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Abstract

With the advent of portable electronic systems,
power consumption has recently become a major
issue in circuit and system design. Furthermore,
the sophisticated fabrication technology makes it
possible to  embed more functions and features
in a VLSI chip, consequently calling for both
higher performance and lower power to deal
with the ever growing complexity of system
algorithms than in the past. VLSI designers
should cope with two conflicting constraints,
high performance and low power, offering an
optimum trade off of these constraints to meet
requirements of systems.

Historically, VLSI designers have focused on
performance improvement, and power dissip-
ation was not a design criteria but an after-
thought. This design paradigm should be
changed, as power is emerging as the most
critical design constraint. In VLSI design, low
power design can be accomplished through many
ways, for instance, process, circuit/logic design,
architectural design,and etc..

In this paper, a few low power design
examples, which have been used In 8 bit micro-
controller core, and can be used also in 4/16/32
bit micro-controller cores,are presented in the
areas of circuit, logic and architectural design.

We first propose a low power guidelines for

AR )
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micro-controller design in SAMSUNG, and more
detailed design examples are followed applying 4
specific design guidelines.

The 1st example shows the power reduction
through reduction of number of state clocks per
instruction. The 2nd example realized the power
reduction by applying RISC(Reduced Instruction
Set Computer) concept. The 3rd example is to
optimize the algorithm for ALU(Arithmetic
Logic Unit) to lower the power consumption.
Lastly, circuit cells designed for low power are

described.
o of E
AGU . Address Generation Unit
ALU . Arithmetic Logic Unit
Cin( -) : Carry input
CK : Clock
CPl . Number of Clocks Per Instrucon
IPT . Number of Instructions Per Task
db( - ) : Data RAMY] data bus
b(+) . CPU ¢} internal data bus
Idec > Instruction Decoder
log. . Logic
MCU : Micro Control Unit
MPEG : Moving Picture Expert Group
MUX : Multiplexer
PC . Program Counter
PLA . Programmable Logic Array
PROM . Program ROM
reg.,H/W ! register, hard ware
RISC . Reduced Instruction Set Computer
S(-) : State Clock S1,52,53,54
u( ) : 999 Micro Control Vector
u(-+) . A Micro control vectorg 77,
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1. General Low Power Design Rule 14:Cell mappingks Pass Transistor
Guidelines Logic# Z& AAY cellE AT

CPU =& Rule

= AdE MCU coreE U&7 A Rule 15: Chipy <& functional blocke] &
e} 28 design guidelineg AM§-3ti Ik Ao 22 32 ¢¢&u power down
mode7} 7hz3HA 3t
32 o ME MH Rule Rule 16:Input pin ordering®] ¢J&] power
Rule 1:Switchinge] %8 signald] ti&f low AHE F2b s
capacitance routing& AH&-¥tt. Rule 17:CPI& Zo]7] 913 state clock £/
Rule 2:3]2 signald]old GlitchE F2{td cycle & HA3}8 .
=3 Rule 18:IPT 7} 2A gsoius WA
Rule 3: Unsensitized signalo] F#j blocking RISC like structure®2 7}A control
<A A g logic® &9t .
Rule 4:Slew rate7} o}5&< signalo] #A Rule 19:MCU execution unit(EX: ALU)
=2 @A A g . o] 114:9] low power algorithm& A}
Rule 5:PowerZH]7} &7 instructiong en- 231},
coding gth o2 Zo] Rule 7& AW s &
capacitive load 758 buffer chaing #A delay
Layout & Rule g HAx frAAt F=AF7H FAAEY low
Rule 6:Non critical pathd] t™a] TR sizing power{t.E o] & Ut
& #FI. e AEdA] Rule 17, 18, 19, 147} 4% 22
Rule 7:Buffer chain® TR sizingg& &3} A= &% oichipe one chip FH37} N
o, # WA chip size 249 ARHIE UL U
Rule 8: TR layouts peak current7} 2t 8} zg 3 P2 FAEH
of EMI levelg &1t Al B3] o]d AA rule £& WE AL
Fd e £4A4EQ LCD, Pager, Data-bank &
3|2 Cell 2 2 2 Rule microcontrollerSo] 47| A1k AFARE7 B
Rule 9:Standby modes} %& A7tE& 2} on 2d NZ2AyZE ngdel s 2R 7hEA
&= A% standby current® £4F 7] wEolth. 53] AAH3HHE EMI noise®
9l A reverse bias or multi-threshold ZAE T, £ logic 32ge] Zo{EW micro-
714S ALg 3k controllere] chip size® E7%o &}

