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Design of the Smart DMA Controller

Student: Yu-Wei Su Advisor: Chin-Teng Lin
Department of Electrical and Control Engineering

National Chiao-Tung University

Abstract

In recent years, digital signal processing plays an important role
in our life, such as communication, entertainment and daily necessities.
Under the high requirement of consumer electronics, expecting high
performance, the cost requirement for a digital signal processor (DSP)
1s quite severe. Because the cost.-of.a-DSP is very high, if a
general-purpose processor 18 used-to-reach the efficiency like a DSP, it
will claim the higher clock rate-and power consumption. In order to reach
DSP-1ike performance of the processor, this thesis investigates a novel
smart DMA controller to assist the processor to improve the performance
and the transmission efficiency. Based on the traditional DMA, the smart
DMA supports four kinds of addressing and transmission types so that it
can select the region of valid data to reduce the bandwidth of transmission
and the load of the processor. The features of smart DMA design are as:
(1) it has a built-in multiplication-and-accumulation (MAC) which
processes mass and regular data computation. Moreover, it has two channel
controllers which can access two memories and perform vector operations
at the same time; (2) it supports the peripheral I/0 bus and it is flexible

to expand 1/0 devices; (3) the cost of built-in MAC only increases 10%,
IT1



but it can greatly improve the performance of the processor. This thesis
represents the design of smart DMA integrated into the developed processor
core, and then it becomes a DSP-like processor chip. The chip has been
integrated in the total area of 2.3x2.3mm’ by using UMC 0.18 xm CMOS
technology and fabricated via the National Chip Implementation Center

(CIC). The maximum clock frequency is 100MHz with a single 1.8V supply.
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— (Circular =——— Index-based
— Mirror = ——— Index-based

#2-1 2z ed &

12



2.2 47 &) DVA 4] B % #

- e DMA 22 A1 DMA 284 w) ot i A 4] B4 a2 e
E-P2MCEEZ -FREAFRAG a3 Ee 2 FRa2OlE{rl B
FreRWa i % o FEL DA FREE R P 4oW 2-8> ¢ s FdE - BA

PR E R B f AT R U B2 R e o B e

T REGStT BaR
: | | Source "
Destination "— l
DSP | Cont-rol — M Channel h ]
. | | Configuration*= - | controller ] 0
Source N APB
< ;' ¢ ] FIFOO | | Bus
Destination ALU [+ Channel chl
: Control Nl - controller e— i
. | configuration*{+ FIFO1
- APB|
: Decoder
ACC .
Interrupt | ]
LEYHEst P B B . Prioritizing | ...
+«—— Memory L Arbiter :
+——— interface [
GrantO GJantl

1 2-8 © £ A DA =% i

2.2.1 &g £41%E (Channel Controller)
TPl E S DAL & chfre > 215 1 89 d g 34 B kipdl - A E A
DMA Ni2d edple il Fird1 > DB BURE A BFR > T HET R EE T

SR S AT T ES RE S R RRE R ELE F LR



EE R BRI F e 0 E (PIFO) P L7 = 0 %k a3
ATARW B AR H ER e 6 F (FIFO) p 2§ T4 %k LT #F

PR W3R Bl gt BEAE e B3ev AT ER DM chir g #
e B EREY 5 Uk (Finite State Machine, FSM) # 3R » W ig#p

1 2 4 Bl 4o 2-9 -

Channel Controller

APB Bus ! [~ ' ) —_— ( ) ! APB Bus
I Vrite R R Read I
I — FIFO e I

Data Bus | |_ Controller ) \ ) L Controller )‘m

Register Bank

Bl 2-0 L i £ B

3
&
E2

W/OBE A ERR B AR 2-10 A1 o /B EF S AR o 1

P

AEA DMA 2% - /B FI BN L 5 Disable o hpcds (s 0 § R LNl B
;Ui ~ 3 i (Memory/Peripheral ) o stig » 3] Idle #:3¢ » & FB~i83/
BipdlenfEfl o 2 F 2 Setup Hot > £ FERIRS P TR G s B R R PE

P o i~ Enable #5¢ 0 s& 7 @ o F A B 0 R &~ Setup o
ET - A FROWE  F T DR KA § v T R4 Disable Hoa o 55

d1 ¢ % (Interrupt) i fvo> = = A =X eh1 0¥ o

14



Transfer Complete / \ Transfer Complete

:& Disable j:
Channel Enable=1 Channel Enable=1

Transfer Type=Memory Transfer Type= Perlpf eral

Idle P Idle
Channel [Select=1 Channel |Select=1
: \ 4 E é v :
Next Data Next [Data
—> Setup Setup «—

FIFO & Mepory valid i i FIFO & Peripheral valid :

4 HE v

Enable Enable

/l/emory Perz pheral

F 2-10 o / BA ) B 3K 5 A2 )

B A EEHT MAC EE P Bl 2-11 > F- EgfBFofly k> ¥

— B NI RS FTRIBG  ERFR AT

MAC Channel Controller

| gData
Channel Controller 0 Bus

A

=
X

Y

/\

Data

“ C « Channel Controller 1
¢ L \ Uus
W 2-11: @ * @ F it B 2

15



2.2.2 gL xR (FIFO - First In First Out)
FHAIE? T EEEHERRFT YT & * FHhLer D (FIFO). 2 &
A LB B a2 R AR HEdgiacd 2-2 217 0 = Erd

AEA BB 0 R P/ DR

ERaret

data_in FE BB o

Push CLK & s P > Push=1 % » #-FH I 2E W F -

b okl

data_out | B~ éhif BB Tk o

Pop CLK & 4% » Pop=1 BF» #-F L jg Brg B o

SR N

Full FUE TR
Empty FUEEN E T
flalf FWEN TR L LD

Yol 2-12 #77  BWEE N 3 B4 ik Pt_PUSH 2 Pt_POP > & ®ldp e % 7 3F
0 Push & Pop ehizsbdpth o % Push & (748 4 pF > Tl g4k r ¥ % > 41k
Pt_PUSH /L™ # » 4 47 A% PR £ » & v 538 BB hizgh ; § Pop # 7%
AR FHREEEEN TN gtk Pt Pop AT H > AR ESFEELLE 0§

W |5 R Az g o

16



Pt_POP

g....Pf—_P&. FIFO[0 ML

................

B 2-12: g %% (FIFO) p %45 1%

FHrEr 3785 F (counter )» ¥ R Hefiw © i3 Tl ¥ d S HEEWR

fop g ERE kT 0 e 2513 T A

C Start >
Push Pop & Push Pop

Counter+1 Pt_PUSH+1 Counter-1
Pt_PUSH+1 Pt_POP+1 Pt_POP+1
Counter
5
: Counter=0 Counter==8 Counter>=4 I
I
| ! | ! .
I Empty=1 Full=1 Half=1 :
I

17



2.2.3 iBAfER F ® (Prioritizing Arbiter)

d 3 g4 BE* A fawiist (Data Bus and Peripheral Bus) @ # F B¥
RN g BRI T 0 R ER - BRLER S Ree@ 2-14
o e i Rk R R

FEA DMA p & A i iE 4 ® Channel Controller 0 - Channel
Controller 1 14 Channel Controller 0 enift{EdE o F|M - § FF FFE-* 4p
IRl R pE o B E € %R L4 e Channel Controller 1 A #fie » &
EAERF O EEH B TR RS 0 B4 2R % Channel
Controller 1 - - FARERE AR MR E ;‘i@gﬁjpﬁ P FEFT
@%gi?ﬁ’iﬁ%ﬁﬁ&ﬂﬁi?’uﬁi?ﬁﬁﬁi°ﬁ#%ﬁ@%@ﬁ
FHREADZFE SR EBARLDEE R RWOBE > e S ¥

Bt TP 0 % B 0 R il R Y S8 TR D A o

Periphera Il Peripheral
| N
Bus ~ _ o R Bus
«— | 1| Channel Controller 0 [ 1 le—
< g 1 >
\, Z 1
e N |
Data J 1, “ 1 Data
Bus| | | 'l Channel Controller 1 [ C | | Bus
< > - >
<> : : S ) : «—>
—t— - - - ! —
I I
T I I T
[ I 1
3 Prioritizing Arbiter !

