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I8 as o a aa ] q’: ‘o I'd ay vy ]
mi‘lfiﬁaﬂﬂ’w?ﬁmi‘lfiﬂﬁﬂﬂ\iﬂ {1 g 35904 Otsu ﬂ'ﬂil'lﬂuu’)tﬂi'l:'ﬂNﬂﬂulﬂﬂ’wﬂ'liﬂ1ﬂ'l
o o

- A o’: a 't P= | u’;’ -y
Gradient IRA8U8IA NN 1aWSaune 39150109407 doifu NSBuNUAUBUULUUINIINTINON

aunsonannae 11
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2.1 M

UNN 2

Todiues  TMS320C31 QAT ILAZDONLLLLUNOADLAUBIAIWABINITNIAIUMS

g a Jo’:
Uszunanauuiuguvesndiamanssugaasmsudilyninie hard ware uag  software

UszAnEnmougaves TMS 320C31 nannanuutiveutazaundema lawiinvesdn

fAudamanaiioy iniloanudvuialvg msdiamuuvyuuiazil DMA Controller (WD

o Aa a a 5
msmnunldseansnmunau

Program
Cache
(64x32)

RAM Block 0
(1IKx 32)

RAM Block 1
(1Kx 32)

g U

m”;”-%_cuﬁﬁ

RW
D31-0 8
RESET g«
——b
INT30 Integer/ Integer/ Address Generators
TACR p Floating-Point Floating-Point
% Multiplier ALU Control Reglsters
XF1-0 «—\H 3 Extended-Precision
X1 ———
lec\l/_KlN — Addtmo Addms1
DD —>
Vss —» 8 Auxiliary Registers
| 12 Control Registers

31U 2.1 uamsaorilaonssuvesleFiues T™S 32003X

aonilaonssy T™S 320C31 Uszneudioaiuas o dawd

[

o

o

N

E4
=)
H




2.2 vhelszaawanala (CPU)

nuwdszunananazilsznou ludqe

2.2.1 ¥IWNIZINM3YY ( Multiplier )

Ivhilumsga uazamnsogais iy 24 on uazdwauneiion 32 dnlaldiom
Wes 1 50U Famssunasmaunsionz1Fion 5o ns deseu uazamsoilszuanauuy
vun Riefezivanuamnsalunsssunanadoya  Tavldmdaumuvnulihmsgu
wazmshauves ALU mwlunilasoy

24 . o 3 a a =1 Y =1 a v Ja b =1
1D multiplier NINITATUIUNANYY auvgww“l‘mzwum 321Un uazwaa‘ww"lmzmmﬂ

4

a 3 o o d a a [
40 Un Llﬂf,h multiplier mmsgmmmumuauvgmzﬁmmmﬁm 24 UN LLﬁZ%S‘lﬁlNﬁﬁWﬁﬂlu'lﬂ

32 0N

o a d
2.2.2 HHWAMUIUNMIANAFANS ( Arithmetic Logic Unit (ALU) )
Tu 1 soumsnnuYed ALU axdszuianas uawanld 32 Inuaznaion'ld 40 9n Tav

o o @ P

HadWs9 N ALU densfivuia 32 9n dufludwaudy uag 40 Indruihunstiion barrel shifter
o 9 A 9 a o’: v o
winihilumaideudeya 32 in M3 dronazyalu 1 sovvesmsiam
tiamelu ( CPUI/CPU2 waz REGI/REG? ) seiiludimidoyaiissrinnilsyunana 2 &
Vv
nIMeANE wazdn 2 MeNsimaes AuiuisamnsomInsga VN WIBALULLVUIY

14 Tu 1 seumsiau

2.2.3 MY IVANOUMIANAMAAT ( Auxiliary Register Arithmetic Unit (ARAUs))
ARAUS {is3amesnelumsmammvinuiudagatios ALU Tas ARAUs 9 2
A7fie ARAUO 1az ARAUI ARAU szansaiuiioaasa’ld 2 ueamsalu 1 soumsiem

A b v o ] '
woldlunmsoedumianyuaie

3
2.2.4 59mA03 ( CPU Register File )
A J o & o A /> v a4

Tu TMS320C31 ICUIIANDIDY 28 A HINSINY CPU Tﬂﬂ TVNADINIY DU AIUIL
o [V L. @ Y A o S a Y ' <
NI UNY multiplier 110 ALU LLﬁ%UQﬁ']M']Sﬂi‘BLW'EJ'JﬂQﬂiS’d\‘lﬂﬂ‘u'ﬂﬂﬂ'flﬂ auw'lsﬂmu
aa 4 ' dydﬂl = o a " ] ° [ o = @ o
S%ﬁm@ilﬁa'luﬂﬂﬂllﬂﬁ'l‘n?‘llﬂﬂU']QﬂU'N?’{'JU YU l%ﬁ'l‘ﬂi‘lJﬂ'lin'N']UlﬂU'Jﬂ‘Uil'lu')ulﬁﬂJ

a A Jd s 3 :,' v @ s o
NAUYY LDTIVITINDIYIY ( Auxiliary register ) N4 8 aadalFlunisdraeaasaiuy indirect

. 5 Y aa S A ° Y A o ' ' 9
addressmg register MY 5ﬂﬁlﬂﬂiV]lﬂaﬂﬂzﬂ’]ﬂuﬁlﬂlﬂﬂ?ﬂUi:U‘Uﬁ'N"‘] YU NITIDIUDALATE NI



[ P @ L4 a dou o A
VANITNYINVLUAAA ( stack) ﬂ'li‘U@ﬂﬁﬂ'lugilﬂQIﬂﬂ“HﬁL“ﬁﬂﬁ NIDUIADITING LLASNITILADDU

9 Y = A ' A o Y ~ @ [
U]Uﬂlﬂgﬁlﬂunaaﬂ PFOAN] VDITVAADILATHUINUDINULTAIAIANITN 2.1

o 1o < a a
2.2.4.1 exten-precision register (R7-R0) A5 lMAVAMIIUIMAN 32 T taznaAtoy
a g a A 1Y o I A A o ° d A a
40 1% Tawazinumasluing 0-39 uAMSIMIUANUUVIATDINLBAILINMSINVN TN 0-31
damiinh 32-39 vz 11y
v
2.2.4.2 auxilairy register (AR7-ARO) : 9214 1av CPU uazgnatufgulay ARAU 13
@ Y [ vyq Y 1 a g v @ A Y A 2 a v W
2 @2 mihusnve AR Gl lrammnudaniulumsiugiusess lanenudue nneIiua
TaAmanasiay ALU
2243 data page pointer (DP) : @2U33enansu11a 32 Uin Taoi 8 dnusn wgnldlu
v . - & slﬂ a s . @ 9 '
NIIDNBDAAT LUV direct addressing mode a5 1l i ( pointer ) T&anih ( page ) AN
yoadoya
v
2244  index register (IRO,IR1) : 23gnl¥las ARAU lumsinumwesasiiluns
1AM I (indexed address )
¢ f
2.2.4.5 block size register (BK) : 3v11a 32 Ny ARAU vz 1¥lumsdraeamsauuy
o X ) A o g 4 Y]
INY circular addressing mmﬂuﬁ'Jmmwewmmmuaannaga
A a A 1
2.2.4.6 system stack pointer (SP) : {3 deansv11A 32 Un Fuumveoansaves
a Ay @ 9 2 =3 U ° ' a
veavoaudnn Tauilnd SP az¥ lildsnrgamoedegrinueguuuaan ms PUSH agnszii noun
INUAIUD SP 1ATMS POP MaIN15ana1ved SP Mmdaneeiiauny SP 1afe interrupts,
traps, returns, PUSH (1&g POP
. e P ) ' P '
2247 status register (ST) : 1S daumesmnudoyaniag Audasaniuzyes CPU iU
' 4 o  da ° a '
Aee flag Favzudasdmuzyowadnsh ldvinmsinnumensiamans 1 1y qud au
984 IUHINMIAUIUNIABINAWY
2.2.4.8 CPU/DMA interrupt enable register (IE) : iu33auaosvuna 32 in 14dmsy
o = ay a v d < Qy a a
Msmvuamsduuuiadumesswaves CPU Tasmsduuniiaves CPU 32194 0-10 uaz
< 2 ya_ o g < i a 2
mMsvuuudaves DMA wlfini 16-26 “1” silumsduunia uaz “0” szilumsamera
0 A L
2.2.4.9 1/0O Flage register (IOF) : Lﬂui‘aamaﬂumimm]um XFO ttag XF1
2.2.4.10 repeat counter (RC) : 1u33enaosvuia 32 inldifuarvesduaumimse
° o’: o 9 & o oy A d o o ¥
IUIUATIVEIVADNTBYAFIgNNTII e T simaes i luInuavesmsnseilude

v
y,aci’n ( repeat mode ) repeat star address register (RS) FmAesvuIa 32 0 %Qﬂi‘i’ﬂumilﬁn



