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SAM8905

'l OnChip Systems

digital sound generator/processor for musical applications

GENERAL DESCRIPTION

The SAM8905 is a' general purpose digital sound generator/processor designed for audio
requirements, Its very flexible features makes it an ideal circuit for use in a variety of musical
produ‘c(s such as keyboards, synthesizers, organs, rhythm units, samplers, workstations, expanders,
electronic pianos, home computer add-on,...

FEATURES

t CD quality audio generation : stereo 16 bits output, 44,1 kHz sampling rate

O User definable synthesis modes : algorithms down-load into built-in RAM

xt Polyphonic 16 voices, polytimbral 8 sounds

1t High performance : sinus operator 176.8 ns, FM operator 265.2 ns, 2nd order filter 663 ns
o Built-fn 4k x 12 sinus tabls and ramp

o | Mega x 12 of external sampling memory directly addressable, any size with paging

o Stereo mix (pan and volume) independent for each sound component

K 19 bits internat data péth. 24 bits accumutate with clipping circuitry )

o Directly compatible with popular compact disc serial DACs : TDA1541, TD1543, AD1856
© Compatible with popular oversampling digital filter chips used in digital audio

&t Single supply low-power HCMOS, 68 pins PLCC
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RESET/
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TEST3
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micro-processor access
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and timing 132 bits shift
AQ WDO wCS/ DO A0 CS/ INT X! CKOUT CLBD
19 WDI! WOE/ D7 A2 RD/ X2 DABD
WWE/ WR/ WSBD

Fig 1 - Block dlagram
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The SAMB890S5 is organized around and internal 19 bits data bus. Following elements are connected
to this bus ; :

- Adder block : A register (19 bits), B register (19 bits) and 19 bits two's complement adder.
Specific nicro-instructions allow to write the bus to the A and/or B register and read the result of
the A+B addition back to the bus. It is also possible to conditionnaly write to the A register.

- D_RAM : This 256 x 19 RAM is divided into 16 blocks of 16 words. A block is selected by a
slot number, while a word inside a block is defined in the micro-instruction. The D_RAM holds
algorithm parameters, like frequency, phase, amptitudes, sampling memory address, The D_RAM
can be accessed (read/write) by the external micro-processor and it can be read, written, and
conditionnaly written under control of the micro-program. Word 15 of each D_RAM block also
holds specific information concerning the algorithm number associated to the slot and its status.

- WF (9 bits) and PHI (12 bits) registers : WF together with PHI specifies a full 20 bit address for
sampling. Specific WF values allow to select the internal sinus ramp or constant.

~ Multipfler block : X register (12 bifs), Y register (12 bits) and 12 x 12 two's complement
multiplier. X holds the sample data and Y receives from the bus a coefficient (normally an
amplitude) to be applied to this sample. The 12 x 12 multiplier gives a 23 bits signed result which
is rounded into 19 bits, The result X x Y can be read back to bus by the "gate”, or accumulated
into the le(t and right 24 bits accumulators (ACCL, ACCR), after attenuation through the BL and
BR barrel shifters, Every frame. of synthesis (typ. 22.68 /us), the content of the accumulators is -
transferred to a 32 bits shift register and the accumulators are cleared. :

The accumulators also include a clipping circuitry to prevent digital overflow.

- A_RAM : This 256 x 15 RAM is divided into 8 blocks or 32 words or 4 blocks of 64 words,
Each block holds a specific algorithm, which is a sequence of micro-instructions. The A_RAM
can be accessed (read/write) by the external processor. A new micro-instruction (INSTR) is
processed every cycle (typ. 44.3 ns).
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One synthesis frame = 22.68/us

T 17 1 1T 17 T 7T 171 [l

16 slots (one slotw=1.42/us)

IOIIIIIHIIIA'IIIIIII‘IIIHIIIIIIIII“I

1 slot = 32 micro-instructions
1 micro-instruction = 44.3 ns

SAM timing
D-RAM A-RAM
256 x 19 256 x 15
slot
32 micro-
instructions
16 words
¢ 4

SAM Memory structure
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This averview assumes SSR=0 in the SAM control word.