B 2-14 : ®A4E® £ % (Prioritizing Arbiter) ¥ #|a =i imy

18



2.2.4 %5 Bx (Register Bank)
FEA] DMA p 3843 - 2 32-bit e Bl > A bR AT E A DMA AR G -
o 16x16 e Rl o PR EP IR F IS N E R R > T Y o R i
(Memory-maping) 1= N & o dmiE PR G Ben® 2 > AT - FWP o
TEA DA 4 Blaagg B/ 8~ A 4cR 2-15(a)(h) » 1 dk /B e iF
o PR S 0 fe & CEN 28 (Low-active) > § WEN=1 pFd & 2 ehizpr Be )

s FehE o § WEN=0 p% > o 4775 By » E8 ~dp T ER -

|

-

< >

RegOut >< 1 >< 2

Bl 2-15(a) * A& 3 DNA 7 5 B o3 5~ A ]

|

cen X QOO0 QOOOOXXX QOO0

i I
><] ><]

wen 0| AXKRRAIRRRRRIRRRREN AR
o~ XA KKK 2 XKKKXXXXX

\/ \/
Regin A A

0OXOXOXOXOXOXOXOXOXOXXOXOXOXOXOXOXOXOXOXOOXOXOXOXOXOXOXOXOXO

B 2-15(b) : A% 3 DVA %77 B B »~ pF 5 W]
19



i

s Rt PR B 216 97 0 2R ACT B 0 TG R AR
AL RS i 80 0 L FGRTFHBECMACEY F -

Register Bank

Source

A

Destination

A

Configuration

:L Channel Controller 0 ]

A

Control

-L‘

Source

A

Destination

A

Configuration

A

{ Channel Controller 1 ]

Control
Status
ACC

A

A

— e e m— — — ———

A

MAC

I
I
I
I
I
I
I
k

Processor ‘_’g
|
|
|
|
I
I
I
I

2.2.5 ° %72 (Interrupt)

LA BeP aofed #775 £ (Configuration Register)» ¥ 3k %@ #7&K it
(Interrupt Enable)- % © %75k ac ik 26 » U EHA B Tz d > R
T A ETE R IR TP E L 0 P ¥ S Low-Active 0 X4
Faf- ppoii P - A BREY WA F R AT B 2wy
FIEF NS EE L TR A REEFEY o AoB 217 #1F o

Status RegisteJ Interrupt
Interrunt0 | controller [ Channel Controller 0
Interrupt L 1 Channel Controller I
Interruptl Controller
v

20



2.2.6 FA4EEE (MAC)

BATEA DMA AP 5 4 B (MAC) > & (972 4] DVA A« & FpLps > 4 7
BT S B RAF B UBLAJL o d ok BAF A 0§ A EME R

P F o FEH 2 P 2 B (2-stage Multiplier) # s k4@ 8 Beprow o
iz 5 16x16bits 5 5Lfc(Signed) P i F o oy d1 5 32-bit 95 5l
FABTRBM AT 40-bito AR A ZEARY B FFECERESHEE B
BEFLGFEHT AREN R RN RN B ORILE - FH kR

BB BAT > iR 40-bit BN 8% L 32-bite d 3 A EpE > ¥ T

St

Mgl F > TG 73 g RFER > Fletk3t 0 - B Enable anugs > #

(SR FER ekl
2.2.7 =% /i » (Memory Interface)

FEADMA 2 &4 35 B2KB (512x32-bit) shHE B 3 @ F H clitl » & &
7 £ 500MHz > & Biefatls 29 R AL > 32 1 T %] %/%] R EFE
Pl eREA G 8P '?K%%'T.‘éﬁﬁﬁﬂﬂ@@?‘]@ﬁ% F4cB] 2-18 0 R B/ B~

E A 2l =gy -X RO I

Periphera oo ! Peripheral
e N
Bus PR ' e oeenenned » Bus
«—> . | Channel Controller 0 |} —
- +
q.... r L ) >
- N A
Data N R P Data
Bus '"| Channel Controller 1 [ Bus
TR 1D I TR »
RN J
— :

Memory Interface

v 1

Ram A ] [ Ram B

Bl 2-18 - BiEe R 4 6 T H B
21




MEHF BT EET T BOR (L 2.38) EHL PR 7o

FRAR 4B L E B 2-19(a) (b)enis B A ¢

CLK

CEN

WEN
Al
Q1]
CLK
CEN
WEN
All]

DI[i]

"A ‘ LAVAVAYAVAN
QL L]( H)\( @

Bl 2-19(b) * =R B I 5§

2.2.8 % #® i (APB - Advanced Peripheral Bus)

APB %7t 5 ARM =7 AMBA (Advanced Microcontroller Bus Architecture)
[8]2 4™ e 384 > H Xyl /i 5 SUBLho @] 2-20 977 > 5 HE S ¥ s g
S 1R B AFAEF AR TR FEEopE- 25 k4 e 1C Sound
Bus (I'S)» g A~ %y » 4 LB & APB /A d % [P st v e

Tt R -

22



Select

Strobe

Address
and
control

Reset
Clock

Write data

APB ® i pF B 4@ 2-21 0 — & FoR

PSELx

PENABLE

PADDR
APB
m. slave

PRESETn

4

PCLK

PWDATA

i

Bl 2-20 : APB it £ 3rsb i G

A4 APB iR A g L ER o

T T2 T3 T4 TS
PCLK | | |
PADDR XX Adddr 1
PWRITE f
PSEL f 0\
PENABLE T
PWDATA XX Data 1 XX

Write transfer

B 2-21(a) : APB ®in B » pF 5 B

PADDR

PWRITE

PSEL

PENABLE

PRDATA

PRDATA > Read data

2R BEREY A ELEE

T T2 T3 T4 T5
[ I S A N
) T
|
i | W
} ¥ Data 1

Read transfer

B 2-21(b) : APB ®int 3 B~pF B R

23



2.3 AE7 DMA £ 4% 5 B

O REAE A DMA B aoni o #  F R FRAA A B g S ié;gi;—]

REE A 0T AR e BN L B R R S e

-t

2.3.1 Xr#r3 %E (Source Register)

£

FORAT A ITA 32-bit B RS R 16-Dit VA B E FRR T
KRt Bl B E R e KR T g B a e o kiR
g EP B 16 At sk En > K16 A FA Th o 4ok 2-3 AR
=N

B SourceCircular: Az &z (0) &8stz a (1) 23 F s
BEh o N EBBERAEM N NERKLL T o

B Source Base : i~ % %% Tk ALK hiv B, VX LR 0 &
RANES S S LT

B Source Offset : 4rBl.2-22 %5 ik 208 1k & 454 Tk e0 % - £ F L

e B4 BRI P o

PR T — ) A
+n
N
Block ) +n
Start
b 4 Offset

® 2-22 : Source Offset 7+ & B

B Source Device : &% & FP-cicifl o £ 5 BRIE P & APB i

rj’]iﬂ_’% ;\ °
24



B Source Address @ A& F 3 Behizht o F PR FliohWEE

512x32 > =H A F F 9-bit 7 3% o

Bits High Source Register

15 Source Circular 0:circular / 1:mirror

14:7 | Source Base R (M) aik

6:0 Source Offset FoHATdL T B

Bits Low Source Register

15 Source Device Kikm#EE 0:Ram A / 1:Ram B
14:0 | Source Address KR ikt

# 2-3: RKih# 3 E (Source Register)

2.3.2 P e#3 & (Destination Register)
REH LB RRAYFBEAAR P BRBR NP R o p i RS
WR A fFHFRTENE R P PR EEFRTEOR N A g R

AP I ded 2-4 o o

Bits High Destination Register

15 Destination Circular 0:circular / l:mirror

14:7 | Destination Base YR (SR ) akdc

6:0 Destination Offset T BAT e B

Bits Low Destination Register

15 Destination Device penzk¥ 0:Ram A / 1:Ram B
14:0 [ Destination Address B gt

% 2-4: p ¥ £ (Destination Register)

25



2.3.3 #£#1% 3 ® (Control Register)

Al BH A 2 16-bit TR AN E PRR TN FE 4
BEAET LR T G ET R F AR DD A o A Bad 16

A S KR/ B R K16 R 3 DIAA] > 4ok 250 A A4

-
B Source/Destination Region : ®ik/pP 2z TR NS st T o BB~ ] o
AT Bz S iR R
B Source Increase : &k i=atv£3 (Increase=1)-
B Source Decrease : kinizn-ifit (Increase=0 & Decrease=1) °
B Destination Increase : P chiznt i3 (Increase=1) -
B Destination Decrease : P_ciiznt¥Rj& (Increase=0 & Decrease=1) -
B Source/ Destinatiom Widtheipdg (&% )-
B Transfer Size : i Tk & #c s
Bits Source/Destination Region Register
15:8 | Source Region KT B~

7:0 Destination Region B e s )

Bits Control Register

15 Source Increase kB ok R

14 Source Decrease kR ok YRR

13 Destination Increase| B shii ik vE34

12 Destination Decrease| P iz ht vE

11 Source Width %% % & (Reserved) Default =32 bit

10 Destination Width peE A (Reserved) Default =32 bit

9:0 Transfer Size @ﬁ%l";?#iiﬂz

% 2-5 1 #4147 ® (Control Register)
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2.3.4 pe % %73 % (Configuration Register)

PR Bt s - w 6-bitvHER G B PR R R REYEE

EEMEY - w B Bk (High-Active) § ik RiE- BRIGS e

=

Low; g Rivis > € @ d s pHBMP o4k 2-6> AEIWP 407
B Halt:isgafBoaivqiis » LRFIFOp FHB IR -
B [nterrupt Enable : ® #r3&at -
B Source Peripheral : kih% i » & % ~ ek B KR o
B Destination Peripheral : pe% i > & % ~ e % k% -
B  Transfer Type : @ﬁﬁjfiﬁ (0:RMA/ 1:1/0) (kil—-p e11)o
B Sequence Transfer @ ift 4§ @;ﬁia?] ’ @;ﬁig?J Flaw < (ST=1)-
B  Function : #7k# & (34 2001) -
W ACC Clear * A & %% (AC=l)e