Rule 10 : Output pad bufferd] low threshold
deviceE AMg-3A] =t

Rule 11: 7Fs3d TTL-compatible I/0E Al II. State CK§&E0|7I(Rule 17)
& A ¥eth

Rule 12: 7}531% dynamic logic 3|28 93}

of 2193 precharged logic cell& ©3]7} 4state clocke] 8 bit MCUE ¥ 3%
ARz geth o] AAFTH, oln lbyte instruction®] 7$-
Rule 13 : Low voltage processE Al&-3dttt. 2% 13} 2 non overlapping 4 state clocko]

(426)
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(a8 1) 4 state clock for 1 cycle timing[&]

data RAM Address

| I
(data RAM data)
Prom data

| S1 s2

S4 |

(ALU data or Status)

(a8 2) MCU % ibbuse] W&

——— " “('_')
8
A
|}~ T PRON st (tee)
i . c 8 ec
mper H

Fe S1 —

(PC)

e,

< ib bus(K hit) D
wn : ’
48
. o

el ogic
=DA} v

[ Accmlator |

Tatch

(328 3) 4 state CK MCU &4 #E block & *L

LOL= In/Out Latch

[ s3] s4| sif s2] s3] s4]s1]s2 [ s3]sa]
| 1 (Instruction Fetch : Prom
data)

I (Instruction

decoding)

| 1 (Execution)

(a8 4) MCU Instruction Execution cycle

instruction executiond] A} TH4,
a9y 4¢] MCU operation timingZZ8o] lt}.
S39 A instruction fetchr} o)A (28 3¢

(427)

program counter valueZ} s394 latch®t}.),
micro control vector ¢Z AJA3HE Instruction
decoding® S1 clock A olFXH (28 39
Idec IN buffer latch CK:S1).

At p(-++) vector7} BAEW execution unit
7} T3 7 A &), u(--- )vectors S290 A A
(28 39 Idec out latch CK:S2) o
execution S29| A A|Z=HT}

Instruction decodingdl] S1,S2 2clocko] H g 3l
olfr= 2 clockso] HQ3F o|f+= multl byte
instruction % SkipZ7 B4R 1 state clock
L2E BE| fgolnt

1% 2= MCU core internal bus ib9] W& 4
£& Uit ol 1¥ 39 REMCU cored
ib bus® [@8h= buffer enable Az g AA=HT).
R2E enable X137} disable® & W, peripheral
9] data RAM 9] data 7} ib busd] Ag7)= &
t}. T3k 2byte instruction?] A% 8 state clock
o] a3} powerdn|e] 717t YEhZIE gt

o7)A B2 a3 state clocke gloliL, power
AHE Zolgd I¥ 3& xR oU)A,
program counter?] instruction fetcht S3¢]A]
o] 8A| 1, instruction decodingL SloA] A|Zg
th o]ju S4 state clocke ARAAF Ha 7} gich
a9 39] execution unit(ALU &= AGU)E S2
(micro control vector p(-) A7) o]F 3
state clockZ¢t =53] & =&8ic],

olFA S4 clockg §lofd ZE unite] A4
Zto] 3 state clockz o], & AYPE 1
state clock Betx]A At}

9 5,6,79 3 state CK/ 1 cycle sequenceff]
7} dok. 18 4= 3 state / 1 cycle systemd| 4
S4 -> Slez i (S4¢91414), 18 5 S,
S2, S3 timing o|th, &3t 18 6+ ib busyj
£& B Oy 29 EYHE S4 state CK7}
olx ALUAE AT S1 CKE< ib bus
(internal bus)dl] AgA Fdh= o)t}

o] 7]o| Al data RAMY] dataz} ib busd] 4&
e ALU 237} b bus2 289 sloz
(vib bus dataZE) olW= ALU blocke]
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(J8l 5) 3state clock for I cycle timing

data RAM Address
| |

S3
(data RAM data) or
(ALU data or Status)

————————————= Prom data

(28 6) ibbus W&

S1 S2 S1

| s3] s1] sz s3] si] s2[s3]s1]s2]s3]

l::(lnstruction fetch Prom data)
l__——l (Instruction decoding)
‘:] (Execution)

