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Design of the Protocol Processor Interface
on the High-Speed Communication Board CNIC

Tomoyoshi ISHIKAWA

Abstract

As prices for PC and Workstations lower, distributed system that enables us to

conduct parallel processing has gained more attention than ever before. Yet,

under existing systems, its supplementary communication function results in

a high communication cost and an imperfection of the scheduling function for

parallel processing.

Therefore, we propose ” Computer Colony,” the system that makes the most
use of computer resources in the whole system by adopting the advantages and,
at the same time, by solving the drawbacks in existing distributed systems.

Computer Colony consists of the two parts: a hardware designed for a high-
speed communication resulting from a reduction of communication cost, and
an operating system ”Colonia” designed for a better utilization of computer
resources in a system by an adequate scheduling. Thus, our research aims to
develop the best system on both hardware and software side.

We are now developing a prototype hardware of Computer Colony with a
high-speed communication board CNIC as a network interface connected to the
system bus of a workstation. This prototype hardware is designed for a high-
speed communication by blocking system calls, reducing protocol overheads,
and caching pages of remote memories.

The connection of CNIC to the system bus makes it possible to directly
access to remote memories without any system calls by the operating system.
CNIC always observes physical addresses in the system bus. In need of an access
to remote memories, CNIC itself communicates with a remote node.

Furthermore, we installed a protocol processor and a FPGA (Field Pro-
grammable Gate Array) in CNIC. Therefore, we are able to evaluate many
communication methods as a prototype by running various programs in the
protocol processor and by implementing various functions in the FPGA.

I have designed the protocol processor interface. In order to realize a high-

speed communication through CNIC, what the protocol processor mainly is to



v

convert physical addresses to network addresses and to control page tables used
then. the protocol processor interface need to controls the protocol processor
properly.

The basic function of the protocol processor interface is to input or output
data properly for the request of memory access by the protocol processor by
controlling READ or WRITE to ROM or RAM. The protocol processor interface
consists of ROM, RAM, some controllers and the interface connecting them to
the protocol processor.

When the protocol processor accesses memory, the interface decides which
ROM or RAM is selected, and it instructs the ROM or RAM to output data
to data bus when READ, and to input data from data bus when WRITE. And
then by asserting READY at a proper timing, it informs the protocol processor
of completion of the output or input.

At first, I designed ROM, RAM, and some controllers in the FPGA. I ran
a simple program on it. I put into the ROM the instructions to set address
spaces of the protocol processor at boot. CNIC has pins to snoop signals in the
FPGA. By observing them I verified that it run as I have expected.

Then T designed the interface of a Synchronous SRAM on CNIC for the
protocol processor to use it instead of RAM. The Synchronous SRAM offers
broad workspace for the protocol processor. As above, I ran a test program on
it and I verified that it run as I have expected, by observing the pins on CNIC.
Since the protocol processor is able to access the Synchronous SRAM, we can
run some large program on the processor and it enables us to evaluate various

methods.
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70tvH% CNICKEFE7arar7 oty dziHds, 7t 24
T CNICD AL v T rEy HTHb,

XEY TubrarelmvtydD2RFry o, ECache®7 mrE a7
Rty DAL AEY ELTHES,

FPGA FPCARNICT mt 2«7 mtyH, A€ O, 7— 1 ICHEA
ROM fHIE, BE% T BRORIEN Y 7 7 % 3ETT %o

#®3E JObal-TOkEvH AT I—2R

TarrareFaoktyH e [ E T —ZAEZCNIC FOF vt ares o
ty HOlHEITS DD TH b, avEa—Rean=—DT ah ZA7 e n—
FY2TIBWCCNIC EoF et a7 ety Hid, @ECEILTTF L
AZHE T LD & T hkA BB E YT 5, Z0DICE, Tk ar 7
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SPARCstation20
o>
7w } % 4 7CNIC MBus 7w } %4 7CNIC