Each frame of synthesis (typ 22.68 /us), new left and right data are transferred to the external
DAC, while new data is being processed and accumulated into the teft and right accumulators
{ACCL, ACCR).

Each frame of synthesis is divided into 16 time slots, each slot being further divided into 32
micro-instructions. The 16 D__RAM blocks are sequentially accessed by slot number, the first
action at the beginning of a new slot is to select which algorithm is assigned to the slot, by reading
word 15 of the new slot.
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1- GND 18- GND 35- GND * 52- GND
2- WAI6 19-D6 - 36- X2 53- WA3
3- WAIS 20- D7 37- DABD - 54- WD7
4- WWE/ 21- Cs/ 38- CLBD 55- WA4
5- WALT 22- AO 39- WSBD 56- WCs/
6- WAIS 23- Al 40- WDI11 57- WAS
7- WAL9 24- A2 41- WD10 58- WAI13
8- WAO 25- INT 42- WD9 59- WAG
9- WAI 26- WR/ 43- WD§ 60- WOE/
10- VCC 27- VCC 44- vceC 61- VCC
11- WA2 28- RD/ 45- WD3 62- WA?
12- DO 29- TEST! 46- WD2 63- WAl4
13- DI 30- TEST2 47- WD4 64- WAS
14- D2 31- TEST3 48- WDI 65- WAI2
15- D3 32- RESET/ 49- WDs 66- WA9
16- D4 33- CKOUT 50- WDO0 67- WAILL
17- D5 34- X1 51- WD6 68- WALO
9 61
10 - 60

4

y

]

4

;

!
2% ) NEL
a7 D
68 pins PLCC
Fig 3 - Pln-out
’ 4
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3= Pin descrlptlon
GND
vce 10,21,
DO-D7  12-20
A0-A2  22-24
cs/ 21
RD/ 28
WR/ 26
INT 28
Xt 34
X2 36
CKOUT 33

. RESET/ 32
DABD 37
CLBD 38
WSBD 39

25E D

1,18,35,52 IN

44,61 1N
IN/OUT
IN

IN
IN
IN
ouT
IN
ouT
ouT

IN

ouT
ouT
ouT

WAO-WAI19 2-11 53-68 OUT
WDO0-WDI1 40-54

wcCs/
WOE/

WWE/

TESTI
-TEST3

56
60

29-31

IN/OUT
ouTt
ouT

ouT
IN
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Power ground, all these pins should be returned to ground
+S{I supply, alt these pins should be returned to +5V
8 bits data bus to/from micro-processor
Address select from micro-processor. A2=0 selects I out of 4
data registers for read or write, A2=1 selects the control register
for write.
Chip select, active low
Read chip interrupt status/data from /uP, active low
Write control/data io chip\from JuP, active low
Interrupt request to micro-processor, active high
Xtal or externat clock ( 45.1584 MHz for CD 44.1 kHz)

Other Xtal connexion, leave open if external clock is used.

Output clock (Xtal divided by 4, typ=11.2896 Mhz), used to
drive an external micro~-processor,

Chip reset . Sets idle mode in control register. This signal should
be held low for at least 10 ms after power up

Serial data out to exfernal DAC-

Clock to external DAC

Left/Right channel select to external DAC

External sampling wave memory address.

External sampling wave memory dala;

External sampling wave memory chip select, active low

External sampling wave memory output enable. Used when the
wave memory is RAM, to allow write operation, active low.

External sampling wave memory write, active low

Test pins, should be returned to VCC
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4- Osclllator characferistics

Depending on the type of quartz used (fundamental, 3rd overtane), on the quality factor and on
stray capacitance, it may be necessary to compensate the quartz with serial/paralle! resistors and
compensation capacitars (see figure, values are indicative and may vary from design to design).
The quartz frequency is 1024 times the sampling frequency with SSR=0 (typ. 45.1584 MHz for 44.1
kHz sampling freq). An external clock can be connected to pin X1 (CMOS

tevel). In this case X2 should be left open. A bad quartz compensation or PC board lay-out will
result in missing oscillator pulses and consequently memory errors inside the circuit.