(38 7) 3 state CK MCU Instruction Execution
cyclelg]

enable A% enl-& 07} oo} dith.

a8 78 3 state CK/ 1 cycle MCU9
execution diagramo|th. I¥d|A HZE Instru-
ction fetch, decoding execution 5% 2 %&
3state CKAell €uAlEth. AGUS ALU 2%
micro control vector w7} AAEE S294 T&
S2714] 3 state CK Felol $83] Y3k= $8&
FP 5 Aot o|FASH ¥ MCU master
CK=10 Mhzgtid A5 75Mhz 9% Hoz
power AHle 25%EA FOH6.

kslH power consumptiond F& Fupo
v)# s}y wFEo|th, RISC MCU%} 7o] 1 state
clock / 1 cycleo|™ ) power?} 75 %7HA &
ThL 3,

9ol A, 4bite] -5 A AT, 8bit MCUY

(428)

o npEbsiAjolt} B3] 16/32 bit MCUS| 73

EA4 TASKSE A% algorithmo] wa} &
state CKEfE &4 A@=H7t 7besint.
32bit MCU¢! ARM7T RISC - Processord A 1
multiplier H/W+ Booth algorithm& £t} ojuj
modified Booth algorithm& 2% state CK#f /
multiplying task 7} &0} AHH s &)

T3 ARM7T MCURY thumb instruction
decompressor(16 bit thumb instruction& ARM
instruction®. 2  ¥&)e} ARM
decoder?] instruction cycle time2 2] state
CK#E 244 ok

%
o
-3

1
L

Instruction

III. RISC like Structure(Rule 18)

fge]  RISCTFRE @100/ o]3}e
instruction® 23 @2 Zol9 instruction

formatg ztom @ RE
cycle2 *g]=}i @ memory accessing®] load
(store) o2 Azjdo. o|FA Iwj B3
CPU control logicol ZreslH &, {KE b7t
o]F ojda9lt. ol# JfdE ol& FAb 8hit
MCUZ] memory  addressing indirect
addressingg gloji, %3 instruction 1 bit
manipulating mstructiong $lol™ ¢k 20%<
chip 7] 49} low power3 & o]& 4 9lth
1% 8L  program counter2HE U
program ROM addresse]] 2]8] program ROMoj|
Al instructiono] fetch 8% PLAd 23] micro
control vectorZ decoding H& A3 ZEFe)th

instruction  single

(Idec)
P
P R AGED
C (o} PLA =™ ‘Micro
'] ctl.vector

(a8 8) Instruction decoder(Idec)e] N3 s E2[F
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- )7 () ._.__>| “7\(7:0)
/11~;119I;120~;140 ﬂ41~u70|y71~/190 data
ALU Con. Interrupt Address 7Ier SD(0:7) pus
Con. A4 Con. Control EN1 \] L
fu(1) tu(2) p(3) ip(4) Nz —] [3:1wux] |
EN3
— 8
(38 9) u vectord] 71555 99 4L v
Al1-A8| 4 e |[ Data i/o
AR A3 o f— 5% N Data
oz — EN1 > ) o
#(2) EN2

EN3

(28 10) Direct address enable A% ENI, Indi-
rect address enable A& EN2, General
register address enable 215 EN3¢} Z§4:

o] micro control vector &= 13 994 HE o
#Hgdoz Uxo] MCU zt blockg AojdiA€
o d& 59 ml-p70((3))= address A4
block (AGU block)e.z2 &= o I blockg A
o} 34 H&= Zeolth

28 9ol A g vectors 90bit 2 TAE AT

18 109 RE addressingg ©} 48 <
+ memory address A4 Ao]AlE logico] U
Logicld] <& EN1AZ7F #AE 1, logic?,
logic3= Z+ Z} EN2, EN3 & @A71t. 19
11& EN1,2,39] 2]3] memory address7} A4 &
= AGU unit block EE RglIth ag 1194
direct addressingd 7% EN1o] M=zo{(EN1
=1, EN2= EN3= 0) (1)¢] 3:1 MUX &¥g°o
2 Wiz, MCU7} indirect addressing2 AR&-A|
EN27t M€=l SD bus W&-(HL register W-&)
o] 3.1 MUX Z#og st FHF A0-A7
address 7}t