FPGA  / Fakane
Fibre Channel
< Ny Ty ‘ [ T

’7‘—%:—F"}%U:vl~u—»+—> AEY

6: 7 at Z A7 CNIC ORERL

2ty AR EUNCHIEIL | fEx ANEA1TS Cc TR AEIERHREI L AT
Ehbhwvn, 7arrar T oty H e« frE7 c—2DOFHEIC X > T CNIC
AL e EndoBE R AJREIC A& B o

3.1 JObPaL-70kvH M4 v971—RADRETHE
FPFRPICT 2t a2« 7 aty F23Fx OMARRE D ICEWES 2555 % 3%3
TELERD D, ZCTHRADEREE LT, 7atan 7 aty +EFHIEIL
BB OHEUARETT — b LTebASTRALAR VW, £ ROM, RAM %
EERETFPGARNICERET L (AT v 7 sk G2 THRTIH, HFREY O
BWEfThIL T3 C & 2HERT %,
RiIcTarar7Tmty+DAfy AEY & LTFPGA WNICERET L 2 RAM
DD Y IC CNIC T E_Cache & LTHIHT % v v 7 v F X SRAM 23FIHT %
555 0CEET 5, v v 7 e FASRAMABMEZ B k5Chde, T ur 247
CNICICBWTh7 rEan T atwy FICKHEART v 7 T L% 5% TEF
THDLCENTEDLLSICAD, Hix AFHTbITZ 5o

UTFCHSERIC FPGARNIKCT vt are T unty e f v 27 2 —R%iKE
Ly 5277 075 L CHitRRY OBWELRFEIHTE 5 C & %2#EID 5,

3.2 7O -7O0tEyHDT L REBDEE

7k anes vty HIFH L SPARClite RO T F L RZZEEAE <
T — L & R — N A PZENC/I DI T D o FEIC T DD 2 —F a5 HE
R —r N APFBTHE . 22—V T — ZFE A= N7 — ZFHEE T = b

11



a7ty FOVEEHEEE LTHHT 5. ZNENOHBET 2t a1 .

7 mt» HClL AST (Address Space Identifier) Thghil| X415 o

ccte 7 rrar-7 oty HICHHL 7z SPARClite [Z{RIE A €Y %4 K—
FLTWAWV, CDEDT atar-T aty FREHDTE L Z5, MMU %58
IFZDOFENHLOPFETF L 2 E LTHIIE NG, CoEt &, Tabare
Rty PR CLEDTHICT 7 B XS NFEASI E TR LRAD HMu%zkT 22—
F L CHET L 2d ud 7 b 7a v,

HHAABHT vy yTHECDOT rE 27 1y $E CS (Chip Select)
FHR—F LTn3, CSEE7uatrarn«Futy yNETASI & VTR L
AT a—=F INdbOTHY . TEHE ENFICT 2 —F Bl %%
LENREL Trb, 7 rban e aty FRDTE L RZE/% CS0 226 CS5H
ET6DODCSICEIY B THT L3 TE S,

ARIDFEETTIE CS ZRD X 5 IcEIh 4T 5,

CSO0 7uararn-7r oty HDF7 41 CTT —FEEE LTR—NAH
TR (0220 32KB £T) IKEID B THN TS, FrEat 7
v HDT —FRHCIE T T D 0 Fihds baS DA IR0 bl b o

CS1 7 —VrfEEEFHCT a7 I 2% B HERKE LTHS . 7 — M ERE [T
HALARNESIC, A—"NAYMmETHE (1GB 225 2GB $C) cHIb
MTho

CS2 READ, WRITE23¢ HICTE, & bICZ ZICWRITE & Wizt % T
TELX50CTBDIC, ZA—NAFMETHEE & XR— "N AP F — X141
I (2GB 225 4GB %) 1K) 24T,