Typical quartz connection

10p ==

FET A e

45.1584

X2
MHz2 1%

10p 1=
5= Power-up resel .

The RESET/ signal should be held fow until the quartz oscillator is stabilized. The best solution is
to use the generated reset signal from an external micro-processor. If such a signal is not available,
then following circuitry could be used :

+5

10k
2207 RESET/

- ABSOLUTE MAXIMUM RATINGS®

Ambient temperature under bilas .... 0°C to +70°C
Storage temperature.... -65°C to +150°C
Voltage on any pin to GND..... 0.5V to VCC+0.5V
Voltage on VCC to GND.... -0.5V to 6.5V
Maximum IOL per 1/O pin.... 10 mA

“Notlce: Strasaes above those Hsted mey cause pearmanent dsmage to the davice. Thie Is s stress rating only snd opecation of the
device {a not Implted.

WARNING : ESD sensitive device. Observe precautions for handling.

7= D.C, CHARACTERISTICS (Ta=0*C to 70°C, VCC=5V +/~ 10%)

‘Byrnbol Parametar min typ tmax unlt test conditions

vil Input low voltige -0.§ 08 v

Vih Input high voltage 2.0 CC+0.5 v

Yol output low voltage 0.4 v 1o1=9,2 mA

Voh output high voltage 34 v foh=-0.8 mA

Tee powser supply current 10 28 mA quarts=456.188¢ Mils

PP
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TCSWA TWAR TWRCS

cs/

W

AO0-A2
Doy

Fig 4 - Proocessor Write oycle

TCSRO TROCS

DoD? £33 o

AOA2

Fig b - Processor read oycle

i
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. LEFT SAMPLE RIGHT SAMPLE
) MsB LsB|MsB ‘
oo | VPV LI LMDV TTEIT R TITTITTI T
WSBD |
TCLDA TDACL )

cLen

Fig 6 ~ External DAC timing

m 24 TCLCL
micro- | !
Instruction | l I - ' I
- WADO
WAD19 . °

TMIWD

Flg 7 - external memory read

24 TCLCL
micro- .
N 1 = RSP <cleaiB WSP>
instiuction. | 1 1 | 2 2 1] | ] 2=RSP ,<§|::,g>
TWOEMI )
WOE/
. TWOEWD
woo high 2 -
, woil — sh X high 2
TWOEWE TWEWD
“FWEWUE
WWE/

Flg 8 - External memory write

‘G
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B R
(Ta=0°C to 70°C, VCC=5V +/- 10%, load capacitance=80pF for all outputs except X2)

Symbol Parameter min typ max unit
$/TCLCL oucillator frequency 0o 461884 MHs
TCSWR C8/ low to WR/ tow 1] ne
TWRCS WR/ high to C3/ high 10 ns
TADWR A0-A2, DO-D7T valid to

tislng WR/ 10 ns
TWRAD A0-A2, DO-D7 valid after

tiiing WR/ 10 ns
TWR WR pulee width 1] ns
TCSRD C8/ low to.RD/ low (1 ns
TRDCS RD/ high to CS/ high 10 : na -
TRDLD X RD/ active to valld data out . 11 ns
TRDHD data out hold from RD/ 10 ns
TAD A0-A2 valid to vaild dats out 50 ne
TRDA A0-A12 hold from RD/ 10 ne
Trecover recovar from conttol write 32 x TCLOL+10 : ne.
TCLBD CLBD parled 33 x TCLCL
TDACL DABD/WSBD stableto -

tsing CLBD . 16 xTLCL-~10 ne
TCLDA DABD/WSBD stsble after

riting CLBD 18 x TLCL-10 ns
TWADMIL WADO-19 valld from WWF

or WPHI micto-lnetruction 10 ns
TMIWD WDO-11 vaild bafore WXY

miero-Instruction 10 ne
TWOEMI WOE/ high from RSP

elearB micro-Instruction 10 ns
TWOEWD WDO-11 out valld (Y reglater)

from WOE/ high TOLCL ns
TWOEWE WWE/ low from WOE/ high 4 x TOLCL © ne
TWEWD WWE/ high to WDO-11 high 2 TCLCL ns
TWEWORE WWE/ high to WOE/ tow . TCLCL ns

ON CHIP SYSTEMS

I
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sam8905 programmers's guide .

