V 

C84 - C97 22~IF 3528B Tantalum Capacitor, 10%, X7R 

16V 

DI - 08 L62401Cr 0805 Clear Red Light Emitting Diod~ 

D9 - 014 SD103BW SOO-I23 Schottky Diode, 30V, 400mW 

DIS - 019 lN5819BW SOO-I23 Schottky Diode, 40V, IA 

020 1~4148WS SOD-323 Switch Diooc, 75V, 200mW 

Jl,Jl6 IOCIO DiLlO IOWayTDCH~ader 

J2, H DMIAA-SF-PEJ ~ Hirose SO Memory Card 

Connector, Standard Type 

14 IDC40 OIL40 4O-Way IDC Header 

)5 J001ID2IB ~ Pulse RJ45 PulseJack Integrated 

Connector 

J6 787617-1 ~ Tyco Amp Shidded Stacked USB 

rype A Connector 

J7 DB9S-RA ~ 9-Way D-Type Socket, Right 

Angle, PCB .M()IJnt 

J8 IDC14 OlL14 14 Way IDC Headn 

implement;ng a Gmund Penetraling RaJar U_!er JnleFjace in .\)" lem_o1l_Chip TechnoloiJY 
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d'A~h {D' cren IX ,cemalC ras:mms an dP trL "' tr" 

J9 DB9P-RA ~ 9-Way D"Type Plug, Right Angle, 

PCB Mount 

IIO PJ-002R-s"MT ~ 2.5mm SMD Power Jack 

III, JI7 151210-8422-TB DILIO 10-Way 2mm x 2mm Verti~al Plllg 

.112-115 FXo-oOS-O.HSV ~ Hlro.~e 6O-Way s}',m Socket 

L1 CIM21Jl02NE 0805 Samsung I kO 200mA Chip 

Inductor, EMI Suppression 

L2 - L6 CDRII6D28- ~ Sumida lOiJ.H 65mO L7A Power 

100NC Tndllctor 

aSCI STCA-05433 ~ 32MHz (hci11alor 

Rl, R2 00 0402 Carbon Film Resistor, 5%, 0.125W 

R3 - RJ2 4,7ill 0402 Carbon Film Resi,tor, 5%, 0.125W 

RJ3 22Q 0402 Carbon Film Resistor, 5%, 0, 125W 

R34 - R44 3300 0402 Carbon Film Resistor, 5%, O. 125W 

R45" R62 lOkll 0402 Carbon Film Resistor, 5%, 0.125\\' 

R63 - R65 DNP 0402 Carbon Film Res istor, 5%, 0.125W 

R66 - R70 15kll 0402 Carbon Film Resistor, 5%, 0.125W 

R71 - R74 49.90 0402 Carbon Film Resistor, 1 %, 0.125W 

R75 1.5kO 0402 Carbon Film Resi.~lOr, 5%, 0.125W 

R76 - R78 10kll 0402 Carbon Film Resi,tor, 1%, O.l25W 

R79 1kll 0402 Carbon Film Resi.~tor, 5%, 0.125W 

R80 - R83 20Q 0402 Carbon Film Re,istor, 1%, 0, 125\V 

R84, R85 120Q 0402 Carbon Film Re,istor, 5%, 0, 125W 

RHo, RR7 lOoQ 0402 Carbon Film Resistor, 5%, 0 125W 

RRH-R91 1,2k!l 0402 Carbon Film Resistor, 5%, 0, 125W 

R92 1690 0402 Carbon Film Re.~istor, I ~., 0, I 25\Y 

R93 2,5ill 0402 Carbon Film Resistor, 1 %, 0.125W 

Rl'1 500 RP4-040? Resistor Pa~k, 1%, 0, 125\V 

~ ~ Imp/cmon"~ " GmunJ Pendl aim!> RaJ", t,,", Inl~ifil," 1n Sysl~nr on Cn1p rochn%g) 
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d' 4 ~ I r D' !!£.en LX. ' C ""na 'e '$!:ams an dPrll' " S .'.m 

SWI CHS06B SOP12 fi-Way SMD Slide Switch 

SW2 FSMSM - Tactile Switch 6 x 3.5mm SPST 

VI XC2V250- BGA256 Xilinx 250k Syst~m Gate Virte~ T"_ 
6FG25fil n Platform FPGA 

U2 AM79C874VI PQT80 AMD NetPHYT"-ILP Low Power 

1O!IOO-TX/FX Ethemet 

Transceiver 

U3 XI227S8I-2.7A SOPS Xieor Real Time Clock!Calendar! 

CPU Supervisor with EEPROM 

U4 MAX3232CUE TSSOPl6 Maxim + 3,3V Multichannel RS-232 

TraIlSccivcr 

U5, U6 ST34S5EBDR SOICS ST Microelectronics RS-4S5/422 

Transceiver 

V7 LTl767EMS8-5 SOP8 Lmear Technology +5V Monolithic 

1.SA, 1 ,25'MHz Step-Down 

SwitcJung Regulator 

U8, U9 LTI767EMS8 SOP8 Lin~ar Technology Adjustabk 

Monolithic l.5A, 1.25Mlh Step-

Down Switching Regulator 

VID L T17fi7EMS8-3.3 SOP8 Lin~arTechnology +3.3V 

Monolithic I.5A, 1.25MHz Step-

Down Switching Regulator 

Uil LTI767EMS8-2.5 SOP8 Linear Technology +2.5V 

Monolithic 1.5A, 1.25MH:r. Step-

Down Switching Regulator 

VI2 ATl7LVOO2-IOCI LAPS Atmel 2-\1bit FPGA Configuration 

EEPROM Memory 

XI HCM49- HCM49 25~1Hz Crystal 

25.000MABJT 

Implementing" Ground Penetrating RadiJr [lV " Inwj4Ce in Sy",e",_()f1_Chip Technology 
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Appendlx_~: SchClluilic Diagmms (lnd Pam L;j!J 

Xl STCA-05585 32.768kHz Crystal 
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A.3 Miscellaneolls Schematic Diagrams 

Tbe miscellanoous schematic diagrams oftbc dC!lIgI1 project is shOVo'o in this appendix 

• t; igll re 36 IWI KS-232 Cab!.: 

• Tablt 20 RUI RS-232 Cable P:.rts List 

Imp/. m,",;ng " (jrnund Pen<!>'''''"1iI R"cI~' USCI' '.'e'/oc. in SpUrn-on-Chip Technology 
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Appendu A,' Schemmic Diagram.! andPa>1S Lim 
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Figure 36 RUI RS-232 Cable 

Implementing a Gmund Pen~lrating Radar (her ",t~rj'ace in Sy,<lem-on-Chip TechnoJagy 
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ACCendU A: Schemaric Divgram' and Paris Li.".1 

Table 20 RUI RS-232 Cable Par!8 Ll~t 
, " • 

De§iguator Value/Part Footpr.iA.V " De!lcription 

Number 
. 