B Channel Enable : i3 &R i o

Bits [Configuration Register

15 Halt i
14 Interrupt Enable ¢ TR A
13:11 | Source Peripheral fom i E (et %Jﬁ—‘\ P 7))

10:8 [ Destination Peripheral | P &% i (Zofh4l T@ﬁﬁﬁ?;‘ﬂ*ﬁ. %)

7:6 Transfer Type @ﬁ%ﬁs‘?i‘
i} Sequence Transfer FE @@?J
4:2 Function PR R
1 ACC Clear & A ﬁii‘i‘“éﬁ
0 Channel Enable 3 R

% 2-6 ¥ %3 % (Configuration Register)

27



2.3.5 Fi#r3 % (Status Register)

AT BH S - 2 16bit Wi Bl EE 0 £ § 8 BT

B

331’ ;Q,wm;1§$0 drd 2-T AP FP 4o

gi

B Interrupt : ® %7 (Low-Active) e

B FIFO Full : " £ B ErBavkh ik o

B FIFO Empty : # E 8 B cypk i o

B FIFO Half : " £ I F Bk i o

B Channel Select : ® $* Bilzidg £ 71 %o

B Error: &K E (R BEEgF2 )o

Bits | Status Register [15:8] Channel 1 / [7:0] for Channel 0
i Interrupt PET

6 FIFO Full DMA“FIFQ F ik fee %

o FIFO Empty DMA "FIFO o 3o

4 FIFO Half DMA FIFO" Foatsbe i @ i 2 #

3 Channel Select Channel #%:iE % &1 ¥

2:0 Error Bkl (FHBEegd)

# 2-T: k¥ 3 % (Status Register)

2.3.6 FH% 3% (ACC Register)

AHEHN L - 2 32-bit FHEBYFH 0 T 16-bit B » 0 4 32-bit

75l Ao PR G 40-bit T E o ok 2-8 ¢

31:0 | Accumulator B A R

% 2-8 1 % 4 ® (Accumulator)

28



2.3.7 A E 2 DMA # * Jidz

Setting Register
Source Register
Destination Register
Control Register

A 4

Channel Enable

Configuration Register

A

Interrupt
Occurred?

Do other thing

Rl G Ry o T 2 L
FIZ L (TR FR L o AR T T R

<Interrupt Occurred)

»
»

A 4

[ Finish the Job ]

B 2-23 : FFE 3| DMA i * e
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$Z % AFEA DMA £24] Fer VLIW fum

FEADMA LB i Eip s F v Top- BaiZE+ - BLj DSP
A EIEE o FR 0 ke s B E D - B 64 mAdgE R L B2 (VLIV) A
REpo AFEUMEHEL S LERREART o 0T F EART A

£ B RAEATE B gy £ BB TR 2 o AR DMA G £ o

3.1 VLIV e B

A2 3t en VLIV 5Lt By Sob § S ok [9][10] 0 5 -
Multi-core §v Multi-Ram =z % IPE1L][12 ] »Multi-core ¥ 2 &_DSP & & H
o SR AIE R o § - Bdg4 5@ AR 2 iR (Program counter) $iB~iE »
FJR P 2(S 0 ¢ hie 97 L R4 (Pre-decodér ) @ fiz— s#— B 64bit
VLIV £ 35 £ #37f% > = 5 3 B 32bit edp £ > Z A3 B 32bit 45 £ # B &3%
AV @B ocore P RUET o FAp L BN T B € LRI £ B TR
RFIEG ERFEEATHEIALL Y Mo R R R B e BA R
doo B BER hG S EAEA DA kR BTz AR B ST
DMA ek = 2 @ # [13] % B8 (& [P)7 1% B APB 2L 8 F it >
hIRERP R BLE AT A A DMA » RFUOR RS A RGeS P RE R g %

E5)%EER 0N [14)(15) 0 % e 31 -

3.1.1 VLIW fd & %
VLIV ZFHEA Sl Bdeg - S f MEH - - 5f Mo 742503 e phig |

S~ gy 4 B ARSI 4 TR~ 4 4 B R S
30



___________________________________ |
I

4 R I
PC Counter / Branch Protect :

\ J I
\ 4 |

4 R I
Instruction Fetch :

\ J I
\ 4 1

4 R |
Program Memory (external) :

\ J I
4 Y R :
. I

Instruction Pre-decoder I

|

I

I

s |
E
Instruction Decoder Instruction Decoder :
. J . J |
v v \
e p e p |
. . . . |
Register File Register File g.
\ Y, \ J 1
1
A 4 V} 1
{ N\ { N\
1
ALU ALU |
. J . J 1
EXTNN. NN, - ST, NN - 1
1
——————————————————————————————————— o
A\ 4 A\ 4 A\ 4 \ 4

RAM_A ]*——»[ Smart DMA

)

I APB B

US

s «—

B 3-1 1 VLIW 2 4 5 44050 S AL B chie & B

31



PC Counter/Branch Protect : %Al #8745t & - P childs f25% -k
Bho— o F TR B (S AR IBNE 0 T E DT - g 436
P~ (Instruction fetch) -

Instruction Fetch : i&— %P chi o 23 B B ehiE - = 425
A nt » FRT - B a2 B g 4 o B Y o d g gy

& ALU &Eﬁg }%Q}f@g—l‘:’ J}’}:—l mﬁ__;_‘\" ﬁ:tﬂgm » B /FI Ju ﬁi~\“l;§'{

R - - BB BT TP RN REEE BT - el E o
BARILEMEE A 4 P 5 0 IR B 4 B 2 1 - Bap 4 ARIRE K
A BAFLES P R L Pk P N A TR AP ERLT &
Stall e fe » A% & % B Fi55d (o

Program Memory : #-#% ;% se {8 cniznt ' d A R E F K cngriz g 1) o 3R
s e R fdp £ B¢ ks L 16-bit > @ w VLIV 45 4 %
64-bit -

Instruction Pre-décoder i ic—-% ¢ ehf 3 — B 64-bit =1 VLIW
fdg 4 0 A A B 32-bit g A A W LT G h B ARIZ B R
Y o WE BRI P A R Rl H 4o AT [P RIE P
£ P EATH A R A AE B B R R TR § HETA e indg £ B i
& RS 2 RSE o dp 4 AE Y Bt BRPRB s HET E R i £ & %
BN BRIZPIC TR R dp £ B2 BT AT 4 4 B R PR
SO T - ity £ RS B Y BT RAS s (T o

Instruction Decoder @ iz— B enp e do dp £ & RF G £ B3 T
AR b P F A BRAY T FESEE - BRI BARE o Tl
FEVUHT - saili s Ber@hRpEL AT K EAR AL 28w
hp il o NES BTG ATs i dp 4 2 S B

PIARFHCS G B E A S FAL D B e d e AT ®

£ & AR ) DMA Bode e 35 0 F10t AR - AR DMA #2414 2 - B 3



A E A DMA — s Bodp |9 s B enithh U ELA > A 2 AT E ) DMA
] S8 ® B P vR- BAEA DMA #r Al B o
6. Register File : # B a2 32 B * 875 B o aJTPiw AR
4 13 Y ET T BRAST I E B 25 1 Bkt
FREMPA B B ARREL A B TR ALU BB dehp i A
Bw e hp e i AL e el G R Pl
ALU & * $leniz 30500 4 R i ALD @ » 17 gt g kxS
Data forwarding #= i® o

T. ALU: d# o 35 W B{EXNF L > 5 7 Data forwarding 7§ % >

Data memory # Write back i+ %'% 7 & ALU & p - Data forwarding
WA DR - B BBw R A 2> P g G0 0 RAW

hazard -

0 ok e SRR A B KA RERE R AR

[16] » & 7 ™ T fasp

1. BitReverse: 4" FFT & & 7 %t chmemory b fics» bl4r =k (01101)
TS (10110) 0 % #E5 o

2. - Bip L EPRIFALEE o

3. Regular Loop Prediction : #ici= M 5Lad®i& 5 ¥ 3 13§ B 2=k i B
GuF § o % - B 243 hptEEER) (Branch prediction) @ i EJ2 E 7
¢ 7 Control hazard i = 9% % & Stall -

4. 2 4F e Data Forwarding #+4] -

W
B
ik

5. Condition Branch : Fg |4 * Prediction-untaken = :
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3.1.2 VLIW AU £45 £ &

