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1. Hardware Spectfications
1) Digital Signal Processor
Peak performance 80 MFLOPS
12 KBytes Cache Memory
Parallel processing 7}5-
Dual port memoryS 53 host interface
2) Image and Graphic Display
1024 x 1280, 60 Hz non-interlaced color display
Full color(pixel depth 24 bit)
256 color graphic overlay structure
Cine display
Hardware panning/zooming
Red, Green, Blue separate drive
8 MBytes image memory
3) Parallel Processing
One GSP processor with two DSP processors

2 MBytes shared memory space

Message passing 2 shared memory +x2| Z %}
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SUMMARY

Medical imaging 1s getting very important in patient diagnostics,
and the need for high performance medical image workstation
increases drastically to handle the enormous digital image data.

In recent years, the development of VLSI design technology makes
low cost high speed microprocessors and large amount of memory
devices available in the design of medical image processing
workstation. We have developed a high resolution medical image
system. It 1s PC-based low cost, high performance, high resolution
image processing workstation, which consists of loosely coupled
image processing modules and the high resolution 1image display
module.

For high speed image processing, this system adopts the powerful
microprocessor, Intel 80860, which has 80 MFLOPS peak
performance. For high resolution (full color) image display, a graphic
processor TMS34020, frame buffer, overlay buffer, program memory,
and RAMDAC are used.
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7}. Hardware Specifications
(1) Dagital Signal Processor
Peak performance 80 MFLOPS
12 KBytes Cache Memory
Parallel processing 7}z
Dual port memoryg =% host interface
2) Image and Graphic Display
1024 x 1280, 60 Hz non-interlaced color display
Full color(pixel depth 24 bit)
256 color graphic overlay structure
Cine display
Hardware panning/zooming
Red, Green, Blue separate drive
8 MBytes image memory
3) Parallel Processing
One GSP processor with two DSP processors

2 MBytes shared memory space
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Message passing 3 shared memory %2 2%

L}, Software Specifications

(1) Image and Graphic Software
Multiple image display
Cine Display for Cardiac motion and 3-D volume images
ROI(Region of interest) windowing

3-dimensional display (ex. Volume rendenng)

(2) Digital Signal Processing
Complex Floating Point FFT
o] o] ujj 2] image scaling
3x3,5x5,7x7,9x9 convolution
Multiple window control
Low pass/high pass filtering

Various image processing technique 2)-8-
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Hoteh DSPE Ajo]e] clojet 24l 3o} HostA& DMAS
AMR-3LA] =Y . Host32- Programmed [/OE 4-33}3L DSPSo| A=
DMAE ARS-%it.

Host2} DSP ERZMATHe ofo|g} Hg-E A&H2E 317] 4
8t Dual Port SRAMS ALg-3lq Bt M2A 553U HFo| 7t
Sspe® gAstgch ool 4L Dual Pot SRAME AR # o
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SRAM?- 3l=¢]o] Semaphore?]5, Busy WA7|5 R UHIFE W
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7} Host to DSP tfo]e} &=
Hasto A o]o]EFE Read =+ Writed}2{ ™ ojo]e} Hdo] ¥Q
§ FH e} tjgo] ©o]e}E Dual Port SRAMo| A% o|(Store)¥t ¥

DSPZ:of Dual Port SRAM2| UEHE Q¥ 7|52 °]5-3tH UHF

E§ WA DSPIN UEJYE Mul2 FT(ntenpt Service
Routine)g +%ste] clo]et A4el BRY FUE sSste] B

AulA $U $2o2K ooje Foo] o] Fojdnt.

L} DSP to Host tfe|E} X2
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ot #E olo]et A4 JRSHES 87) 98 Dual Rort SRAME A}

83} Host2} i860A}0)2| cfo)g} H o] o] FAR =& HA3I5H.

2. EPROM w|22] J&x

DSP subsystem <+ back-end machineo]®], host2} 2]
communicationg 3t A systemS H#AAY monitor3E R 1Yo
3 Q 3lc}. EPROM:2 ©] monitor program-g 2R A A|A¥e] Z7)
SlE #13 olole}, monitor F& RAMe| copystel Al
system 2] 58 HIET 37|14 #A BadT. ARSH EPROMZ
16KB2] = 7|8 7FA| v, 8-bit accesse 3R i8602] CS8 g =
A St

3. Local W ®g] A&

B AjA=E] Jocal memoryy main memoryS 2H¥icE & 3
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local memorye} & o], Wl A)lA®EIe] A AR)e] parallel
processing F2F AR HAFHUSH, £ AlL®e| parallel
machine 2.8 BA8E 7Z3-9% local memoryS 7}X| =728 AASH A7)
o] Fo|c}. Local memorys 4M DRAME AR&-3lo], x|+ ¥HA 16
Mbyte 2. 4~g 3} }. Local memory interfaces data access speeds %
o7l ¥ A] fast page mode accesss X|-W3}H, readr)oll+= pipelined

read?} Z}531A A %Y. Fast page mode access® row addresst

O

SPHa 31 column addressThE- B 3A|H M2 A accessdh= o
t}. o] QA S} average access timee] 75 nsec 74X] 7VF5-3FA Ho.
= DRAME ARR-3lo 8 refresh® ¢33} control circuite] .83,
H7FH o2 timer: HR3Y}. Local memory:= program I data
memory® ARR-E]2 R erroro) XA o)t}. welA] emorE checkdl-

one bit paritysS 59t}

4, Timer

Timer 2] woA] QR 3t}. A2 DRAM refresh signal
€ Thso]F1L, multi-taskingS ¥ clock ticks Ths0] Fot] o)
o}, realtime clck©2€ AREE £ 9tk o7)o] AREE device:
82C54-2cl], o] R WFef 3708 A counterg 7HA|AL Q1L
o, ol A3 8% RER XY 4 A% vy o] EE R
L+ software® X 8 1Yol 7153t

5. PIC(Programmable Interrupt Controller)
PIC= 1860 CPUE S0]2 Lt interruptE HHAHo T A E]3}7)
HA] B3t} o] 712 intel 82C59A-28 ARR-3}¢t}. o] devicex

27 .



priorityS & 8-level 9] intermupt§ ‘olgo -+ ¢ wel A
H interruptE- i8602] INTHeo] Rich ol ¢4 <« software?
o2 xgad o] shssich WA ZAAHM maskingstr] ok
dlolg-o] interruptys PC interrupt®} Local memary®] parity emor
interruptZ} Qdtd. A AR EZ] 97 reserveEe]Q)= interrupts
timer(clock tick generation), frame grabber(real-time image grabbing)

interrupto] ™, 52 system ‘g5 ¥AS HAMA E¥F FUC

6. Local bus

1860 w}o]l= 8 processor, local ¥ 2], EPROM, dual port

SRAM, timer, interrupt controller, 3 D-BUS interface block=2 R
local bus2} 23 V@ AH-

i860¢] local busE %3] 7} deviceoll accessdh3r ¥uj local
o 22lv} FM-BUSE £33} frame buffere] A< A)7-E WA 3]
#3leq fast page modeut pipelines-22 3t 3l FFAA 4o ¢
HfOlAE T} waAte] 2ELS AANIINH 7 blockS-S AAle] o}
A5t o] Tupa] ke YR - FBSY, -LBSY AT E

A AT}, ~FBSY+ frame buffer, ~L.BSY:= local ™| ®.2]7} access

7 98- UdHFoh 28 2.1.6.1 2 18602 local bus timing diagram

& vehpgict

7 Local w22} o 34

i860 processory ZE Y tojel AFE 3l local ¥ &
g8 ALt local WR2E 64bit 2 FYEM 2L 8MB ol A
I6MB 74X 4% 4+ Ao local v 22} 2702] bankE 4 31%
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SO S1 S§2 S3 S4 S5 S6 S§7 SO SO

| 1 | | | 1 1 | | | |
CLK
| | | | | | | | | |
— | |
ADS #1 | L\ #2 | |
| | | |
| | | I
[LADS | | | 1 l I r l I l
| | #1 | | #2 ! | | | | |
| | | | | | | |
‘ i ! t ' ' r ! l l
| 1 | | 1 | | | |
DLADS | 'y #1 | | #2 | | i i
! : | l | | |
- | | | | | | i | |
ADDR R/W | | ‘ f
NENE,BEO-7 | | | | | | | |
|
[LADDR
y . | | s
BR/W LBE0T : : Va:;lld#l : I ’Valld#:fZ
|
RDY | | 1
= \#11 I D \#?/ . S
| 1 | | ! t
| | i I 1 | t 1 |
o T e
| | | | | | : | | | 1
| | | | | | i | | |

~182.1.6.1 Local Bus Timing.



olx1, 1719 w22 bank 2] size ¥+ 1Mworde]t}. local w229
access cycle block mode® access¥W B¢ F 3 clock ZAHegd,
random mode® access3}= 73-% read cycle?l 73-9% 8 clock, write
cycle?l 7% 7 clock 4™t