CS3 KK EHDT vt 2« T aty FNEHL PR X 2HHhEET L0
OEFERSEHRICTHC I B o R — 8 [ ¥F — 240 (32KB 726 33KB %
T) [CHEIY X4 T,

CS4, CS5 DRAMBHIEK & L Tf# 5 OT, HHEIEH DA w2 —FFHBIC ZIE
FVEID 24 Tres

3.3 7ObMJI 70y HDILEHEES

Zaban 7oty $EE#ET3CH 2> TECBEIC K DHEES %
TG~ % . LITOHIEESOW, BRIC "X 7 & H % b DB EEmETlbIL 50
X_READY L7 4—(READY)o 72} 2«7 mty #5 ROM, RAM IC

12



R — NN R — NN 2 —F 2 —
A4S PRI 7 — Z I A4S I 7 — X HIR

4GB

2GB

1GB

33KB
32KB

1KB

7: TF U RZEEOEY 2T

XL T READ 248/R L THLIPRICANRCT = 25H1dn b £ TIKK,
5\t WRITE 2 RLTHONZDBLTF — Z5H0 AT B $TICN %
0y 2T vy 2 b TDRD, ROM, RAM ICxt3 35nE %
DU TObN Tt T mrran« T oty B ICHIOESL DI, #24
BEAI V7T READY B2 T Y — 1+ 3 2BERD 5

X_AS TR LAXZX}e—7 (ADDRESS STROBE)o 72 2L« 7ty 4
23 ROM, RAM ICx§ % 7 7 ® RDOBth %R 5 72 0DEFTH b,

RDWR U —F 7 £} (READ WRITE)s ROM, RAM ~D 7T 7 £ X DD
READ, WRITE #f8R~3 %, '1’® & & READ, 0’ ® & ¥ WRITE lcx}
g %o

X_CS Fv7%EL 71 (CHIP SELECT)s X_CSO 22 X CS5 ¥ THY, 7' m
FareT vty HDT 72 T5TELRZERNCSHIRL 2 X_CS 2307 IC
%50

X BE A Ax—7 A (BYTE ENABLE)o 7 &} 2L« 7ty (& 32
By P ANZRE—FNICHISLTED  @#FET—21E32 €y METRbILS,
—Jiv 8 EY FHBWNE16 £y b BN THO READ, WRITE IC 3l LT
BYUXBERCZOEETMIE Y F 2EET 5 DICHEHIN S, 4RO
HEP T, 7t ar T vty FETF—2EESE Y FTHS 8 E Y b

13



NZE—FTT—1+9F%, TOYEY P NZE—FLBWVWTTFLZADF
2 vy v #fEEdT 5 L T ICHHT 5,

3.4 JObFaL-7TO0tvyHDT—FEENEE

TFRFICT 0t 2« 7 oty F5Ee OWIFRE D ([CBIWES 5 58S % %Gt
TELNERD D, ZCTRUIDERFEE LT, et ai 7 aty F2HIEIL
RBELEUARETT —F LTebAL TRADLARV, ZLTEFEfEHAT
R7 T LG TERAFIE, PEpE ) OBWERTOIN TS C & 2R 5,

3.4.1 FLHEK

T3\ BIROFEOBREZ X8 ICRT . Ty 7T —Z2NZR[E 32 Ey HME,
TF L AANZ(E30 By MED D OTHFBELEIC X > TETDOT — XN ZXCHS
fii 5 BHEIC 222 E U B0 CORMTT — 22T F LR ZED AL O ZEREWED
JFRIC R BDT, FPGA DAV ET7 2 —RFTCED 7Y v 7 7ry 7 ICE>
TF—Z, TP L 2% iz %

32 ADR | BUF ~ 32 D_I BUF
A 32
D OBUFO D _OBUF2
o =
> D FF <
SEC_ROM >
32
D OBUF1
32
DATA
X Y
X_READY &S 6
CEN_X_REDY| s rar
Tty
FPGA X_BE 2
7
30 ADDR