I o P

2 _ 4
oS s UAUVBILADNTaYaNvgNnIZIIH 1AL repeat end address register (RE) : uilu

Y
v

At a o =& o o
SImAT LA 32 TN MzQRIRLLBAIAS AEATEVBIUABN DY FIZYNNTZIIH

A I3 a & g o w
2.2.4.11 program counter (PC) : LﬂuiﬂﬁlﬂﬂﬁﬂluM 32 UN BUNUUDAATTUDIAITINIG

gminneu Mdada ly

a & Y A P o
AITNN 2.1 YOUASHUINAEG ﬂlﬂﬂiﬂﬁlﬁﬂ{lu CPU

Register Name Assigned Function
RO Extended-precision register o
R1 Extended-precision register 1
1;:32 Extended-precision register 2
R4 Extended-precision register 3
RS Extended-precision register 4
R6 Extended-precision register s
R7 Extended-precision register 6
Extended-precision register 7
ARo Auxiliary register o
ARi Auxiliary register 1
AR2 Auxiliary register 2
AR3 Auxiliary register 3
AR4 Auxiliary register 4
ARs Auxiliary register s
ARe Auxiliary register 6
AR7 Auxiliary register 7
DP Data-page pointer
IRo Index register o
IRy Index register i
BK Block-size register
SP System-stack pointer
ST Status register
IE CPU/DMA interrupt-enable
IF CPU interrupt flag
IOF 1/0 flag
RS Repeat start-address
RE Repeat end-address
RC Repeat counter
PC Program counter




RAM RaM | [ “HoM™ ]

Program Counter/
Instruction Register CPU Controller

m Available on TMS320C30

31 2.2 uaraamitenamiweslofiues TMS 320C31

v o 4 7
2.3 18NN (Memory Organization)
NUIWAIUITUO9 TMS320 C31 92UYUIA 16M Uzl vUIAYDY 1 word 1M1 U 321N Taw
' ° dy Yo $ a a o .’,’ J @ a
Tumireanuditez ldnulysunsudoye uaznisdunn ey aniumuesdulsedns

Ed
Tsunsun3edaya awgninulésis RAM uaz ROM

2.3.1 43, 593 (RAM ,ROM )

7107 2.2 szuaasmsamizsanuimelu T™s 320031 Taousuezutisesnilu uien o
uag 1 Feasinunaudenas 1K x 32 1102 ROM 92814170 4K x 32 9 RAM 1122 ROM a1150
eih1918Tas cPU 2 afalu 1 seuveamshan IddnTun s AfiTaves Tulsuunsunondu
uazifaued DMA uoniu M limsemldsunsy msemnazmsi@oudoya nse msninu
94 DMA fiaunsavheamauuvu'1d

2.3.2 @1519%UBA1INST (Memory Maps )

minmiwﬂamﬁwﬂzﬁuagﬁudwﬂx‘lﬁiﬂsWﬁwa{ﬂszmawaﬁlu‘lmmm"l:uiﬂﬂﬂmm
wos uie lulasnonitame ualulassandive 1 Tusimmseiilszunanalu TnuavesluTns
Tsimans uansdegit 23 luuemmsail 800000k e 80IFFFh vzgnlddmiy

£ o o =
expansion bus #9zgnitndeldTaolWdyann / MSTRB uenfW uoaAsa  80200h UM



803FFFh 92 li19uemnsaii 80400 {13 80SFFFh 92148 1M3u expansion bus Faszgaiin 1w
e laol¥dayann 10STRB tendw uoAAsa 80600h 14 807FFFh vz hildmng Fimnedae
agilueaIAs e 80800h §19 8097FFh RAM 0N 0 9z0gii 809800h i1 809BFFh 1oz Ufion 1 92
oyl 809C00h §13 809FFh 118AIATE 80A00h YUl OFFFFEFh 9214 Tavginssimuuen (il
Toyey 194 /STRB toaan )
2.3.3 Tﬂmmmmsé'nuemma ( Memory Address Modes )
TMS 320C31 9guia Inuavesmsorueamsasonilu 5 ngu Tavii Tnuanisdraeamse
Wanun 6 vy §afi
2.3.3.1 General addressing mode
1). Register: AuAIMeziius CPU S anoT
2). Short immediate : mhuAIAMIzTUmMT TnanTaoasavna 16 in
vnfd
3). Direct : fitaNAUInIEgIRDog IR UM FaTuoamsaving 24 Tin
werasogluid

aa ' =]
4). Indirect : 3VAIABITIVIZINVLOAATAVDITBYA

Oh [ Roset, Interrupt, Trap Vectors,
and Reserved Locations (162)
03Fh (External STRE Active)
040h
External
STRB Active
7FFFFFh
800000h
Reserved
(32K Words)
807FFFh
808000h
Peripheral Bus
Memory-Mapped
Registers
0097FFh (6K Words Internal)
809800h
RAM Block 0
(1K Word Internal)
B809BFFh
809C00h
RAM Block 1 809FC1h
(1K Word Internal)
and Trap Branches
(63 Words Internal)
BO9FFFh BOOFFFh
80A000h 80A000h =
STRE Active FEFOD0h STRB
FFFFFFh FFFFFFh Adive
(a) Microprocessor Mode (b) Microcomputer/Boot Loader Mode

3UM 2.3 uaaamsianttonnuiives led TMS 320C31
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2.3.3.2 Three-operand addressing mode :
1). Register
2). Indirect
2.3.3.3 Parallel addressing mode :
1). Register : ‘i’fm,;mxagflu extended-precision register
2). Indirect
2.3.3.4 Long-immediate addressing mode :
). Long-immediate : Yoyavzifludii InaaTaoassvuna 24 iin NN
2.3.3.5 Conditional branch addressing mode :
1). Register

2). PC-relative : MANINTOIMWIBYUIA 16 TN 3QnUINAUATIY PC

2.4 Vamely ( Internal Bus Operation )

v

forndnasenmsnitauns TMS 320031 Aensiiliameluuagausadszulanauuy
vuns185aTilsunsufluonfu ( PADDR oz PDATA ) fadeyofiusniu ( DADDRI,
DADDR2 10z DDATA ) agiid DMA fiuonsiu ( DMAADDR Lidg DMADATA ) i
asahmsysznanaiuunn g Samdimnsode fumizenamimely mia
anwinouen wie gUnssineuendug jUfi 2.2 szurasniseiadie i

PC 92QnABayi PADDR (%11 24 0 ) IR 4¥A00gi PDATA (wi1A 32 1in ) daria
maiiannsasmdds NN9) IBUVBIMITNINIY