Block mode® local M| 22| & accessY 735 access £ & o
7] $3}led fast page mode access WHI} pipelined access WAS AY
&l ARR3FS ). block mode accesss random access®} -5 o] A of
3l o e} vw2| control dEfA of 312 R state machine 2
Fastel 2} state oot AR AlZbe] R 9t MHS| control 4]
FTEL tSo] Fojof 3} 37 2.1.7.1¢] local vjr2]e state

diagram <€ block+X8 YERIATY. ZF blockS reade} write,

pipelined access®} nonpipelined access DRAM refresh® x| o] LE}
L} glt}. &7) DRAMo] access gujel state machine & start blocke]]
A A= Read T Write 41%0] 2|3to] state 7} F2)=o] 53}
=] 3 access7t T3F THA] state blocko 2 Egofe A "o o]
sequenceZ} Z} local v 22| acceswju}tt YHE-EojA]A Ho. 19
217.2 o= 1% 2.1.7.19) block& AJ7HPE ME3sle sequenceE
Vet =l ZH2Ee] sub-block 2 1 clock cycle(25ns)§ WERAY.
A} state = 23702 FE B o] ¥ state § YER 7] H3td flip
flop o] 5/ WasA . 2Y 2.1.7.38 2y 2.1.74% block
modeaccess2| read®} write 73-5-of tjdfe] ojFPA o]Fojx|=2]
7}A] control A1 ¥ ®A timing diagram 28 LERAZo|T}. oY)

A GERG «2{71A] control 252 o] F-2 AWEHY o33 A

~ADS . Address start A1 %
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FR : Far Read

NR : Near Read (Fast Page Mode)
FW : Far Write

NW : Near Write (Fast Page Mode)
RF : Refresh

NC : Not cycle

2% 2.1.7.1 State BlockDiagram of Local Memory Access.
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s el
FW.RF,NC

RASPRE
= o [ o oo o [

REFRESH

2@ 2.1.7.2 State Diagram of Local Memory Access.

NW.FW



START READi NREAD#2 NREAD##3 RASPRE START

'Si6 S16 ¥S5 S4 S6 TS9O S8 sS4 1SO S8 S14 TS0 53 ST ISlIS Sl6|

I I I I | I | | | I | | I I | I |

13 2.1.7.3 Local Memory Near Read Cycle.
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START NWRITE#] NWRITE#2 NWRITE#3 RASPRE START
Isie si61si3 S10 Si2T1S13 Si0 Si2 IS13 |sm I512 || S1 | ) '37 Ilsm t31.5, I!

| | I I | I I I I
CLK

DCLK

BW/R#

RASO-3

I
FeYeg oL X COLUMNALTX COLUMNFTX COLUNMNET

1%) 2.1.7.4 Local Memory Near Write Cycle.
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~LADS

LLADDR

~NENE

~ROE

~COE

CAL

: latched ~ ADS A1%

: Latched Address 41%

: Near next address AlZ 2 local vj®.2]9e do]E}r}
ololl 4} access¥) tijo}Ele} ZF-E Row address & Zi+
PPl EAY YT

: Row address output enable A)F 2 low level o} A}
row address7} e A w{Ho] latch = o] output
enable EH T E 3},

: Column address output enable A1Z 2 low lewel o] A]
column address 7} o= A Wil latch ¥ o] output
enable ¥ =3}, DRAM 2 row address 2} column
address7} multiplexing S|ojAHof 3t2&E ~ROE &}
~COE £ FAle] low 7} HelAE= ¢En.

: Read or write A1¥ 2 low level ul read o]t}

. Column address latch A1 2 rising edgeol|A] column
address buffero] column address 7} latch ¥ x| A 3}
c}.

: Next address 8 441§ & pipeline accessE 753144

gt

~RAS 0-3 : Row address strobe 41 & & DRAM of 7}s %Iy,

~CS

~OE

~RDL

. Chip seletion A1 &8 DRAM device & A& $ic

: Qutput enable A1 ¥ & read sequence] 73-3 DRAM

| 22} devicee] cjo]E}E output enable A]ZIt}.

: Read data latch A1 ¥ 2 read sequence?] 7J-¢ DRAM

tjeje} S8S clolE} wHe] lach X7l HES
- 15 -



¥t

~WDL  : Write data latch A1 & 2 Write sequenced] 73-% i860
telgt &= ©lolg w¥ o lach Aj7]l= U=
¥}, RDL3} WDLE rising edge oA} =A}3ic}.

DRAM DATA : DRAM ojA] &3 == YYHT Holeg Y
B},

~DATA : i860 processoro] to]E} read/write 7} o)F-o] FHS-E

YERl = A

2% 21738 18 2.1.7.4% block mode= read 2} writeZ}
o] 79 read sequences ~NA Al& o 2|5} pipeline o] read’}
o] F-of X| x| 9} write sequences ~NA 7} &4} "high” 2 X o] pipelined
wite 7} YA Y o]Fo]{ XA HT. Block mode2 U©jo| Bt
read T wite ¥ 29 FFHO2 AYE AZRE 3 clocke] T
F%8] [ data E accessY -9 Hd access A|7H

8 21.7.5& DRAM Y refresh sequenceS VE} N7 08 CAS-
before-RAS H}HA)-8 ARR-3lgi=cf, DRAMUH2 counter S AR2-3}o
refresh row o]=|AE HAA|AH DRAM & refresh 312 3|9l
Refresh + 16ms v}t timer 58 DRAM controller & refresh 8+
(\RFREQA1Z 7} Q1715 ojXY. ~RFREQ7} active?} EHU IHlZ
DRAM-S- refresh A|# o} 3h=¢c] #A DRAM & accessS 3}i1 Qo
H WA WY FY accessE 5 Y= D71l vhA|aL refresh 7}
o] Fo] x| €25} of ¥}, Pipelined access 7} o]Fo] A1 U B+
pipeline accesS FA]7) I refresh sequence® Fo}7FA] refresh S
s} THA] access® A|Zsjeiof et
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S16 S17 S18 S19 S20 S21 S22 823 S16
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mix B Sy B - gy ma s s = i e W b B ol wEghy WA N T S
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——— il — — e b . — — —  w—— — Al L -rer

[Ty LT el L ) — — S R —_— L — i WREEF L ~— ko Tp—— W

el LT A L) b W iy T L) e el S L ) . L] E ] L b L] E ] gy

b, — — ——— — N m— deme, - - — —— - — — Fre ] — Alahal F -, 1
b i L) L) e, rrrrTee [ A e el L] A S Ay e Pl Yy e AR gl
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2] 2.1.7.5 Refresh T



Z} v 22| banke| H7]= IMword(8MByte) 2 F/JE ] 17) 2]
clster vt} 1MByte®] parity ™| 22} 7} parity emor A& 3l &
A%}, State machine & v|®.2] access cycleg] EA|E 23 it
HAlo] state 9} YIS wlFeR 3l o state § ZAA o} Local
BUS controllers= local busel] HZ2= o ¢+ Al E vhso|Fr}. Data
buffer = 64bit bidirectional tri-state buffer 8 FAJH th. Wrte emble
buffer = Z} YR o] write AT F THEoF3, column address
buffer &} row address buffer = Z}7Z} column 3} row address & 9h&
ofFEt] $7HA) address & FAlo) 2HY 4 Y AT viA s ojo}
3t 7J&H paity error flag2 logic-g £3}o] emor flagS setting 3}
21 1860 processare] interrupt S WAVA) 71}, 1860 processor interrupt
E w2y AR Zx|o|F parity error flag & clear A)7)A Hrth
Local o ®2] controller= DRAM wj®2] banko] ~RAS, ~CAS, ~OE

S9o] AT E PA}F)o, Local buffer controllerys tfo]E}e} oj=gA

g+ controldh= A EE YT WAV S control 41382 state
machine o)|A] WAVE = state of WepA| £AMA SR o] FoiJG

8. D-BUS interface A7

R B o] MY dolg = e TAI5H7] H3t
of 2 Q/QPd LA -2 frame bufferg ARZ-8tojof ¥y

ZF v 22| banky- 64bit E /g EHo] 9o 512 x 512 9] row
x column F7+g Z=t}. frame buffer®] oJSgAE 9 bit £ FAH
o] 2l row oJ=a|A% column o=@ A7t multiplex ¥ oJA]
VRAMo| 7}3i2]A =HER2 v|E2]e BEE PHs random 3|7
access & 4= 9]t} ~FRASO-1, ~FCASO-1 & z}7} frame buffere]
8% bankE AHY 5 o oA IH2L1819 YEh Q= A
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~FRAS 0