M8 F— o ICEBTA7Tararelay e VX T 2—X
e ZOMION-7TOkYH
25MHz DNZ 7 1y 7 CEWEX &5, TDRDLIFOZERSY B THICE
HAX 43 7% 25MHz CEWEX 4 5,
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¢ ROM

PIFwcik~3% BT_ROM & SEC_ROM @2 DO% FPGA WNIC3
1. BT_ROM

n‘l—-j_Z)o
ZuakaneFatyFo7—r HoO ROMMEE, €S0 EHh 24T
o 7mrtaneF vty 3T —FRHCET N L RXZERE A L ORIH
WEDLDIC, 3524 THNEL V2 X DER
LAV, WZICEDLDDME

E LT b E A

PIREE L << ROM fHB R MNETH
5, CCTFPGAWRNICT —+ FHDO ROM FEIB ZVER L7 — b fEisICE]

D4UT, Trrar T eyl Ihbr7—+345, 7rt =
e T aty FOYHERED 2D DS % H b U BT_ ROMANIC
HDHAATEL

Frh7araneFaty ik, 7

7 — b RACIZS By P NXE—F
THEWET D LS5 ICh>Tnwb, L7zhi>TBTROM DANXIEIES By
TEerd %o

2. SEC_ROM

32 By b NZXE—F HD ROM g, CS1ICHID 4T3, 7'mt =2
LeTFuatyHE32Ey F NZE—F COBEWER S A—F LTEHD
CHOTHWEXEEIE5 B8 Ey P NZE—F CTEWES ¥ 5 X ) Bk
THb, WZICSECROM % 32 v METEHET L 7 — M EE AR
TeHE CHOLDOHEBTEVEX 5 C ik ERb RS,
e RAM

FPGA NICE

NETEFTS o

NEtT 5. 7T ut an e 7wy YHOHGHAE X AREAVEE
FH RAM fHig, CS2 ICED24T3, 32y b N2E—F CHWES ¥ S /2
D, 32 ¥y METE
¢ X_READY 4B

FPGA AICFE

BT 5, Turarermty o CS1, CS2 K357
7 A EBINL . X READY B35 % 4R T 5, CSOWCBIL TR m bt 2L e
7 aty HORONEILT 4 — %2 BT 5,

3.4.2 FPGA Dg:t

=Zh
= AR

FPGA NOE%ET I HDL (Hardware Discription Language:»>—F ¥ = T 5Lk

) ®15TH3% VHDL # W CfTo 7z, A% VHDL Citih 35 C & T
15



F—bLRATOTTLRAI Z%HEO L, HETEBEHICITS T L5 TE D [5o
RICERFRIDOEBGETCOWTIEN S,

1.

7—F ROMZ (BT_ROM) BT ROM Offigi#% 256 X 8 £ + O con-
stant litl & UCHER %, FEE LT vt e 7T vty $HD 2 —
N ZHDAATE L

32EY F ROM# (SEC_ROM) SEC_ROM DfHE% 32 X 32 £ b
D constant FFl & L THEPR T %, #IHHME L LT BT_ROM [FHEICT = + =
neTarty FHOa—F ZHOAALTE L,

RAM £f (RAM) RAM OFHIE% 16 X 32 ¥ v b OEFIZESR & L THERR
5,

RAM i A Z &8 (ACCESS_RAM)

RDWR, X _READY, X_CS2 # AJJ & LTZTH S, TN LRA%Z AT
LTRAM OIS T BT LALH B 7 — 2517 5%,

RDWR, X_CS223¢ 10 D& ElZRAM ~DEEALADT, TF L
RETF—= 2B ATE LTERFELTEHEE L X READY 280’ Aok & &IC s
2y 7 DOLH ) ICFEHIL T, RAM OG5 TR LA~NTF — 2 %E
%A
X_READY 48
GEN_X_RDY 32Evy F NRE—F CEHNWTXREADY %HRLT 255>

