Introduction to DSP controller
-- TMS320F24x--
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 Digital signal processing is concerned with the representation of
signals by sequences of numbers, and the transformation or processing
of such signal representations by numerical computation procedures.
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 Aliasing does not occur when the sampling frequency (1/T)
IS greater than or equal to twice the highest frequency
component in the waveform being sampled.
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* A lowpass filter required to limit the signal bandwidth
before the sampling performed by the A/D.
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DSP Architecture
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TMS320 DSP families

*C6000
(’C62x, *C64x

'C67X)

€ Bk 'C5000

(’C54x, *C55x)

"C2000

(’C20x, "F/C24x
"F28xX)

(30~4800 MIPS) or
(600~1000MFLOPS)

(20~400 MIPS)

(20~150 MIPS)




"F/C24X roadmap

TMS3202000 DSP ROADMAP

HIGH-END UNIPROCESSOR CONTROL

s CHNC Machine

= Mass Storage

sUPS

= Robotics

= Automotive

s Headroom for Innovation . . .

1
!
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MULTI-FUNMCTION CONTROL

s HVAC
-=¥ L Treadmills

= Medical Equipment

» Metering
- - §  =Vending Machines
wBill/Card Readers

APPLICATION SPECTRUM

1997 1998 1999 2000 SAMPLE DATES

Software Code Compatability
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16 - BIT Fixed-Point DSP

TMS320C24X
INTRODUCTION




» TMS320F24x OVERVIEW

3% ’f#.: MODIFY HARVARD TYPE
SEPARATE PROGRAM &DATA BUS

71 B : 20MIPS & 30MIPS
OPTIMIZES SPEED BY IMPLEMENTING
FUNCTIONS IN HARDWARD
*OTHER PROCESSORS IMPLEMENT
THROUGH SOFTWARE OR MICROCODE

TMS320F24x #2%: TMS320C240, TMS320C242
TMS320F240, TMS320F241, TMS320F243
TMS320C2402,TMS320C2404, TMS320C2406
TMS320LF2402, TMS320LF2406, TMS320LF2407
TMS320F2810, TMS320F2812




# 1-1 TMS320C2000 & ~ & 2_ 7% &y P
A i fi it

TMS320F2812  |3.3V (Core: 1.8V), 150MHz,128K FLASH, 16 = ~ T & DSP
12-BIT A/D (200ns), CAN, EVA &EVB,SP1,SCI |(& Flash EEPROM)

TMS320LF2407 |3.3V, 32K FLASH, EMIF, 10-BIT A/D (500ns), |16 i~ % g DSP
CAN, 30MIPS, EVA &EVB,SP1,SCI (& Flash EEPROM )

TMS320LF2406 |3.3V, 32K FLASH, CAN, 10-BIT 16 = ~ T & DSP
A/D(500ns) ,30MIPS, EVA &EVB,SPI,SCI (& Flash EEPROM )

TMS320LF2402 |3.3V, 8K FLASH,10-BIT A/D(500ns), 30MIPS, |16 i~ % & DSP
EVA,SCI (& Flash EEPROM )

TMS320LC2406 [3.3V, 32K ROM,10-BIT A/D(500ns), 30MIPS,|16 i* ~ % g DSP
EVA &EVB,SPI1,SCI

TMS320LC2404 [3.3V, 16K ROM,10-BIT A/D(500ns), 30MIPS,|16 i ~ ¥ & DSP
EVA &EVB,SPI,SCI

TMS320LC2402 |3.3V, 4K ROM,10-BIT A/D(500ns), 30MIPS|16 i~ ¥ & DSP
EVA,SCI

TMS320F243 5V, 8K FLASH, EMIF, 10-BIT A/D(850ns), 16 = ~ T & DSP
CAN, 20MIPS, EVA,SPI,SCI (& Flash EEPROM )

TMS320F241 5V, 8K FLASH, 10-BIT A/D(850ns), CAN, 16 =~ = & DSP
20MIPS, EVA,SPI1,SCI (& Flash EEPROM )

TMS320F240 5V, 16K FLASH, 10-BIT A/D(6us), 20MIPS 16 = ~ T & DSP
EVA,SPI1,SCI (& Flash EEPROM )

TMS320C242 5V, 4K ROM, 10-BIT A/D(850ns), 20MIPS EVA, |16 =~ T & DSP
SCI

TMS320C240 5V, 16K ROM, EMIF, 10-BIT A/D(6us), 20MIPS, |16 = ~ T B DSP

EVA,SPI,SCI
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TMS320F/C24X DSP controller features