~FRAS 1

~FCAS 0 ~FCAS 1
-

2] 2.1.8.1 Frame buffere bank /g



%]2) bankBOo] ~FRAS02} ~FCASO 7} o}-&%]3 B3 o= FRAS!
~RCAS1 o] o]fx]o] /Aef¥ t}. Byte write enable(~ FBEQ -7)A1 &+
byted 2A7|E 7158} A 3} Frame buffer?] tfjoleEle] =7|+= 64 bit
2 E¥E = 6bit = 2pixel -2 FAAST Q). oo ElE 64 bit B
access3}H, Ao 2pixel o t|ojelE accessd= A} HER
lpixel #)-2 access¥ T QY= ZS$Er 2 vjo ALLEE o)
olc}. VRAMo] f 3} screen refresh®™=3+ DRAM refreshE +303}7] ¢
3l ~FRFINT7} 973532 TMS340200 23l B7|3xo 2 A
g}

Frame buffer accesss= fast page mode access WA)3} block
access ‘YA 7ol AMS-¥ 4 I Fast page mode '$4)2 readd]
2% pipeline 5]¢] o] FoA) AT wried Z-$olE nonpipeline 02
=z}, block mode accessy random access®} FE-E]ojA o} dln
o) uie}l controls gelA|of 3P wWx o] state machine-g /g 3}
of Z} statewit} w29} W3S control )T E& FHAFH 2
¥ 2.1.8.29) local ¥ ®.&]2] stte diagram & block+Z 2 JER St}
7} block-2 read, write, pipelined mode 2} nonpipelined & FEE o] 4}
E}u} glt}. State diagram®] sequences Z} 3 2j|2) w|® 2] access uj
vt {HEE XA Ao FA state & 152 /B refresh &
A 23} state= local memory®] 7-5-2} 7ZXoo o]&{3t state S HH 3}
7] Y= A% flip flop o] 47] YestA Stk 13 2183
% 2.1.84= block mode 3 random mode access7} read £} write 2]
B350l diste] ARA o] FojA=A HH7IA] control A TS T
timing diagram 2.3 YEPdAo|q. 7| e «2{712] control

o 3} 7t
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FR : Far Read
NR : Near Read
FW : Far Write
NW : Near Write
RF : Refresh

NC : Not Cycle

13 2.1.8.2 State Diagram of Frame Memory Access
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START READ#] NREAD#2 NREAD#3 RASPRE START
I'S16 s16 ¥S5 S4 S6 VS9 S8 S4 1S9O S8 Si4 1 S0 83 §7 ISlﬁ Slﬁl

| | | | | I I I I I I | | I | ; |

18] 2.1.8.3 Frame Memory Near Read Cycle.
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START NWRITE#] NWRITE#2 NWRITE#3 RASPRE START

ISl(".i SlﬁISl3 S10 SlZISIB S10 S12 |513 S10 S12 lsl S2 S7 'SIG S16 I
] | | I | |

| | | | l | | I l | !

12 2.1.8.4 Frame Memory Near Write Cycle.

-23 .




~ADS  : Address start A&

~LADS : Latched ~ADS Al%

LADDR : Latched Address A%

~NENE : Near next address 41§ 2 local W2 g2 tfo]E}lr}
oM access®t cojele} ZhE- row address §
FHA AP Y¥H-

~ROE : Row .address output enable 21¥ £ low leveloj A} row
a;idress7]- oy wHo] latcch 5 o] output enable
g g _

~COE  : Column address output enable 2§ 2 low lewelojA]
column address 7} o]E|A Wil lacch =|¢} output
enable ¥ & ¥ ¥t} VRAMS row address 2} column
address 7} multiplexing Soj&Xo} 32 ¥ ~ROE 2}
~COE & FA|of low 7} oA ¢t

~R/W : Read or write A1¥ 2 low level Q4w read o|r}.

CAL : Column address latch A& & rising edge ofA]
column address buffer o} column address 7} latch =
o214 k.

~NA : Next address 8 F+413 & pipeline access& 7}531A
it

~RAS 0-3 : Row address strobe 41§ 2 VRAM o] 7}sii =il

~CAS0-3 :Column address stiobe A1 & VRAM device S A1 ¢
ot

~OF . Output enable A1 & & read sequence?] 739 VRAM
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2 2] deviced] cfo|E}S output enable A)ZIt}.

RDL : Read data latch A1 & & read sequence?] 73-$ DRAM
olel E¥He ©lolg ¥ lawch A7l FEs
ide 2

WDL : Write data latch A1 ¥ 2 write sequence?] 73—?— 1860

clolet 28 Holet Mmol hch Al7l: JBL
$ith. RDL 3} WDL & rising edge oA 5 =},

VRAM DATA : VRAM oA 28 T= 9)g5 oz o)
EFE LR,

DATA  : i860 processaro] tho|E} read/write 7} o] F-o] %22

e = AIZ 2 active low 9.

Static column mode %A} fast page mode A}o]e] xjo]A 2
~CS 8} ~CAS 9| Aol Yepf=d| read Y 3¢ ~CS & "low" 2
IR AlefolA oj= ATRE vl HbHo| ~CASE ojEgAE

HHEPAA] ~CASAIZ S Zlo] toggling HojAof 0= Zo|qt.
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A2 Graphic System Processor(GSP)2] %

1. Graphic System Processor®] 23 3 7)%-

2 A7 AAAA ALY 23 ddwd Y A A|2™e F
ol 9lel, FA9 T4 Processor® FAH FAF XA A=
ow-g 4 clolekE 2 A4x 2 rmal color monitare] AAHOR &
ARBRE 715+ 993 J82 GSPojA 3t o]F HsijA:
DSPo} GSP7re] 34 FM-BUSS| 93 ¥R R 3}n, o]g §¥ #
¥ dlole} HFo] o] FoAEH A7 VYUY EF DSPY
EYAo® F4Y F U= H GSP = hosto} F4 o] glon, o

A48 A8 sbite] g YL SAY 4 YT FYS UG,

2. Graphic System Processore] A 13l 3=

T 708 35 Processorg ARG DSPR-ojAM AMEH J44E EA)
3131, GSP A Ao B 8bite] FPAS TA)817] #3le] GSPoA] &
THT A ag 43Ed 4o Ao

-. Host : PC/ATZo|A}k

-. Main Processor : TMS34020(32MHz)

-. Frame Memory : 1024x2048x24bits(R(8bit),G(8bit),B(8bit))

-. Overlay Memory : 1024x2048x8bits

-. Display look up tables} Video DAC-Bt463 RAMDAC

-. DSP Interface

ol 8 LSS At GSPRIL YD, 11 2219
GSPX-2] A Arel] block diagram .2 e ¢t
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3 22104 GSPE9| processor® TMS34020-8 A e)3algdc}.
TMS340202] 73-9 Host interface S ¢ %} pinEo] W& A|-Z-¥| ], screen

refresh®} DRAM refresh7} A% 0.2 S} =% DRAM refresh
o -7 o device =X processorof 23l <=%o] pendingd + 3l
O 534S 73 Yok 290 IihH Y 2RY processorol] W]
slo] 27l 2. o2 53 S| 23t Hostinterfaced &
4A & 4+ 2.2 frame buffer} Overlay bufferoe] o] ¥} screen refresh
of 11%3& & "8Il ojAA €. =3 DRAM refresh2] pending:>
DSPX-2}o] interfaceo A}, DSPF-2] wj®e] cycleg 3 o] o] &+
WY 4 Uthe Ae BAY £ Yok

- Host Interface %

Host®2 ARR-¥ PC-bus® HE| Program T3 GAre] AL = Host
ol HEF FAIS #3td Host UEHO|EF HRE 3t
memory-mapped 1/O A3 [/O-mapped VOS ¥ WAlS 33t
olct. GSP boardofA] 8313 Q)= Processore] TMS340202] 73-%
Hostinterface® Q3] 317] 93t WL pinSo] ALST 9o}, ]

A 7rA3t interface logicS Y 4+ Ut

-. FM-BUS 9| Interface 4 A
SPRE 7|24 2 os DS MW 2 g 4L
real color monitoref ©A)3}7] Y3 HES2 FA44EY. DSPX-ojA]
)" PAIE-L DSPEe] FM-BUSE £33 A] GSP39| frame buffers
= A A ot GSPY- processon(TMS34020) 2} DSPH-7}2] handshaking

AT Bugosn ArE7re olrE cycleo] S E= L WA
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LI L |

A&
Control

LI
lllll
1

Program Overlay Frame
Memory Bufter Memory
1024x2048x8bit | { 1024x2048x24bit

v 3

R G B

38 22.1 2H Y/ EAN-S &8 Holof 1
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3t=5 dASIAY.

-, GSP%-2] local memory 3 interface-

GSPX- processor(TMS34020)= oA <52 localmemorys& 7}
AA H . o]F frame buffer , overlay buffer, program memory,
RAMDACE o]t}. Oveday buffer= GSPHTle R =83l AR ¥
79 frame bufferA]e] QL 3}1A o Program memory:=

TMS34020¢) 30 8 13jo| x| A .