DADDRI 12 DADDR2 (4110 24 17 ) uaz DDATA (4110 32 10 ) 914 lunsdane
fumileanuilunngsevveesnstia DDATA v 1dlunmsdsdoya s cPU Tavsuiia
CPU1 uag CPU2 1@ CPUI uaz CPU2 @1u1sadedoyaa1nnuion1udl 2 doyaluds
Multiplier ALU 1ag33a1a03 lunna 5004993511914 wennniinivlu cPU ivaismnes
REG! uag REG2 #419lumsmdoya 2 menisaimes 11é Multiplier uaz ALU Tuynq sou
m3vamgUii 2.2 uaastianiolumiae DMA Controller 9214 DMAADDR (w1924 fin oz

b4
DMADATA (9u1Q 32 Un )IﬂU‘lJﬁmﬁ”luﬁﬂﬁ DMA 211135 0AAADNUNUIIANNI MU VUYUIU

]
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2.5 vameuen ( External Bus Operation )

wisaNuiwazglnsainouenasadumesIany TMS 320C31 14 2 mafie N
Primary bus expansion bus N1381Ae fafuMwaANuimsegUnssimeuenifinnuiih
A1 TMS 320C31 9 @p iy Wait state 19111 Tave fun13n2uauuoe memory mapped control
register LA A YYI1DI9INNIYUDN primary bus VYU IAVD data bus 32 1IN, address bus 24 1N
Ll control signal on 1 A expansion bus 1UU1A data bus 32 U, address bus 13 U Liagcontrol
signal 9 1 %ﬂiﬂﬂﬁﬁ“ﬁdﬁ@d annsognaunu 18Taoms 19Talsunsu ( Software ) dsanuuaz

ﬁmmmmmumﬂmﬂuaﬂ

Register Peripheral
Address
Expansion-Bus Control (see subsection 7.1.2)t 808060h
Reserved 808061h
Reserved 808062h
Reserved 808063h
Primary-Bus Control (see subsection 7.1.1) 808064h
Reserved 808065h
Reserved 808066h
Reserved 508067h
Reserved 808068h
Reserved 808069h
Reserved 80806Ah
Reserved 80806Bh
Reserved 80806Ch
Reserved 80806Dh
Reserved B0OBOGEh
Reserved B0OBO6Fh
T Reserved on the TMS320C31

gﬂ‘ﬁ 2.4 memory-mapped external Interface control register

o Y =2 Y Y o
gunsaineusnasaidineld laons19dyy1a /STRB/MSTRB 1az 10STRB 1ay

@

doynyr1o /STRB 92 191319A© 9015 primary bus @24 expansion bus 3z @ 11150 15911 1d Tay
2 UL AD

D). M3 14 memory @139 18 1A 1% /MSTRB 111 0 Tas /MSTRB 92319393501
MIMUmilouny /STRB
2). gilnsaimouenawnsad 1918 Ty I¥ dayaa 10STRB 1 0

primary bus L0 expansion bus 323 control register ﬁdgﬂﬁ 2.5



31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

15 14 13 12 11 10 9 8 T4 8 5 4 3 2 1 [¢]
[xx |xx| xx[ BNKCMP | WTCNT | sSWwW IHIZINOHOLqHOLDSTI
R/W RW RW RW RW R/W R/W R'W RW RIW RW  R/W R

NOTE: xx = reserved bit, read as 0.
R =read, W = write.

= ) .
3‘1]11 2.5 primary bus control register

3190 2.2 Laaantinnag ) YD primary bus control register

Bit Name Reset Value Function

0 HOLDST xt Hold status bit. This bit signals whether the port is being held
(HOLDST = 1) or is not being held (HOLDST = 0). This status bit is valid
whether the port has been heid via hardware or software.

1 NOHOLD 0 Port hold signal. NOHOLD allows or disallows the port to be held by an
external HOLD signal. When NOHOLD = 1, the TMS320C3x takes over
the external bus and controls it, regardless of serviced or pending re-
quests by external devices. No hold acknowledge (FIZ)T.'ISE)e is asserted
when a is received. However, it is asserted if an internal hold is
generated (HIZ = 1). NOHOLD is set to 0 at reset.

2 HIZ 0 Internal hold. When set (Hl_Za%). the port is put in hold mode. This Is
equivalent to the external Hi signal. By forcing a high-impedance
condition, the TMS320C3x can relinquish the external memory port
through software. HOLDA goes low when the port is placed in the
high-impedance state. HIZ is set to 0 at reset.

4-3 Sww 1 Software wait mode. In conjunction with WTCNT, this two-bit field de-
fines the mode of wait-state generation. It Is set to 1 1 at reset.
7-5  WICNT m Software wait mode. This three-bit field specifies the number of cycles

to use when in software wait mode for the generation of internal wait
states. The range is 0 (WTCNT =000) to 7 (WTCNT=1 1 1) H1/H3
cycles. Itissetto 1 1 1 atreset.

12-8 10000 Bank compare. This five-bit field specifies the number of MSBs of the
BNKCMP address to be used to define the bank size. It is setto 1 0 0 0 0 at reset.
31-13 Reserved 00 Read as 0.
tx=00r1

control register U9 primary bus 3UYUIA 32 TN ALFUN 2.5 1AZAI519 2.2

control register U89 expansion bus iUUIA 32 TN Gqfﬁgﬂ'ﬁ 2.6 LOEZMIT NN 2.3

r 4 (-] 5 4 3

R/W R/W R/W R/W R/W

NOTE: »xx = reserved bit, read as O.
R = read, W = write.

3‘[]‘7] 2.6 expansion bus control register
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M3 2.3 HAAINTINNA1 €] Y3 expansion bus control register

Reset

Bit Name Value Function

2-0 Reserved 000 Read as 0.

43 Sww 1 Software wait-state generation. In conjunction with the WTCNT, this
two-bit field defines the mode of walt-state generation. It is setto 1 1
at reset.

7-5 WTCNT 1 Software wait mode. This three-bit field specifies the number of cycles
to use when in software wait mode for the generation of internal wait
states. The range is 0 (WTCNT =000) to 7 (WTCNT =11 1) H1/H3
clock cycles. ltis setto 1 1 1 at reset.

31-8 Reserved 0-0 Read as 0.

NN Ns'e'mﬂuaaﬁtynuntuuumuﬁmzifuagﬁuﬁmigmmﬁm H1 Tay 1 s0UV0S HI 3Y
funnveuviasuieuvintvesgniall dmiumsvamnuuaaws wiui (Aeluld
wait state ) Tumsdoudoyasg 14iha 2 seuves Hi wozmissmdeyaszls 1 souves Hi ug
Hmseudeyanssirennmdimsidoudeyamssudeyasy1$iom 2 souves H1 Fandn
N9 {‘:‘ﬂxcl‘ffmlﬁs]“'ﬁﬂﬁ’n primary bus {18 expansion bus ( lﬁﬂi% /MSTRB )

gmsdoudoyadiunmsnszinelu Tavhilinssumesmaiugunsainiouen (fems
14910 CPU 1az DMA ) 2330uveanisiliondoyasz 1difius 1 sevves Hi wimi

Fayny0 /MSTRB uay /STRB wzueaanfiaaiuz 0 dmiumseimnaznis@oudoyaly
yarfianzaeundaveanisuonanyes /MSTRB oz /STRB lunsifoudeyaszdl tansion
cycle U949 H1 1152194 transion cycle N

1). /MSTRB Wtaz /STRB iiluaainie high
2). ORW szisuaonziiveuniuves Hl
3) duiluamuzvesmsiBoudeyn address senlionaoziveuuiuves HI uaz

duiluamuzuoamserudoya address 9z1/dsunveuyiaves Hi

2.6 sTVUAAANDMBUDN ( Peripherals )

gUnsalnwueniiaadedy TMS 320c31 szaauqu Tasiumiasauiludwmiia
8097FFh §4 808000h TafidadefugUnsain1wueny3o peripheral bus vz iadoyavuia 32
U0 uazlia ueANITAYUIA 24 1N

M5AARBAITUBNITHIN timer 2 A2 UAzWOIAOYNIY 2§ 307 2.7 vzuaasiauazn

o ' a S a - 4
wanuae nugdnsainldlumsaadenugilnsaimeuen



14

Serlal Port 0
Port Control Register | [ FSX0
~ —4—»— DX0
R/X Timer Reglster o
Data Transmit Register | [~¢—>— FSR0
-4—>— DRO
Data Receive Register 0
V r - A l I r
;;//,s-ﬂu 500777 D
/j/LL§¢/j1¢¢/ f<4—>— DX1
V }e—— cLixi
%
) ek
ransmit %%
/zz;x;;xf/ /;*—b— DR1
[/ ata Reosive Realétar 7/ e cLKR1
PIIIVIIY I P
Timer 0
Global Control Register
Timer Period Register = TOo
Timer Counter Register
Timer 1
Global Control Register
—4—>— TCLK1
Timer Period Register
Timer Counter Register