Package • 

11 D139S-RA - 9-Way D-Type: SGCk~t, Sold~r Type 

J2 DB9P-RA 9-Way V-Type Plug, Solder Type 

lmplemenling v Ground I'enelrvling Radar (her Interface in SJ'.If"m_()Il_Ch~' r",hnoio!<), 
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Arpe"dix B: Printed Circll" Board L""""t; 

Appendix B 

Printed Circuit Board Layouts 

B.1 RUI Module 

The prinled eircuil board layout of the RUI Module is shown in this appendix. 

• Figure 37 RUI Module PCB Layout - Top Overlay Layer 

• 
• 

• 

• 

• 

• 

• 

• 

• 

Figure 38 RUI Module PCB Layout - Top Signal Layer 

Figure 39 RUI Module PCB Layout - Ground Plane 

Figure 40 RUI Module PCB Layout - Inlernal Signal Layer I 

Figure 41 RUI Module PCB Layout" + lo22Y Supply Plane 

Fignre 42 RlJI.'vIodule PCB L1yout - +2.SV Supply Plane 

Figure 43 RUI Module PCB Layout -Internal Single Layer 2 

Figure 44 RUI .'vIodule PCB Layout - +3.3YIV Th Supply Plane 

Figure 45 RUI Module PCB Layout - Boltom Signal Layer 

Figure 46 RUI .'vIodule PCB Layoul- Bottom Overlay Layer 

Implemenling a Ground p , ,,,,rralinr: Radm· U:'~r intet/u"" in Sy.'I~m_on_Chip rochnolngy 
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Appendix B: Printed Cir('~iI Board Layt:m18 

Figure 37 Rm Module PCB LayOlit - Top Overlay Layer 

Implementing a (lrY,,,,,d P<metrating Radar lJ~"r Enter/ace in .<;Y,'tem_on_Chip Techno/(Jgy 
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Appendit B: Printed Circuit Board Layou," 

liig;IJlT 3::; In IT i\f"dllie PCB Layout - Top Signal Layer 

Implementing" Ground Penetrating Radar U:<er Interfau in Syslem-()n-Chip Technology 
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App""'h H: Printed Circuit Hnard l.(fr'ouls 

• 
1,1 

• 

. ' .. -- • 

I<'igure 39 RUl Module PCB Layout Ground Plan~ 

lmpl~m"nling a Gro,,,,d Pene/rating Radar L',,, lnter!aco in ."y,,,,m-on-Chil' T echJto/,,;:,y 
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• . , 

Figur~ 40 R\JJ Ivl"uuk peR LayolLl- Internal Sl~nal Lay~T 1 
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Append« B. Printed Circuil Board Lavours 

I • .. c: 

" " . " 
I 
• • • • • 'C. 

,', -,,-

Figure- 41 RUI Module PCB Layout - + I ,22V Supply Plane 

/"'I'iem.,,/i"g aGround P<n<lra/i"g Radar rJw, int.ifac. in Syslem-o,,-Chip T~ch,!Olo!>y 
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Append;., B: Printed Circuit BlX<rd lAyouts 

.. - - -- . 

Figure 42 RUI Module PCB Layout - +2.5V Supply Plan~ 

implemenling aGround Penelmting Radar U,w InleJfau in Sy,'tem-an-Chip Technology 
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Appendix B: Printed Circu;, Board Lavour. 

• 

Figure 43 RUI Modnle PCB Layout - Internal Signal Layer 2 

Implementing a (;'vund Penelmling Rud",- Use, Inl<~fac" ;n ~)',""",_on_Ch,), Technol0i:Y 
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Figure 44 RLI Module PCB ) "'YOllt - 13.3V Supply Pl.",,, 
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Arp. ndix Be Prinl. d Circ"il Board Lav""" 

Figure 45 RLI.\lodulc PCB Layout - Bottom Signal Layer 

/ml'iemeltling a (,round Pe"e/mlill.~ Radm U"er Int~rfac'" in Syslem-~n-Chip Tedm~fogy 

142 



Univ
ers

ity
of

Cap
e T

ow
n

Apre",/i, fj Prinred C",-cujr l:!oard Lm'our, 

Fl~ure 46 RU.'I.1Ctdulc pell LaYCtut ·llottCtm O\crl~y Lay~j' 
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Appendi", B: Prinlw Circuit Board Layouts 

B.2 RUI Motherboard 

The printed Clfeuit board layout of the RUI Motherboard IS shown in ihi, appendix. 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

Fignre 47 RUI Motherboard PCB Layout" Top Overlay Layer 

Figure 48 RUI Motherboard PCB Layout· Top Signal Layer 

Figure 49 RU! Motherboard PCB Layout· Ground Plane 

Figure 50 RUI Motherboard PCB Layout· Internal Signal Layer I 

Figure 51 RUI Motherboard PCB Layout· + 1.22V/+! ,5V Supply Plane 

Figure 52 RUI Motherboard PCB Layout ·-2.5V/-SV Supply Plane 

Figure 53 RUI Motherboard PCB Layout - Internal Single Layer 2 

Figure 54 RUI Motherboard PCB Layout· +3.3V/V"" Supply Plane 

Figure 55 Rill Motherboard PCB Layout· Bottom Signal Layer 

Figure 56 RUI Motherboard PCB Layout· Bottom Overlay Layer 

implementiJtg a Gro~nd Ponetrating Radar [I,or Inter/aco in S;'stem.on.Chip lklmology 
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ApK"'!'" B: Prinud Circuit fuml L.:'touIS 

l"iI:UI'C 47 RUT Motherboard PCB Layout - Top Overlay Layer 

/mp/om<nti11g a Grvund l'~n"lraling Radar U,.r l11t.~r~C< j11 Sy,tem-on-Chjp T~chnology 
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Appendix B: Primed Circuil Board lfI)"'u/8 

