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Spectrum of IC choices

Flexible, efficient You choose
Full Custom Polygons (Intel)
ASIC Circuit (Sony)

Gate Array Wires

FPGA Logic network

PLD Logic function

GP Processor  Program (e.g., ARM)

SP Processor Program (e.g., DSP)

Multifunction Settings (e.g., Accelerometer)

Fixed-function Part number (e.g., 7400)
Cheap, quick to design
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Euclid’s Algorithm

int gcd(int m, int n)
{
int r;
while ((r = m % n) != 0) {
m = n;
n=r;
}
return n;
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i386 Programmer’s Model

31

eax

ebx

ecx

edx

esi

edi

ebp

esp

eflags

eip

Mostly
General-
Purpose
Regqisters

Source index
Destination index
Base pointer
Stack pointer

Status word
Instruction Pointer

15

cs

SS

es

fs

gs

Code segment
Data segment
Stack segment
Extra segment
Data segment
Data segment



Euclid on the i386

int gcd(int m, int n)

{

int r;

while ((r = m % n) !=0) {

m = n;
n=r;
¥

return n;

ged:

.14:

.L6:

pushl
movl
pushl
movl
movl
jmp
movl
movl
cltd
idivl
movl
testl
jne
movl
movl
leave
ret

%ebp
%esp , %ebp
%ebx

8 (%ebp) ,%eax
12 (%ebp) ,%ecx
.L6

%ecx ,%eax
%ebx , %ecx

%ecx
%edx , %ebx
%edx , %edx

.14

%ecx,%eax

-4 (%ebp) , %ebx
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Sun’s

SPARC

Processor




SPARC Programmer’s Model

31

ro

ri

r7

r8/o00

r14/06

r15/o07

Always 0
Global Registers

Output Registers

Stack Pointer

31

r16/10

r17/11

r23/17

r24/i0

r30/i6

r31/i7

PSR

PC

nPC

Local Registers

Input Registers

Frame Pointer
Return Address

Status Register
Program Counter
Next PC



SPARC Register Windows

The output registers of the
calling procedure become the
inputs to the called procedure

The global registers remain
unchanged

The local registers are not
visible across procedures

r8/00

r15/o7

r16/10
r23/17
r8/o0 r24/i0
r15/07 | r31/i7
r16/10
r23/17
r8/o00 r24/i0
r15/07 | r31/i7
r16/10
r23/17

r24/i0

r31/i7




Euclid on the SPARC

int gcd(m, n)
int m, n;

{

int r;

while ((r = m % n) != 0) {
m = n;
n=r;

}

return n;

ged:

I11:

12:

save %sp,—-96,%sp
mov %10, %00
call .rem,?2
mov %il, %01
mov %00, %15
tst %15

be L2

mov %11 ,%00
mov %1i5,%1i1
call .rem, 2
mov %il, %ol
mov %00, %15
tst %15
bne,a L1

mov %il, %00
ret

restore %g0,%il, %00




Motorola’s
DSP56000
c. 1986




DSP 56000 Programmer’s Model

55 4847 2423 0
x1 x0 Source
y1 y0 Registers
a2 al a0 Accumulator
b2 b1 b0 Accumulator
15 015 015 0
] r7 H n7 H m7 \
| 4 || nd4 |[ m4 | Address
’ 3 H n3 H m3 ‘ Registers
70 |[ 0 |[ m0 |

15 0

Program Counter
Status Register
Loop Address
Loop Count

PC Stack
0 ]
SR Stack
0 ]

|| Stack pointer




X DATA BUS

Motorola DSP56000  xomes

Data ALU S

MULTIPLIER

ACCUMULATOR,

ROUNDING,
56 AND LOGIC UNIT

|EIFTER 56 1 ;

A (56)

B (56)
56 | 56
I

SHIFTER/LIMITER |




Motorola DSP56000 AGU

’47 Low Address ALU >i< High Address ALU 4>1

XAB YAB PAB

Pt

| Triple Multiplexer |

RO R4 M4 N4

NO MO

N1 M1 Address R1 R5 Address M5 N5
N2 | M2 ALU R2 | R6 ALU M6 | N6
N3 | M3 R3 | R7 M7 | N7