Data RAM
0.5-2.5K words

Boot ROM
256 words

Program Flash/ROM
4-32K words

Event Manager
2-4 Timers
5-10 Compares

D(15-0) ﬁ iL iL 8-16PWM outputs
<:> Dead band logic
Program/Data/l/O/Buses
<_‘ 3-6 Input captures
A(15-0 iL ﬁ @ 2-4 QEP channels
"C2xx DSP Core
N\ :
16-bit T register || | ~ N—| WD Timer
16-bit Input 16 x 16 multiply || (& @ CAN
Shifter(L) 32-bit P register || | S
[¢B)
Shifter (0,14,6) || |5 () sCI
32-bit ALU > I\
32-bit accumulator ) SPI
Output Shifter (0-7)
8 auxiliary registers 1-2
8-level hardware stack () A/D Converter
Repeat count 10 bite,8-16 channels
2 status registers

sSectored Flash for field re-
programmability and reduced

development cycle

=Code compatible platforms
provide easy migration path

=*CAN module enables inter-
system communication

=Up to 16 PWM outputs allow
multi-motor/axis control

*6.6uS to 500-ns A/D converter
enhances system performance

=33 to 50nS instruction cycle
(30 or 20 MIPS) for complex
control algorithms

*RAM for high-level
programming language and
high-order system modeling

»[Fast serial communication
ports



The Features of TMS320F24x

L TMS320C2xx core CPU :
W32~ o 5pmBiEE < (CALU) -
W32~ % f# Z(ACC) -
W E32i- gkl a4 216 xlorkiz o
IR R A
ABLO AR B - BEE AV TS TR EREEIE TN o
EI Memory :
W 5447 e x161 ﬂ»aa % ) (on-chip)z ?‘* FL/52 ;8 DARAM -
W'F/C240 % 5 : 16KF X161~ & & M #2;ROM e - 2o B 4 o
* MF243% 7 1 8KF EX16m A & BN ARV R e r%%@"(ﬂash EEPROM) -
M 224K%F 2 X16i> v enE htic it 7 F(64KF 2258 7 F ~ 64KZ &
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WA ME e FERE
[ Program control :
W 4% ¢ ;" 3 (7 (Pipeline operation) -
W8k W fE o
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The Features of TMS320F24x

O Instruction set :
B TMS320%2% & # ¢ » ’C2X ~ "C2xX ~ 'Cbhx 7_2LDSP2_ J 4545 ¥
FERE
W H - ;}ﬁ LFEREFE o
WY S/ % ﬁ‘#ﬁ A
W Eefmiy ﬁzm%ﬁ%ﬂ wo 0 TR ARV R A I o
o «’LJF] & Tkt At °
HE-k @»#ﬁ%ﬁ‘%iﬂﬁé 45 TR AN 2eE S 2 PR E 2
¥ o
O Power :
@ Static CMOS technology
@ Four power-down modes to reduce power consumption

0 Emulation: IEEE Standard 1149.1

O Speed:# — 45 4 & # 550ns (20 MIPS) » & B < 304 3g £ 7 &
- llﬁ:#ﬂi‘jﬁpnﬁ“’ =z N o




The Features of TMS320F24x

O 2 gmsie:
W'F/C2408 % & F 120 v f/7%ik B B 34 % (PWM)H i -
'F2435: * ¢ 5 8B FRA R A A RPWM)AEE -

BCF/C2405 7 ¢ 5 3B & 5 68 2160~ — A H p R o
'F2438% 7 1 R 3 2B R F AN 2 160 - A R EEE o
B3%+ 2 i2#3% (Dead band)z. 167~ % > e H = o

’F/C24O w3 4T e CF243 5% 7 £ 3 3B 4 5 H ~ (Capture unit) >
He a Bv iT200R4pi=4 A5k, 5”4?% R (QEP) i o o

O gF10 ~ % v [ i~ #& 3% E (ADC):
BC°F/C2408 * © £ 7 16 BADC#E i sp - ADCE R PF R ) 5 6us -
B F2435% 7 ¢ £ 5 8ADCHE 3¢ if - ADCHE R %) % 1us o




The Features of TMS320F24x

0028 = ~ 7 423% ~ 1 2 1/O%r -

O 4p =4 e g (PLL) 3 A2 PFRiCle

O 25 Fps? 7(RTH2 5 F* f (WD) % o
O ¢ 7] @4 4 % (SCI) -

O ¢ 7%:f 45 (SPI)