VLIV U@ B 4 £ A7 A8 0 THRES « B iEdy « pridd 4

a4~ A2 DVAC 44157 » S 4 4o

B FHEBHL

Instruction Opcode Example Mode

MOVRC 000001 MOV rd, data Direct
MOVRR 000010 MOV rd, rs Reg-Reg
MOVRM 000011 MOV rd, address Direct
MOVMR 000100 MOV address, rs Direct
MOVMRR 000101 MOV, @rs2, rs Indirect
MOVRRM 000110 MOV rd, @rs Indirect
MOVARR 100010 MOV rd(a), rsth) Reg—Reg
MOVB 101111 MOVB rd, base(rs) Displacement
MOVI 110000 MOVT" rd, rsl1(rs2) Index
MOVREVRM 101010 MOV rd, address Bit Reverse
MOVREVMR 101011 MOV address, rs Bit Reverse
MOVREVMRR 101100 MOV @rs2, rs Bit Reverse
MOVREVRRM 101101 MOV rd, @rs Bit Reverse

% 3-1: FAES L A4

VLIW 32 2 = #% & Direct ~ Reg to Reg ~ Indirect ~ Displacement (base

add) ~ Index ~ Bit reverse = * #genEht izt > H ¢ MOVARR 7 14 3 4p 3B~ 7

FJL B ARl ¥ 4y Behp o
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N PRrBEEEs

Instruction Opcode Example

ADDRR 001000 ADD rd, rsl, rs2
SUBRR 001010 SUB rd, rsl, rs2
MULRR 001100 MUL rd, rsl, rs2
ADDRC 000111 ADD rd, data
SUBRC 001001 SUB rd, data
MULRC 001011 MUL rd, data
MACR 100111 MAC rd, rsl, rs2
MACC 110001 MAC rd, rsl, data
ANDRR 001110 AND rd, rsl, rs2
ORRR 001111 OR- rd, rsi, rs2
XORRR 010000 XOR rd, rsl, rs2
INVR 010001 INV'rd, rs

%320 Y HGRIET L 5 £ 7%

B P4

Instruction Opcode Example

JMP 010010 JMP address

JMPR 010011 JMP @rs

JBE 010100 JBE rsl, address

INE 010101 JNE rsl, address

JMB 010110 JMB rsl, address

JLB 010111 JLB rsl, address

JBER 011000 JBER rsl, rs2, address

35



JNER 011001 JNBR rsl, rs2, address
JMBR 011010 JMBR rsl, rs2, address
JLBR 011011 JLBR rsl, rs2, address
CALL 100011 CALL address

RET 011110 RET

4 3-3: BHEE £ 514

Address 3384 5 ¥ 12 & _Label > 2 E € p S Sk nmnk o

[ .gféjﬁg‘:

Instruction Opcode Example
SET 011100 SET A, rs
INTOK 011101 INTOK
SHR 100000 SHR rs
SHL 100001 SHL rs
Instruction Opcode Example
ENDC 011111 ENDC

234 R e LI
SET 45 4 L4 VLIV AJZEi2§ @£ Rifiipr > $17 G447 IR 25 B

16-bit ¢ 1/0 port > # ¢ % i@ 5 INTOK LASL 4 # &5 ehdy £ > 1% 54y 4

T kg % SHR#-rse +# - =~ SSHL#-rsw = H - =~ o
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" g

) DHA $5414p B 45 4

Instruction Opcode Example

SDMAD 100100 SDMAD data
SDMAR 100101 SDMAR rs

GDMA 100110 GDMA rd

DMAOK 101001 DMAOK

GDMAR 101110 GDMAR rd, address

3. 2

% 3-5 1 AP £ DMAC #4145 £ 71 4

3 & A& (I°S-1C Sound Bus)

IR SRR PSRN GenT Lo X ISR AR [1T] iR 55 Rk

g IS ez 2t &% = @258 1 SCK~ WS 2 SD» 3P 4o
SCK (Serial Clock )yt & i firreida capr % » i § feB R4 S 4p e o

WS (Word Select) : = + Brag sz 5L (WS=0 > = &= ; WS=1> + &
) EE B TR 32-bit k3t E o WS % £ SCK 164 1 o

F_&

SD (Serial Data): 8 7|54 » & e e SCK & e AL > & @ixzd

'S 3 8w FHBEx: > - @ - Bjog > ABEgns > ug

Pk (Slave) &4 @A - SCK WS o #h3ushfeshs it - FtSofi o o 4

Foleshid-2 o 4ol 3-2 ¢

SCK
‘ .
; Ws _ _
TRAMSMITTER e o RECEIVER
=

RECEIVER = MASTER

B 3-2: 'S hix=y
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BARCHINA 0 g (Slave) & ¢ A F AL SCK WS o o 28 idix =y

B F LB RS IR o F 33

clock SCK

B word select WS
TRANSMITTER < RECENER
data SD :

TRAMSMITTER = MASTER

B 3-3: 'Sz

BEEREFZALEISHERR AR B EEIRISHa o

iy gl

ws
[‘u
sD X mssX J( "ﬂ( 158 X msBX
{3
e WORD n  woro ne
RIGHT CHANNEL | LEFT CHANNEL | RIGHT CHANNEL

§l 3-4 - 12S 1 & B

IS Hp 7 & APB Biit et o AR AL A BHHF 0 KRBT

BE A HE 0 @S RICNTE S TS -

p \ SCK
2 . —
APB Bus ['S Receiver «— WS
—
\ J SD
\ 4
SDMA < » [2S Rxd
< » [2S Txd
p \ 4 N SCK
2 . —>
['S Transmitter p—» WS
\ J SD

B 3-5 : APB ®jngt + e [°S
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3.3 R FRE

AR el B L B 4G E8 0 S0 F R BA A e g
®[13] (Assembler )’ # &%+ (Machine code ) i 3% ~ 47 ;% 2= 848 (Program
rom) A& 4 ~ 2 453 F 3 (Debug information) s & & * Fasqlr R

* % 4 % A& 4 Testbench -

i Assembler
| v v v
: Machine Debug i
i Code Data Rom Information i

Testbench

B 3-6 : ®:F%® (Assembler) =% it

BA A 2 FBLoT B o % Visual CHE = FE 2304 » 2 * VB ke
FERORA e * dll TR R TR EREHZ NS o F R RiEREE
Jp L5 compile e T FR iR E A EA 4 o {85 Y Build e iF o A 4 413
ik

® pop.txt: A4 LRG> HES FRFEOTH

® bhin txt: A4 A& EREOTH > REFERZE SFPRELE DT -
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VLIV AR B * g £ dp 4 B ek s Bt 2 B @My

Compile

Build

W SD-Asembler - [CADMANVGATE TH\DEA TE® ¢ THT] = |:| il
t5. File Edit Window Help - =] =]
D & %|@=al =0
— | AEEL.DMA_TEST =
| = c: HD1A =l [MovRC RO
F: 5 MOWRC R1.401
= LABELINIT_MEM
A DMA, MOVMER RORO
S GATE_SIMZ2 ADDRC RO
£33 dw NOP
CaumMcie vz HOF
[ work IMER B ROLIMIT_MER
SDrAD 0.0
SDhMaD 232868
M SDkalD 3163591
Di reCtorY SDMAD 4.0
SDMAD 32868 N
SDMAD 7 1B23] Edit area] |
dma_channel_controller.w.bak =] mgﬁgg ESS
dma_defines. v LABELMWIES IMT
drna_fifo. v | -
L B . GDMA R3S
drna_izs. v
dma_izz v bak Fl ]'e ]' 1St HDD\P-"HF!M R4.R0
dma_mac. NOP ’
dma_memory_interface. «» HOP
dma_memory_select. v MOYME 248 R 2
dma_muly ADDRC RO,
dra_priority_arbiter. IMER R2.E2MIEW IMT
dma_priority_arbiter s« bak. GOMAR R12.9 -
dra_register. v — Mnop £
drna_register. v bak HOP
Dra_TEST.THT MOP
Dbds_TEST.THT.bak -
dma_timescale.v 2| JJ
Message window
L]
Status | 2005/5./2 | F4F 0210
. el - 2, =
B 3-7: B o 2:¥%8 (Assembler )

TERJL T ARG A S A

FR A b AT g

Bt o TR

GG AILPLs ARG £ B A 4t PNOP,

Bl 3-8+ T 7 dlip £ nig *
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3.4 K&

Rk AT E A DMA e VLIV A B - B S > % BB E A DIA st
o0 ROEER R Aend ard 0 TSR AL E Av AP E ] DMA a0 PIRHE kA o
Ye@l 3-9 VLIWAUm A 2 23] DMA & 5 - B 5t 33 5 B » mingofz
RNl RS N P IRA Bo e TSI DA £ A B TR R FE

3 DMA = L35 % if it o B S R L o

[ Program Rom }

(== === = ===~

Program bus

v VLIW processor

l

l

: [ IR Fetch }
l

l

I Core A Core B Ram B
l

| !
l

I

Ram A
data bus data bus

_______I___$______
T

I’S Rxd Peripheral bus I’S Txd

B 3-9 : VLIW Ao E ey £72) DNA £ * g
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jfé:f@; <x-ft,"’ ”}; %fl}f@ﬁ?ﬁ‘!?ﬁ,ﬁ#& ’?%ﬂl DMA ﬁ@@%%’}: ”"{F‘I E/-El/”
BoBETRBRE R AL BEATEA DNA £ ¥ A B TRl TRBERE S
F 'F“ g e o d VLIW /i E‘;@ﬁ*/j_ 7&‘; e P T ;@] ]‘%gé‘l;}fp 2 m;fﬁ Loy ;‘%']‘,‘éﬁﬁrﬁ