T A

Global Data Bus
. Program Address Bus




FIR Filter in 56000

move
move
move
move
movep
clr

rep
mac

macr
movep

#samples, r0

#coeffs, r4

#n-1, mO

m0, m4

y:input, x:(r0)

a x:(r0)+, x0 vy:(rd4)+, vO
#n-1

x0,vy0,a x:(r0)+, x0 vy:(rd)+, vyO

x0,y0,a (r0)-
a, vy:output




Tl
TMS320
C6201
VLIW
DSP

c. 1997

16 = 32-Bit
Register File
BO-815




Tl
TMS320
C6000
VLIW
DSP

Data path 1

Data path 2

Register file A
A15-A0

Register file B
B15-B0

L1

M1 | |D1

)@
X
]

M2

S2
Sl

L2

ISR

Dual 32-bit load/store path




FIR in One 'C6 Assembly Instruction

FIRLOOP:

ILDH .D1 +*Al++, A2 ; Fetch next sample
| | IDH .D2 =*Bl++, B2 ; Fetch next coefficient
|| [BO] SUB .L2 BO, 1, BO ; Decrement loop count
|| [BO] B .S2 FIRLOOP ; Branch if non-zero
| MPY .M1X A2, B2, A3 ; Sample x Coefficient
| ADD .11 A4, A3, A4 ; Accumulate result



FIR in One 'C6 Assembly Instruction

FIRLOOP:

ILDH .D1 +*Al++, A2 ; Fetch next sample
| | IDH .D2 =*Bl++, B2 ; Fetch next coefficient
|| [BO] SUB .L2 BO, 1, BO ; Decrement loop count
|| [BO] B .S2 FIRLOOP ; Branch if non-zero
| MPY .M1X A2, B2, A3 ; Sample x Coefficient
| ADD .11 A4, A3, A4 ; Accumulate result

Run in parallel



FIR in One 'C6 Assembly Instruction
Load a halfword (16 bits)

FIRLOOP:

ILDH .D1 +*Al++, A2 ; Fetch next sample
| | IDH .D2 =*Bl++, B2 ; Fetch next coefficient
|| [BO] SUB .L2 BO, 1, BO ; Decrement loop count
|| [BO] B .S2 FIRLOOP ; Branch if non-zero
| MPY .M1X A2, B2, A3 ; Sample x Coefficient
| ADD .11 A4, A3, A4 ; Accumulate result



FIR in One 'C6 Assembly Instruction

Do this on unit D1

FIRLOOP: l

ILDH .D1 +*Al++, A2 ; Fetch next sample
| | IDH .D2 =*Bl++, B2 ; Fetch next coefficient
|| [BO] SUB .L2 BO, 1, BO ; Decrement loop count
|| [BO] B .S2 FIRLOOP ; Branch if non-zero
| MPY .M1X A2, B2, A3 ; Sample x Coefficient
| ADD .11 A4, A3, A4 ; Accumulate result



FIR in One 'C6 Assembly Instruction

FIRLOOP:
ILDH .D1 +*Al++, A2 ; Fetch next sample

| | IDH .D2 =*Bl++, B2 ; Fetch next coefficient
|| [BO] SUB .L2 BO, 1, BO ; Decrement loop count
|| [BO] B .S2 FIRLOOP ; Branch if non-zero

| MPY .M1X A2, B2, A3 ; Sample x Coefficient

| ADD .LlT A4, A3, A4 ; Accumulate result

Use the cross path



FIR in One 'C6 Assembly Instruction

FIRLOOP:

ILDH .D1 +*Al++, A2 ; Fetch next sample
| | IDH .D2 =*Bl++, B2 ; Fetch next coefficient
|| [BO] SUB .L2 BO, 1, BO ; Decrement loop count
|| [BO] B .S2 FIRLOOP ; Branch if non-zero
| MPY .M1X A2, B2, A3 ; Sample x Coefficient
| ADD .11 A4, A3, A4 ; Accumulate result

Predicated instruction (only if BO non-zero)



Analog Devices ADXL345 Accelerometer

Vs Vbbio
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14 pins, 3mm by 5mm
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DE1-SoC Connections to the ADXL345 Accelerometer

u28
= HPS_I2C1_SCLK _
AINERAW sl scL_scLk
CyCIOnegV % HPS_12C1_SDAT »| SDA_SDI_SDIO
SoC’ | HPS_GSENSOR_INT T
HPS

ADXL345




I2C Bus Protocol

X/ N/ N/

tn

SCL

L |- tg —t7]

REPEATED STOP
CONDITION START CONDITION
CONDITION



ADXL345
Registers
(30, 8-bit)