[////]  Available on TMS320C30

31]‘7! 2.7 peripheral module

¥ ),
2.7 szuueloutaya ( Direct Memory Access (DMA) )
a & ' A A o 1 o
TMS 320C31 9231 DMA controller 011U Faansaomnsodouas 1l ludumisleq o
v
18 vuntdeanui Tas'lildansiiauved CPU el TMS 320C31 3@ 115 nAaaen
' ° o 3 Yy a 1w s '
wiwanuiImeueniiinnuist 18 uazannsaaadenuginsainiousn Taglildsuniu
NNIN1IUVDS CPU
DMA controller 9 ¢ 3 address generator , source register , destination register 1L @ & transfer
P A @ E £ o o b4 o '
counter N159 DMA fitiadoyauaziaueamsaiuvesdnes sz ldnisiiouezlaily
SUAIUMIMUYEI CPU MIN1uued DMA sxvimstodeyaiilundennSeiiio 1 word

Tasmineanuimieriesnuainnuieanud 31 2.7 uaas DMA controller
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DMA Controller

Global Control Register

Source Address Register

Destination Address Register

Transfer Counter Register

gﬂﬁ 2.8 DMA controller

v ¥
o

2.8 MFIMBWDAUBHYA
o n'l -~ o c‘l d”é o ::/ =
ﬂ]ﬁﬂﬂlﬂqvlﬂqﬂﬂﬂ{TMS 320C31 t"flum'mm‘ymamwuuam&ﬂummmww‘uaﬂ‘am

£ o v o @ i
AsERA TMS 320C3x Fa1lsznenlddromdawusssuaiuimdauuyvuiu fwzilding

§3 2o g BLLL o A
ﬂizmawaﬁﬁwummmmﬂ SUTAIAIATITINN 2.4



A15197 2.4 UAAIRIFIAN 9 ¥ee lod TMS 320C31
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Mnemonic Description Operation
ABSF Absolute value of a floating-point number — Jsrcj = Rn
ABSI Absolute value of an integer - |srcf = Dreg
ADDC Add integers with carry src + Dreg + C — Dreg
ADDC3 Add integers with carry (3 operand) srel + sre2 + C — Dreg-
ADDF Add floating-point values src+ Rn—+Rn
ADDF3 Add floating-point values (3 operand) srel + src2 -~ Rn
ADDI Add integers src + Dreg — Dreg
ADDI3 Add integers (3 operand) sret + src2 + — Dreg
AND Bitwise logical AND Dreg AND src — Dreg
AND3 Bitwise logical AND (3 operand) src1 AND sre2 — Dreg
ANDN Bitwise logical AND with complement Dreg AND sr¢ — Dreg
ANDN3 Bitwise logical ANDN (3 operand) src1 AND sre2 — Dreg
ASH Arithmetic shift If count = 0:
(Shmed Dreg left by count) — Dreg
(Shiﬂed Dreg right by jeount)) — Dreg
ASH3 Arithmetic shift (3 operand) If count = O:
(Shmed sre left by count) — Dreg
(Shﬂted sreright by [count]) — Drag
Beond Branch conditionally (standard) if cond = true:
i Csrcis a register, Csrc— PC
i Csrcis a value, Csrc + PC — PC
Else, PC+1— PC
BeondD Branch conditionally (delayad) If cond = true:
It Csrcis a register, Csrc — PC
if Csrcis avalue, Csre+PC +3— PC
. Else, PC+ 1 — PC
BR Branch unconditionally (standard) Value — PC
BRD Branch unconditionally {(delayed) Value — PC
CALL Call subroutine PC+1—TOS
Value — PC
Legend: C carry bit Csrc  conditional-branch addressing modes
cond  condition code count  shift value (general addressing modes)
Dreg register address (any register) PC program counter
Rn register address (R7-R0) src general addressing modes
sret three-operand addressing modes a2 three-operand addressing modes
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Mnemonlc Description Operation
CALLcond Call subroutine conditionally If cond = true;
PC+1—-TOS
If Csrels a register, Csrc — PC
If Csreis a value, Csrc + PC — PC
Else, PC+1—PC
CMPF Compare floating-point values Set flags on Rn — src
CMPF3 Compare floating-point values Set flags on srcl — sre2
(3 operand)
CMPI Compare integers Set flags on Dreg — src
CMPI3 Compatre integers (3 operand) Set flags on srel — src2
DBcond Decrement and branch conditionally ARn-1— ARn
(standard) f cond = true and ARn = 0:
i Csrcls-a register, Csre — PC
If Csrcis avalue, Csre+ PC+1—+PC
Eise, PC+ 1 — PC
DBcondD Decrement and branch conditionally ARn-1 -+ ARn
(delayed) If cond = true and ARn = 0:
If Csrels aregister, Csrc— PC
If Csrcls a value, Csre+ PC+3 — PC
Else, PC+1—PC
FIX Convert floating-point value to integer Fix (src) — Dreg
FLOAT Convert integer to floating-point value Float(src) — Rn’
IACK Interrupt acknowledge ummy read of src
I%CR toggled fow, then high
IDLE Idle until interrupt PC+1—PC
Idie until next interrupt
LDE Load floating-point exponent src{exponent) — Rn(exponent)
LDF . Load floating-point value src—» Rn
LDFcond Load floating-point value conditionally It cond = frue, src— Rn
Else, Rn Is not changed
LDFI Load floating-point value, interlocked Signal interlocked operation src—» Rn
LDI Load integer src— Dreg
LDicond Load Integer conditionally it cond = true, src — Dreg
Else, Dreg is not changed
Legend: ARn auxiliary register n (AR7-ARO Rn register address (R7 — RQ) ¥
Csre conditional-branch addressing modes src general addressing modes
cond condition code srct threa-operand addressing modes
Dreg reglster addrees (any register) sre2 three-operand addressing modes
PC program counter TOS top of stack