1-_Purpose

This section describes how to use the SAM chip from a sofiware programmer point of view.

2=_Introductlon

The SAM is a powerful signal processor oriented towards music. It generates sound by computing
the samples in an "algorithm®, which is a succession of micro-instructions.

The SAM is not predefined for any particular synthesis : the algorithms are stored in a built-in
RAM, which has to be loaded at power-up by the main processor. This makes it very flexible to

adapt to different products. Furthermore,
progress.

algorithms can be loaded while the synthesis is in

The SAM has a built~in sinus/ramp generator. However, for application involving sampling, up to
I M words of 12 bits sampling memory (RAM or ROM) can be directly connected. With a few -
external circuits, up to 256 mega words of DRAM sampling memory can be connected (ref :
spplication note, using the SAM with dynamic RAMs).

Using the SAM involves ;

1- Defining and coding the algorithms :

For this purpose a fanguage, & compiler and a "code view* debugger are available, as part of a

whola package for product development,

2- Controlling the SAM in a real time environment :

- Algorithms down-loading
- Algorithms parameters control

3-_SAM basle operation

The following assumes that the SAM is used with & 45.1584 MHz quartz.

The SAM can operate at two different sampling rates : 44.1 kHz (CD standard) or 22.05 kHz. The
choice of the sampling rate has to be done when defining the product as it greatly influences
algorithm sizes, number of simultanéous algorithms, polyphony and sound quality.

In the following, we will assume that the 44.1 kHz sampling rate is used, brackets [) will be used

for the corresponding 22.05 kHz figures.

The SAM has two built-in RAMs : The micro-program RAM, referred as A-RAM (256 x 15),
which holds the algorithms code and the parameter RAM, referred as D-RAM (256 x 19) which

holds the algorithms parameters,

The A-RAM is divided into 8 [4] blocks, each block storing a single algorithm of 32 [64] micro-

instructions, _

The D-RAM is divided into 16 blocks of 16 words (19bits width), each block holding the
parameters of a specific algorithm, The algorithm number related to & particular block s stored at

address 15 of the block.

The 44.1 kHz [22.05 kHz] snthpling fate corresponds to a time of 22.68 /us [45.35 /us), known as

a "frame”,

Y
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The "frame" is divided into 16 "slots®, each slot addressing sequentially one block of the D-RAM.

Each slot is divided into 32 [64] cycles, one micro-instruction from an algorithm being executed
each cycle,

A micro-program starts at address 0 in each slot, addresses 30 and 31 [62 and 63] are reserved for
micro-processor access and algorithm change and the corresponding micro-instructions are not
processed. -

A micro-program accumulates results of computations into a left channel and a right channet
sccumulator. At the end of a frame, the content of the accumulators is transferred to a final shift
register, This shift register is directly compatible with a standard 16 bits stereo serial DAC.

= ; = r ON CHIP SYSTEMS

Any of the 16 x 19 bits words of a D-RAM block can be addressed during a slot by the micro-
program. Only address 15 of a D-RAM should hold a specific information, as follows: -

18 7 0
I"""‘a‘("""i’l'AIHﬁ[""""""I'I

X : free for other information

M : Interrupt mask, when set, this slot will not generate interrupts.