THb, XAS #AN. X READY #Hi1 ¢T3 27—+ = v Ol

T 5. &1 OIRAEER L 1275, RKigEBRIETs ry 7 DO5T

H ERD T b D T —ENZ~DOHT], ¥ T — 220060
AT 5 BRRCH#E R AT, 394 7 v TXREADY 217 %
L5153,

1v%9 7 x1—RE (INTERFACE)

AR RERS HHEGHIEL . 7ot ar e T rty DAV X7 2 —
2 %fHYT 5,

o NVT7

ADRIBUF TFLVRADATINY 7 7,32y Mg, 30 € b

ETF VAANZ RS, L2 vy b E X BE 28ki. Thth
say 7O ERY) TATIENS,

DIBUF 7—ZDOAJNy 77, 32Ey Mg, 7 2y 7 DiArb ER

16



HKAE | XKAE | 1 X_READY
S0 51 (1) 1
S0 (2)
S1 52 1
52 S3 1
S3 S0 0

() XAS="0nDL%
(2) XAS="1"DL ¥

#1: GEN.X_RDY

DCTF—ZNZBbATIENS,

X_RDY_BUF Z#NZ# X READY ZERGESCES LA X RDY & HY
TEOBRS DDAy 7 7,

D_OBUF 7 —ZofJNy 7 7. BT ROM, SEC_ROM, RAM 226
DOHTIT— 2Dy 7 FlEZN £, D_OBUF0, D.OBUF1, D_OBUF2
D3I 5 o

o 19 7x1—2R

7K LR READBT_ROM ~O7TF LZXZADRIBUF O R0 &
+ B2 0865t 3 %0 —/+ READ_SEC_ROM, RAM~DTF L X
X322 ¥y FMBEADTTIN2 By b 2363 A\, Leds>T M3
vy F B2OEERIT %,

L7 4— XRDYBUF%7wy7DWb EaD-TXREADY & LT
5%,

F—% D.OBUF b7 —ZA~"Z~DOHH &, RDWR 23°1 D & &}
I3 % X_CS 230" TH 5 D_OBUF #7 — X IcHiJ13 %, RDWR
0 DEEET —EANZRANOHTIEAA A Vv E—F v 2T B,

3.4.3 ROM A I—F DfEK

ROM = —F Ve Jigt & LTl

1. 7uotar-7Taky 3t HHHEOIH B2 A TFTNAFY a—F 24
T %o

17



2. B INIANAF Y a—F Dodbdiha—FNEHoekEH L. VHDL Ci%
&7z ROM ICHIDAA T L
WAL 2 —F AR LS5 L TEK L 7o
(i) 7077 LDFERK
37 ut anes vty FIFHL 72 SPARClite & AHatEDH 5 SPARC
HoTxy7 ) EiEcrT vr 7 6% Vi3 5%, 7 7 A 1441 BT ROM.s
&3 %, (49)
i) 7T
IRICHIFFRZE1CH 5 SUN D Solaris ICBENWTT mE a7 mty 4 L H
HathnH b 2 v A FT VB L B e T2y 7 Z T N A F Y a—
F 2R T 5,

% as -o BT_ROM BT_ROM.s

(i) 7T
I NN A FY 2 —F & =2 —F Sl b 7 — 2 flgiR ERE
B HZLOT, CONAFY a—F 7wy 7 AL a—F i
J %7 7 A4 (BT_ROM.dis: [}410) ICHiHiF 5,

% dis BT_ROM > BT_ROM.dis

(iv) ROM ~DIEHAHA
(a) BT_ROM
(iif) T E Nz = —F % VADL 7 7 £ 4 (BT_ROM.vhd: [ 11)
[CROM & L T8 E vy MEFDHDAALTHL,
(b) SEC_ROM
(iii) THIH S /e 2 —F % VHDL 7 7 A A (SEC_ROM.vhd: [X12)
(CROM & LT32 Ey MEFOHDAL TV,