O 'F2435% 7 £ 3 CAN(Controller Area Network) /i & ©
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TMS320 Device Nomenclature

TMS 320 (B) F 240 PGE (L)

! L mapw

F
TMX=F5%% ~ @ (Fg3% : 0°C % 700C)
Lo e L =0°Cx 70°C

{“”M' - A =-40°C x 85°C
7% S =-400C % 1250C
3201; TMS320 2% Q =-40°C % 125°C

0 1 4

3 o PAG = 64-pin plastic TQFP
Wig Hpe PGE = 144-pin plastic QFP
C =CMOS PZ =100-pin plastic TQFP
E =CMOS EPROM P

F = Flash EEPROM

LC = Low-voltage CMOS (3.3V)

LF = Low-voltage Flash EPROM (3.3V)
VC = Low-voltage CMOS (3V)

"24x DSP : 240, 241, 242, 243

"24xx DSP : 2402, 2404, 2406,
2407
"28xx DSP : 2810, 2812



D10

D11

D12

D13

D14

D15

Vss

TCK

TDI

TRST

TMS

TDO

RS
READY
MP/MC
EMUO
EMU1/OFF
NMI
PORESET
Reserved
SCIRXD/IO
SCITXD/IO
SPISIMO/IO
Vss

DVpp
SPISOMI/IO
SPICLK/10
Vccp/WDDIS
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TMRCLK/IOPB7
TMRDIR/IOPB6
T3PWM/T3CMP/IOPB5
T2PWM/T2CMP/IOPB4
T1PWM/T1CMP/IOPB3
Vss

DVyp
PWM9/CMP9/IOPB2
PWMB8/CMP8/IOPB1
PWM7/CMP7/IOPBO
PWM6/CMP6
PWM5/CMP5
PWM4/CMP4
PWM3/CMP3
PWM2/CMP2
PWM1/CMP1

DV

Vss

ADCINS/IOPA3
ADCIN9/IOPA2
ADCIN10

ADCIN11

Vssa

VRerLO

VREFHI

Veea
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TMS320F24xx DSK (3~ & 4%) % eZdsp B 4 4

PC - RS232:¢ #4 (for DSK)
(e L prRE Printer:i # 3 (for eZdsp)
}g zZ uﬁ;% #

TMS320LF24x DSK+&
g« TMS320LF2407 DSK++
g eZdspticie R ,_
i Sl o sy
\ LE&E ;;Emm e, 1028




Central Processing Unit (CPU)

Input Scaling Section

Multiplication Section

Central arithmetic logic unit (CALU) Section
Auxiliary register arithmetic unit (ARAU)
Status register STO and ST1




Central Processing Unit (CPU)

Data write bus (DWEB)

Data read bus (DRDB)
[

Program read bus (PRDB) A h b
' ]
T16 T T T 16 1
+ 16 <4 16 16 1 16 T 16
. Input scaling X ' Multiplication 14
. section ' ' section '
: MUX & : TREG S MUX, 7
: 16 E Multiplier | E
- [31 16]15 0]: ! 16X16 | :
[ Inputshifier (S2019) 1: Lpp——] PREG !
[ 32 32 ;
+ [ Product shifter (32 bits) | !
. Central arithmetic logic
! section
1] 32
E “ .
: | c—] Accumulator l__f_J‘ :
i s k2 :
: ¥ 1 16
: | output shifter (32 bits) | ;




Input Scaling Section

Sign-extension mode

bit(SXM)
Froem program memoey {PROE) . . i _
From data mernary (OEDE] % Operation of the input shift for SXM=0
AF11
16 i
18
' Input scaling : INpLL Shefthr XEXK | AF11
v aection ! acceping the
: . | a3z
! : Oiulput walue ¥ .
! : after laft shift of & DOAF 100
I ' [SEM =0
NE 1615 ol
: Input shifter (32 bits] ' _ ) _
S P % Operation of the input shift for SXM=1
EE ﬁ' = i1
16
T:' I:.-\.|II|:'ILI_I IrIFllJt EPIﬂE" -
accapting the XEXX | AFT1
value B
Chutput wakes ¥

after laft shifl of & FFAF 1100
[SEM =1]




Multiplication Section

From data mamony
From dala mermory
From program memory

' Multiplication | 16 18

v aection 1 ;

: TREG !