17
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Mnemonlic Description Operation
LDl Load integer, interlocked Signal interlocked operation src — Dreg
LDM Load floating-point mantissa src (mantissa) — Rn (mantissa)
LSH Logical shift if count = 0.
{Dreg left-shifted by count) — Dreg
Else:
(Dreg right-shifted by |count]) — Dreg
LSH3 Logical shift (3-operand) Ifcountz 0:
(src left-shifted by count) — Dreg
Else:
{src right-shifted by |count|) — Dreg
MPYF Multiply floating-point values srex Rn —» Rn
MPYF3 Multiply floating-point value (3 operand) srel x src2 — Rn
MPY1 Multiply integers src x Dreg — Dreg
MPYI3 Muitiply integers (3 operand) srct x src2 —» Dreg
NEGB Negate integer with borrow 0~—~src—-C — Dreg
NEGF Negate floating-point value 0-—src— Rn
NEGI Negate integer 0 - src— Dreg
NOP No operation Modify ARn if specified
NORM Normalize fioating-point value Normalize (src) — Rn
NOT Bitwise logical complement src — Dreg
OR Bitwise logical OR Dreg OR src — Dreg
OR3 Bitwise logical OR (3 operand) srel OR src2 ~+ Dreg
POP Pop Integer from stack *SP— -+ Dreg
POPF Pop floating-point value from stack *SP—— s Rn
PUSH Push integer on stack Sreg — *++ SP
PUSHF Push floating-point value on stack Rn — *++ SP
Legend: ARn _ auxiiary register n (AR7—ARO) SP stack pointer
c cany bit Sreg  register address (any register)
Dreg tegiater address (any register) 8rc general addreesing modes
PC program counter sret 3-operand addressing modes
Rn register address (R7—R0) src2 3-operand addressing modes
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Mnemonic Description Operation
RETlcond Return from interrupt conditionally If cond = true or missing:
*SP———PC
1 — ST (GIE)
Else, continue
RETScond Return from subroutine conditionally i cond = true or missing:
*SP-——PC
Eise, continue
RND Round floating-point value Round (sr¢) = Rn
ROL Rotate left Dreg rotated left 1 bit — Dreg
ROLC Rotate left through carry Dreg rotated left 1 bit through carry — Dreg
ROR Rotate right Dreg rotated right 1 bit — Dreg
RORC Rotate right through carry Dreg rotated right 1 bit through carry — Dreg
RPTB Repeat block of instructions sre— RE
1 — ST (RM)
Next PC — RS
RPTS Repeat single instruction src— RC
1 — ST (RM)
Next PC -+ RS
Next PC — RE
SIG! Signal, Interlocked Signal interiocked.operétion
Walt for interfock acknowledge
Clear interlock 1
STF Store floating-point value Rn — Daddr
STH Store floating-point value, interlocked Rn — Daddr
Signal end of interiocked operation
STl Store integer Sreg — Daddr
ST Store Integer, interlocked Sreg — Daddr
Signal end of interlocked operation
suBB Subtract integers with borrow Dreg — src—C —» Dreg
Legend: C cary bit RM repeat mode bit
cond condition code RS repoat start register
Daddr  destination memory address Rn register address (R7-R0)
Dreg reglster address (any register) SP stack pointer
GIE global interrupt enable register ST status register
PC program counter Sreg register addrees (any register)
RC repoat counter register sre general addressing modes
RE repeat Interrupt register
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Mnemonic  Description Operation
SUBB3 Subtract integers with borrow (3 operand) srcl - src2 ~ C — Dreg
SUBC Subtract integers conditionally if Dreg - src= O:

{(Dreg — src) << 11 OR 1 — Dreg
Else, Dreg << 1 — Dreg

SUBF Subtract floating-point values Rn-—src— Rn
SUBF3 Subtract floating-point values (3 operand) srel - src2 — Rn
SuBl Subtract integers Dreg — src — Dreg
SUBI3 Subtract integers (3 operand) srel - src2 —» Dreg
SUBRB Subtract reverse integer with borrow src-—-Dreg — C — Dreg
SUBRF Subtract reverse floating-point value sre—Rn — Rn
SUBRI Subtract reverse Integer \ sre— Dreg — Dreg
SWI Software interrupt Perform emulator interrupt sequence
TRAPcond  Trap conditionally If cond = trus or missing:
Next PC — * ++ SP
Trap vector N — PC
0 - ST (GIE)
Else, continue
TSTB Tost bit fields Dreg AND src
TSTB3 Test bit fields (3 operand) ‘src1 AND src2
XOR Bitwise exclusive PR Dreg XOR src — Dreg
XOR3 Bitwise exclusive OR (3 operand) srct XOR sr& —> Dreg
Legend: C cany bt Rn register address (R7—-R0)
cond  condition code sp stack pointer
Dreg register address (any register) &re general addressing modes
GIE global interrupt enable register arct 3-operand addressing modes
N any trap vector 0-27 arc2 3-operand addressing modes
PC program counter ST status register
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Mnemonlc Description Operation
Parallel Arithmetic With Stors instructions
ABSF Absolute value of a floating point src2| — dsti
|| STF | src3 — dst2
ABSI Absolute value of an integer src2| — dst1
fsm | 8rc3 —» dst2
ADDF3 Add floating point srcl + src2 —» dsti
|| STF |l sre — dst2
ADDI3 Add integer srcl + sre2 —» dst
[IsT || sre3 — ds2
AND3 Bitwise logical AND src1 AND src2 —» dstt
st || src3 — ds2
ASH3 Arithmetic shift If count = O:
jIsT src2 << count — dsti
|| 8re3 —» ds2
Else:
src2 >> Jcount] —» dsti
I} sre3 — dst2
FIX Convert ficating point to integer Fix(src2) —» dsti
lism [| src3 — dst2
FLOAT Convert integer to floating point Float(src2) — dsti
| STF [ src3 — ds2
LDF Load floating point src2 —» dsti
|| STF || sre3 — dst2
LDI Load Iinteger sre2 —» dstt
iIsmi || src3 —» dst2
LSH3 Logical shift Ifcount= 02
1sm 512 << count — dst1
|| sre3 —» dst2
Else:
src2 >> [count] — dsti
|| sre3 — dst2
MPYF3 Multiply floating point srel x sne2 —» dstl
I STF || sre3 — dst2
MPYI3 Multiply integer srel x sre2 —» dstl
IIsm [l src3 — ds2
Legend: count register addr (R7-R0) srct register addr (R7-R0)
dstt register addr (R7-R0) src2 Indirect addr (diep = 0, 1, IR0, IR1)
dsi2 indirect addr (disp = 0, 1, IR0, IR1) src3 register addr (R7—R0)
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Mnemonic Description Operation
Parailel Arithmetic With Store Instructions (Concluded)

NEGF Negate floating point 0- src2 — dsti

I STF || src3 — ds2

NEG| Negate integer 0-—src2 — dstt

flsm || sre3 — ds2

NOT Complement sret — dstl

IsT || sre8 — ds2

OR3 Bitwise logical OR srel OR sre2 — dstt
fismi || sre3 — dse2

STF Store floating point srel — dsti

|| sTF || sre3 — dst2

ST Store integer srel — dsti

[Ism || sre3 — dse2
SUBF3 Subtract floating point srel — src2 — dstl

Il sTF || src8 — ds2

SuBI3 Subtract integer srct ~ src2 — dst}
fism I} sre8 — ds2

XOR3 Bitwise exclusive OR sre1 XOR sre2 — dst
fsm Il src3 — ds2

Parallel Load Instructions

LOF Load floating point src2 — dsti

{ILDF || sro4 — dst2

LDI Load int¢ger src2 — dstl

i Lo || srcd — dse2

Parallel Multiply And Add/Subtract Instructions

MPYF3 Multiply and add floating point op1 x op2 — op3

|| ADDF3 lopd +0pS—>0p6
MPYF3 Muttiply and subtract floating point opt x op2 - op3

]| SUBF3 I} op4 — op5 —> op6
MPYI3 Multiply and add integer op1 x op2 —» op3

|| ADDI3 ]l op4 + op5 — op6
MPY13 Multiply and subtract integer opi xop2 — op3

|| suBi3 }| op4 — op5 — 0p6
Legend:  dstt register addr (R7-R0) op3 register addr (RO or R1)

© dst2 - indirect addr (disp =0, 1, IR0, IR1)

opi, op2, op4, and op5 Any two of these
operands must be specified using
register addr; the remaining two
must be specified using indirect.

opé register addr (R2 or R3)

srct register addr (R7-R0)

sre2 indirect addr (disp = 0, 1, IR0, IR1)
src3 register addr (R7-R0)
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Origin
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0 < f(x,y) < o© (3.1)
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0 < i(x,y) < © (3.3)
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aums (3.4) uaasldnmmsazfounaszegludu o feianisganiuudanua
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(e) 64 x 64 ANIN (f) 32 x 32 9NN

§ @ J ' o
3UM 3.2 U mmadninnmsana3 lagdumeat udua
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(c) 64 5291

(g)4 520U (h)2 5290

51N 3.3 YN IMVIA1,024 x 1,024 NUAAIAIITIUIUTEAVTINGI
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ASUOUTUAINIINAIIIUDININH S DAIADIULUANAIIVDININ ( Contrast ) NUAIT