3.4.4 77— EIFKOKRIE
PlbEodEtckh Ferarn e oty %27 — 1 X435, EFFINEG5
@L)LT@J: 6 Kgﬁg‘l—tfto
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0:
set INIT_PSR, %00 4
mov %00, %psr 8:
set INIT_WIM, %00 )
mov %00, %wim ¢
set INIT_TBR, %00 10:
mov %00, %tbr 14:
10:

9: BT_ROM.s

11 02 40 00
90 12 20 c7
81 8a 00 00
90102001
8192 00 00
1118 00 00
81 9a 00 00

sethi
or
wr
mov
wr
sethi

wr

%hi (0x90000000), %00
%00, 0xc7, %00

%00, %g0, %psr

1, %00

%00, %g0, %wim

%hi (0x60000000), %00
%00, %g0, %tbr

10: BT_ROM.dis

BT_ROM_WORD'(x"11"), BT_ROM_WORD'(x"02")
BT_ROM_WORD'(x"40"), BT_ROM_WORD'(x"00")
BT_ROM_WORD'(x"81"), BT_ROM_WORD'(x"8a")
BT_ROM_WORD'(x"00"), BT_ROM_WORD'(x"00")
BT_ROM_WORD'(x"90"), BT_ROM_WORD'(x"10")
BT_ROM_WORD'(x"20"), BT_ROM_WORD'(x"10")

constant BT_ROM_DATA: BT_ROM := BT_ROM_RABLE(

11: BT_ROM.vhd

constant SEC_ROM_DATA: SEC_ROM := SEC_ROM_RABLE'(
SEC_ROM_WORD'(x"11024000"), SEC_ROM_WORD'(x"901220c7")
SEC_ROM_WORD'(x"818a0000"), SEC_ROM_WORD'(x"90102001")
SEC_ROM_WORD'(x"81920000"), SEC_ROM_WORD'(x"11180000")

12: SEC_ROM.vhd
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CS0 BT.ROM 255t hEi 50 B DELRNARLKFEL VX ZDFRETH
5o CSOICBHLTT 744+ TER V2 A Ao TWERNELT 4 —%
3V AP, BEUNBLT 4 —RBEHLAWE S CGEET %, SCicuh
R7zT R VRZEE L CS L OB ERET Do £ LTCS AX—T L% F v
IC LT CS ZFHRIREICRE T b0 TNOLDOUNHEIKZ 5 &7 — b FHED
b CS1 DIERFINE Y v v T T 5,

CS1 SEC_ROM 255iA ¥ %, 32 €y P NZRE—F TEWET % S DN
iE RAM I LT ICSO~Y v v 7L ] L nsmszrEE AL, C
DA Z 5 & C2 DERFI~NE Y ¥ v T T 5,

CS2 RAM 255iAEN 5, 32 By b NRE—F TEWET 5, [CS0 DRI~
Crx v 7] LIS RETIIL. CS0 DRFINY v T T B,

CNIC _EICiX FPGA NDEFA2 XX =7 CT& dim-3EfHInTesh, £
CREBETLCETT ot an « S ety YOBWESIHEGETE 5, BRI
X_CS0, X_CS1, X.CS2 #u ¥y 7 TFH I AH LMHEN B HERR CHBIER L 7o [X
13 DEHICEH T, X_CS(0), X_CS(1), X_CS(2) ZH.% &, €S0 — CS1 — €S2
—CS0 — ... L VWOV IR LR CTE2DT, vt an-F atky $p40
Z ERRZE D IKCEWEL TV 5 C & 2HEDD b,

CLE vy |
¥_AS % 1 1 TITITIII T T N T T T T T T T T T T T T T T T T T T AT AT T
I HERDY X 11 LLLLL TINTHT
ADE(Z) + 1 1 UL Ui U U U U LU LU UL L,
ADR(AY 1 1 1 Lo w0 o U W U i W L e e
ADRC4 ) 1 o0 i ugruames —urrrowr Crwr rml r
F_0500y E O 0 i it
iLec1y 211 LIMAMLI LM
1 | 1 | 1 | 1 | ] |
mzl 0.10 0.12 ' 0.14 Q.16 ' 0.14
a0etzy 211 T T