• e 

, 

• :1 
• :I 
• :I 

I .. :9 ,>.-,r • :: 
•• .. • • m • 

Figure 48 RUI M()th~rboard PCR Layout - Top Signal Layer 

r"'pl<"'~nling a Ground P~nelraling Radar U5~r lnleifaoe in Syrlem-on_Chip Technology 
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Appendix B: Printed Circuit Board LavoulS 
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Figure 49 RUI Motherboard PCB Layout - Ground Plane 

Jmple",' nting a Gro~nd P, n, lrating Radar U.,er Inlerfa,'~ in ~y:,·lem.on_Chip Technology 
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AW"du H: pnll/ed Circuit Hoard Lamms 

• !! . " 
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Figure 50 Rill Motherboard PCB Layout - Internal Signal Layer 1 

/mpl. m.nling aGround P<II<lra/;ng Radar U",r Inteifac. in Sy3lem-<>n-Chip Technolol:Y 
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Appendix B: i'ria/ed Circuil Board Lm'(Ju;s 
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Figure 51 RUI Motherooanl PCB Layout - + 1.22V/+ 1.SV Supply Plane 
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Appendix fl' Primed Circuil Board J.tIIJou!S 
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Figure 52 Rtn Motherboard PCU Layout· +2,5V/-c5V Supply Plane 

impiommtiJlg a (iround POJletrating Radar [Jur jn'eiface in Sy",em-on-Chip Techno/,,!>y 
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Appendix B: Primed Circuif Board ["yours 
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Figure 53 RUI M()th~rb()ard PCB LaYOlit - Internal Signal Layer 2 
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J11'f?"ndix B: Prinl. d Circuit BnCll'd f.arouts 

. ' . ' .: 
'. 
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• • .. •• .. 
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• 

F'igure 54 RUI Motherboard pcn Layout _ J.. 3.3V/V,~ Supply Plane 

fml'l . m. nling a Ground P.narating RadCl1" [,: .. , Jnl~,jac. in Sy.'I. m_o".C/Jip T.chnnl"iD' 
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Appendix B. Printed Circuit Board Layouts 

• • , " " :: ; .. 
" . ; r, , .. , , n. " " If I " -• .. ... 
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': 

Figure 55 RUI Motherboard PCB l.aymIt - BoUoln SIgnal Laya 

Imp/~m'nrin! a GroW1d Penelraling Radar Usa/nl.,ryace inS)w=_on_Chip r.u:hnology 
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Appendix B: Prjnted Circujt Board Layout< 
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Figure S6 Rill Motherboard PCB Layout - Bottom Overlay Layer 

Implem,ming a Ground Penetrating Rada, Us", Inlerfi,u ;n System-an-Chip T,,,hnalofiY 
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Appendix C 

Software and Firmware Source Code Listings and 

Information 

C.l FPGA Hardware Configuration Firmware Listing 

litu/}' i_; 

\Me itec.~_lo!:lC 1164 ... 11, 

nllne!, .ITA('_nRc'i<-1. R1C_uRe&e1 

SBUS_"RRF:-IO, SRUS_nRBLit-:l, SUt;S_nKCSO, SBUS_"RWE 

FLASlI_ Smtu., FPGA,C:kx;k 

... UP _ GPIO!, A UP _ GPr07, AUP (il'IO I Y, "';1'_(;1'1022 

... 11P _(;1'1030, AL"P _GrIQ]!, AuP FJeTCf .K1 

:In l\dJ~k: 

:In iTd)Oili~; 

,m iTdJoa'~: 

, ;~ l\dJ08\C; 

. ;" ltd_loti', 

'" .l<iJlIgic_ "",,101'(5 """'nto 0); 

: .... , '''Uu,k, 
Fl.ASH nRC<;, ~LASH_nRWE. KTC_IlC_sa.. SII!.; !; nEW." 

AUI' _liP IO I4. AUI' _GPIOI~. At;P _GPI0201.A(;P GPlOW! 

AUI' (;1'102 0), Al ;1' _(;1'1021)4, At:P _GPI0206. At:P _ GPIOWR 

AUP (iPlml4 

-: ... ," 
: ' •• 11 

: ,.," 

>ld_lugk: 

<hU~", 

,jd),,!!lC, 

'l<U"~ic. 

eED : om ,Id J~J:ic _ voct(lf(7 oo"ntn D): 

AUP,GPT029. RTC_IK_Sl.lA . m(IUt 1111 lo!!," 

" ol1d 11(;1: 

Jmp/~m.nlinl! ~ Ground PenetrCflinl: Radal' U .. r inlflfji ... o in Sy-,(om-vn-Chip r.rhfll!l.;.gy 
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.4rpendix C: Software and Firmware S01<n·, Code List"ngs ""d ["formation 

Maote, _ nR .. et <- oRe .. t and (RTC _ nRc""t or Switch( 4)) .nd (JT AG _ nRc'>Ct or Switch(5)); 

AUP nR~set <- Maoter nR .. et: - -

J.:TH _ nRe ... t <- Ma.ter _ nRe,.t: 

FLASH _,.Reset <- Ma'ter _ nRe,ct; 

LED(O) <- M,..\cr _nRc",,!; 

LED(I) <- FLASH_St~t"'; 

LED(2) <- AUP _EXTCLKL 

LED(3) = RML_Linl:; 

RML_Linl <- '1"; 

--RML Firmw"", ",es LJ.:D3 for RML Lin\; lndicator 

--Forcc Link Indic,",or Off 

LED(4) <- ACP _GPIOI ond Switch(O): 

LEU(5) <- ACP _GPI07 and Switch(I); 

LED(6) <- ACP_GPI019 and Switch(2); 

LED(7) "'", ACP_GPI022 and Swhch(3); 

FLASH_nRWE <- SIlUS .nRBENO or SBCS}lRBENI Of SBCS_nRWE; 

FLASH_nRCS <- SBUS_nRCSO; 

AUP GPIOI4<- 'I'; 