Video timing interface%

GSPX-  processor(TMS34020)2 L#|¥-® processor2A] video
timingel] AAEE oA AT WSS 7ML T ol
video1¥2] syncq] blankGF-of FAEHT ATEFEH o]Fo] 2|
video timingo]] §¥} intedace 7} W3] o] FF 4 A Y. o|&
pin=-2 TMS34020u %9 control register=9 Jy-2-8 X773 3§
o 2H o7tA 2 FAmodeE 7HF T Yo Y, EE YO
2 AM-E 4 -

oldollAl GSP2| Z+ /49 blocks ol W3l TheFstA 4w K gre
o O A ol =39 A YA H Fd A& AAMSHA 4
HEE S ¥

2. analog

7}. Host Interface 2] 4
GSP2| local MR T XA] processord control register<-3}
host Alo]e] cfo]E}, command B status FRFLS 2Hs517] YA

host ¢lE|so] A7} Q3 hostE2 ARE-H PC/ATH A9} GSP9
-9 .



main processor?] TMS340200) A A|-23}31 Q= host interface¥-2] Al
S 713 AP 2H UEH| A E T4 7 T

¥ 2213 ¥ 222% 77} PC/AT bus®] AlZFA TMS34020
9] host interfaceF-o} A3 /dS YERA ALR, PC/AT busy FA
tojep L, oj=j A, Ho]EtH $ control 1%, UHYPE 4%
R FEYE AIEE =] .2p, TMS340208] hoste]lX 4%
JJ/3 cllolef v, =i vt gl fo]ErH < conroll TR A
d=lof gl

POUATHAS 7|20 8 16 bit addressTZHdirect addressing)3
16 bite] cjo]el A7l Ao & TMS34020 32bit admss & 2]
accessR! 32bite] °©efo]El L5 AT vlEE] mapped YOS} 1O
mapped VO '$4)8 ¥ interface'§Ajo] Q7+t

392228 hostelEi ol A%s] B¥ diagmme e os
A Address decoding U control B2, <k} oo} transceiver &
2], 22]3 I/O mapped /O € 93} addresslactch 53 U Interrupt
control 328 F/d=x o] .

ol tIY F2 PC/AT buse| address P cjoje} HL:

contol A1 T & )2} 0 8 ulo} addressE T F Y3} TMS340202] data

tmnsfer controlX T E-& APA T, 18 22300= ojuyA fagL
H¥ Hosto] o= mapg YEPA AL 080000hF-E O09FFFFh
Alo)e] I/O channel Y93 shbE Me)sled /O mapped I/O transfer
2 3}, 0C0000h ~ ODFFFFh %99%3% 32 KByte segment \joj| A
memory mapped JOE $13 o] BIsjo] ok,

Fue SAA FH) F4HL POATS) data buss} GSPS} efo]
Bl w{2o S-S HU FE22 PC/ATY 16 vlE djelg W&F
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Signal Name 1/O

HAS5-HA31 I
HBSO-HBS4 I
“HCS I

HDST O
~HINT 0O
~HOE 0
HRDY 0
~HREAD I
~HWRITE |

Description

27 host-address input signals. A host can access a long-word
by placing the address on these lines. HA5-HA31 cormrespond
to the LLADS-LLAD31 signals that output the address to the
local memory.

4 host byte selects The byte selects identify Wthh bytes within
the long word are being selected.

Host chip select. A host drives this signal low to latch the
current host address present on HAS-HA31 and the host byte
selects on HBSO-HBS3. This signal also enables host access
cycles to the TMS34020 I/O registers or local memory. During
the low-to-high transition of ~RESET, the level on the HCS
input determines whether the TMS34020 is halted (~HCS is
high for host-present mode) or whether it begins executing its
reset service routine(~HCS is low for self-bootstrap mode).

Host data strobe. The rising edge of this signal latches data

from the TMS34020 local address space to the external

transceivers on host read accesses. It can be used In
conjunction with HRDY to indicate that data is valid in the
external transceivers.

Host interrupt. This signal allows the TMS34020 to interrupt a
host by setting the INTOUT bit in the HSTCTLL I/O register.
This signal can also be used to interrupt the host if a BUSFLT
or RETRY occurs due to a host access cycle.

Host-data output enable. This signal enables data from the
external transceivers to the TMS34020 local address space on
host write cycles. HOE can be used in conjunction with
HPDY to indicate data has been written to memory from the
external transceivers.

Host ready. This signal is normally low and goes high to
indicate that the T MS34020 is ready to complete a host-
initiated read or write cycle. A host can use HRDY logically
combined with HDST and ~HOE to determine when the local

bus access cycles have completed.

Host read strobe. This signal is driven low during aread
request from a host processor. This notifies the TMS34020 that

the host is requesting access to local memory or to the 1/O
registers. ~HREAFD should not be asserted at the same time

that —-HWRI'IE 1s asserted.

Host wrlte strobe This signal is driven low to mdlcate a
write request by a host processor. This notifies the

TMS34030 that a write request is pending. The rising edge
of ~HWRITE 1s used to indicate that the data provided by

the host in the external data transceivers can be written. |
~HWRITE should not be asserted at the same time ~HREAD

1S asserted.

F 2.2.1. TMS340202] host interfaceAld 15
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Signal Name 1/O

Description

20 Output address signal: These 20 lines allow access of up
to IMB of memory by direct addressing SAO~SA19 one

gated on the system bus when BALE signal is high and one
latched on the falling edge of BALE

These signals(unlatched)one used to address memory and 1/O
devices. They Lgive the system up to 16MB of addressability.

161/0 data signal: DO is the least-significant bit and D15 is
the most significant bit

System clock signal: It i1s synchronous microprocessor cycle

~ one latched with the falling edge of BALE

Reset Drive signal
Buffered Address Latch Enable signal : Address SAQ0~SD19

il

1/0O channel check signal: This signal provide the system
board with parity(error) information about memory or devices
on the 1/O channel.

I/O channel Ready signal: 1t is pulled low (not ready) by a
memory or 1/O device to lengthen I/O or memory cycle.

~SMEMR O
~MEMR /O

~SSMEMW O
~MEMW 1/0
DRQO~DRQ3 1
DRQ5~DRQ7

Interrupt Request signals: These are used to signal the micro
processor that an I/O device needs attention. The interrupt
Request are prioritized, ITQ9 15 highest and IRQ7 1s lowest.

I/O Read signal: It instructs an I/O device to drive its data
onto the data bus

I/O Wnte Signal mstructs an /O device to read the data off
the data bus.

These signal instruct the memory device to drive data onto
the data bus. ~SSMEMR 1s active only when the memory

decode i1s within the low 1 M of memory space. ~MEMR is
active on all memory read cycle.

SAO~SA19 O
LA17~-LA23 O
SDO~SD15 /O
CLK 0
clock

RESET DRV O
BALE 0
~1/O CH CK 1
/O CH RDY I
[RQ3~IRQ7 1
IRQ9~IRQ12
IRQ14.IRQ15
~IOR /0
~J/OW /O

These signals instruct the memary devices to store the data
present on the data bus.

DMA Request signal: These signals are asynchronous channel
requests used by peripheral devices and a microprocessor to
gain BMA service.

~DACKO-~DACK3 O DMA Acknowledge Signals one used to acknowledge DMA

~DACKS-~DACK7
AEN O

reguests.

The "Address Enable” Signal 1s used to degrate the
microprocessor and other device from the 1/O channel to
allow DMA transfers to take place.

-REFRESH 1/O
T/C 0

This signal is used to indicate a refresh cycle.

The 'termmal count’ signal provides a high pulse when the
terminal count for any DMA channel 1s reached.
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SBME I/O The 'system Bus High Enable' signal indicates a transfer of
data on the upper byte of data bus.

~MASTER | This signal 1s used with a DRQ line to gain cnntxnl of the
system

~MEM CS16 1 The 'Memory 16-bit chip select 'signal indicates to the system
that the present data lransfer 1s a 1 walt—state cycle.

~I/O CS16 I The 'I/O 16 bit chip select mgmal 1nd1cates to the system that
the present data transfer 1s a 16 set, 1 wait-state, [/O cycle.

OSC O The 'Oscillator’ signal is a high-speed clock with a 70-
nanosecond period

OWS I The Zero Wait State’ 31gnal tclls the microprocessor that it

can complete the present bus cycle without any additional
wait cycles.

£ 222 PC/AT w22 A1% G/
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SDO - SD13S

Transceiver
Block

SA(0:19),
LA(17:23

Latch Block |HA18 ~HA3!