¥
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LﬂauumwmwmmamUuwamﬁaﬂgwummmaﬂu "INﬂ'lﬂﬂiJﬁ'J'N‘VllIENmu‘hJ'lﬁiuﬂ‘UﬂW
v b4 v v v ' '
ANUILAUBIUTRUMWAIT UMY Asudaslugli 3.4 Wund@masuasIna1ania
" W ' 4 ] = I ' @ [ 3 =
anudumnu uagndeuseudlommasui Ingndlimnnuduanu Auiunmiues

a 4 a < 1 y a = 4 a ' '
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3.3 Falaunsu
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nnnmammngaidisiall 8 dndeganim AuiuudagyanwezgnUNUAILAITZAY
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=Y 3 [ o o J 3
dimdaug 0 83 255 nmsinudeyasmaugammueadagszaudminysing lunimiu ez
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£
A anugaveans s luueaiezuaaailusuganmvesdazseaudin dusaz

unsvesns i ludalaunsu Ao #(D) Taw D 1WluA1szAUTININTA1DL5Z 1319 0 D19 255

[ ' ' =Y @ a a
(0< D, <255) MotvasnsunanSeda launsuuansldasgili 3.5 (a) Taons waeao1s
o 1 4 [~ [ [ 4 o 4
winlugdvesnsaeiiiosn ldedrausu lugiin 3.5 (b) dwmin H(D) Wudmouganini

b4 b4
e = e o 3 o o d A
sTAUTIM D, AU Iuganmnarualunmasnaie ¥ ez lden

N = HD) (3.11)
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H(D)
A -
— y TN .
L /
—‘ | Il / \\
1 -‘ N
N

N

N
>SS
~ ~ -
| 1 | »D
0 100 200 255
(a)
H(D)
A
1 »
»D
D max
(b)

31N 3.5 FaTaunsuvesgnm () JUuunddnsa (b) lnuvseio

- L1
lunsdiveannd Innanerseztihunls Aedalaunsuaniia H(D, , D D
R; B;, ~G;
Taoii Dp, mﬁ‘lummmﬂmwsvﬂu i UDIFUAI Dy, Li‘lummuwmwswﬂn z‘uamumu
waz Dg, %ztﬂummuqﬂmws:ﬂu i voedErs nieonezdoudludalaunsunilaiasmau
1 = 1 a & a 1 o o
mmgﬂTﬂmwmﬂmmamamwaiz mwuuag"lugﬂ H(DR', ), H(DB,. yuag H(Dg; ) Wangu
!

- é aa ay s 9 Y = aa 1 o 9 o
maaaaimmiuﬁmwﬁmﬂgﬂu%zwagauaumwﬂmmsnmum meim"lﬂ"lmmmzm

9y ' [ 3 & A U dy 2 = & aa z
"lﬂﬁ'lﬂﬂ'ﬂ muu“luﬂumamuu%zwmamwwaaimmsuwuwmmmu

U

[

é a 1 o A'l U @ A a o Y -s'
Wenesaannn iy TuIasunsanmu1ia tieaiszaudmnsivuald o sedun
' v [
D fsngegnmlunivaila (Closed Curve ) §1 4(D) iluiuintladoust b 12143

. AD)- A(D+AD) _ —dA

H(D) =
(&)= i AD dD

(3.12)

[ ' v
Tao D flusneiiigniladendioganneisy Alimszdud@muinnimseniiu D dniy

AD) = j:H(D')dD' (3.13)
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¥ ' ¥ v '
wazd 4, = [ H(DHD' Slufiufivesian fivesassnldsalaunsumilunnumunnivees
v

' @ 3 d ~ & @ 3
a21u192131 ( Probability Density ) davunisuevea laviunvesnwldifuniia daiu

anuruuiuaNuinziiuvesganwluszdudm D Ao

P(D) = H(D)/ A4, (3.14)
L ' - A aa aad v ‘!y
mamwmaﬁimmsnwmm LUASOIUANAIU

A v o & aa
ATUNATHUIUA

2-2x 0<x<l1

2 +2x -1<€x<0 (343)

D(x) = {

L
@ o

a @ A ' =) ' @ o a!dy = ~
ANUUNAITCAVANININNIHIDUNINUIEAU AN D ﬂz‘lnwumﬂu 2- DTﬂU‘Y)

-1
- Ol R, (3.16)

nawai ldueaududalaunsnluzii 3.6 (b)

Dy H 5

» X B
-1 D/2-1 0 1-D/2 1 0 2 D
H___/
A(D")

(a) (b)

a [ ’

y é = d' =
31N 3.6 JUMWNTITADEINNGW (a) JUMMAMTUNIIN 3.15 (b) B TAUNITNVDININ (a)

A

[ 4 4 aa
ATMWATUV VNG ( Gaussian ) @043 110 D(r,0) = exp(-r?) lav 0<r<a

v ' v v
waz 0< 0 <27 eAUAININ D aziuanauniiseall ~(p) = v-In D Wunaelulrsdenila

Y9329NaN 7D
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H(D) = /D
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(3.17)

(3.18)

-

4

51 3.7 Falaunsudmsumdwad

3.3.1 Tuluaeagalannsy

A Y @ A A A Aa ) A B ) o -
uJE)ﬂTWlhzﬂﬂ'ﬂﬂ'JU’J?\QLWUQﬁﬁlﬂUQﬂUﬂjj’JlﬂNﬂﬂ\iuﬂm‘ﬂuluﬂﬁﬂﬂ?ﬂu ( homogeneous

. . g o 9 ' v o s @ =
intensity ) lmS‘W'Ll'HﬁQﬂi&‘ﬂﬂﬂﬁ’wﬂ?']NL‘IBJ'UENLL?NWN‘SSﬂ‘]Jﬂu aﬂimmswmmwnmzn

dnuaiznisnszaieduiiuluTusea Falaunsu ( bimodal histogram ) Aa31

LT

;;ﬂ;,wm;'mi

(a)

" i (=] o A @
3U% 3.8 uaasluluaea Falaunsulaonzi (a) szmiugadandeunuvensnmsnsay

AvaaiaguaznIMMInsIznedIveInInual 31 (b) naasganminzaunaInse

weninguaznInnaoena N la
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31 3.10 uamsnszidios 2 Auesdalaunsuiianyusdoyusiinlyluaoa

3.4 unayl

dy ' =2 aldy ~ = o aa
1u‘uwmi‘lumsﬂanmmmgwugmﬂms*nzmmmmmumiuﬁmmwmﬂaagﬂnmu
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v o 3 @ ' { o
Joyanm anuduiusvesdoyanmluzldalaunsy wiounwaasitedunminiidnyug
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msnszawavesda launsuiluluTuaea Falaunsy
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4.1 A
d' o da = t!y £ =1 [
iioannamsniaesan T™S 32031 iuifivaganaasaiiosduiisesiulsunsuvuia
] ] 4 = ' A = = 1 : aw dy
Tilngjuin ienaasudiow, eudoya Falivuasauiios 2 KB auiuluanuiteiiddesesn
' ° A A v 3 Yo v a
suuniasaNusimouene I aunsany Tdnsdeyanin uaz TusunsuTavvzesuie
=< A PR A Y o v o <
sawdamsidengnsaiaieg e lihinuasandesiuanusves TMS 320C31
nsudasdygranineinnass cep Iiudeyanmudnirlissuranadae TMS
o = 9 P a o 3 ' 1 1 A
320C31 wagtiwai 1d luaasiaeneuiames (PC) Wuansautseemilu 3 daulvajq Ao
< @ a & dy 0
mainudeyanin, Mmsissuranamwsazmsuaainannasgili 4.1 ¥aluuniieznaiida

MW Memory Card

|
|

I, | R

CCD S5 R
CAPTURE MODULE TMS 320C31

= R
MEMORY CARD

' v
U 4.1 uamadau)sznouna 3 veamstseuanann

4.2 dyanaunnealy [2]
fuanuiidealdlunsiadesumissnusinouenszneudae
a21 strRBudyanaidseenuuiteadissimaz lunmsewmiedou Tasazas iy
9171 22 11 P2 uuvesA T™S finfioutit ldef U E ( Enable Input ) ©30 CS

( Chip Select ) ¥paginsainiage 'l
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3
@ as

4.2.3 A0-A23 1 udu19191n Address Bus inanua 24 vy l4suduasinny

v U
]