AUP _ GPIOl5 <- '1'; 

ACT'_GPI0201 <- '1'; 

ACP _ GP10202 <- '1'; 

AUI'.GPI020} <- '1'; 

AUP _ GPI0204 <- '1'; 

AUI' GPIOlOG<- 'I'; 

AUI'_ GPI020~ <- '1'; 

AUP {]PI02l4 <- 'I'; 

--Unlll'od 1'0 set ~s output, and driven high 

J2C proce,. (M",tcr _nRe,et, FPGA_ Clock) 

bcgin 

RTC_I2C_SCL <- 'I '; 

RTC_I2C_SDA <= 'Z'; 

ACP_GPI029= 'Z'; 

el,if rj , ;ng_ edge(FPGA _Clock) then 

impiem.mtin:o: a Ground PeneJratin:o: Radar User [melfi.a in S)'Slem-on-Chip lkhoology 
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Appendix C: Sufiware and nrmwareSuurce C()de Li.llio/., andin(ormati()n 

end if; 

end 1"00""; 

RTC_I2C_SCL <~ '1'; 

RTC I2C SDA<- 'Z·· 

AUP GP1029 <- 'Z' 

if AUr GPI031 c 'O·then 

RTC_I2C_SDA <- AUP _GPI029; 

else 

AUP GPI029 <= RTC 12C SDA, 

rn<.lif; 

RTC 12C SCL <- Al;P GPlmO; 

C,2 Bootloader Download Procedure 

C.2.1 Hardware and Software Requirements 

To installthc Microl1onitor bootloader on the RUI hardware you will need the following 

hardware and softW31'\:. 

Macraigor Systems LLC Or compatible Wiggler IT AG program1"11er 

• Macraigor System> LLC OCD Coml)1anUersoflware (Available for fi·ee download 

at htto:liW1.yw.macrajgor.com) 

• RUI hardware 

• Serial cable as outlined in Appendix A.3 

• RUTpowcradapter(+7Vto+l2V@IA) 

• Terminal emulator software similar to Hyper Terminal that is supplied with 

Windows 

• l1icroMonitor bootloader SVRAM fil e for the RUI hardware in ELF fOlma! 

• 11icroMonitor bootloader Flash memory file for the RUI hardware in BIN format 

• Macraigor OCD ConmJander macro file for configuring and downloading the 

MicroMonitor bootloader file to the RUI SD.RA11 (The contents of the file is 

implemml'''? a Gl"Otlnd Penetrating Radar U,er inlerjace in Sy.,lem_{m.Chip Techn()iog>· 

157 



Univ
ers

ity
of

Cap
e T

ow
n

Arp~ndix C: Sorlwar~ and Firmwar. Source Cod,> Listings a,w /"rornwlion 

shown in Apperrdi:\: C.3) 

C.Z.Z File Location Setup Procedure 

All the files required for installing the Miero~1onitor bootJoader on the RUI hardware 

should be plaeed in the following location on the pc: 

C:/RUI 

If the files are III any other location then the procedure outlined below will not work. 

Another location ean be used, but the Maeraigor OCD Corrummder macro file must then 

be edited to ref1ect this new location. 

C.Z.3 RUT Hardware Setup Procedure 

• Connect the Macraigor Systems LLC or compatible Wiggler JTAG programmer 

between the Aul\OO SoC processor JTAG ~onnector (J8) on the RUI and the PC 

parallel port (generally LPTI). 

• Note theplacementofPin 1 on theJTAG header(J8) and enrure that the Maeraigor 

Systems LLC or compatible Wiggler JT AG programmer is connected correctly. 

• Connect the serial cable between the RUI RS-232 connector (17) and the PC serial 

• 

• 

port. Either COMI or C0\12 can be used as the serial port used will be defined In 

the terminal emulator sofuvare configuration in Appendil C.Z.5. 

Connect the power adapter to the RUl hardware power connector (JiO). 

Press the reset switch (SW2) on the RUI hardware. 

C.ZA Macraigor Systems LLC OCD Commander Software Configuration 

Procedure 

• Start the ~1acraigor Systcm~ LLC OCD Commander software. 

l"'p/~"'~nling il GtOlmd P~n~tril/ing Radar- U.<dln/er/are in SySlem-on-Chip T~chnology 
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• Selcct the configuration from the "'Connedion Djafog"window as shown in Table 

21. 

Table 21 Ma"raigor Systcms LLC OCD Corrunander Sofu\'are Configuration 

Tarl:ct Processor Alchemy - Aul100 

(This configuration must be selected from 1\\'0 different 
c 1, c drop-down mcnus.) 

OCD Interface Del'ice Wiggler 

Multiple Deselecled 

• Port Number 1 

(This configuration is dependant on the paralkl port the 

,.,. Macraigor Sy,tcms LLC m compatible Wiggler JTAG 

progralumer is connected to.) 

oeD Speed 1 

Start with l~inl: 00 Deselected 

Pop-up API errors Selected 

• Clip thc "OK" button. 

• The main Macralgor Sy,tems LTL OCD Commander program screen should now 

be displayed. 

• If at this point any C1TDr messagc, arc display in the main program screen the 

Macraigor Sy,tcms LLC or compatible Wiggler lTAG programmer could not 

estahlish a connection widl thc RUI hardware. Repeat the procedures as described 

in Appcndh C.2.3 and Appendix C.Z.4. 

C.2.5 Microl\ionitor llootlollder SDRAM Do"nload 

• Continue with the MicroMonitor bootloader SDRAM download while still in thc 

OCD Corrunander program window, 

fmpfomen/in:,: a Gmund Penelralillg RCJdflJ" U,er fnte,joce ;n .\'}~I~m_on_ClI;p Tecimolr>gJ' 
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Appendi:< c: Soti .... are and Firmware Source Code Listing, ""d I"formation 

• Click the "status" buttoll (7th from the left abovc the output screcn). The 

following message 8hould he displayed In the output sCreen 

>STATUS 

and on the nexlline 

TargetRUNNiNCi 

should be displayed 

• Click the "halt" button (4th from the lell: above the output screen). The foil owing 

message should be displayed in the output screen: 

>Halt 

• Click the "status" button (7th from the left above the output screen). The 

following message should be displayed in the output screen: 

>STATUS 

and Oil the next line 

in DEBUG .·""ode 

should he displayed. 