A6 G E L DMA > v fRAEER i o

Y — DSP — 0
RAM e : RAM
A I I B
[ [

[ [

—l Smart —l
: DMA :

L [ 1 L
fp=—————————- 1 Emmmmmmmmm - 1
Y : ,I: 1
: 12S transmitter 12S receiver :
I
P e ____uAPBBYUS ________________l

B 3-10 © VLI AR &b A2 4 DA hsf £

f‘*”%m#*’éﬂa*ﬁ%yDmemw%w@gﬁwﬁﬁaﬁgy
DMA s (% o FEE A B [P e G afh % - » AR IRLE
$oH e £ R BT EAI DA 5 Be B0 0T Y R RAEP s

CATTUIREE F LA R Rtk

/: : Address 16-bit
< —
k : 20f
! | Register [ | I 1616 IIG
> 1
> Bank | 200
F1ff ¢ 4
Processor :
> 512x32
Core < Memory : X 512
> I
1 v . R
000 < 32-bit

Bl 3-11 : VLIW Ao B 5 B4 £ 3] DMA 47 5 BBt p
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= =% 4L 4 B
¥ REREFELFFIR
KL DA B2 A VLIV ACE ® 2 o 5 iy b s b
TR f B RS
4,1 &K%

Z %
DR BRI R B £ AT DA dhs i R i
@

G EE Bk TIRGAE
i ARG T
e > XAt AeT

7|7 p e

70 % gd VLIV e % 4e ¢ 47 £ 3] DMA ehss
FHREA BN

TR S i BTk

EE:,‘%_ o

4.1.1 ¥# @8 (Data Transmission)
TR ER T UG L

L &R VLLY A F o 4T e B S B 1
1. 2k c‘rﬁiﬁﬂm@?ﬂq Bl 4l BFEES B FisRilz F”mné;#i*]q\
T FE o
Ram Copy Ram
A > B
2.

W 4-1:

# e AR g g
- el AR B - o B 4-2
Fi o

~E

2
pﬂ.li’—ﬂ':’—

B 3o AR e i L
I 256 count
_Ram

________________ copy

Bl 4-2: k- cfhiae m@%J
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3. A RiRMBE DR L Aol 430 TP TR SRR

B L rp Rl RELYELED

Ram 512 count Ram
---------------- T B
32 I+7H copy
_________ circular

B 4-3: 7 il I@ﬁs?]mﬁi;l* C &1

4, 7 BB @ﬁ]ﬁ"ﬁ&]‘iﬁ DB 4-4 0 i gST Tk S NI KR E

,i,@féﬁﬂrﬁﬂga'fﬁﬂg’. ;%. p%{?‘

Ram 512:count Ram
________________ A___________ -=p B
32 +7I l I Py
_________ mirror . =*

B 4-4: ez lbil @ﬁ%]ﬁ?ﬁ:éﬂ‘ Thk

4.1.2 =& 0 4 (Inner Product)

Yol 4-50 F B imat g R o akdp oo gt B A B s R ARG

%% ' L& s . 511
B4 EY 0 X 5124 e BN > MemAi]x MemBl|i] = 44608256
i=1

Source

l al Address
Source

. Address Xy l

Transfer Size . 0

: Transfer Size

f a, :

RAMO = I
RAM1

@4 5 ra' F\ﬁg‘%ﬁ&—r l&@
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|

1] 4AE08756
1] J4450875]
154552

L1
—

il

13

B 4-6 : = & p f# Post-layout Simulation % %

FEAR 460 FAE L T AE o

4.1.3 ## (Convolution)
hoB 4-T & B iy T fed tadp ke o B BB RATH oid

oY - BroRM s 0 V- BRI o R eR 48 THE
. , 511 ﬁ?:“‘-_fkp-“_{:’?_ﬁ{,
H LR 0 3" MemAli ] Mer i)]= 22238720
¥y s

i=0 " h, =)

a, l
Transfer Size : Transfer Size
______________________ - K
RAM1

B 4-T 2 Arfh s 7 2 W]

B 4-8 : ## Post-layout Simulation % *
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4.1.4 #5= 3 (Discrete Cosine Transform)

Hr g BT # 13-bit # 36 2 DCT-2 i&

EEIREE T F T

1-D 36-point DCT-2|

X[K] = ﬁ[klzx[nlcos<”k(2”+1’>o<k<N 1 K= <1/ﬁ

@?IAX:
Calunnz 1 through 18

1 1 1 1 2 2 2 2 3 3 3
Calunnz 19 through 36

5 5 6 6 6 & 7 7 7 7 18

Bl 4-9 : DCT-2 Post-layout Simulation #:& %
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Bk de@ 49 53

=1
1704
032
14485
33029
51415
103246
154041
209000
260075
2980742
-317B56
32576
-285519
234471
170239
g3082
i]
-30453
202875
-305511
407542
-430476
550035
572744
BEV/38
504600
422735
-327352
229330
143119
82235
54265
19501
135662
251160

18 -100 -100

100

(IE 1

100

36 4 3



4B 4-10 > @ * MATLAB #i#8 e 422 & & DCT-2 » fri  Bhdcendy £ 4] DMA

EE RS LY ) o

100 . . . T T T T
0} -
&
® Or .
=
=0k i
_WDD 1 1 1 1 1 1 1
o 5 10 15 o0 25 3 a5 40
100 : . . T T T T
< @} 4
[}
&
e Or 7
(73]
i
&G =0t 4
[
_WDD 1 1 1 1 1 1 1
0 5 10 15 o0 2 a0 £ 40
0.1
008 - -
_ 006 -
=l
W00 i
0oz - -
0 ASUAASS S A A N
0 5 10 15 o 25 a0 £ 40
36 point DCT

Bl 4-10 : DCT-2 Bt % S MATLAB 18 & & % vt

4.1.5 3] A (Discrete Wavelet Transform)
Al g (DWT) 2 &8d 3 B FIRpA B > - B3l gt ® o —

B Mg ® 4T R

| a,[n] all=3hlkla[2n—k]
] ] (LP) (2 2 k
g[n] (HP) —’@—’ d,[n] d[n]=3 glkleof2n-k]

Bl 4-11 : s ko B
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Jak B i ficdx * JPEG2000 %2 9 Daubechies 9/7-tap filter » # § $d+
i 2 B o %gv} AT A E R RS S > RFEAFE D) DMA i 5 AT #
PRI Y Lo E N o 4ol 4-120 Fop ARG Rt BE M R

E o B 4-13 2 ATl Rk ER DR R o

High Pass Filter Low Pass Filter

Bl 4-12 @ B4 ] Ao * 2 gk B

100

50+

ao[n]

50k

-100

100

50

ain] o o T

50k

-100

100

50+

di[n] °

50

-100

Bl A-13 @ 3edc | i i3 AR i
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4.1.6 % @ ®;ns (APB Bus)

APB T nti &% kR éﬁ@zﬁi%] S d AN A S R EgT o, 2t

FRRZRAG KWRIRTA S T K@ N S REES R 0

-

R LA DA £ BFALE B R A G g i 0 e W

RAM1 Master >{ 12S(TX) —> spouT
Processor DMAC <€
<« [2S(RX) [« SDIN
RAM2
APB
W) 4-14 : APB % ek 2
.,g.\"-.l.:"“.-"“"’-‘"'.-;‘I: ‘F“E"‘\-.

By o PR APB RS E R4 6 o
S 2R 10 R ﬁm#mw’r,}gusb;ﬁdw—\@»o

e

SDOUT #4331t > Apfg— T LRCLK cHRF i » 5 J1 4o SDIN e 4 o

Start >

[ T7747483711 1479495051 §§2097151 13750096399 14294963200 [524287  [41607495711 |

B 4-15: & /" /i & Bypass @ﬁ%ﬁ?ﬁ:ﬁ
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4.2 %+ @iE

4.2.1 K3z

i% %% 9CIC Cell-Based Design Flowzk 34 48 » K- infzde™ @

Specification

y

A

Assembler
Design

C++ Instructions
VB Design

d TEXT Editor

HDL Code SRAM
Design BIST
Syntest
ModelSim

HDL & Scan-Chain

. UMC18 Design Kit
Synthesis g

Design Compiler

DFT Compiler
Gate level
Simulation ModelSim
Auto
Place & Route SOCEncounter
Post-layout
Simulation ModelSim

DRC & LVS ' Calibre

Bl 4-16 * & ¥ KAz
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4.2.2 £ = %%

AP F R ek 3t 0 12 Verilog A 84w i3 3 F 1F[18] 0 #5p Mentor = @ !
e ModelSim & (77 it Bk3d o (F# i BB L F{s > 2 Synopsys = & &0 Design
Compiler &7 ®# & & [19] > Library #& * UMC 0. 18um ##2 - £d & = ficdl