B13: vy 7 TFTFAHF
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3.5 YvJ0OF+FASRAM 1 v 497 x—ARANDKET

CNIC ZNM LY E—t AEY T7vZHFCIE, 7abar T oty 458
TR ULREBHR I U D ETD6xRT w7 7 LT TFTD70IC, KEEH»D
B AEY BLETH D, 7cH// —F DAL v AEY ONE% CNIC _LEIC
Fyy va L TELFEEDLE LA D,

L7235 Ty 7 — [T FPGA RICERET L 72 RAM b D ICSSRAM T
XN A E CacheZ 7 rran T rty b T 7R TELLX5CT5
VERH L, 2 TTrbarerFawyh b v 7aFASRAM DA v &
7z —AkKFT Do

3.5.1 FTLHEMR
T3, BIAERORE OB %3] 14 IR T

FPGA
X_GW X_CE Ly aFR
ACCESS_SSRA SRAM
SSRAM X_RDY_BUF .
CEN_X_RDY
== X_RDY_BUF X_READY
A
D_OBUFO
32 ADR_| BUF 8
D-FF —» BT_ROM > 82
3 ' L D-FF »| DATA
SEC_ROM 32
. D OBUF1 /f X_CS 6 v
JSakar
TatyH
X BE 2 I
7
30 ADDR

M14: 7aeraresFaotwyH DL vy 7a2FZXASRAM s [ VX7 2 —X

e OO -7TOtYH
25MHz DoNZ 7 vy 7 CHVEXE S, TDDY v 7 7rFXSRAM F
KR EDT 7 2 A EH R A D THUCFEIAX & 5 728 25MHz TEIVE
¢ b,
e 70+ ASRAM
TarareTaokyFOAfr AEY, CS2ICEHD 24T S, 50MHz T
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EIRICEWET %,
¢ ROM
7 — } [ElFEE . BT_ROM & SEC_ROM @ 2 D% FPGA NICFRETT %,
1. BT_.ROM
CSo IcEIY 4T3,
2. SEC_ROM
CS1 Y 4T3,
o X_READY 4 Ep
CS1 ~DT 7 2% BHNIL . X READY 5% KT %,
o YU OFASRAMT7T 7+ AEB
FPGA NICEETT 5, CS2~DT 7 2 ZZBENL , & v 7 2F ZASRAM
CHLTY —F, FA 2R TDEEDIC, ZDRRICT ar arnT mty
P LTTH—+ 35 X READY B35 %4 T 5, v 7 2F X SRAM
([C[FIHAS % 728 50MHz TEWET 5o

3.5.2 FPGA D&&:t
RICEET L BTGy DN 7 — b BI85 DZEFED B - 2 ERGHC O WTEHT 5,6
1. READY 48
GEN_X_RDY C(S1~D7 7RI LTXREADY %HERLT 3ER5C
Hbo 7— 1Al & FIEDOBREEITS o 72721 S0 b S1 ~DBEBED
FCENSMEE "X AS = 0" and X_CS1 =07 TH %,
2. v 0FZXSRAMT7 7 & 288
ACCESS SSRAM (S2~DT 7 RICEE L, ¥ v 7 2F % SRAM IC
XL TX_GW, X_OF Ofillfl% 175, FRfICT rE 2L« 7 vty $IC
%425 X READY O HF75 0 X GW [T v 7 B F X SRAM ~D
WRITE, X_OE (Z READ O#RIClibiLd,
RDWR 231’ D & & [ READ TH D | F2 DAREEERE & %79 6
RDWR 280’ D & &1 WRITE TH 0 | 3 DIRAEER & HT1%175 6
FREICIIRAE ST IC 3 \»T RDWR OHIE R FT\~ . IREE S2 ~DEBERET
T B REEBBELE T vy 7OVLH FA ) CTf b b,
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th
IRRAE | KIKRE
X_GW | X_OE | X_READY