• Select the "Command.~" followed by the "JJacro" option flom the drop-down 

menus at the top of the screen. 

• Go to the location of the Macraigor Systems LLC OCD Commander macro file 

and sclcctthe macro file. The location of the filcwas s]Jecifiedin Appendix Co2.!. 

• At this point the macro will execute and the download will stan. 

inrpiemenling a Ground renelratin~ Rad"r User Imerfac~ in SJ'''I~m-<Jn-Chip T<rlmology 
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Appendix C: Software and Finnwar< Sourc< Cock Li<lings and In{t;,,-mation 

• An indication that the download is taking place are sequential "." (period) 

characters heing (iisplayed on the last line of the output screen. IfthlS does not 

happen then terminate the Macraigor Systems LLC OCD Commander sofl\"are and 

repeat the pnx;edures as described in Appendix C.Z.) and Appendix C.Z.4. 

• At the end ofllie download procedure an error message should be displayed which 

can he ignored. 

• Proceed to the next secti(m without terminating the Macralgor Systems LLC OCD 

Commander software. 

C.2.6 Terminal Emulator Software Configuration Procedure 

• Start the terminal emulator software. 

• Settlp a serial connection with the parameters shown in Tahle 22. 

TabieZZ Terminal Emulator Software ConJiguration Parameters 

Baud Rate 38400 

O.t::l Bits 8 

Parity Kone 

• Stop Bits iA 1 

Handshaking Hardware 

• Define the serial port as the one the RUI hardware is conne<:ted to as described ]1l 

Appendix C.Z.3. 

• Pr(x;eed to the next section without terminating the lBrminai emulator software. 

C.Z.7 Microl\1onitor Bootloader FLASH Memory Programming 

• Return to the Macro.igor Systems LLC OCD Commander sofhvare. 

• Click the "go"button (3rd fn,m the left ahove the output screen). The following 

imp/,menling a Ground Penetrating Radar User In/er(ac, ;n Sy,",m_"".Chil' ]"' c/jrloir>gy 
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Awo"dix c.- Software and Finrrwaro s"urc~ Cade u',tinl!" and }n(nrmatinn 

message should be displayed in the output screen: 

>Go 

o Proceed to the next point without tenninating the Macraigor Systems LLC OCD 

Commander softwarc. 

o Rcturn to the tenninal emlllator ooftwaTC. 

o Some text should be displayed in the terIlJinal emulat(~ window similar to thc 

example below: 

TFS ScaJlJliJl{:IIFfash Block M .. - -
TFS ScaJlJliJlg IIFfash_Bfock_ 8/. .. 

MICRO MmaTOR 

CPU: AMJ)AulIOO 

Pla/ft.,rm; RlJI 

Bllilt; Fl!b_09,1004@11;08:18 

Monitor RAM: OxaOOlaOOO_0=0047434 

Applkation RAM BaSI!; 0=0300000 

liMON> 

o If this does not happen then either the serial cOllllection is not conectly configured 

or the download process has failed. If this docs not happen then tenJ1inate the 

:\1acraigor Systems LLC OCD Commander software and repeat the procedures as 

described in Appendix C.2.] and Appendix C.2.4. 

o In the tenJ1lnal emulator window type: 

xmodem-B 

(note that this 1 s case sensitive) followed by the "Enter" key. 

o At this point COlJsecutive "§" characters should start appearing on the ~ercen. 

lmpl<mmling a Gro""d J'enelJ"(llin;: R~dar [her "'ler(ac:e In Sy.,,"m-01l-CiI;p Technology 
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Appendl~ C; Soliware andFinnwar~ Source Code Usring.< and Information 

• Send the MicroMonitor bootloader file for the RUr FLASH memory to the RUI 

hardware using the terminal emulator software. Note that the protocol specified lor 

thi~ procedure must be "XJI0DEM". 

• Wait until/he download has completed. 

• The following me,sage or ~omething ~imilar should be di~played in terminal 

emulator window once the download has completed; 

Revd B53 pkt.,· (173184 byte.,) 

Reprogramming boot@Oxbf,·OOOOOfrom Oxu0300000, 17.H84 bytes. 

OK? 

• Pres~ "Y" to program the bootloader Into the RID Flash memory. 

• The Fla~h ~tatlls debug LED (D2) on the RID hardware ~hould come on for a few 

seconds (on average 10 seconds) and then go off. 

• Thi.~ me~sage ~hould be followed by the bootloader rebooting and ~01ne text .~hould 

be displayed in the telminal emulator window similar to the example below: 

TFS Scanning IIFlash_BI"ck_Al. •• 

TFS Scanning IIF/ush _ Bh,,·k_ BI. .. 

MICRO MON·ITOR 

CPU: AMD Au1100 

Platform: RUJ 

Ruilt: F"eb_09,2004@12;08:18 

Mo,';t", RAM: OxuOOlaOOO-Oxu0047434 

Applicatitm RAM Bu.,·e: Oxu0300000 

uMOl\{> 

• At this point the MicroMonilor bootloader should have been succe ~,fully 

programmed into the RUI FLASH memory and ~hould reside there even with the 

power removed. 

• The test as to whether the MicroMonitor bootloader has been successfully 

implemenling aGround Pene/rating RaJar User Inter/a,," in System-an-Chip Teehnolo;,:y 
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A!P"ooix C: SDftware and Firmware Source Code L;,!inS' and Injormalion 

programmed into the RUI FLASH memory, involve, cychngthepower to the RUI 

hardwar~ and seeing ifthe bootloader start-up sequence is dispJ ayed in the terminal 

emulator window followed by the "uIffON>" prompt 

• I fthis happens then the MicroMonitor bootloader RlJ1 Hash memory progranuning 

procedure had becrJ successfuL 

C.3 Bootloader Configuration Macro 

Th~ M.acraigor OCD Commander macro fil e is used for configuring and downloading the 

MicroMonitor bootJoader file to the RUI SDRAM. This section li~ts the contents of the 

macro file. The last line of the macro file h~t~ the location and filename of the 

MicroMonitor bootloader image to be downloaded into the SDRAM of the RUI with the 

Macraigor Wiggk JTAG programmer This location and filename can be changed if 

r~quir~d. 