Design Compiler & = {8 » B & % 4o

[TEM Area(mm’) | Timing Total fault |Fault coverage

Processor+SDMA | 1181371 9.78 ns 299330 98.45 %

4.2.3 1w ker it
# * Cadence = # 41 S0C Edeounter ik #c48[20] » #-& 2 3 0T B3c o

Bo ¥ £ 4R R R A Bk A BT

CHIP name - SD297
Technology : UMC 0. 18um 1P6M CMOS
Package 1 128 CQFP
Chip Size  :2.376x 2.369 mm’
Gate Count : 604K gate count
Power Dissipation :~400mW
Max. Frequency 2 128.5 MHz (7.781 ns)
¢ * Prime Power & iP|# & > a8k 7 it cpliEAgsN » BT £ F Y
400mW o 4om@ 4-17 > 5 ;2 %ri= @B > ¢+ = 3 VLIV el Byw A 2 42 3 a2
s Agefat- ™ 2 5 VLIWAJZ E45w B 2 @451 mJd2 B 15w B e il

¢ AT E ) DMA e o hoB] 4-18 5 & Y4TSR 0 12 128-CQFP e N p % o
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FAD
DIO_Mem
data

26

Core

FAD
Dro_mem
data

T:14

Core

v
D
Dv
3
3

PAD
plo_mem
data
15:22

Core

WV
D
Dv

3
3

FaD
pro_mem
data
23:27

FAD_pro_mem_data
1:0

Core V58
CoreVDD

PAD PinQ
T2

10VSs OVDD

PAD_Pin0 10

PAD_pro_mem_address

156

10VES
10VDD

PAD pro_mem_address

0

ARNRRERISERRARE RS SR

FAD_pro_mem_data
3L:28

CoreVss
Core¥DD

Resgat
i Clock

SCAN_EN
SCAN_IN

SCAN_OUT
ERRCR_B

ERROR_A
BIST_FAIL

FINISH
10Vss

10VDD LRCLE_out

BCLE _out SDOUT

SDIN
LRCLE

BCLE ]
BistMode

PAD_pro_mem_data

CoreVgs
CoreVDD

PAD
pro_mem
data

32:36

Core
7

D
Dy

FAD
pro_mem
data

4552

Core
W

D
DV

3
5

PAD
pro_mem
data

5357

s;u.n“w.m EERAC
I

.

Bl 4-18 : 128 CQFP 4= 5 1]
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—

M ffs Fenim B % EIA » DRC (Design Rule Check) #=+ #513 sxdyinis »

¢ o LVS (Layout VS Schematic)  +“ 4F 48055 B B > » Bk & 3% o

DRC PASS (48 DRC error fixed)

LVS PASS (48055 point)

% 4-2 : DRC/LVS =3

fo ¥R RKEACE 4-3

Technology Description

Process UMC 0. 18um 1P6M Mixed Signal

Architecture VLIW 7-stage pipeline

Synthesis Synopsys Design Compiler

Gate Count 604K

Embedded Memory RAMO (2KB) - RAM1 (2KB)

Die size 2.3 x 2.3 mn’

Supply 1-8V/3:3V £ 10%

Input Delay Time Max 0.714ns/ Min 0.543ns

Power consumption 400mW

Expectant Speed 100MHz

Pre-Sim Speed 102 3MHz

Post-Sim Speed 128. bMHz

DMAC Design

DMA Channel 2

DMA Request 8

DMA Gate Count 33K

Transfer Type Memory-to-Memory
Memory-to-Peripheral
Peripheral-to-Memory
Peripheral-to-Peripheral

Compliance with APB bus | Support 8 device

Hardware DMA channels | High: Ch0 / Low:Chl

priority

DMA Special Function Inner Product
Convolution
Multiple Addressing
Built-in I2S interface

#4-3 0 P RFARR
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e ST /?'J;é‘":"; /,{E’;"T’ X ¥ - A 7‘E'J€$‘BBB B t’r_ﬁiﬁiﬁﬁié_i rf?@g;f—’ - 565

AP nReghk gL  Eoo fv 79 S4ERED 2 934> S A&
fo BB FASTFE SR PEE P T RIELETROREF LSS

TR P HEE TG P TRAADPETE 0 d Synopsys 2 & i DFT

s

Compiler 22 - & * DFT compiler #33+ ¥ 4}t - i% Scan-Chain > Bl F #L

983 4 » 4r®] 4-19 - A %8 Fault coverage £ 3] 98. 45% -

Tncollapsed 3tuck Fault Summmary Report

fault class code f#faults
Detected DT 2894615
detected by simulation L3 (260297
detected by implication DI [32318)
Pozzibly detected FT 154
atpy untestable-pos detected AP [138)
not_analyzed-pos _detected NP (18]
Tndetectakhle un S0z
undetectabhle-tied uT [=1=0
undetectable-redundant TR [833)
ATPG untestable ATT 33385
atpy untestable-not detected Al [3338)
Mot detected D 321
not-okhserved N [321)
total faults 2899330
test coverage 95.75%
fault coverage 95.45%

B 4-19 @ pl:#& E &5 (Fault coverage)

Azt Itie > 4oB 4-20 @ * SyntestTM 0 Srambist $ic48 A e Bt @ 4 »
B 2GR 0 2% Moving Inversion (13 N March) % &% » %ip|:& SRAM &

FRAEEr 2 o5 - BT & p 2 e BIST controller » I #-BistMode
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MELFE A - 42 > Flpt AR A BIST BIEES P » B-F PFE ECS B o Bt anipl3Ei

7o RS AP Finish » #-F g d o - L p3E7 435 > BistFail ;54

% 5 HIGH -
Bisted Memory
Original memory ports
Memory wrapper
viseg
BIST L Memory
BistMode Controller [mem_ctrl
bist cirl |
Analyzer & Q
Pattern
Generator BistFail
L ErrMap
Finish

Bl 4-20 ¢ 4+ p R R B (BIST) aieitlifice

ORI RN 0t iR T R SRR G T A R TR e

BN A AT - 36 B ke O v ] i 2 APB Rn @RS o
% Post layout t #r&# a Pattern (v 4.1 &) > A IS v i
e Format » M EFEH & 5 3 77 i & Post layout {6 et mefd > £ & IMS PR

Wo o T hddichPad P RBIIE R
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4, 3 Ay v

B G b F AR E 5 DMA £ 41 B[21][22] > 5 #icrz ARM < AMBA a5

_L\’J z

Lo P s A F R S

RS
"U

i BB i

ik

BE
L @i o AR A e DA SR ER 0 50 2 AT (LD
B e A A E A DA 4 B

-

R L RRE LI

Fep s Ama 4 o BERAEEE A (B Pl 4 o

NCTU FARADAY GLOBAL UNICHIP
ECE FTDMACO020 | UAPC-5110 | UAPC-5100
Channel 2 8 3 2(8)
Request 8 8 3 4(32)
Transfer M-to-M M-to-M M-to-P M-to-M
Type M-to-P M-to-P P-to-M M-to-P
P-to-M P-to-M P-to-M
P-to-P P-to-P
Addressing | Incrementing Chain Incrementing
Non- Transfer Non-incrementing
increment Wrap-incrementing
Circular
Mirror
Index-Based
Special Multiplication None None
Function & Accumulator

# 4-4 1 &3 G+ DMAC wavt i

TR &AL B AR D DMA TR B R e I B £
A DMA chFHLE  pan v i 18 RUAJE B ST E T DMA o # Ao B kil
EFILL B o
4.3.1 F# @%J EEd T

e 8 BRI @ Y AL B g DA 21 AU B A5 AT 2 DA n
%ooded 450 TR AEERT o DNA A BB FARE R - R0 oA b
ié*%kvihi%i;‘ﬁﬂ@%]% VIR R PR enpE R 2 BR 0 Tl iE S Big

T hh NpE S X TR i @gﬁj .
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cycle count Performance
12000 [
100001 O Processor+DMA

3000 B Processor+SDMA

6000
4000
2000
0

Ato A AtoB AtoB AtoB
circular mirror

% 4-5: ?ﬂ‘ii@;@?]éi;; 1,

4.3.2 FHE L »ci

drd 4-6 % AU B4 FEAIDUA s et B o v AsBUT % ¢ DA

A SE AT > nT e BESTERT O R P MR -

cycle count Performance
25000 :
O Processor+DMA
20000F7 |
B Processor+SDMA

15000
10000

5000
0

Inner Linear 1D-DWT DCT36
Product Convolution

o7



4.3.3 B mIZ B R

dode 4-T> R R VLIV g2 % 0 v Ac 8 27 7 il i 5L B

(DSP) [23] » 4 3e R ~ & A 454 4 i -

1 cycle

1/4 cycle 1/4 cycle 2 cycle

1/8 cycle 1/8 cycle 1/2 cycle 1/2 cycle

.13um 8M .13um 6M - .18um 6M
10x10 8.5x8.5 - 2.3x2.3
1000 400

11200
(cycles) (cycles)
12200 22000
(cycles) (cycles)
~ 5000 ~ 20000
(cycles) (cycles)