S1 (1
SO ( ) 1 1 1

S0 (2)
S1 S2 1 1 1
32 S3 1 0 1
S3 S4 1 0 0
S4 S0 1 0 0

(1) X_AS =0’ and X.CS2 =0’ D & &
(2) (1) Lo & &

2 2: ACCESS_SSRAM (READ)

H
KA | KRR &
X.GW | X_.OE | X_READY
S1 (1
S0 Q) 1 1 1
S0 (2)
S1 52 1 1 1
S2 S3 0 1 0
S3 S4 1 1 0
S4 S0 1 1 1

(1) X_AS =0’ and X_CS2 ="0° D & ¥
(2) (1) Do & &

#£3: ACCESS_SSRAM (WRITE)

3. 1% 7 1—X# (INTERFACE)
BREYHHEHIE L, 7ot ar 7oty D[ v 27 2—2 %
475,
o NYTT
D_OBUF 7 —Z2oHiJ)Ny 7 7. BT ROM, SEC_ROM 2>bDHIT]
F—Z2DNy 7 7 ENEI, D.OBUF0, D OBUF1 23553 %0
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X_RDY_BUF, SSRAM_X_RDY_BUF ZHZFHGENXRDY &
ACCESS_SSRAM IC X > THE & 117z X READY & 1% 24 <
TeDODNRy T 7,

o 19 71—2R

7N LZX READBT.ROM~®OTF L ZX{EADRIBUF ® M0 & v
s HA bt T 50 — /4« READ_SEC_ROM ~D T K L X% 32
By MEADTII2 By b B3BE RV, L >THMIE3 Ey
~ HbEHTT %0

F—% D.OBUF 2»b7 —Z~"Z2~OHFE, RDWR 251 D & &3
53 % X_CS 230 TH 5 D.OBUF %7 — 211425, RDWR
0 DL EFT — ZANZA~OHHEAAL v E—F v 2T 5,

L5 4 — XRDY_BUF, SSRAM_X_RDY_BUF %% Z# %4 CS1 =
0,02="0D¢&, 7ay 7O b EHRDTXREADY & LT
HHd 2, 2NN DOEEE. X READY & LTV 2HH¥ %,

3.5.3 Yv70FXASRAMA v ¥ 7 =— ADIREE

PlEodkGtcEh 7 eran T oty %7 —r X5, A0EIEROM D
Tar I L k200G Lk 70541 T —F Ly v 7 vFXSRAM
CTF— 2 %EE A IRCT 07T 52T —F LENEFIHATC EICL o
& CS ICHENTHEFTINEMHRLELTD L5 IKEET Lo

o JOVJ L1

CS0 BT_ROM 255¢A %415 . B ONRITT — b A& L [F] U ARy
TEEKZLD ET— M EED D CS1 DERPINE Py v 7 5,

CS1 SEC_ROM z255¢A g5, an DNAIE CS2 KL T [ CS1 @
BRI ¥ v T L | LS EEEAL. CONEEKZ S ET
AN e (v—7") IKBfTT %,

CS2 ¥ v/ rFXSRAM ICEHD HTHLN TS, CS1 BT A
XoTrF—20nFEEAEN5,

o 7OV L2
CS0 BT_ROM 255 AE N5, B ONRIET w7 I 41 L[FL, &5
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WELRKZ D &7 — L IO CS1 DRFI~NE v v T 5,

CS1 SEC_ROM 255t AEMN 5. CS2 DERAINE Y+ v T 5,

CS2 v 7 rFASRAM ONEDFHAENDE 7 R 7 T L1 TRRES
Nk [CS1 DRFINY v v T E X LS MErFfTii, CS1 O
R~Tx v 735,

TrbrareFety 3T —LERE, e JL20nwTeYy 7T F
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