;Conligure the CPU PLL to produce 392MHz CPU clock 

word OxB1900060 - OxOOOOOO21 

,Set the system bus divider to 3 

word OxBI90003C = OxOOOOOOOI 

;Configure the AUX PLL to produce 96MH" Auxiliary clock 

word Oxlll900064 ~ OxOOOooooll 

;EnabJe the 32kHz Oscillator 

word OxBl900014 = OxOOOOOloo 

;Configure the FLASH for 16-bit Big Endian operation 

word OxB4001000 = OxOOOOO243 

word OxB4001008 = OxllF83FEO 

;Coufigur~ the SDRAM Controller 

word OxB41){)()()(}() - Ox00552229 

word OxB41){)()(XlC = OxOOlOO3F8 

word OxB40000 18 - Ox 7 4000C30 

word OxB400001 C - OxOOOOOOOO 

Implementing a GroundPmelraling Uadar U""r Inter/ace in Sy.lem-on-Chip Technology 
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App"ndix C: Sopw"r" unJ FirmwW"e Soura COO" Li"linp and lnformaliun 

word OxB40()()()20 - OxOO()()(){)()O 

word OxB4000020 = OXOO()()()()()() 

word OxB4000018 ~ Dx76000C30 

word OxB40()()()24 - OXOOO()()()23 

;Dov.'Ilload bootloader to SDRil.M 

dowIlload C:\ROI\rui ram 

165 



Univ
ers

ity
of

Cap
e T

ow
n

implementing a G,vunJ Pmetrating RaJ", U"e, fn!erfa,'~ j" Sy"lem-<m-Chjp l'echn<J/ogr 

166 



Univ
ers

ity
of

Cap
e T

ow
n

AI'C""dix D: Building Q MiPS]] Tm!-,'i!1 GNU Cm.<,,_P/at{m,n D"""/oIJnw,,, Tao/chai" 1mder Lima 

Appendix D 

Building a MIPS32 Target GNU Cross-Platform 

Development Toolchain under Linux 

D.l List of Resources 

The procedure that was developed dUrillg this design project for building the required GNU 

crnss-platfoml development toolchain for the MIPS32 SoC processor under Linux was 

based on tIle mfoHnalion from the re~ource.~ ~hOWll below. 

• Yaghmonr, K.: "Building Embedded LiJ1UX Systems", First Edition, O'Reilly & 

Associates Inc" Sebastopol, USA, pp. 107-155,2003. 

• LaRonde, RD.: "Building a Modem MIPS Crns~-Ton1chain for Linux", Ver~ion 

2.4, htto:/llaronde,on:i brndlmjosimjo5-cross-tooJchajnl, 2001, 

• A website ofresonrces and infonnation aimed at the LinuxlMIPS development 

communil y: bt\D:i/v.,ww.linU1,-mirKorg 

• The FTP ~ite of the FSF and the location of the most recent components of the 

GNU too1chain: ftp;lifio,gnu,on:hnu/ 

• The FTPsiteoftheKemeLOrgOrganization,h1C.andthelocation of the Linux 

kemel archive.~' http://ftp.kemeLor<</ 

D.2 Required Source Components 

The comp!lnenL~ that were reqnired in the building of the GNIJ cro~s-platt(mn development 

toolchain for the MIPS3l SOC prnces~or under Linux and its origin.~ are shown below. 

• binutil.~-L13.90.0.1O.tar.bz2 - Version from H.J. Lu with patch that had to be 

applied and available from http://ftp.kerne!,or~/puh1inw;/deyellbinUlih/ 

• gee-3.2-7, l.src,rpm - Patched version from H.J. Lu and only ~vailable in SRPM 

Implemt':nlinj! a G,"()und Pf:I1elrat;nj! Radar Ii,"," Inwf<l<X! in Sy,wm-on-Chip TcchIWlogy 
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Appen.iix D: Building a />lIPS.>2 Target GNU Croj5-PI"I{orm Deveiopmenl Toold",in under Linux 

• 

• 

• 

• 

D.3 

format from ftp:l/fip,lj!lux-mips.org.'publlinuxlmi 11 ~iredha tn . 3 Ite§ tiS R PMSi 

glibc-2,2, 5,tar.gz - fto:/lftp C!lu,QIglgnulglib;1 

gli bc-2 .2. 5-mips-build-glT\()n.diff - MIPS patch that had to be applied to glibc-2,5,5 

and available from http://le ~el,comicrosstooL-'wrrrot/patehesiglibc-2 2,5/ 

glibe-linuxthrcads-2 .2,5. tar,gz - Hp:! iftn. ~nu.or~1 gnulglibcl 

linux-2.4,28,tar,gz - http;l.'t'm.kernel.orglpubllinuxlkemellv2.4l 

Toolchain Building Procedure 

The GNU cro~~-platf()l111 development toolchain was built on an i686 host nmning Red Hat 

Linux 8,0 (Kemel2.4,18) while being logged on to Linux as root (i.e, su). The first step 

was to make the project directory ~tructlll'e as shown below in the user's home: dire:ctory, 

Thl~ project d,rectory stnlcture: was as described by KarimYaghmour in Hllilding 

Embedded Limlx Systems (sec Appendix 0.1), With this project directory stmcture the 

toolchain was built in the -/mip.'~/huild-tool, directory and l1)~talle:d in the 4mipsltools 

directory. 

/ mips / bootldr 

/ buiJd-tools 

/ build-binutil<, 

/ build-boot-gee 

/ buUd-{:cc 

/ build-{:libe 

/debug 

Impl€mentin~ a Ground P~""tmtin~ Radar (7,''''' Interface in Sy,rtem-on-Chip T ""hnnlOfiY 
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Appendix D: Buildin;; a MIPS.!2 Target nNU Cm",.P/at(onn D"v"/ocm~nt r""ldwin under Limu 

Ikemef 

I project 

Irootfs 

hy.wpps 

lImp 

I toul.,· 

At this point it is Important to de~ide fOT what tYJ>!' of~ndian lh~ tookhmn must iJ., blllit. 