# 4-8 1 £2 DSP & ¥ »iiy v e i
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T 75 2
1 F P e
IFEA DMA & 5 A kS chB B > T g o AL VLIV AUT B £y E )

DMA & 5 - B i ise e SR HFHRE » gt T 20

@
w

B s

<

Jot o AR SRR R T ABES  RE N MRS B

o ot A2 e VLIW ag® Bid 7] § B0 agf gkt 0 fie & AT E 3] DNA a0
# > = 2 4cR 5-1 MP3 Encoder & * hi|=+ o mdfsde kehins » v 2 d 47
7| DMA R ffpti@ 5 > LR BY A #EH B S Hean1 (T R IR AR Z E Pl
MP3 Encoder 1 iFe/&d2 % » it 43 Real-Time 34 7 MP3 Encoder &+ it » #% = 7|

DSP % ‘& eiiy 4 o

Data input
[ i A OE s Y=
! \] : L % I
I 32-Channel I : I
| | Polyphase Analysis | I | 4 FET :
I Filterbank : | |
_ ——_—_—_—C i _______ i I_____t____J
NN AN Window

1

1 .
| Switchin IPsychoacoustlc
! MDCT (== o el
I_---C L_ ——.., SMR ]
Bit Allocation Loop Data output

Quantization — | BitSteam L_,
Huffman Coding Formatting

B 5-1 : MP3 3n#% i 4%

BB 5-1> 3 BFE e 5 32 Bih L B~ st AR R Poig )
B Am e i REE ¢ FpARERTRE DT Ft o b
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45

A RlFEAER

Memory A to Memory A

Memory A to Memory B

SDIAB 0, 0_00000001_0000000
SDUAB 1, 0_000000111111111
SDIAB 2, 0_00000001_0000000
SDIAB 3, 0_000000000000000
SDIAB 4, 01_10_00_0100000000
SDUAB 5, 0_1_000_000_00_0_000 121
DHAOK

MOVRC RZ, 2

LABEL :A2A

GDIA K3

JNER R3, k2, AZA

SDIAB 0, 1_00000001_0000000
SDUAB 1, 0_000000111111111
SDIAB 2, 0_00000001_0000000
SDWAB 3, 1_000000000000000
SDIAB 14, 00000000_00000000
SOMAB 4, 01_10_00_1000000000
SDUAB 5,0 1_000_000_00_0_000_1_1
DHAOK

MOVRE R2, 2

LABEL : RAM_COPY

GDIA K3

JNER B3, K2, RAN_COPY

Memory A to Memory B (Circular)

Memory A to Memory B (Mirror)

SDIAB 0, 0_00000111_0000000
SDUAB 1, 0_000000000000000
SDIAB 2, 0_00000001_0000000
SDUAB 3, 1_000000000000000

SDIAB 14, 00100000_00000000

SDIAB 0, 1_00000111_0000000
SDUAB 1, 0_000000000000000
SDIAB 2, 0_00000001_0000000
SDUAB 3, 1_000000111111111

SDIAB 14, 00100000_00000000
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SDUAB 4, 10_10_00_1000000000
SDWAB 5, 0_1_000_000_00_0_000_1_1
DHAOK

NOVRC K2, 2

LABEL:AZB circular

GDIA k3

JNER B3, K2, AZB circular

SDUAB 4, 10_01_00_1000000000
SDWAB 5, 0_1_000_000_00_0_000_1_1
DIAOK

MOVRC RZ, 2

LABEL :AZB mirror

GDIA K3

JNER B3, K2, AZB mirror

Inner product

Convolution

SDWAB 0, 0_00000001_0000000

SDHAB 1, 0_000000000000000

SDWAB 6, 0_00000001_0000000

SDHAB 7, 1_000000000000000

SDWAB 4, 10_00_00_1000000000
SDHAB 10, 10_00_00_1000000000
SDWAB 14, 00000000_00000000

SDHAB 15, 00000000_00000000

SDWAB 5, 0_1_000_000_00_0_001_1_1
SDHAB 11, 0_1_000_000_00_0 001 1 _1
DHAOK

MOVRC K2, 0

LABEL : Inner _product

GDIA R3

JNER K3, B2, Inner product

SDIAB 0, 0_00000001_0000000

SDIAB =1, 0_000000000000000
SDIAB-6,-0_00000001_0000000

SOHAB 71 _000000111111111

SOIAB 4, 10_00_00_1000000000
SDUAB 10, 01_00_00_1000000000
SDIAB 5, 0_1_000_000_00_0_001_1_1
SDUAB 11, 0_1_000_000_00_0_001_1 1
DHAOK

MOVRC RZ, 0

LABEL : CONVOLUTION

GDIA K3

JNER R3, RZ, CONVOLUTION
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DCTO

DCT4

SDIAB 0, 0_00000001_0000000

SDWAB 1, 0_000000000000000

SDIAB 6, 1_00000000_0000000

SDWAB 7, 1_000000000000000

SDIAB 4, 10_00_00_0000100100
SDUAB 10, 10_00_00_0000100100
SDIAB 14, 00000000_00000000

SDUAB 5, 0_1_000_000_00_0_001_1_1
SDWAB 11, 0_1_000_000_00_0_001_1_1
DHAOK

MOVRC RZ, 0

LABEL : DCTO

GDIA K3

JNER K3, K2, DCTO

SDIAB 0, 0_00000001_0000000

SDWAB 1, 0_000000000000000

SDIAB 6, 1_00001000_0000100

SDWAB 7, 1_000000000000100

SDIAB 4, 10_00_00_0000100100
SDUAB 10, 10_00_00_0000100100
SDIAB 15, 01001001_00000000

SDUAB 5, 0_1_000_000_00_0_001_1_1
SDWAB 11, 0_1_000_000_00_0_001_1_1
DWAOK

NOVRC -£2Z, 0

LABEL :DCT4

GOIA RS

JNER I3, K2, DCT4

DWT_AQ

DWT_A4

SDIAB 15, 00000101_00000000
SDUAB 0, 0_00000001_0000000
SDWAB 1, 0_000000111111000
SDUAB 6, 1_00000001_0000000
SDIAB 7, 1_000000010000000
SDUAB 4, 10_00_00_0000001001

SDIAB 10, 10_00_00_0000001001

SDWAB 1, 0_000000000000000

SDMAB 7, 1_000000010000000

SDIAB 4, 10_00_00_0000001001

SDMAB 10, 10_00_00_0000001001
SDWAB 5, 0_1_000_000_00_0_001_1_1
SDMAB 11, 0_1_000_000_00_0 001 _1_1

DHAOK
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SDUAB 5, 0_1_000_000_00_0_001_1_1
SDWAB 11, 0_1_000_000_00_0_001_1_1
DIAOK

MOVRC RZ, 0

LABEL :DWT A0

GDIA K3

JNER K3, R2, DNT A0

MOVRC RZ, 0

LABEL :DWT A4

GDIA K3

JNER k3, RZ, DNT_A4

DWT_D0

DWT_D6

SDIAB 15, 00000100_00000000

SDUAB 1, 0_000000111111011

SDIAB 7, 1_000000011000000

SDUAB 4, 10_00_00_00000001 L1
SDIAB 10, 10_00_00_0000000111
SDUAB 5, 0_1_000_000_00_0_001_1 1
SDWAB 11, 0_1_000_000_00_0_001_1_1
DHAOK

MOVRC RZ, 0

LABEL :DWT D0

GDIA K3

JNER K3, k2, DT DO

SDWAB 1, 0_000000000000111

SDIAB =7, 1_000000011000000
SDIAB-4,710_00_00_0000000111
SOHAB 10, 10_00_00_0000000111
SDIAB 5, 0_1_000_000_00_0_001_1_1
SDUAB 11, 0_1_000_000_00_0_001_1 1
DHAOK

MOVRC RZ, 0

LABEL :DNT_D6

GDIA K3

JNER k3, RZ, DNT Db
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—-—— RULECHECE RE3ULTI STATISTIC3 (BY CELL)

—-—— SUMMARY
TOTAL CPU Time: 3582
TOTAL EEAL Time: 392
TOTAL Original Layer Geometries: 307776 [2422821)
TOTAL DRC BuleChecks Executed: 3iga
TOTAL DRC Results Generated: o (o)
S L 2
DRC =% & %

2. LVS

COVERALL COMPARIZCN RESULTS

§ HHEHESHEHEEREBREREE o
§ § # * ®
# 0# # CORRECT # |
8 # § # Y
§ HHEHESHEHEEREBREREE
LVS 2% 3% & X
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C Tapeout Review Form

Lo
1-1. gffgg TR 't Smar -DMA .V VLIW S @ B0k 1 i
1-2. Top Cell £/ : SD297
1-3. ff™] library €7 :
__ CIC_CBDK35
__ CIC_CBDK25
_v_ CIC_CBDK18
Wk v2

1-4. fgg\, L7 CIC 4 Memory 7 _Yes
1-5. T {ERiE 0 ___100 MHz

16, IS 0 ___400mW

1-7. 490 2375 X_ 2372

2-1. oy ﬁ’?‘yﬁi’«?&} ? Synopsys.design‘compiler

2-2. ﬂg\, 1" boundary condition

_V_ input drive strength ~ V. inputdelay ~ _v_ output loading -~ _v_ output delay
2-3. fgg\, J[I* timing constraint