Address

Hex Dec Name Type | ResetValue Description

0x00 0 DEVID R 11100101 Device ID

0x01 to 0x1C 1to28 | Reserved Reserved; do not access

0x1D 29 THRESH_TAP RAW 00000000 Tap threshold

Ox1E 30 OFsSX RAW 00000000 X-axis offset

Ox1F 31 OFsY R/W 00000000 Y-axis offset

0x20 32 OFsZ R/W 00000000 Z-axis offset

0x21 33 DUR R/W 00000000 Tap duration

0x22 34 Latent RAW 00000000 Tap latency

0x23 35 Window R/W 00000000 Tap window

0x24 36 THRESH_ACT R/W 00000000 Activity threshold

0x25 37 THRESH_INACT RIW 00000000 Inactivity threshold

0x26 38 TIME_INACT R/W 00000000 Inactivity time

0x27 39 ACT_INACT_CTL RAW 00000000 Axis enable control for activity and inactivity detection
0x28 40 THRESH_FF RAW 00000000 Free-fall threshold

0x29 41 TIME_FF RAW 00000000 Free-fall time

0x2A 42 TAP_AXES RW 00000000 Axis control for single tap/double tap
0x2B 43 ACT_TAP_STATUS R 00000000 Source of single tap/double tap
0x2C 44 BW_RATE RIW 00001010 Data rate and power mode control
0x2D 45 POWER_CTL R/W 00000000 Power-saving features control
Ox2E 46 INT_ENABLE RIW 00000000 Interrupt enable control

Ox2F 47 INT_MAP R/W 00000000 Interrupt mapping control
0x30 48 INT_SOURCE R 00000010 Source of interrupts

0x31 49 DATA_FORMAT RAW 00000000 Data format control

0x32 50 DATAX0 R 00000000 X-Axis Data 0

0x33 51 DATAX1 R 00000000 X-Axis Data 1

0x34 52 DATAYO R 00000000 Y-Axis Data 0

0x35 53 DATAY1 R 00000000 Y-Axis Data 1

0x36 54 DATAZO R 00000000 Z-Axis Data 0

0x37 55 DATAZ1 R 00000000 Z-Axis Data 1

0x38 56 FIFO_CTL RAW 00000000 FIFO control

0x39 57 FIFO_STATUS R 00000000 FIFO status




Register Documentation (only 3 pages)

REGISTER DEFINITIONS
0x00—DEVID (Read Only)

Register 0x1D—THRESH TAPIReodlmiw
THRESH_TAP registe i ight bt

value fo ap interrupts. The dta format mlnuineﬁ therefore,

the magnitude of the tap event s compared

in THRESH_TAP for normal p det

o T sl fcors

FE = 16)
undesirsble behavior i single tap/dovble tsp interrupts arc
ensbled.

ACT.x Enable Bits and INACT x Enable Bits Adesp Bit
Aseting f 1 ensbles .y, or Asstingort
Register 0x25—THRESH_INACT (Read/Write) hisbit
The THRESH_INACT h e AUTO,SLES
3 AUTO.S ). [o7 Tos 3 Da
whenany of the partii- mode. devic operation. Refer 0 the Link Bi section or the Link Mode. | DATA_READY | SNGLETAP | DOUBLE TAP | Activty
nthe THRESH_INACT rgister al ection o3 oz B ® ]
[07 106 05 [ 0% Tos 52 61 68 e Liactry | e paut | watermark | overun
nterrup i enabed. T o To Towrom T e | -
Register Ox26—TIME_INACT ment mode with asubeqent vk, This s done o cnur that : bl hee
LOW_POWER Bit fnctons o generae terupts, wheeas vl o 0 prvents
\CT register i cight bits and contains an unsigned  Register Ox28—THRESH_FF (Read/Write) x s The DATA_READY,
time value R)\lesm\mg the amount of time that acceleration The THRESH_FF regis " the AUTO_SLEEP K,
LI cgister for ol for free-fall detection. d f ‘which has
15 Ui THRESH_FF 1 determine e conigured befors enabling thirouputs.
23 mylLSB. Note Rate Bits Messure Bt

Register 02F—NT MAP ()

2‘5’; aﬁagﬁ:ﬂ-:;;’mn;mmmmo—om & the e b ‘T:::Zl::;:,mmm.,,m Thedeful vl 5804, wich  and ting f | s he at o essreentmode. The [g:nu?unv [;;m,w Do :m,
s The TIME_FFreg unsigned e StspBit J T

il i e i aomsicalldoch athe THRES AT g e e o ‘ e

Gt regiser.For addtonal nformation rgarding ofsct L TCTL endwrite] hesleacors I8 vl of0 may el nondeisle (07 be [ 03 04 [03 To2 [oi1]b0] READY, egister 30T

o ol e s ‘mw ‘m et ‘mmm Lmﬂm haorfh el rapis et Ve bten 100 oo \unk\A\no SIEEP | Messure | Sleep | Wakewp | wzF ittt e b or 7 ‘ ‘

e eadit) ‘-m.m - le,Vmue‘\wlmm: ey ;‘:.::;ﬂ“ | S oy \mrumv iswaLE . ‘Duum( ™ ‘mw ‘