©.2)7} ukek & 7)A indirect addressingg Qb2
= TZ2 MCUE AAgdd MCUY AGU
block@e ¥ 129 #o] zidt &7t} o™
RISC like F&o)4 §1017] instructiong thAl3]
okglot A instruction® 8 H2L- taskE T3 ste
AE 7peshy IPT7E AA A, PROM sizeZt #
A g . AR o] AAE A4 Stk v A

o)
AA

(429)

¥ : (1) Direct address A0-A73 A logic
(3) Special register Address A0-A7 AA
logic

(a2 11) 93¢ MCU address 4 block E

A8 ez & £4e gk

2% 1194 EN37} enable®]d (3). (special
register address A0-A7)7} 3:1 MUX&#o g
rHA gt} o] register= HE MCU working
register8 ARR-HUL E3 Al1-A88 memory
bank selection logic © 2], memory bank 00
A 15 7tx] FR3ch. =38 SD busdl= data
RAM W9 working registerd® 3}1}¢l pointer
reg.,, HL register(indirect address pointer
register) A% ¢ A2 EN2 7} enablegu] 3:1
MUX &3 o2 12l 2% address A0-A7 o]
t}. ek B reg. )&-o] address 7} o <)
= YL&E& accumulator® &7]1 4o

LDHL, B; HL <- B
LD A, @HL; accumulator <- [ HL]

o] =t} indirect addressingo] ¢ &wW+ B reg.
We&es AMdES o FI uf, s
direct address 2 &= 3o WY 8&& accmulator
2 &7id¥"d. 1 programe LD A, DA;
accumulator <- DA #A]9 Y& 47| direct
address DA+ B register W& 024 user7} ¢
HA02E 2 3ke Yohol B,

a9 12014 H%E direct addressing®t Al&-3}
A control logic®] 7A-$-dl 18102 EN2 A5 &
Alog. 2, 13 114 SD bus7t 28 giA, 3:

= 3

= N
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ib(7:0)4
1 [(3)| data
bus
EN1 A J
ENs | 2:1MUX |
8
Al11-A8 A
~ 4 g b |[Data i/0]
~34 [ Data
12 | RaM

2x: (1) Direct Address A0-A7 BA logic
(3) Special register Address A0-A7 A
logic

{38 12) A4 Address only MCU AGUBLK

1 MUX7} 2:1 MUX= zidsiA 29 12 48 9
o} ©EA chip sizek £33 AMYL o] FojZn).

T 3714 2 ALU blocke Asind, 987}
bit manipulation command® th&3} 7Zo| zt1
At 3tk

LD DA, A;Accumulator A -> direct address

DA

BSET DA.b; direct address DA ¢} b¥i# bit set

o] instruction& 333171918t ALU H/W 7}
19 13 o 9tk

a#g 2y 994 ALU controlXl &= p(1)]
o.
(1) (gl 2, --,020 )OI 19 139 enl=
en 4=1en2=en3=0,Carry in= Cin(7:0)=
FFHH, ALU % 8 bit 948 A(7:0), B(7:0)
3] Ax direct address DA 9] J]-£90]1 data
RAMO|| A internal bus ib(7:0)& E3] ALU=Z

ib(3.4

1) Ciaff0)

el
Interna bt Bit dar- ;D—|_
b data ® iplation |VAL(T:0) *
u in K
a Dj u ED—))"“
Carry
b =
o HU& o A
oontents i

e

)

(28] 13) Bit manipulation& ALU hard

ware( Adder Zfp3tE Y

n

ib(3,4,5) |VAL(7:0) b ib(3,4,5) [VAL(7:0) b
000 00000001 0 100 00010000 4
001 00000010 1 101 00100000 5
010 00000100 2 110 01000000 6
011 00001000 3 111 10000000 7

(430)

(13 14) 28 139 Bit manipulation block A&

8=, 39 bit AEE bEA] program ROM
9] instructiono] A& 1 1Y 4 A BE
S291A ib buse] A& ib(3,4,5)% ol 17 13
9] bit manipulation block 2 &=}, 1 &
2.2 VAL(7:0)24 enl=1d4 ALU¢ B ¥
o] g},

VAL(7:0)& bit X decodingZ %24 b
bit?t set¥2ith. 3¥ Cin=FFH, en3=0, end=
194 ALU outx out= Carry out of Full
adder = Ain Bin + CinBin + Cin Ain=
AmnBin+ B+ Ain (. Cin=FFH ->
11111111b) = Ain+ Bin= DA contents +
VAL(7:0) DA &% bH#A bito] set "} 1

g 14% bit manipulation block logic truth

table o]t}

ol -2 ALUE 1% 159 2ol AAsHd bit
manipulation® E7Fs A, EA bit2 set(d]
b=3) A7j8ld o9& #& instructiono.z 7}
skt