MIPS proccssors can bc configured for either big or little endian operation. If a big endJan 

targ~t i8 r~qulT~d th~n th~ term mip_s will be usc:d as the top directory namc and in all 

configuration cmmmlllds, If a little endJan target i8 requiTed then the lenn mipsef will be 

us~d as th~ top dir~ctory name and in all configuration conll13nds. These terms wcre used 

a8 they are r~cogniz~d command line options for th~ GNU C-compila Th~ pr~vi()us 

proj ect dircctory strucrurc was t111IS obviolisly made for a big endian target. Any toolchain 

lhal '.vill iJ., built -will als.o rd1ect the type of endian configumtion in its name, A big cndian 

tool in the toolchain will be nmn~d mip,"-linux-ftoolname/ and a 1illl~ ~ndian tool in th~ 

lookhain will h~ nam~d mip_sef-linux-[Ioolnamc). 

The final part of the firsl 8tep was to mak~ a 8~ripl 11k to 8et lip th~ requir~d 

environmcntal variablcs, TIlis script file was a8 de8cribed by Karim Y aghmour in Building 

Fmbedded Linux S}'.'tem., (8~~ i\pp~ndix D_I)_ The s...;ript m~ was plac~d in lh~ us~r's 

home directory. The content8 of lhe 8cript fil~, ~al led Jevmip,", is shown iJ.,low_ 

export PRO.lECT=mip.,· 

export PR.lROOT - lhomel[lI_sername]IS{PROJECT} 

export TARGET- mip_s-finllX 

export PREFIX- S{PR.lROOTjlloo/s 

export TARGECPREFlX=${PREFlX}I${TARGET} 

lmplememing a Ground Penetrat;'11: RaJar u.'~r fnl"rfac~ in Sy.<lom_on-Chip Tl!ChHn/Ogy 
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APl"'ndi.< D: BuildinK a MIPS3} Ta'Xet GNU Cron_l'Imf""" Dt-vdopmenJ T""I"hai" under Limlx 

!!Xport PATH=${PREFIX}/bin:${PATH} 

,d$PlUROOT 

Take note that if a httl e endian targetwas required then mipsef-/inllxwould have been used 

as the vallIe for TARGET and the value of PROJECT, the top directory name, would have 

been mipsef. Also take note that{usemameJwould be the name used when the user logged 

on to Linux. The script file ha_1 to be executed each time the user logs on to Linux and 

before the too1chain is lISed by typing the following on the command line in the user's 

home directory. 

$. d""mip.j· 

The second step was setting up the Linux kernel headers. This was done by 

copying the gzip-compressed kernel source tar file to the -Imtpslkernel directory_ It was 

extracted by typing the following on the cmnmand line 

$ tar xviflinllx-2.4.28.tar.gz 

If the kernel _~ource tar file WaS in a bzip2-coIT1Jre%ed format then 11 wOlIld have been 

extracted by typing the following on the command lme_ 

$ tar xvjflinux-2.4.28.tar.bz2 

The kernel source file was extracted in a directory named -lmips/kernd/linux-l.4.18_ 

l\"ext the hrneJ needed to be configured for the MIPS proce%or. This was done by 

changing to the -lmip.'IIlinux/linux-2.4.18 dIrectory and typing the following on the 

command line. 

Implementing aGround Penelmling Radar U.er inter/ace in Sy"em-<m-Chip Technolo;!,Y 
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App,,,Jix D: Buildin~ a AIIPS]] Twtt"' GNU Cm,,_Plat(omJ f)evd()pm~nl l'oolchain under Lima 

.5 mak~ ARL'H- mips CROSS_ COMPlLE=mips-linux- menuwnfig 

Take note that if a little eudian target ,",'as requ.ired then theARL'H option wou.ld have been 

mip.~el and the CROSS _ COMPlLE option would have been mipsef-linu.:I:-. This command 

displayed the menu foreonfiguringthe kerneL Themostimportantconfigurutions that had 

to be ~et was thc processor and system type. The configuration was saved and the kernel 

configuration utility exited. Thc newly configured kernel headers had to be copied to the 

location required by the toolchain. Thi~ was done by typing the fo!lo,",·ing commands on 

the command line. 

$ mkdi, _p ${TARGET_PREFlX}/inciude 

S cp -r includellinux/ ${T ARGET_PREFlXj!i"clude 

$ cp -r include/usm-mip~'1 ${TARGET_PREFlXj!inciude/a.~m 

$ cp -r include/usm-generiC! ${TARGET_PREFIX}/i"dude 

Takc note that if a little cndian target was required then the third command would have 

stayed e:<-acdy the same a~ the kernel configuration headers are the same for both big 

endian and little endian targets. 

The third step was ~eUing up the binary utilities. This was done by copying the 

bzip2-eompre~sed binary utilities s-ource tar file to the -Imips/bui/d-Iools directory. It was 

ex:tracted by typing the following on the command line. 

Star xvjj bi'lUtils-l./3.YO.O.10.tar.hzl 

The binary uti[itie~ .\.Ource file was e:<-tracted in a directory named -Imips/bui/d-l"o/~'I 

hinurils-l.13.90.0.IO Next a MIPS processor specific patch was applied. This was done 

by changing to the -lmips/build-tllOlv'binuti/.~-1.13. YO. 0.1 /Jlmip.~ directory and typing the 

Impl~~,""ling a Gr(Jund Penetrating Roo"" U," Inter/a", in ,'>y,;lem_n<,_Chip li!clmnlnK}' 
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following on the command line. 

S chmod 744 README 

$ cd.. 

$ ./mip.o.;/READ..'IfE 

The ncxt proc"dur" was to configure Ire binary utilities for cross-platfonTI <kvelopment. 

This was done by changing 10 Ire -Imipslbuild-toof.llhuild-hinutils directory and typing 

thc following on Ire cOIllmandline. 

$ •. !himltils-l.13. 90. O.lOlconfigllT(' - -target=STARGET - -preftx-S{PREFlX) 

Ncxt We built tre binary utilities by typing the following on Ire command line. 

Smake 

Finally th~ binary utilities were installed by typing toc foHowing onthc command line. 

$ make in.,·tall 

The fourth step was setting .. p the bootstrap compiler for compiling thc C library 

in the next step. This was done by copying the bzip2-comprc5sed GNU compiler source 

tar file to the -/mip.'l/build-iooll directory. Thi.~ file was r"built from Ire original source 

RPM forulat file, namedgcc-3.2-7.1 .. \Tc.rpm, by typing tbe following OIltoc commandlinc. 