Interrupt
IRQ4_____Control Block

28 2.2.2 Host Interface2] Block Diagram
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0000 0000h

Overlay Buffer Area

OOFF FFFFh

Frame Buffer Area

O1FF FFFFh

RAMDAC Area

FF80 0000h

Program Memory Area

FFS8F FFFFh

38 2.2.3 A} £A)9] local memory map
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32 u]E =7])e] GSP datatj* o] intedeaving¥t S 24 32 n]E data
transferS <31 3.
Zl& 3z 32 PCHL2] 16 BIE address ¥Y9S GSPY
32 v E g2 HAXF)7] % B384, I/JO channel 2 H-E]
dataS F5iolA] o]F GSPQ Hostaddress®] A4 o= A2 AR
oo
LO0F CIEHE controlgE GSPEHRE] hostg FgEE:
interupt A1 ¥-E handlingd}= FHo 24 IRQ3 == IRYM X S

interrupt request £ A3}

L}, GSP2| local memoryl ¢JE{sjo]L o 74

AR T2 M A TMS340202 8] 372 local memoryE
& 7tXA "} o)5-& frame buffer, oveday buffer, program memary,
RAMDAC-S-o]t}. Overay buffer I EA|RIC 2 Eq3te] ARR-E
%% frame buffer2Ale] H¥E 314 Ho. Program memory:
TMS340200] 3% =2 T3do] A A= . RAMDACY= BrooktreeA}
o] BU63RI A X-windowgE AHE 7+ U HWTRE 7HA]1 §)
o0 32bite true coor pixel)-L X2)stA ok 23 223 A}
EAR Z2AM A9 local vjE o] i v 22| mapg Holx it
T3 13 22.4F o]E memory mapol wet Z}zte] mjmE] deviceE
of ti¥ AEg 317] $ ¥ address decodingel] ©idte] Bo|x gl

HollA AT A2 vz d¥ & vjre] Ale]E2 7
o222 TMS340202] addressE decoding@o 24| A= H o 22| oj
thste] o] FolAA =uv| Zpzte] vjwee] o Fcontrol A1EE $19
mee] dgigetel 23] ol ThEojAA 8o AFHEHE
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-LE-

LAD25 LAD24 LAD23 Selection signal

overlay buffer selection

frame buffer seclection

RAMDAC selection

<R

L
H
H
H

€= L O

program memory selection

33 2.2.4 Local W 2e] A el 23} address decoding



Zt7re] o2 Sof tf¥ control{l 52| /o) tiste] Lol

(1) Overlay bufferQle{Hjo]lA A A

Owerday buffers AT AR AFA 2] frame buffero]oy Al F x 2]
o} Zo] ARSI E Tl overlay plane S ZA 9| G 3t Hrt
overlay buffery=- 1024 line 2048 pixel®] Z2)E 7FA™ ¥ pixele] depth
X 8 bito]c}. webA] 1 Mbit®] VRAMS. 2 text buffer® A3 7S
292259 2 FAe] "t o] TPl Y% YU o] overlay
buffer®] QZ 512liney) o}ENZE 512 lineo] tiste] THA] Mg <= 9
ofoltt SPIEAIR T2AASY text buffero] T3 w2 Apo]I-E
Y 771 v Aotk FAAEA|F Z2AAY TMS340202 32
bite] local BUSE 7}x|21 Q). webA] TMS340202] overay buffere
th}t accesst= FHHol| 4 Ao pixel¥) o] Fo] A 7t gl o]FA
text buffers bank® 5o A AZTE o Z}ZEe] bankef o 3 control
MBS B3R

Ztztel bank of ¥ AEYAIF *bank0, *banklo B ¥ 5
text buffere] j 3 M EA1F 21 *csoverlay 3 * bank0, *banklo] B &
contiol A1 & 9] active oH-EZE AA3}A S} Text buffer® control 3}

7] HElA Ha¥ UFE2 434 2.

- Row address strobe for bank(, bankl (*ORASQO, *ORAS1)
- Column address stroke for all banks (*OCAS)
- Transfer/output enable for all banks (*OTR/QE)

- Write ¢nable for all banks (*OWE)
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_65_

Siiﬁilz X X AO'.‘?‘I 512
VRAM (bank 0)
(0 ~3) 4~7 (24 ~ 27) (28 ~ 31)
sh¢] 512
cee | (bank 1)
4~7 (24 ~ 27) (28 ~31)

bank 0, bank1 : Z}z} 8 7}¢) 1 Mbit VRAMO. 2 A S

0~ 7bit : pixell
8 ~15bit : pixel2
16 ~23bit : pixel3
24 ~31bit : pixel 4

1% 2.2.5 Text buffer bank division



o}S NEEL overlay tuffers] HFslE banke] th@ hEE A}
o]Zo] 43PE o] -FH(ctive)dtA =v, 12]o] overlay bufferr}
fame buffer®] 8% 2 AR 0 F 913} screenrefresh cycle YJuj:=
3 Ao o W T2 #Folof 3tk =¥ DARM refresh Alo]Z
& +UY 5 YT SAstelobe vt

ol2|¥ AMgES T3t 9 contoIVTES TEAFE o

&3 2t

*ORASO = (*csoverlay & *DRFSH & *SREB)li(*bank0 & *DRFSH)
I *RAS

*ORAS1 = (*csoverlay & *DRFSH & *SRF)ll(*bank | & *
DRFSH) Il *RAS

*OCAS = (*csoverlay & *DRFSH & *SRBE)I*CAS

*OTR/OE = *TR/QE

*OWE = *WE

o]7JA] *DRFSH: DRAM refresh A}o]29)S k23 flago|w
*RF+ screen refreshe)-@ U2 flag, =3 *RAS, *CAS, *TR/

QE, *WE2 TMS340202.2 XE 42+ control A& S0,

(2) Frame Buffer Interface

A T2 AU TMS340200) 2] 5to] frame buffero] o %t
sl22 Ate] 2ol FRHe BT WY 23y ol RA°] FhHssH
A) Z}8}3LA] frame buffero] tj¥h TMS340209] wfR2) accesso] ¥R %

contol Al ¥ =-2- A -1 Q_EJ’I- A7}, A A2+ frame buffero] tj
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8 TMS340202) access= screen refresh cycle == DRAM refresh
cycle?] 32 IEHA Hez gdoA 1T AMIS HANA €
T5 U 22y FEAN-E SYHAZS B+ dlolEt lined] &
B8-S AHTTY oo 7HRo] H=A| BREHA Y-

Owrlay bufferej Al 2] 79} w}X7}A|2 frame bufferd] ZST
AAle] dig vee] Aol e VI T U AHYAUZ F bank
A3 7 PR 3EHA =, o]F A% e} TMS340200 878 Yo+
contiol A1FT 52| X3¥o] 2]8te] frame buffero] o3t control 41T S-S
kol F74 ¥t} DRAM refreshi} screen refresh Ape]Z¢] opd 7
= o A9 22 o] A TE ol control) T Eol 9
4] frame buffero] ¥ w|®Z access7} o]Fo]A + Jloy
DRAM refresht} screen refreshg 12|34 o] controlAl 5o of
% o] BastA "t &, DRAM refreshe] -3 oj@ 53¢ 3}
Lol e Lo iyt Alo]Zo] opE}, B localv| 22| (DRAM
E2AF A3 ) AAS diste ST ARt -FaEeiof ¥
T ARx7o] 2o71A =1, screen refresh & -5 frame buffer®}
text buffero] tidle] =R|of A8-3ldof 3lm g o|e|¥} Alglso|
A L control{lZ 52 o AR [AEAE AFSHA H=
Ao|tt.

mh2bA, o2 At Se] HH Aol 2] frame buffer contol

NBEL ThSo] Fojojgt Pt o] ABTL cheF 7k

- Row address strobe A1 35
*WRAS 0 = (*csframe & * DRFSH & *SRF) // (*bank O & * DRFSH)//*

RAS
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*WRASt = (*csframe & * DRFSH & *SRF) // (*bank 1 & *

DRFSH)//*RAS

- Column address strobeXl %

*vCASO = *vCAS1 = (*csframe & *DRFSH & *SRF) // *CAS

- Transfer and Output enable}] &

*vTR/QE = *TR/QE

- Write enable A%

*WWE = *WE

3) Z2I9 vir] UeH|2 dA

X2 v AR IRA AT TMS340202] local X
239 vre2Me FES 3AST hostd VME system o 24 Ef
o|to. g X 2I%E downloadito} o|Zg F8élA WL Z2 Y
o 22} = 256 Kwords(32 bitiword) 9 832 71X o9 F v|=2E
3} vpR7EA| 2 TMS340209] local address lineg decoding¥o. 2 A
&) =] o] T}

T2y WEe Fvx 99 F F-59 o] wEY control
ANEES TeofaFed AU 84791 3. 232 DRAM refresh
AtelZ2] B+EA °] BFo= &9 AEH ZE PHLE, control
A3 A3 3s siFtoioftt 3.