LD A DA ; Acc <- DA
OR A, 08H ; 3rd bit set (if b=3)
LD DA,A ; Acc -> direct add DA

|87, S8bit set (471X 3rd bit) 4)7]
7] 913 OR A,8H¢| 8& user7} chip oA 7
3ffof gttt

2 RISC like FZ+=
IPTe] 3718 %29
chip sizeE ol
E&Ho|t}.

18 159 A% enbv direct address DAY&
9] 3rd bit setZ €3 data 08H7} ib busd] 45
£ enable H3. ¢]A0] ALUY B ¢80 2 en2
o o8] Eoiztth.

2717b EHE AAY
ATt AR s
BEEEA71EH oFF

F ot

A
T
s
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(28 15) Bit manipulation block AA B New
ALU block®] —&f

ALU A 948 02 Direct address DAU&-9] ib
busE F&f AH dZEH.

1% 13 i8] 28 15%, bit manipulation
block §1o1A 2 enl A3 AA logicE oA,
low power &7} o|gAc} 18 139 3=z} 1
2159 32E Z7z} spice simulation 3P-& w9
vl A3t 29 169 9l

o714 dEZAL direct address data rate 8
Mhz, en5 = 4 Mhz, enl=end= 1, en2=en3=
0 2 g} & 23 1594 en2=10|t}. 18 16
oA B RISC like %7} < 40% o]A4H9] idd
(Vdd9l A chipe 2 35 e AF) Aol o
Adgs e 24 Aok " 162 343 0.
125 (S #7] (8 Mhz)Z ulE=T)

idd (Amp)
3

1.0 L | I L

1.35 1.47 1.59 1.72
(g sec) time

(72 16) 219 13 ¢ 1§ 15329 idd ¥jn

3 CKF71(8 Mhz)2 A7} peakghe Zre
=

IV. ALU ME& <8t HHalgorithm {
Al (Rule 19)

ALU A #4 algorithm& AHg3ld AA
At % chip size 47} 7hEsiei®. E£3 T4
9] execution unit7} [&— algorithm& A%, 1
Mol H/W=2 & ALU functiong 38 3 94
AAE I} 7bs stoh. dzke] A$ divider A
B A4 H/Wg 2% &2 way H/W 3z
a7zt AA AHARS GolXith. WA adder
9} multiplier& MA] software algorithme 2
dividing& Al E ) o)u A}& algorithme] #3
3} otsW program code density7} #A &8 o]
YA AEARE AXAEY. FAE A9
W 2y 1794 2l 9¥td ALU block EE
Held)

Uit micro control vector2A] o259, Ud=
LU5=U6=09]4 ALU &8-2 logic H/WA3} 2
go]x , U7=1d4= ALU oute] tA} ALUS
BAJ; 22 Eof7ta, U7T=0" 9545 Bz
dZd=

Logic functiondll= AND, OR, EXOR, NOT%
o] it} o]yl =& logic function® full adderd]
carry, sum logic algorithmell ¥8% ooz

out

(32 17) ALU block[g

* Mul. : Multiplier, . Subtr. : Subtractor,
EXin : External input
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Um S=Sum Input to Logic
cin__ )_ Ci C=Carry otu | full adder(Ai, Bi, Cigg}) |~
Co — C Ci=1 Ai (OR) Bi
Ain A Full C Ci=0 Ai(AND) Bi
! C Ci=0,Bi=0 Al
Bln D B gy S Ci=0 Al @ Bi
5 — m|—e—
(38 20) Full adder(FA)Z4¥ logic functionT
(28l 18) Full adder® SubtractionfifT & table
Oy 17¢ 8 199} o] logic Ffo] o] FoiA] logic functiong& T&3le] AAH3E #TS )

AA&HEs=Ech, T3 Subtractiono|u, division®
Z}7} adding, multiplying algorithmol| A & 7}
T8 22 H/WE &0, 4 &E% subtraction?]
158 1918414 Un=1, Um=1& ¥ A+(B)
+1 = A+ 2’s complement of B = A-B 2 9§
Alo], adder2%-¢ 7hs3 W d.