From data ! :
Jy]=Tgitatyt : MuHipliar o !
1 18 =16 1

16 - !

o} PREG |

Ta high word, !

of PREG | a2 :

| Product shifter (32 baz) |

B R e Il I R T T 4

To data memaory

To CALL

@ 16-bit x16-bit hardware multiplier that can
produce a signed or unsigned 32-bit product
in a single machine cycle

@ 16-bit temporary register (TREG)

@ 32-bit product register (PREG)

Sum of Product Example

Compute Y=A*X1+B*X2+C*X3+D*X4
ZAC : ACC=0
LT X1 ; T=X1
MPY A : P=A*X1
APAC ; ACC=A*X1
LT X2 ; T=X2
MPY B : P=B*X2
APAC : ACC=A*X1+B*X2
LT X3 : T=X3
MPY C : P=C*X3
APAC : ACC=A*X1+B*X2+C*X3
LT X4 : T=X4
MPY D ; P=D*X4
APAC ; ACC=A*X1+B*X2+C*C3+D*X4
SACH Y1 ; Store 32_bit result
SACL Y2 ; at locations Y1,Y2

@ Product-scaling Shifter

PN Shift Commentst

00 Meshift  Preduct sent o CALLN or data write bus (DWWEB) with no shift

o1 Left1 Rerncwves the exira sign bit generated in a 2s-complement multply
o preduce a (131 product

10 Left £ Removes the extra faur Sign ils geanerated ina 16-bat = 13-bi
Zz-camplemant muliply o produse a 831 product when mulliplyng
by & 13-Da conslant

11 Hight&  Scakes the preduct to allow up io 128 product accumulations withow
owverflowing the accumuator. The right shift is abveays sign sxtanded,
regardless of the value of the sign-extensicn mods bit (SEM) of
staius registar 5T1.




Central arithmetic logic unit (CALU)

From input shitter
Frorm product shifter

i Cenfral arithmatic logic
1 saction
1

|
|

¢

ACCH | AGEL I# :
- | :
. 1

| Output shitter (32 bits) |

Te data mermiory

CALU

@ 32-bit addition

@ 32-bit subtraction

@ Boolean logic operations
@ Bit testing, shifting, and rotating

ACC

@ 32-bit Accumulator

@ Status bit :
Carry bit (C), Overflow mode bit(OVM)
Overflow flag bit (OV)
Test/Control bit (TC)

Output Data-Scaling Shifter
@ Shifting and storing the high word of Accumulator

Accumulator | ooFo| Faal |
] 3z
¥
ChuAput shatter -
16
Crata-mamary _
@ Shifting and storing the low word of Accumulator
-"*'31"-'”"“"5"3"| DOFO | Foal |
=
L
Culput shifter
(It shift by B bits) 3C3c 2840 |
18

Diata-mernory
location 2840




#8773 FH AE <(ARAU)

Data read bus (DRDB)

| ARB |
&
Beerd R e
— ARP
}g’*‘l‘l’— ARG 4+ — ]
16 -
1—é-¢-l—i-— AR5 1-% 1.3
| —~—#*—  AR4 - —j MUX
f,l—t_sri-l-l-— AR3 -1-—:
Cowr{ ARZ M 3
4 AR +—| T3LSBs
| Bcwe | ArO |Instruct|on register |
4 8 LSBs
J
116
F
ARAU
16 16
. m—
Data write bus (DWEB)

w

Data-read address bus (DRAB)

|

r

Data-write address bus (DWAB)
]

@ ARAUZL & # ii 3 4 77 ~ Bif et
¥ B(AR7I AR0)Z ¥ pmig & >
.7 B CALUK (738 § o

® ARAUR 2. ~ R fif Bt 8513 &
(AR7Z2 ARO) & ¥ £ T 1t P&

ﬁ]._'_%é‘m F ﬁor’}f ]:45‘; o rz"-i-
LSt & Ea

dmugfr,;gi pFER R
T _ht o




54 87 75 BB p7F < (ARAU)

Oagf et g B2 p 7 B3 - Bl k- B =- &
B N R I A S
prz’u&#ﬁ—L:h_I Hb-\;}ﬂ?