_v_ specify clock (sequential-design)

__ maxdelay ~ ___ min delay (combinational design)
2-4. jg‘ﬁ\,ﬂp" area constraint ? __No

2-5. Fﬁ’?‘)f‘é&;‘/ reportﬁ?féj timing violation ? __No

—_ | setup time violation ~ ___ | hold time violation
2-6. ﬁﬁ‘)f‘%’z;'/ verilog f&?i FA»["EJ assign fﬁf_& ? _No (Z//5)
2-7. F’ﬁ'?‘)f‘éz;'/ verilog f&?\l FA»["EJ *cell* I/ instance name ? __No
2-8. FL‘['?‘}{’%;Z;'/ verilog f&?\] FA'["EJ &R0\ Y instance name #Y netname ? __Yes

3. RS HERER G ) ¢
3-0. fElE'JU/F%‘?fm’FE} ? DFT compiler

3-2. " ATPG m*g ? Tetramax

3-3. ffi '] Embedded memory i El: SRAM 2 » ROM 0
Memory ~]: 512x32 (Word x bit)
IS5 BIST Yes v or H PR E N/A

"] BIST, %l Test Algorithm £i{f?_Moving Inversion (13N March)
[ﬁj]ﬁijﬂ %[ memory ’ﬂ_fl\l £ F] BIST controller __No » BIST controller g¢E! __ 2
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3-4. Scan Chain Information
Flip-Flop ¢ % p{i# 2 _4970
Scan chain pUglyElHE | 2 PDiE? 1
Scan chain length (Max.) ?_137781.929
3-5. Uncollapsed fault coverage ﬂ?ﬁ%;@ 90% ?__ Yes By %) 7 __98.45%
ATPG pattern fuglyf 155 %) 2 __ 983
ﬁ%t © F ™| Synopsys TetraMAX s & % ATPG pattern ﬁ%iﬁﬁ'J set faults
-fault_coverage ?F“[ ?ijﬁ{u_ TetraMAX &% 2 fault coverage information
', {fr" | SynTest TurboScan .1/ asicgen % %+ ATPG pattern ﬁ%f) atpg pessimistic
fault coverage i fifl 4
) b L
4-1.  gate level simulation i | timing violation ? No
J setup time V|olat|on _ EJ hold time violation
PR
5-1. -1V P&RIPL? __ Apolo s, SE
5-2. power ring P ? i* =14/ &1 eurrent density(ImA/lum) ? __Yes
5-3. F\,j%fg:k output loading ? _—Yes
5-4. jL i Clock Tree 2 __Yes
5-5. jL [~ Corner pad 2._.Yes
5-6. jL Ve 1O Filler 7 __Yes
5-7. i Y[ Core Filler ? __Yes
5-8. ﬂ _~4p Bonding Pad ? __Yes
I (A- 1)?.@@5' Apollo ?1?25[51' =
A-1. j; VR Fill Notch and Gap WER?
PIT (8L % S SE H T A
S-1.  power ring FfLT overlap V|as‘? No
S-2. fcf\, & 10 Row F{I Corner Row ﬁlﬂg?’;?ﬁ ? __Yes
i b e AR
6-1. F\' [#GH post-layout gate-level simulation ? __Yes
STA(static timing analysis) ﬁf«?ﬁ‘ ? ___Primetime / Modelsim
6-2. F\' [#GH post-layout transistor-level simulation ? No
6-3. SIS W%iﬁ#{kﬁtﬁj% __SS~___ TT-~__ FF
64 M VI T A RS 2 |MS JZeAS7;
6-5.

FAERERL S BRI RS 2 Yes
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7. DRC/LVS E?%

7-1. |DRCEHF? __No  HiFFA :

Fe DRC i 2 Calibre
i* 7 [=DRC pulEhisk 2 __No
72 RLHELVSHiE? _No
E*ﬂ LVS e 2 Calibre
i* JIECIC . p BlackBox ? No

Ky H R GRS v S/ hErEE b e
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D Module 1/0

2.

Chip 1/0

Pin Name [/0 | Width Function

Global

CLK I 1 System Clock

Reset I 1 Synchronous Reset
Scan Chain

Scan_in I 1 Scan Chain Input
Scan_en [ 1 Scan Chain Enable
Scan_out 0 1 Scan Chain Output
Memory BIST

BistMode [ 1 BIST Mode Select
BistFail 0 1 BIST Failure

Finish 0 1 BIST Finish
ErrMap_A 0 1 Error Map of Ram A
ErrMap_B 0 1 Error Map of Ram B
Program Rom

pro_mem_address_w 0 16 Program Rom Address
pro_mem_data_w I 64 Program Rom Data

[2S interface

BCLK [ 1 [2S Bit Clock

LRCLK [ 1 [2S Word Select Clock
SDIN I 1 12S Data Input
BCLK_out 0 1 12S Bit Clock Output
LRCLK out 0 1 12S Word Select Clock Output
SDOUT 0 1 12S Data Output

Processor Modules

PC Counter / Branch Protect Stage:

Instruction Fetch Stage:

1/0 Type Pin Name Width
Input CLK 1
Input Reset 1
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Input pc 16
Input j_bit 1
Input jump_done 1
Output pc_predec 16
Output pro_mem_address 16

3. Program Memory Stage:

4, Instruction Predecoder Stage:
1/0 Type Pin Name Width
Input CLK 1
Input Reset 1
Input pc_predec 16
Input instruction 64
Input j_bit 1
Input jump_done 1
Output op_a 6
Output op_b 6
Output pre_instruction.a 32
Output pre_instruction_b 32
Output pC.dec 16

o. Instruction Decoder Stage:
1/0 Type Pin Name Width
Input CLK 1
Input Reset 1
Input instruction 32
Input op 6
Input pc_dec 16
Input j_bit 1
Input jump_done 1
Output rd 6
Output direct 20
Output op_reg 6
Output pc_reg 16
Output flag 2
Output dec_to_reg 6
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Output addressl 6

Output address?2 6

Output DMA_address 4

6. Register File Stage:

1/0 Type Pin Name Width
Input CLK 1
Input Reset 1
Input pc_reg 16
Input op 6
Input rd 6
Input flag 2
Input direct 20
Input addressl 6
[nput address?2 6
Input address3 ) 6
Input reg w_data ‘ 32
Input Device_Int 4
[nput int.done ‘ | 1
Input dec’to-reg 6
Input DMA_address 4
Output pc_alu 16
Output op_alu 6
Output rd_alu 6
Output addrl_alu 6
Output addr2_alu 6
Output flag_alu 2
Output direct_alu 20
Output reg_r_datal 32
Output reg r _data2 32
Output reg_to_alu 31:0
Output DMA_address_alu 3:0

1. ALU Stage:

1/0 Type Pin Name Width
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Input CLK 1
Input Reset 1
Input pc 16
Input op 6
Input rd 6
Input flag 2
Input direct 20
Input A 32
Input B 32
Input jump_done 1
Input mem_output_data 32
Input alu_work 1
Input addrl_alu 6
Input addr2_alu 6
Input reg_to_alu 32
Input Intn 2
Input RegOut 32
Input DMA _address 4
Output Cout 32
Output Claddress 6
Output j_bit 1
Output jump_addr 32
Output mem_w_address 9
Output mem_input_data 32
Output wren 1
Output Pin0 16
Output Pinl 16
Output mem_r_address 9
Output int_done 1
Output mgrant_a 1
Output mgrant_b 1
Output Rcen 1
Output Rwen 1
Output Raddr 4
Output Regln 32
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Smart DMA Modules

Pin Name [/0 | Width Function

Global

CLK I 1 System Clock

rstn | 1 Synchronous Reset

Setting DMA

mgrant( I 1 Memory A Select

mgrantl | 1 Memory B Select

rcen | 1 Register Chip Enable

rwen I 1 Register Write Enable
raddr I 4 Register Address

Regln | 32 Register Data Input
RegOut 0 32 Register Data Output

Intn 0 2 Channel Controller Interrupt
Memory Interface

cenl 0 1 Chip Enablerof Memory A
oenl 0 1 Output Enable of Memory A
wen( 0 1 Write Enable of Memory A
al 0 9 Addresstof Memory A

do 0 32 Data Input .6f Memory A

q0 I 32 Data Output of Memory A
cenl 0 1 Chip Enable of Memory B
oenl 0 1 Output Enable of Memory B
wenl 0 1 Write Enable of Memory B
al 0 9 Address of Memory B

dl 0 32 Data Input of Memory B

ql I 32 Data Output of Memory B
I[2S interface

BCLK [ 1 [2S Bit Clock

LRCLK [ 1 [2S Word Select Clock
SDIN I 1 12S Data Input

BCLK_out 0 1 12S Bit Clock Output
LRCLK_out 0 1 12S Word Select Clock Output
SDOUT 0 1 [2S Data Output

T