a9 198 17d8], logic H/W7 gleix| 3:1
MUX7} 2:1 MUXg w3 zids) zoh 23 20
o Z+z+e] logic functione] full adder logic &

2E FEEE A S B4t 9 EE9 self inverting
& Full adder(a,b,e AF7)9 SumdlA b=1,c=0
HS=adbdc=adb=ab+ab=3
2 a9 complementinge] A@AAC & 8hit
MCU¢ ALUA full adder ¢ algorithm& o] &

-— {8

(et

out

(23 19) AAE ALU block

(432)

o.

w3t 18 2094 AND functiong full adder
9] 29 carry out$ #Hstl Y carry in=Cin
=02 %t4H,Cout= AB+ BCin + Cin A = AB
+ 0 = AB (v Cin=0 ) & AND function +
&o| 7538lth o] algorithm& o] &% logic %
ok o] 59| coder, decoder (EX: MPEG)
M= FolE 9lo] coderz2HE] decoder H/W
£ 47§45

V. A2 2|8t Cell structure(Rule 14)

CPU structurez} Z#&o] =i algorithmo] 2
o, Sal= AFRE celle) AAHIE B8 AA
micro- controllerA AAEFE #I g9 vHz e,
d& 59 EXNOR gated]d$ 23 213 e
AAEcell & , latche] A% D F/F

‘:.‘}\
\_ET 0}]\

ouT

(a) A7 EXNOR gate
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39

Vdd

1l

UT

1

T
e
LT

(b) AA& EXNOR gate

(a8 21) A+ € A48 EXNOR gate

O—=N

CK
(a) BTt level trigger D F/F

=

-

(b) AA= level trigger DF/F

D

-

(38 22) A5+ ¢ A level trigger DF/F

(JK F/F, SR F/F & nla7bx))e] A% 19 22
o o] Adgs dArh. ®d ALU oA add,
subtract,multiply, divideo] &4 #o]= full
adder®] 7Z¢ ¥ 237 2 CPL(Comple-

(433)

A —{>o—<

Cl

B

(a) A 7Full adder S(SUM), CO(Carry Out)

“Ta T o=
B—‘[_I_ “TeB
A
B A.B ~>O———— AB,BB
B “Tas
o - D ciB
BBT
LI o)
“Tas T o
BB
Tcis
B A
L
“Tas

(b) #4383 CPL FFull adder S(SUM), CO(Carry Cut)

(28 23) 492y FAst 7% FAY )z
x CPLe) A% AREo|BA, Tol0).

mentary Pass Transistor Logic) type A€
cell& A& 9l

39 23& 1bit full adder2A, n bite] 7% f
= ¥ CPL typert 7¥dsict. old AHEH
cell A B3 TR 7A¢x AR Zo] MCU chip
size7h A o] £t} I 249) A HHY D
flip flop 3 CPLE full adder A}2EE, 19 159
RISCH ALUY idd #¥¥se HATh o]
%ol ol=”d] #3} spice simulation 2Tt}

Atcell AHEE WRTE idd(Power supply
current)7} thEEo] AW G

st EMI (Electro Magnetic Interference)¢]
AHgo] =9 idde] 2 Zad| w} 54

[e]
A=
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idd (Amp)
0.7
| A i I
.3
1.35 1.47 1.59 1.72

(s£sec) Time

(T8 24) At celiz} A cellAgA]Y 19 15
9} idd#}g w3}

o]Zolxti(Low EMI emission).
VILd &

oli=RoXd MCUY KENLE A% =44
74 Bo) HBHAL. AN ol HES B
FAoZ AL 7]1Z 8bit MCU %y, oF 35%0])4
o chips] AW % 271528 285 AR

A A SYSTEM LSIER2] g% MCU core
At AN REe

D ModulerAtd s & 4 YA(MCU embedded
AE 7}5e) EE MCU core(4/8/16/
32b core)& ASICY) digital corefl3tt}.

@ MCU cored] Adgs= £ MTP(Multi-
Time Program) 7184 flash memoryZE
W8l customerd A A|FFe.

® 4bite] A7 MCU A E+=E &9 DSP ¥
3k 8bit o} A9 A% MCU AEg A 2
XA+ Customerd| Al | &8t}

Tog aod £ gt BAkE o|HEH g B e
of AAAL] MCU AEFS A} 57|98 T3]
=8 gzolt

i
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