“The DUR register is eight bits and contains an unsigned time ACT AC/DC and INACT AC/DC Bits o o o o s Ty [T T don until ‘m-ww FRELFAUL | Watermark | Ovemun

Valuerepresenting the maximum time that an event mus b
above the THRESH_TAP threshold o qualfy a tap event. The
sclefactor s 625 s/LSB. A vallue o disblesthe sngle apl
double tap functions.

Register 0x22—Latent (Read/Write)

Thelstent

e
ensble | ensble | ensle

enables ac-coupled operation. I de-coupled operation the

Suppress Bit

beging, preventing he detection ofativiy. This bit seiallylinks
the sctvity and inctivity fanctons. When this bt s set 1010,
d

When cleaing the secpbi, it recommended that the part be

Bits et to i this egiste ndicat tha herrespeciv unctions

“The DATA_READY,

THRESH_ACT and THRESH_INACT to determine whether
activityor inscivty s detected.

s sn usigned time

wthe aceclrs

event o the statofthe time window (defned by the window

value, New samplesof accleration re hen compared 1o this

sceelerton gratr than the valo in THRESH_TAP i present
between tap. Scethe Tsp Detection sccton for more detsls,
TAP_x Enable Bits

Aseting of 1 in he TAP_X enable, TAP_Y enable, or TAP_Z.

1
information can be found n th Link Mode section.

mode with  subsequent write. This s done to ensur tht the

» ey b e o he T FAABLE reier sy
P DATAY,and
DATAZ s The DATA.READY and ek bty
e e e e e O mode descions
Wabeup s e e it theFIFO s e

“The sclefactor is .25 mLSB. A value o0 disblsthe doubletap.
funcion.
Register 0x23—Window (Read/Write)

reference

in the FIFO section. Other bits and thecorrespondinginterupis,

the THRESH_ACT val
Similary: inac-coupled aperation fo inactivity detection,

value representin the amount of time s the expirstion ofthe

Value i slected, the device compares the magnitude of the

tap detsction,
Register 0x28—ACT_TAP.
o6 o o2 o o0
AT [ ACTY [ ACTZ | Acken | X | T0Y | TP Z

erwis
may have additiona noise, especialy fthe device was aslep.
when the bt wascleare

AUTO_SLEEP Bit
T6the link bitis st asetting of 1 in the AUTO_SLEEP bit enables

second vald tp can begin. The sl factoris 125 m/LSB. A
Value f 0 disabls the double ap function
Rev«'ervnkﬂik!!lA(HRend/Wﬁm

C registe i ght bt and olds the threshold
e for dtcting sty The dc ot s nsgned s he
magnitudeof theactivity event is compared with the value in
the THRESH_ACT registe. The scale facor is 62.5 mg/LSB,
Avalue of 0 may result n undesicabe behavior i th activity
interruot s enabled.

with THRESH_INACT. fthe diffrence i es than the value in
THRESH_INACT for the ime in TIME_INACT, the device s
considered inactiv and the inactivity nterrupt s triggerd.

ACT.x Source and TAP_x Source Bits

matically switches tosleep mode fthe insctivity function i

event. A seding of 1 cortesponds o nvolvement i the event,
anda seting of 0 corresponds to no involvement. When new

described in Table 20.

Setting
o oo Frequency (H1)
0 0 O
o 1 N
h o 2
' ' 1

below the THRESH_INACT
by TIME_INACT),Ifaciviy is lso enable, the ADXLYS
automst

the new data. The ACT_TAP.

_RATE
s

single tap/double ap event occurs.

this sction or more information on lcp mode.

[“Range |

The DATA_FORMAT st coirs heprsrationf das

i e 32 g R 057, Al it g bt o
o ans st b g 0t s

SELE_TEST Bit

A setingof 1 i the SELF_TEST bt spplis a seftestfrce to

the sensor, causing s i the utput dat. A valueof 0 disables

the slfacst force.

SPIBit

Avalu of i the SPLbit sets the device to 3-wire SPI mode,
and a value of 0 sets the deviceto -wire SPT mode



Analog Devices ADV7180 Video Decoder
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Fixed-function: The 7400 series
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