o] A 3l AFHE T3 v o
w3 24
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-Row address strobeAl 3

*PRAS = (*csprogram & *DRESH) // *RAS

-Column address strobeXl &

*PCAS = (*csprogram & *DREFSH) // *CAS

- Write enableAl§

*PWE = *WE

(4) RAMDAC {/E{#jo]2 d7

Frame bufferd text buffer®] pixelt]o]ElsE BUE A o] TA]6}
7] HA T o|F pixeldo|ElE2] BE|E CA|E AT o)A opdR
Hjtje 238 ulfo] Fojof R}, o] oA pixele|o|Et 237}
DACE o] H|HL 213 E Teo S5 UAAT, pixeldo]ElE
address2 3}od lookup tableS #3314 DACE & 2= gJth™ pixelt]o]
Bl BUE 49 BA AR e oMY = A 9 A
olcy. & oA ol HL sl H|H{L DACS} lookup
tableo] Zro] S £AE o]83ld frame bufferd overay buffer
of Sl 3} EAIE 7 YA 3AH-

olgA ¥ 7R$ o]£a ( RAMDAC, Btd63)2] Jj¥e] =
lookup table™! o]Sof Wi?} control registerSo] th3t access?t g 5}
A 5|28 RAMDACX 3ht9] nlrz] La2A| 715Fsteiol 314

t}. Bt463 RAMDACY 7% wikg] 222 713l x Sxto] 24

o] UEF controlXlT 5L e F F Yo o5 AFTEL2
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address®] decodingollA] ThEo] T AT E B ol vy DAC
Z @ w9 yyeL clockSe FQ3HA St} welA] RAMDACY] of

i S712) 259 controlAl EL B5 Fojslojont P},

- Address decoding® 2 H-E| ThSojA|&= A%
C0,C1 : RAMDACS®] addressYx] X%
R/W : Read mode or write mode

*CE : RAMDAC enableAl &

- H|t] 2 controlAl &

dotclk, *dotclk : W]} L. clock

*LD : pixel data load clock

VREF : n|tje DACY 7|& ¢ 4H

*SYNC, *BLANK : 8]t} @ A1%.9] sync, blank timinge]8 A%

HolA HHL control) &2 timing AT OF Aol
A7IE AHs7|E Tof. RAMDACY] ¥t wlE2|EAfe] Fap
*CE{1 &9 higho]A] lowRlE 2o He] &£7oA e COCIH R/WAE
=2 o]l of" AHolvo =EA FAFEHA Y. TEtA
RAMDACo]| ¥} read, writes-Zo|A] RiwAl &+ stroke}) T R4 9] F-
Zto] obd flagAlZ 24 ARREHA 4. o2 AMFES L3}

7= controlA) 352 O3 A

C0O.C1 : 2MSBS of colum address

R/W = *CSRAMDAC |l *WE
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*CE = *CSRAMDAC 1l *CAS

o 3MIEALT timingdAMY L timingJE{H o] L AA)

MITA| N T2 AL TMS340202 28 ZRAMAZA] ¥
]2 timingol] JAAEHET AL ANFTHAEE 7KK YUY o]
old= 1 ujtje {12 syncH blarkg ol IAEH= UTERA ©
=° o8l v timinge] Wi¥t UEHo]27} HB3] o]Fo]
A "o

o] pinE-& TMS34020u42] control registers-o J-8-g X271
¥ AFLEZHN A T3 R=F 7HEs e (Y, Es
FHLE ARE 4 YT

MIT Ao A vH e A1Z(eldR )] Ao BAEHE FE
L 3ATAIR A frame buffer®} overay buffer, 221
RAMDAC R ¢]&< UEI ol AAFE= Fis0|H. ol Alold
FAE= 28 226 ¢ Jel} gt

3y 226004 & 5 T kel o] TMSM0202 2 F8 o+
HlT]Q. timingAl £ 52 video AJE|Ho| AR oA FIIX Y O E A%

=34 A¥x|o] frame buffer 3 text buffer ol ¢} 3t pixel shift clock™d

output enable2ld, =¥ RAMDACY]| o3} timingAlT S8 Thso| XA
.
o}E AT So] thsted = ©] WatAw, pinel shift clockE VRAM

o] E4 A} DRAM patrofA] shift register® 22X (screen refresh)pixel

dataS-2 3+ pixel® shift out A|AF7] ¢3std JR3FH, output
enableA1¥+= bank 0, bank 15359 3d}2] bank o ATt pixel datas
A AF7] $5td HR3LA Ho. = output enableo] active <)
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TMS34020

*SRF
LAD23
*RESET

shift clock

OUtPUt bl]ffer
enalbe

VCLK
SLCK Video —- °Vf=ﬂay butfer
interace

dotclk

I
RAMDAC

\ K

18} 2.2.6 Block diagram of video timing circuit



banke] pixel shift clock ¢] Eo]7}d VRAMUX-2] shift register® -
6] pixel dataSo] ship4) L}e} o] 2e] RAMDACE 7 Mt =
U EjAte] EA)E]= Zelth. RAMDACY] %} timing A1 352 dotclk,
*dotclk, *LD, *SYNC, *BLANKSo] ¢jct. <M dotclk9} *dotclk-2-
1280 x 102437)2) RUEo] 50Hz &XFAPRA|e] TAIE $)5}od
106 MHZzZMHF-3}F Zt clock W 7]8 53t ThEe3A 4.
g3 *LDAIZ = DACSHZ] 4% pixel datag latch 3}7) ¢ ¥ clock
O 84|, VRAMY shift registerd] &8 £%7} 106MHzE ule}7}A]
=817] wi-ol 4742] pixelg ¥7'Ho} latchdle] ©]F multiplexing
02X 106 MHz&E9] SAE ¥ % QA Hch. mjebA] LD clack
+ dotclkke 4FF38lq ThEo] FA Ho. Jg|1 *SYNCAIE &} +
BLANKA &+ *LD clock®] LowoljA] High&el o] 7)o
RAMDAC=Z ¢359]7} DACH o}dE 1 n|tjQ AlF o] SYNCe}
BLANK 2A] 283} St} SYNCS} BLANKS timingo] BE2]3
BT BUE e TAIEE 3HYo] Ty, A Es jloeER ¢
SYNC, *BLANKAIZ &= *LDAlZ ol $7)|X|AA AM&3h= Zo| ujst

2% ARg-e] €

2} £AlmAsle] EjT o)A A

SAEARE JERos, N N L By
Bol SAI5P] $% $EES FHUC VT YRH HyE 3
HEES NENFe DBusE Fote] BMAIEAIRS] frame buffers
SR Bk SAMADBmZ ¥ hed AESE 29 227
3} 7t}

o] 52 Z}Z} frame bufferof] tf 3+ address®} F}Arof|o]EH64 bit), =
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1addr {0 .. 8]

e idata [0 . 63]

IRASO, 1RASI

1CASO, 1CAS1

iOE

1IBEO~7

FHOLD

FRFINT

D-BUS

329 227 EAM20A Yo S
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%} frame buffere] bankE A e)3}7] $ 3} address stobe4)E 2 output
enable3} write enableAl ¥ Zo|tt. £33 7)o HIlst AT AlH
=2 Mo} 15X e}57e] hand shakingAl$ So] EatsiA Hoh

MIEAI R 2 MA] (TMS34020) 2} A1 % A 2]5-7ke] hand-shaking
Azo I8 Ju7he] vjre] Ale]Fo] =T A WAUH=
elujoljA| F 83ttt & frame buffero] ot IpPTA|N Z2 A A
accesst= T7]A Q) 3AFe] T A] (screen refresh) 2 DRAM refresh A}
o]Z olo= Y. By screen refresh@} DRAM refreshe] 739
Al F717d0] vil¢ 8% 842 AR3A HER ojF vk
2) Ale)Ze] AJas)7) HFols AT T2MMe frame buffer
of gt coje} FHFo ¥ Ato]Fo] FriorT . wWEtA MIx
A1%2 $EY request ((FRANT)o] oste] AT M2 Folhs B
TH5Y mlrg Aol 9L 5 32 3 ARE MEAF
of ¥&Foof ¥4 (~FHOLD).

g 228 o 3YEAIR-9 AFAe]R-74e| hand shakingg U
Epdl 7102 DRAM Refreshe] 79X control AlF o] XA 293
refresh cycleo] pending"E4 Q1O B F wait states X 33} cycleo] ==
5]y, screen refresh®] 73-9= wait_stateS X Fs}x] oo g AA]
screen refresh timeX o} ¢34 refreshS requestdfodof 3.