Cledg e 735 B2 p 7 @4~ B B (ADRKE, £ )& -
¥ B (SBRK4, £

D%B BARZ P FELAROL P g EA R R
e REAF  BST12 RIEMAE41EH(TC)R (CMPR4; £ ) -

El;éfm * CMPR#3 4 » et B U4 483 5t o 4
(Branches) ~ =& ¢4 (Call) 2 iE‘V"(Return)% # i c CMPRip £ ¥ 4
7 AP w ARZ_ P\ Z 1B "":’ARO’ P\ 3 (1= IT:‘LL‘@L ﬁj&_ﬁ ﬂ-_g:%- x

RGBT BST12 ipl3d/4m 4 ﬁﬁﬁ-(TC) = o ex: CMPR CM

Dﬁé_ﬁy%‘r@%% 0 g ?;ﬁg”& * LARY; £ #-¥ k&
2R RELP F B #‘E HEE AR SAR:}E IS
Wi BLp g iEnr TREREL

O # 3 24 &3 B 17 5 508 o 8 T (Software Counter) » £ % &+
ﬂé‘ﬁ l__ig'g'_i\};‘ﬁ\'g‘— o




FRE U FETH

Auxiliary Register File Data Memory Map
ARO | 0537 h| Location
0000h
Auxiliary Register AR1 | 2 1 5 0 hl
Pointer
(in STO) AR2 [0 E 9 F C ]
ARP [0[1][1]—®AR3 [0 F F 3 A h|—® OFF3Ah| 3121h |
AR4 | 1 0 3 B hj OFFFFh
AR5 [ 2 6 B 1 h|
AR6 [ 0 0 0 8 n|
AR7 | 8 4 3 D h|
. Ex: LACC * :STO'(13-15-bit) ARP=3

« The ARAU updates the ARs during the decode phase (second stage)
of the pipeline, while the CALU writes during the execution phase
(fourth stage). Therefore, the two instructions that immediately follow
the CALU write to an AR should not use the same AR for address
generation.




A4 % iz ZO (STO)

15-13 12 11 10 9 8-0
ARP ov |[ovm ]| 1 [INTM DP
i i e i
ARP i 2% %73 E 4p & (Auxiliary register pointer) o 7B & ®a i34 ¢ 0 MARPZ 31 A %
e T Mﬁ“%‘w & (AR % 1 Jo FLST (f» R dfn @) 4p 4 2§17t
W e Ay B R (ARP)A T ~ o RIL S ARPE #-¢ 47 1L 2 ARBP - ARP¥ d MAR
s ~LSTH4 2 FE TP RBETHTRBre FLST (P rRETFF)
I 4 R ﬁﬁﬁ > FARBAF » > PlAp 2 B~ ¢4 W I ARPR o

OV & =4k iz~ (Overflow flag bit) - 4+ =~ ¥ 35 77 CALUK@ G imE 4 o — 2 CALU
EEEAR OV AR R Ll B0 A El ~ 5 24 L 2LST4H 4
FROViEZ AR S0

OVM j# =458 = = (Overflow mode bit) OVMii- 2 CALU iF =8 4 pFdeie od2 o
SETC% CLRCHq £ ¥ K T2 i f prim e LSTdp 4 » ¥ % X 3:20VM -
OVM =0 %% 53 fﬂ =
OVM =1 %@Jb‘iﬁéf”’?iﬁ%ﬁ CARERE RS T ENES | E




C¥is

# i i

INTM

DP

¢ 73" =~ (Interrupt mode bit) o gt =
SETC INTM% CLRC INTMdg £ K3 Tt i

Ff 2 INTM & w7
A gk a%olNTMzALST(;\»#ah%&,% )R g
TRAPH £ 2 6+ ) » INTMAt % 2 510 s g B - e ilo

INTM -0 TF A AR Y 2 ¢ SRR
INTM =1 #73 7 gl 2 ¢ gt 2 i

F ! LSBS;I‘S—T] =~ 167>~ '}.- %@g > Hh o
'—ST*H % LDP(§* » DP) #ﬂ L7 i DPE -

EE e A
K= _g -EK

7 7 4p #(Data page pointer) - @#ﬂ L BT R 9 A2 DPE Y
w/




/76 '27' I¥ f 1 (STl)
_--W-HI“

AW-0 AW-x  RW-1

LA A f i

ARB # 8% #7133 & % iF % (Auxiliary register pointer buffer) - 7 & @ pF > 7 & #f 24 #7735 wp P
(ARP)?yﬁ;i\ * > Pl ARPE#-¢ 45 Bl 2 ARBp o uﬁ; o FLST (Fr R iedis %)
#Fl 2 l—-‘fi THIRE ?ARB?}Ei\. ) EJ #B fE 2z g{lﬁ » gﬁ'}e ﬁl__l_ ARPF\ °

CNF & 5 p DARAMA.3] i+ = (On-chip DARAM configuration bit) o pt i+ = ;-7 DARAM % #.
(BO % &)@t%ﬁ |5 PRz a7 B o ptiz~v d SETC CNF » CLRC CNF % LST:}F £
Kzl o xE B =2 i0o