( logic gate ) tVoi v idmuadumianizsanuindesnisauanslu
- - o 1 o Y 4

a15199 4.1 Taoh A0-A14 Srdludesnoidrfutivines (Buffer) 74HCT541
4 Q‘ o é LY =4

o uA1Na 1150 lun135D Capacitive load Y09 TMS 320C31 F95 1A1f o4
q ° P a o 3 =

80 pF taziia ¥ n1sirauidsedniamAinaanansuausansiuidoa

. Y 1 9 Y o v I3 or 4

( transient response ) 92ABIADANVATUN MG VVIRIS M NVBMTHIVDS

" ] 1 4
Tauot198uilo Load 11 CMOS AnudumIuiiag$an Over Shoot luau

s

¥
Fetidonlminnuduniumiiy 30 Q

o @

E4 » ]
424 D0-D31 dudygns Data Bus fiviavua 32 1 iivefisziiudeyavuia 32 in

Ce

Taaniudoald SRAM 4 #2919 1 Bank lasdnuaiznisnoszotuie lavazivua

Tudunaly

MmN 4.1 HAAIAMNUINUITANUIIAING IO Address Bus

BANK 0 840000h - 847FFFh

BANK 1 848000h - 84FFFFh

BANK 2 850000h - 857FFFh

BANK 3 858000h - 85FFFFh

BANK 4 860000h - 867FFFh

BANK 5 868000h - 86FFFFh

BANK 6 870000h - 877FFFh

BANK 7 878000h - 87FFFFh

4.3 AARANLSY ( Static RAM ) [7]
] y t 4
dumirearmudwuuihidessinmsnszdu (Refresh) aswlandansdiuseduoniu
vlslsl A d i o [ o dydl s - (4
Yoyahnvedmeluszdnsey lunuidvilidenldamAnusy 1wes 1S61M256-15N v84
USHN Integrated Silicon Solution, Inc. #9721 ISSI U11a1N15 L‘i’l"laﬂ‘i’fﬂy‘ﬁ 15 nsec ( Access time )
finnuguuia 32 KB 11 8 in Tlassadeaehudiu cmos findsnugudeludiesvusli

1Aidonldaruegii 250 pW T Block diagram fag1lii 5.4 uaglidwmiaviuuy DIP fegiil 4.5



AO-A14 [___>

DECODER :l,>

256 X 1024
MEMORY ARRAY

VCC —
GND ——»

1O0-¥O7 <:>

ro
DATA
CIRCUIT

CET —»
OE —»
WE —»f

CIRCUIT

CONTROL

t:

<:> COLUMN 10

A

UM 4.4 naasamaninuyesaIung meluaaanusy

K14 T
A2 [
A7l
260
A5
a [
A3 []
A2 [
A1 F
AG[]10
im0 11
i1 [} 12
1w2.0 13
GND []-14

W@~ oy B RS e

28{] vec

[ WE

95{1.a8

20[1CE

261 A3

2#{] ‘A
af]an
2] CE
Al a0

19 [J.u0or
18 ] voB
j7[] vos
B[] o4

1517 1103

U0 4.5 uaasdundenluuyy prp

¥

FafdesaulouenaindamsmaruazAumusvidlfall Timing diagram vaigeutag

Wou fataadluglh 4.6-4.9
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ADDRESS
A ————
O N\
14———1DOE ———3»!
CE 5\ a—w-1LZ0E
htt———ACE —
| 1LZCE — g tHZCE ——
DouT Hictt-2 - * GATAVAUD >—

Notos:
1. WE is HIGH for a Raad Gydle.
7. The dovicods continuouysly selécted, OE, CE=Vi
*3; Address is valid piior to of coincident with CE LOW transltions.

510 4.6 @A Timing diagram Yz UYBYD

] 4008 A2ns 150§ 22008 2518

Symbol Parameter Bin. Max Min,  Max.  Min.  Max Min, Max.. Min. Max Unit
tre Read Cydls Tirg 0 - 12 = 15 - 0 - 25— n$
Im AddBssAccssTime — 10 — 12 — 18 - 2 - 5 n$
towa  OutputHold Time 2 - 2 = 2 - 2 - 7 - ns
e  CEATStS Timd — 10 - 12 T 7 ) - B wn
toe  OF Acksss Time - & — 5 - 7 - 8 - % né
e OFtolowZOupst 0 — Lo\ 0[S ¢ - 0~ ms
trieoe®  QE4orHigh-Z Qutput - 5 ~ 8 — 7 - 9 - 1 ns
hace? TE to-Low-2 Output 2 - 3 ~ 3 N 3 3 - ns
toc? CELHhZOymt = & >N\ Cm 3 prLve PR
¥  CEtopPower-lp 0. - [ v - o -~ [
o CE tofiowsr-Down —~ 10 - 12 — 15 —- 18 - A

] ¢ 14
31 4.7 namsmlugiaeg Mfsduvazeudoya



| e »l
ADDRESS * %

-;o-tSA-N-J————— ISCE —————jua-lHA
E —S‘ 7.£

f-———————————— AW — ]
T\ ———y
WE N 7

o HZWE—] A -‘-—um—bi
pour .DATAUNDEFINED \| HetHZ
15D —m bt 80 5 N—

DIN % DATA-IN vm.mj<

Notes:

1. The internal writs tima Is dafined by the overlap of TELOW and WE LOW. Al signals must be in valid states to initiate. a Write,

but any one can go inactive-to terminate the Wiite. The Data Inpul Sstupand Hold liming are referenced tothe rising or falling
edge of the signi that terminatés the:write. ’
2. 110 will:assume tha Righ-Z state'if OE = Vin.

310 4.8 LA Timing diagram YaziBoudoya

-{0ns ~12ns 15ns 20 ns 25ns
Symbal Parametor Min. Max Minn  Max. M Max Min. Mat  Mh, Mex  Unit
e Wile Cyclo Time 0 - 12 - 15 2o 5 20 - % — ns
tsce  CEtoWrite End gy 1 0 - & AL 13— s | \- s
tw  Addrebs Setup Tire gL » - 12 - [ - 0 -
to Write End
b AddressHod 0~ 0 = 0 — o - 0 — fs
from Wiite End
fw  AddessSatupTipe 0 — RSt qr - B b - m
P WE Pulsa Width Ve B < 0 - 13J & 5 - m®
o DalaSewploWileEnd 7  — 7 - g - 10 - 17 — s
tio.  DatgHoldfomWrite End 0~ R o - 0 — 0 =
T bive? FELOWH HgZOWpttk — 6 ~ B | — 8 - 10 s
hove WEHIGHIoLowZOulput 0 — 0 - v - 0 — 0 - ns

Hotés:

. Testcondifions assume signal transition imes of 3 ns or 16ss, iming reference lavalls of 1.5V, input pulsarlovels of 0.1 3.0v-and

output Idading specified in Figure 1a.

2. Tested with'the I6:k¥in Fitrore 1. Transition is meas
3, Thaintarnal wite time 1s défined by

adyé of the, signal

\m{ 5
tha gvarlap of CE LQW

d' 1 ] - a .4? ) 3/
gﬂ‘n 4.9 uﬁmnm‘lum’nmm NNAVUVUSIVIUVDYA

4.4 avINIINAIZHa HCT [8)

00 V. frorsiehdy-slate Voltogs. Not100% tested;

f Hime s defified _ and JYE LOW, Al signals mustbe in valid states to iiiials'a Wrije,

but any and ¢ ¢0 Inactive 16 terminate the Wiitk, - Tho Data Input Satup anlf HAtd timing «fe refarenéed 1o thie fiting or alling
thef terminales the wrile.