FME A7 AFAASO), HAEAF ZAMe AT
o] o}l 3t access™ screen refresh®} DRAM refreshe] 73 o]9]ojl=
LZA81A] ket webA] frame bufferof ol ¥t address@d o] €} lineg]
A7 % e conmol{lEE S AAE o] AHUE Tstoiol B
Ct. &, frame buffer of YA B HAEojof & ANITHUSLE =4
HAZ HE e Al§ o] ¥ojof 831, Screen refreshe} DRAM
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Frame
-memory
refresh

Idle Check
state Bus-state

Retry ' Busy

'(a) DRAM Refresh Cycle

(b) Screen Rfresh Cycle

18 2.2.8 DSP 8} GSP A}o|2] Handshaking
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refresha+7| ol &= BAFEA|F T2 AR FE Y+ Al¥ 9] frame
bufferof] x| oo}qt ¥t} T 3FF screen refresh®}l DRAM refreshel
29 dlolg} linee] Azt 1 wjee AllZHE WA gems
SAHAR BE e dolEl lined] AFE i frame buffere]

to]El line 8 FolFolx AL ot
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A3E FEAR AE™

T 7§ DSP(i860)8} GSP(TMS 34020)Atojol| cfoje}g 43171
HsiM 5 7ol DRAM wee] B 53 QA L3817 3 e s o]
& AAsI BPAYL AFEH AL 5.

DSPofjA] A2]¥ cfo]El= GSP&} Frame W22 ®§S T3}
B2M M2 D83 YR Bo|SstA FHE(Tightly Coupled)s
o] 33 DSPg 7|22 FRIHL Fame W22 E 3}fe] Mail-box
2 X3 Daisy chainY4] 22 dojglg 31 s T Y=EF FF=
3tA| 71E{(Loosely Coupled)¥|o] 1= dlo]H.2)=(Hybrid) ¥efje] HE
= 2 M A (Multiprocessor) AJA®-E T334

olu-gel ¥4 dolE HBAY o]v]A] Z2f¢)(Image frame).C
2 FAse] gleng 5o DSP X2 MAE ARE-3le] Concurrent
T Z2AMA0] 7HeEER TY Z2AAME AR 2u F b
AR Z2A)A) B4(Processing Power)E 712 Aotk T /9
DRAM ®5 Z}7Z}2| DSP T2 oA =2ZHLocal)slA| we2|r}
23|22 3I=9| DSPo| 3l £ DRAM E§o] 9= DSP7} oju] X
EAST 98 HolEE CRT EYE ] A3 5 ¢ & T
DSP Z2MAM = £ b 94 Holeg Z2AYYE & o= A
o] 53R YA AT =AY 4+ YA -

44 78 T = A7 Y¥HH < DSP, GSP T2 AAe} 24
Ae= AMESIEE2HR FLE o] HE|H(Cost Effective) ¥t dto]H =
Hefo] YE|Z A AL FP55en g g A dHolEE
AEshod 95A2R 2 Fo 9= T AT F UL F o}
Uzt GSP ZAMAE A3t F/He DSPolA AM§ Fi2
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H|3Z& dAatxizg|] A|AH] AZEQO| =

T Al&2Re axEyeld FHE IA FHELE Heln.
o] T2EQ] IBM-PCS FUAE H=ojie F/d <, IBM-PC
AX AU+ TIPS A2 2 AL el BM-PCY A|LH
E& ol&3le] X2 IYWH tyulo]A x=glo]u(Device Driver) FHE
(DSPs, GSP), 1&8j2 Z}5 Qolvt ¥R IAEY 2Ad= s
THEEE 5] 312, 8604 A= AL BEYE X2
oA AT Hoojije 223 AP $2E FHFEHIL 8
T3 UEYPE iy AplAS SEdH AL = 2
23.0.10) “ERG glon, taAoA AM3] A3 B,
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Z|14 IBM-PC Host oA AT EQjo] X

L. Tufol & Eato]

Cufo) & Egjoluls TAEY YA RETr dole AP
= B A3 FHS AT Heo Hule, oS AW
B F8HE REQ IAE o)Ay IBMPC mlEe] F7h
o] dual-port SRAME WH| 2 ARL-3}, £A)of i860 CPUZ} access&t
T AEF Sk shared memary ‘$A5 AR TEpA IBM-PC
o] MIEEE A MY 4 3low, B60x vwi7kA|e|nt. Huiol
2 =eloioA] dojg FE T2 EFL J|EHo UEYEE F
3 = FEE S0 Huto]l & Egfolw|o] FAo] dis AdWR
Y 953 A ARA ZE2EAMA(SE Z23)7F YupelEE &
o B HIAH AU 23, 23 e 7 T S HY=R £
O Aoltt. AREAL ZBMAE ALY 385 o83t RE T
Y HupelEF F5E 7 UG-

5 #de] SAAIE 9 s UNKX Z{do] A|=9 =3
= 83, 7ldol AA AU} futolt F s FE3HA AT
Ht Hupo]ls Eo|w S ML T o] Eejojw7t tiupe] Ll
B &8s Aolstu, Yule|lis Effolw 7t 8.7517] Ho= of
3 $AE A 4o .

A|ZR 330] ARSAL Z2AM|£9F UNIXZHY| QlEj#o] 23 HY
5taL, tupo]L Egtolw= AU} FH tuto]Xele UEFHo|2F
FENY. 2B ER fuo]k E=folw|= UNIXS Hupe]X F34

& olFEd] 2FYOE FUY AU sk Holn HulelA =
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ojiRte] AlAR1 F¥ Tupo|AF JMAY ¢ o Y 311
Cupe] 2 =2folu]e] o] diste B 3 gloh ARZAL Z2A
27 ALY 332 3T AEE %] $AFY. old, Voo &
HE AR a3 By 7de) B HAH=A8) AL EF
Hujo] o] Q= {YS)H U VO Ympo|2(AT 7| ZUEF)
of ¥HE S HYe TV ol T Huto]lLEE /v HAE
e T 5T HYER RHiY. 55 Y BF YYe=s
B et 55 o] 7HAA Qe inode FE(TY GEIS
HERIT A2 ) B9 g s AAE 29, 55
Y mknod = A|LR 2] PR AT AHE o+ AR #
T Bl HR e FEE HEA Ao TAFR e T o
B e, S {d(EEbo] L) o inode Yupo]L ERto|m(F
Hujo]£ ¥ F(Major Device Number)), Huo]L (88 E A

HE), ¥ fute]X W FMinor Device Number)g2 233 BEE
d U -

o} Efde] HUo] AL HEZ], AYS 2 I S ok
3= Hnfo]l X =olujE ZA#of ¥t o] FFE Y, 3
dol FPE dutol2o] o|F5 U Yefof dl=t], T3-S node
F7 Yuolx HIHE Yopd £ Y. Yupo]X o|FH} F O
HpolX Mg eto] QAL /dev AL o] = Yulo] L AEE]
o3 o] FojWH. F fufe]lt HIE F7HA|Y Gupolt AHXF
o)A shtg ARSI 29U o)lF YA bdevsw(E ¥ T}
o] 2% Z]) %} cdevsw(FA HE Thilo|L ZYA|)AH] HA = LEH
X (structure)] WY E o3l F fulo]lX HIF T} o]F AEZH
% 32 V7o 2N =g AY3tA "o ¥ guo)X
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I AdE =toly oA F43 Q) Ao 200 2F u}
o|L =&te|HE FIIE "ol T YulolA AA|F dhto] BWQ
3 AEZE Ft8loF i

oo ZEIYo| 3 UEHo]Lo] HAAH F2Z 317 HEHA]
OSo] 8 %< ¥t 3| OSt 2 83 5% "W €29 ¢
wfol & Sajolule] S0tk B B S Tof HFehe chupo)
2 o)y AEZ The| QIEjHo]L bdevswd} cdevswgE T3 ©]
Fo] F}. bdevswt cdevswe] 7t AEZE Egjoluje] AER ¥
+8 7l UGS 23 Yot AEH U Asd fxs
Cujo] Lo EFE F tiujo]|A HF o FF3ict F tiujolt HIE
= Qulo]A Tglo|io] ofFHEZ AH 3. Yukxoe g R u}
o] HI+ oMY FUFH AA tufolL Fox IHE AL
s, o7 A FHI AR 4 RooA FASHE A2

o) 28 71} E S St 2.
2. IBM-PC2} i860 A}e)2] dfo]El ¥ (Downloader)

Downloader?] S-2H2 7|2 2% 02 intemmuptS base® 3fo] Z}7}e]
processorg-©¢] semaphore2} endflagE checkd}™A] o)Fo] X, L
ANHQ BYriololag e aY312.10] YER A Pt

Downloading& #A] PColA] interupt® i8600)] 7}3te] 5:335}A
Ho} InterruptS FT7) X o) HA| semaphore?} endflagsS setdl] T3, =
o> do|ElE WP £t T2] semaphoreE i8600|A WA &
t}. o)A s 18602 PCY interruptS HH3}3, PC-BUS intemrupt

o] oH command?)A]E HA| checkdte], downloading FHo|H
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A} semaphoreg- checkd}e] i8600) A semachore7} 9).2.H, buffere K€
datag 7}FA9} A|HH downloading addressof A AH3ct 2jx
semaphore® PColA SHEHY. 3 X endflagE  checkd}d
communication Ego|RE FAodslsd, 2871 olu®, U}A]
semaphore - checkd} ™ A| busy-waiting3} A ®r}, ojufl busy-waiting Ar
Bioll 1% PCot semaphoreS: ol TA| Clo]ELE buffero] 2231 A5
A A2 FEFS e 3" oju A 9E HAE, oA
interrupt 2 7}31&] o=t Aot} Interrupts- communicationS -}
7] A DHD sk FW aTolg. delEE BF W4stw,
Clojd HSE dolgrt ¢l2d, PCE  endflagg  setdl o
communication %i%- i8600)| A LAY, T 8602 vwlx| 9} E8-&
7R ¥ endflagE checkdled communicationg T3 PColA
endflagsS replydl] &t 3Y3.1.2.29} 18)3.1.2.30f] PC23} 86022

downloading routine®] flowchartE }ehJicy.
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START

Code Extraction

semaphore = PC;
endflag = NotEnd;

1860
semaphore

PC

One Block Transfer
Update semaphore

Yes

.