CNF =0 #DARAMF% #.(BO® )R 5 TR Z &
CNF =1 #-DARAMF 5.(BOF BL)#R 3] 5 258 7 FF
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Sum of Product Example

* sumofpdl.asm

.title " program for sum of product (method 1)" loop  LDP #06 : setting data page
ZAC ;ACC=0

.include "..\\include\\pathway.inc" LT X1 ;T=X1

.entry MPY A ; P=A*X1

-ds 0300h LTA X2 ;ACC=A*X1 JT=X2
A -word 2 WY B ;P=B*X2
B word 3 LTA X3 ;ACC=A*X1+B*X2 JT=X3
C .word -3
D word 2 MPY C ;,P=C*X3
X1 word -1 LTA X4 s ACC=A*X14B*X2+C*X3  ;T=X4
X2 word 2 MPY D ,P=D*X4
X3 .word 2 APAC ; ACC=A*X14B*X2+C*C3+D*X4
X4 .word 5 SACH Y1 ;Store 32_bit result
Yl -word 0 SACL Y2 :at locations YI,Y2
Y2 word 0 B 100D

.ps 0feO0h . starting address for this section 1is Phantom_[SR:

; 0fe00h in Program Space B Phantom_ISR

B 0000h ; (00h) Hardware Reset .end

B Phantom_ISR ; (02h) Interrupt Level 1

B Phantom_ISR ; (04h) Interrupt Level 2 % SR

B Phantom_ISR ; (06h) Interrupt Level 3 scompiler batch file (sumofpdl.bat)

B Phantom_ISR ; (08h) Interrupt Level 4 -@echo off

B Phantom_ISR ; (0Ah) Interrupt Level 5 rem

_ps 0fe50h srem Command Line Options:

entry ;rem -203 Use TMS320C2xx instruction set
start ;rem -k Produce .dsk Object Format

SETC INTM ; INIM = 1, disable global interrupts srem -1 Produce a List File (.lst)

LDP #0e8h ; DP -> 0x7400 - 0x747f (Event Manager) srem

SPLK #0ffffh, IFR ; clear all pending interrupts

SPLK #0010h, IMR g enablg Level 5 interlrupts A “tasm -203 -k -1 sumofpdl.asm

; somonitor can communicate with host i
CLRC INTM ; enable interrupts T o o = ; ;
SETC SXM - enable sign extension ; After compiling, it will get two file, sumofpdl.dsk & sumofpdl.lst

; i NIER]




File Edit ¥Yiew Debug Ophons Window Help

Options Steplnto | Slevaerl StepOut |Run| Haltl Reset | Animate

FE4E 8B0O NOF
FE4F 8E0O NOP

FESO start
FES0 BE41 SETC IHTM
FES51 BCES LDP #efh

FESZ AEOB SPLE ROLEEEh X3
FES4 AEO04 SPLE #10h,X1
FES6 BE40 CLRC INTH

FES7 BE47 SETC A -1

FESH loop ; setting data page

FES8 BCOA LDFP #Bh 8382; X§

FES9 ES00 LACL #0h 0306 %3 _
FESA 7304 LT W1 AP o306 2

FESE 5400 MPY A 0307: ¥4

FESC 7005 LTA ¥z 0307: 5

FESD 5401 MPY B 0308: Y1

FESE 7006 LTA ¥3 0308: 0

FESF 5402 MPY C 0309: ¥2

FE&O 7007 LTA W4 0309: & 16 B ] & 0 a

FEG61 5403 MPY D 0310: -559 96 -655  -F55 1023 -16385 -1025

FE62 BEO4 APAC 0317: -12553 -15344 0 4096 4 -1 -1

FEG3 9808 =ACH Tl 031E: -9 -16395 0 4106 263 0 -4098

FER4 9009 SACL ¥a _ 1 _1 _1 _Z457FR 0 1R39A N A

FERS 7980 B 0feb8h,=
FERT Phantom_ ISR

7980 B Ofet?h,= oooooole  AROD = FFED PC = FEpR4
PREG = 0000000& AR1 = 0000 3KO = 1100

TREEG = 0005 ARZ = 0006 SK1 = 0400

AR3 = 0100 3KZ2 = 1000

ARP = AROD AR4 = 2008 3K3 = 0000

DF = 0300 ARS = FFFF 3K4 = FFE7Y

=T0 oe06 ARB 7FFE  BEKS F3FD

15FC aR7

ao1o o
ao1o O
aooo  INIM
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