4. Tested with OE HIGH.

42

dluaeSninnAvududiy 74HC, 74HCT w3 74HCU Iassadunmeluddu cMos #i

W ludmnanusaga (high - speed CMDS ) n50 HCMOS Heddunsmauszmiloudy

TTL %139 'l daugaauidiuang nSouiouIiiiudaniseh 4.2 uag 4.3
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d’ ey = LYY v d‘ o b4
maen 4.2 nfSsusuguaniaisznie CMOS uag TTL lagh V. =5V, gungiilinaeu

T, =25 CuazInoa Capacitance C, =15pF

HEMODS | mptal gate | standard love-povier Schottky |[edvanced [edvanced |Falrchild
technology CMOS TTL Schottky TTL low-pover | Schottky | advanced
TTL Schottky TTL Sehottky
porameters — gs -
family  |74HC 4000 |74 74LS 745 TAALS 74AS 74F
€D HE
Pawer dissipation. typ, {(mW)
Galn  *ME goooe25) o001 |10 2 18 1.2 55 55
as dyriaiiic @UWORHz 0075 .1 10 2 19 1.2 8.5 55
Coungr *585: 0.000005 0001 200 100 500 & - 190
Ut aynamic@torkhz |0.925 0120 |200 100 500 &0 - 190
Propagatidn dslay {ris)
Gabs typical 8 24 a0 |10 95 3 4 18 3
b 4. wo 80 [20 16 5 T 28 4
Delay/power product {pd)
Gale A& 100kHz 0.52 9 4 | 12 57 . 48 13 168
Maximum clack frequency
()
typical 55 & 12 |28 3 10 160 125
Detype flip-iop-
mistmum 20 2 6 |15 25 78 0 N 100
) typitat 45 2 6 |32 =V 70 3§ % 125
Counter  irdmuem 25. £t a Jos 25 40 = - 400
Gutpit drive (mh)
standardoutputs |4 o5t 08 [16 [ 20 8 20, 20
bus outpuls 8 & |48 2 84 24, 48. 64
Fan-out (ESdaii)
stahdartoltputs | ip- T 2 |o 20 £0* Fied 50. 50
bus-oilpits 15 4 120 & 160 &’ 120 180




M350 4.3 nSoufvunaeuiAszniig HCMOS wag LSTTL 1agh V. =5V uag

44

C,=50pF
charactefistie FAHCXXX {nota 1) 74LBXXX
TARCTXNX
Max, quisscent power dissipalion oer 1mip. range &t Vormew
per gate{mW) D07 ()
per flip-fop (mW) oM 22
par A-5t3H8 cdontdr (mwWy 0.44 175
pear tra nscerwrfbpfferth) 0.055 80
Max. dyqq;nlp powey. dissipation (Ci =§0 pF})
8t (MHz) o4 1 10 010t 10
per gate {milfy 025 225 22 8 22
pojfiipstop (MW) 035 25 24 pY) 27
per4:stige bounter (mW) 070 3 27 175 200
per buffartransceiver (mVY) 020 25 24 60 o
Oparsting:supply, voltags, (V) 210 B (HC) 4.7510 525
8.510 65 (HOT)
Operating Yamperatume range (°C) —40 1o 485 0.to +70
—40 to+125
M. naise martin (VwiVhin, Vloieyos =204 kusrr =4 mA) | 1414 (HCY 0.700.4
29270 7 (HET
Inpat, switchlrigvokagehtsbﬁity ovsriamp, range £80 mv 00 my
Mik; Butput c{mrb ci{?mp( Bt ot may ? 454 VeGmin (mA)
apu toa c;mnﬂvq% =27V rmha?f
shndald mm -8 -0 4
biia !ugl& -12 A28
Smkwn'en[
mndambglctvm =04\ 4 4
,s’fgnd%rct logigtVey, = 05Y) 6. 8
BydlagiotVaL =04 V) 8 12
- bis Rt Var = 08 V) $ 24
Ty outpmti'nnsaﬂen tirfe Ty = 1§ pF).
atandarit logie: _ |
B 15
8 6
4 1§
4 ¢
s 81
v 15
£, 4 22
Typ: dlock rte oS, a flipFiop: nete & (MHZ)- 50 33




a )
MAMITNN 4.3(7D)

characteristle FAHGAXX ‘fndtb 1 TALSXXX
TAHCTXRX
Max. input ourrent (WA}
e -1 300 10 -8C0
b , 1 40
3-state outpot leakage current {+ pA) 5 20
Raliability (31000 h L 50% ¢offigence lgvel) 0.0005 0,008 (note 4)

Notes

RADC répart.

oo

Dsta valid for HCMGS betwagn —40 *C. and 485 6.,
Vion for o few LSTTL bus pulpuls is specifiad ag 2.4 V.
‘Refer Ip data shests forthe.effect of capatitve loading,

speclflad with Ao cOnstmmbon ‘rise and fall hmes«pulsa mdih orduoty factor.

Mss‘sured witha 50% duly feetorfoi HEMDS, FErLSTTL, per indust{yﬁconvannon the rnammum clogk fraquency is

45
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\ o
4.5 WNIINHWANUI
' o Py :3 =} a ‘A v Y ’d-] a
N3 NUIEANNS e NUU DI UTIVIIA 2560 Ta Tun Diadeyauuyy32 in
y o z a a
weanvemnlszass lumslFauaunsany ldisdoyanin 8 Tn) uaz Tlsunsu(32 dn)
Tauidonldusuuuuma@n ( static- RAM ) 1003 IS61M256-15N finauquuia 32 Ala'ludi f
a 1Y 3 =2 9 Yo @ @ 9 a ¢
8 in Aarfudedealdimau 4 ddesauduilu 1 BANK sz ldnruguuia 32 Alaluv 71 32
a a Y &2 9 4 g a o ' o Yo
iin Taviina lumsiditadoya 15 nsec. FuFaneNozi1aus WAy TMS 320C31 TdAuans

lugi 4.10

1S61M256-15N x4

74HCT541
A, N0,
/ AT
A12 Py 1107 D31
/] W\_Am’: 1106 D30
-IMS 32031 ; f>\190\ AN :;gs—\ggg
1 AA—— 4 \
: % LinY eyl 1103 D27
AQ-A14 ) 15, ADDRESS BUS V] A7 AR 1/02__ D26 \|
i 1 A 1101 D25\
RWRD ! 74HCT541 1/00__D24 \
a5 N oS @t R
Ale___| M\h
a1z ! 1
174AS04 74HCT138 N PP~} "
- & sank7 | N R AT || =
! 74AS20 d ngg N E_/_JW\,_, 801508
! boo oo
2 + g, BANK 4 RW,/ ;
74AS20 E1 BANK 3 ) ) _—4%
; BANK 2 _) I
{ e B2 BANK 1 CE OE
STRB_ | N~ E3 BANK O I
| & &
DO-D31 E 32, DATA BUS /
'
]

510 411 uamInisaouneIIsHIEANNSUAY TMS 320C31
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4.6 unayy

dy a = ' [3 @ ' S g Y A a
TuuntioFu1e9an1T0NUHUVLNINNITHUIANN deyIua1eq Naodlsnwean

" @ o A A L4 a A Y o Y @
Aenuglnsainiouen N1siien SRAM nisiienginsalasdnmnmmeliinuaeanaesiy

< a 1 @ @ q’l‘ ~ = '
AT IVDY TMS 320C31 52udamsAnas 1Famuny TMS 32031 asdulugun 4 azmiun
NOT in 1z NAND inniaonldiilu TTL #iia AS iiedeiilu1995 Decode Fayay1as Address
112 STRB 111949101 Propagation delay time #1n31a03AINNATEAA HCT Mldasuauone
doyeyrau 4@ @2u Address Buffer 53911919 Bank Selector laon1¥aszna HCT 1lea91nlin21u
#1139 1UA155Y Capacitive load 1A 1182 Propagation delay time 3in151asunasion

VA < 4
NINUD Load WWUUU
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51 A
o o @ @ dy 9 [ @ [ Qw a o Y

msnunsyleadilumsusniagiuiuvesnimliuanaeduedieduds i ldeansouen
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H = E[1]=-3 B.log,(P) (55)
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H, =—P, .log,(P,) (5.12)
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Abstract

This article presents the application of Starter Kit Board TMS320C31 to the conversion of grey-

level into binary image. This technique can be used for a robot to classify objects by choosing an

appropriate threshold value based on an entropy of the histogram. The experimental results compare with

the fixed threshold method evaluated by gradient method.
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