NotEnd
End Block

End

endflag = END;

END

2% 3.1.2.2 PC Downloading Flow Chart
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PC_BUS Interrupt
START
Determination of Interrupt Type

1860
semaphore = PC
End

endflag = END;

23 3.1.2.3 i860 Downloading Flow Chart



|24 i860 YA A ] R oA AL EY o] F-X

1860 softwarey F2 ROM programS W= ZO. 2, system
initializationg- =Fsl= A Z7|3} Fof systemE Held= monitor
2 o]FolA Q. o]E2 42| oS E2Ios 9=
gt 3 FAL 1932000 eht ok

1. Reset routine

i8600] 3t=¢o] resetElSul, T233 F¥+E+= O0xFFFFFR)0
HA 8 71A S, ojufj= ROM access mode(CS8 mode) 2 5-2}H31A
4. 3 E8 A|A®e] FAs= AWUA|7L 0xFFFFFF00¢| o, 7]
of reset routineo] LA HT. ¢]Re FAL- Thed] copyrom routine.C.

B 2718 A Lot

2. Copyrom Routine

of YU A=Y ROM modeofA APHOR HYSH=
olc}. F9 F2F2 system initialization?} monitor codeE RAMoj H-A}

shol, AWY 5 YA o o o) T S AR

7}. System Initialization
Reset Fof A|Z¥4e] Ael& invalidsie}. webA HHFF 7|34
g Sste] RO TASA ) Folof Pk ThEH 2 2]

S HAe e
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- Register initialization

- Pipeline imtialization

- Cache initialization

- Timer 1nitialization

- PIC 1nitialization

- Token set

- Memory test and 1nitialization

- Parity bit clear

Register initialization<> control registerS setd}1 fir(Fault
Instruction Regiser)S cleard] t}. Pipelineg] 7|3+ register f0S
A28} pipeline instructionS AR&-3led Z} plpeline?] AYelES clearyt
4 9lt}. Timer initializatione 71X 232 Zt&=t. Sy RAM
refresh A1 38 hSo] F7] YA timer WF-o] A= counterE 16
microsec cycle2 ZI: & #HF31, tf2 F}= multi-taskingf clock
kg THEO] Fiol ek SuiAel A9 AF YA %o
282 PICo|A maskingdlo] reservedl] Ftf. o] ul timerE setdl=
WS o33 Ao WA timerg AHE}7] H¥ decoding {1 TE THE
7] ¥ XA E memory map2 Al€)Ele], timere] control wordE
set¥H}. o]g] control wordef= TH2-of setE counterE X|Astn, 1
mode® X|3% B} Sof gtk 22T vpA] counters] X|FH T
& T PIC 7|3 9JF oA ol interuptd $HA<4E 2
B3, o|5= AYAL2R maskingdte] Iolgo)7] HEelH. o
AL timere] 7392} u|s38}A initialization command wordE 3}
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operation command wordE% modeE A Y3tA d=c}t. Token 2
parallel processingo]| din)sle] F= AP Uel, 3hte| boardof T+ 3
T o] AL daisy-chaing T3t 22 busAgd-S 3
processor | A RF 31, 8o wel o]A-g HE EBMASC] HE
T A EH-

Memory initializations® Frame memory2} SRAM-E- clear A}7]1,
local memoryE 'l', '0'0)] i3 A testE HA] ¥ Fof clearr]ZIc}. 1
2] YA parity bitg clearA|# parity errorg check 4 YA Fv)

gt

L}. ROM F=¢] RAMO 8 EAL

ROMo| 9] v F=v A A% 715 code(reset, copyrom)
7tk 3L, RAMOe® EAlS 7] $3 58¥ formatg 74
code(monitar)E /d=5o] gitt. RAMo g E Al double copy load
methodE A}-8-3=tf, 18608 FRAF CS8 mode(ROM mode)oj A
ROM codeE A3 read@ 4 §17] ulFol| ROM2| addressE Y
address space £ B ER]A accessdtA Hr}. o] u EALE 3% Eydl
formato] 2, ROM-E access@ul] 8 bits® accessFp=tf, 0] 712 njo|E
enable 213 (BE#0~-BE#2)2 z3}5te] 7F=stA|T), BE#2~BE#HS] Zpo]
'001', '010' Yufs address7} invalidd}?] ujFof o] addressofs
gaibage codeS ‘Yol € F=7 FE BAHE A YolFe
AE T o]PA st copyZt FHUE copyrom FRE o=
£ remapdte] AAIA Sl =2 modeE RAM address spaceof] @A %t

o}, o) g ¥ Fol BUE T2l wait FULE #7] Bk,
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3. Monitor

Mamitorys 7} (wait) 581, QJE{FE W =H(interrupt handler), 1
2)3L AR 9 libraryE A|€317] HF system call2 /g E o] Y-
Wait routine® k3| ]9 intemuptE 7|YE] &= routineo|t}.
Interrupt handlers 9|F UE|HEY trapo] AR, °lE A
Z, system calk2 dynamic memary allocationg $3lA] HR 3|} Z}f

zhol sl AHMs) Uob WATH

7}. Interrupt Handler

4 VY ETL S0 2wl AT cAE 332319 YER
ot 214 B upel Zro| tmpe] A]ARZ psr(processor state regisier)
o] IT({nstruction Trap), IN(extemal Interupt), IAT(Instruction Access
Trap), DAT(Data Access Trap), FT(Floating-point Trap) bitEo] sets]
Jojdct. o]z 7H-$r} wrAsHH, handlers whE  $7(context)-E
stacko] A8to] mp serviceFol Wel AElS BFY & YA Vot
T3 psrE AAREEY tape] typed ZAA3Y, tap(q7]A] trapZ £
2 JAHYES A3 A) An|E FHe2 P, &9 9 Y
E Mul& 9o 7t UHYE Aulx FUHE 29 F94
2L AR FHoR FHEY. 2y FHS & F
oA AR A Foen, TP A% FULS A%E T209$
% stack} B{HS A F AW o= enuy poinE T2
a9 JR-HE TG 2 4%l 1l 94| ddle gHE
38317 -
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Context Switch(Save)

Trapo] dojd F S 4
(delayed branch, non-delayed branch)
return address reserve

Trap type I3
Interrupt Acknowledge Trap Service Routine

Interrupt Service Routine
Context Switch(Restore)

Context Switch(Restore)

a2323.1 QEYE X
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L}. System call

System call o] ARG-AL7L 2|3 ZR2IJPAN ©F F T
AU A% =Fo A s oo} 3= F-7ol| Z2aFFeA E2]
A 8 Z209S o 7854 8 £o & Al2® 2 monitorof
A A W8 system calk> ¥ A|ef dynamic memory allocationg- &}
T7] A ACBA k0, shk(E AW oq7]A trk(addr)= data
section®] break valueS addro] assignd]3= system callo] 3L, sbrk(size)

& sizeRh2e] MRS YIAL oS 2|8 vrh 2T Y%

H oe2|2 pointerE rtumtc}. o] malloc(), calloc(yS TS
Zyrg) el 1¥3.23.2¢0 brk(), sbk(E= A3} run-timeA]o)
AREE JFE BEH-
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Betore Calling After Calling
System Call sbrk(Size) System Call sbrk(size)

Text
Section

Text
Section

Data
Section

- m E m o E EFLTaA7TAR i s -k ="k e s m— - -y =31 IETE om

Data
Section | old brk

= - o T S S T S S R R Ep SR R G G S e T W B B e

new brk

--------------------------------------

7133.2.3.2 sbrk() ] 32}
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