S rpmhuild - -rebuild -v gcc--3.2-7.1 . .<rc.rpm 

Implem~nljng aGround Pene(mling Radar U.er Inl~iface in :'Y" ~m.on-Chil' Technvlogr 
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After lhe rebuild pmce.s~, the bzip2-compre.ssed GNU compiler SOl1rce tar file will end up 

in th~ lusrlsrclredhatlSOURCES directOl"y from ""here it can be copied. TIle GNU 

compiler sourcc tar file was cxtracted by typing thc following on the command line. 

$ tar Xl'ifg,x-1.1-10020901.tar.br.2 

1be GNU compilersoUITe file wa~ extracted m a directory named-lmips/buifd-toolslgn'-

1.1-10010901. Th~ next procedure was to configure the bootstrap compiler for cross­

platfoml development. This was done hI' changing 10 thc -Imjp_r;/build-t,,(}l\/build~b,,(}t­

g<'c directory and typing the following on the command line_ 

$ . .lg,"e-3.1-10020903/e,mfigure - -turget=$TARGET - -preju=S{pREFIX} 

- -without-he(Jders - _with_newlib - -enabll!-l(JnguageF<' - -dis(Jbll!-shared 

- -di~'(Jble-threads 

N~xt wc built th~ bootstrap compiler by typing dle following on the command line. 

S make (Jl1-gC<" 

finally the boot~trap compiler wa~ 1l1~tal1ed by typing the following on the command linc_ 

$ make imt(Jll-gn' 

The fifth sl~p was sctting up the C library. TIlis was done by copying the gzip­

~ompre~sed C library sow:cc tar fiks and thc C library patch file to the -Imipslbuild-rools 

directory. rh~ C library source tar file, were extracted by typing the following on dle 

Implem~nling Q Ground Penetrating Ri>dar User Imctjac't; in Syswn'CI'l-Chlp Technology 
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command line. 

$ tar xvcf glibc-2.2.5.tar.gz 

Star -xclIf gfibc-linuxthreads-2.2. 5.tar.gz - -direclOry- glibi:-2.2.5 

The C library s.ource !i1e~ were extracted in a directory named -Imipslbuild-toofslglibc-

2.2.5. The next procedure was to patch the C library source files. Thi~ wa~ done by 

changing to the -lmips/build-foolslglibc-2.2.5 directory and typing the follov,.ing On the 

~ommand lme. 

$ patch -pI -i ..Iglibc-2.2.5-mips-build-gmon.diff 

The next pro~edure wa~ to ~onJiglire the C library for ~ro~s-platform devel<.>pment. Thi~ 

wa~ done by changing to the -lmip.\/buitd-tool.'1Ibuild-glibc diredory and typmg the 

following on the ~ommand line 

S CFLA GS- "-02 -g ~fillfille-limit--I 0000" CC- mips-linux-gcc 

..Iglibc-l.2.5/conjigure - -host--STARGET - -preflX="lusr" - -enahfe add-om" 

- -with-headers=S{T ARGET_ PREFIX}/include 

Take note that if a little endian target was required then the CCoption would have been 

mip.~e1-li"'u-gci:. Next we compiled the C library by typing the following on the 

command line. 

S make 

Implemenling a Ground Pml!trari"g Radar U,cr {nletia,,"" in Sv,-lem-an-Chip Technology 
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Enally tile C library was mstalled by typing the following on th~ command lin~, 

S make imtaICrm,t-$(TARGET_ PREFIX} preflX~ '''' imtall 

The final procedure in this st~p was to nnali~e the ins!allation of!he C library by modifying 

the I ink ~cript located in the -Imipsltoo/s/mips-linllxllib directory. Take note that if a little 

endian targ~t wa~ required then the Io<;ation oftloe link ~nipt would have h~en located in 

the -Imipsellfoolslmipsel-linuxllib directory, This was done by first making a backup of 

the originalJink <;cnpt as shO\vn helow_ 

$ cd ${TARGET]REFlX}lfib 

$ cp '/Ub,· .. w .ilib,·.s".orig 

The origmal hnk scrip!, nall1~d lihc.~'{}, was mudined by repla~ing the las! lin~ in the script 

file with GROUP (lihc.so.6 libc_nonshared.a j. 

The ~ixth step was ~ctting up the full compiler. This was done by changing to the 

-Imips/bllild-tools/bllild-gcc directory and typing tile following on the cOlnllland line. 

$ . ./gcc_J.2_20020903/cOl!jigurl' _ -target=$TARGET - -pr~fi.:IO=S{pREFTX) 

- ~nable·langllage~'=c,,-++ 

Next we built the full compiler by typing the following on the command line. 

$ make all 

l"inally the full compiier was installed by typing the following on the command line. 

imp/.menting it Gmur!d i'erwlrafing RaJar [-'jet Inferfire" in 5,,'jtem-GIl-Chip Tedmvlo;;;-
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$ make im-tafl 

The seventh and final step was to move the host binary utilitie~ to a separate directOiythan 

that of the target binary utilities. This wa~ done by typing the following on the command 

line. 

$ cd ${PREFIXJ/${TARGET]lbin 

$ mv as aT gee ld nm ranfib strip ${PREFIX]/fiblgec-/ib/mips-finux/3.1.1 

Take note that if a little cndian target wa~ required then the command would have been S 

ml' as aT gee Id nm ranlib ,~trip S{PREPJXJlliblgee-lihlmipsel-linux/3.1.1, Finally, 

symbolic links were made to the new location of the host binary utilities by typing the 

following script on the command line. 

Sfor Jife in ,~~ ur gee ld nm mnlib strip 

>d" 

> In -~- $[PREFlXJllihlgee-fihlmips-Iinuxl3.2.1ISjile. 

> done 

Take note that jf a little endlan target was reqmred then the second lme ofU}e script would 

have been> In -s ${PREFlX]/fibigee-fibimipsef-finuxlJ.l.lISJiIe., 

The full MlPS32 target GNU cross-platfoml development tookhain under Ljnux 

bas now been built and can be used as required. 
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