1: Idle, when set, this slot will execute a no-op algorithm, independently of the selected
algorithm. i

ALG: selected algorithm, will select the block in the A-RAM. Execution of the corresponding
algorithm will start at address:

rl Lhod |°
‘Atc'l' e "' 44,4 KNz sampling
TRRRAR
Ml‘ e 'l 22.05 kHz sampling

Note ; For 22.05 kHz sampling, only the 2 upper ALG bits are used to select the algorithm,

The other addresses of the D-RAM are not assigned to any specific information,
However, the word format of the D-RAM depends on the type of information, as follows :

13 10 7 ] -
I KN N RN RN A NN Typliest micro-instructions:
[ WA, w8, WeHl
PHIUF I X
|____PHIREG | X

PHI ; full phase of a period of a given waveform (unsigned integer)

PHIWF : Portion of phase recommended to access external waveforms (512 samples/period). Up to
12 bifs can be used (4096 samples/period with the same frequency definition as the built-in sinus)
PHIREG: Portion of phase loaded at WPHI time, allows to address the internal 4096 samples/period
sinus/ramp. .

.
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L] 0 .
EENEE NN RN Typlcal micro-instructions ¢
DPHI . | A -

DPHI : Phase interval, signed integer, determines the basic frequency of a signal as follows
(standardized to the built-in sinus) : .

f = 0.084114 x DPHl (Hz)
{f= 0.042057 x DPHI (Hz))

Negative values of DPHI are mainly used for envelope applications (see later)

1

9 0
Lttt eeeeaereaene Typicat micro-fnstructions ¢
E WAVE rum_uﬁ‘li‘i TP A wee, wir

X Hay

This format Is mostly used in sampling applications, involving an external wave-form memory.
Specific micro-instructions allow to selectively increment WAVE at the end of a period and to
check if WAVE reaches FINALWAVE. Subsequent actions can be taken depending on the state of
the E bit (END), like looping on a period or stopping the sampling process.

The upper bit of WAVE indicates an externat (0) or internal (1) wave. For internal waves, the
remaining bits have the following meaning :

R: 0- Select sinus wave (internal 4k x 12 sinus). In this case the othér bits should be
zero, . .

1- Select ramp or constant
L 0- direct, 1- two's complement
SEL: 00~ 2 x PH] ramp )

"~ 0l- Constant from micro-instruction

10- PHI ramp

11- PH1/2 ramp
. 4
Z; I- select constant zero as waveform

See appendix I for more informations about sinus, ramps and constants. ,

When the upper bit of wave is 1, the remaining 8 bits, togethér with the 12 upper phase bits
define the external sampling memory address,

0
AN Typlcal microsinstructions. s
D] ot uixg] XY, UXY WSP, WA, WB

18 7
AN SRR
i AP

This format allows to define an amplitude and an optional left and right mix.
The amplitude is coded on 12 bits and ranges from -1 to §-2-11,

MIXL and MIXR define the amount of signal to bs send resp, to the left and right channels
according to the following table ¢
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alo <30 d8

o011 24 8

100 <18 &8

101 12 &

110 6 d8

1mn 0ds

note ¢t As The Mix fs only updeted by a WXY WSP, {t can be handled {n & very flexible way. The minfmm
requirement. {s to inttialize this {nformetion,

- 1 - ) for

The philosophy of & micro instruction is to put one emitter of the bus in relationship with several
receivers and/ or modifiers and/or do a special action

The micro-instruction consists of 3 fields ;

Emitter, MAD , < ReceiverO,receiverl,... ,modifier, speciat action>

allows information to drive the internal 19 bits bus. Obviously, only one emitter
can be active at a time, Emitters are defined with an "R” like "read®. Possible emitters are the
adder (RADD), the D-RAM (RM MAD ), the multiplier output (RP), and "nothing” (RSP), which -
will leave the bus indeterminate but is used to write to the external memory (see later).

The MAD field allows to select the address (0 to 15) of the D-RAM into the current block. This.
field is blank if no D-RAM operation is involved (Don't forget the coma in this case),

v s e 7
A receiver stores the information of the 19 bits internal bus. Several receivers can be active at a
time. Receivers are defined with & "W* like "write*, Possible receivers are the A register (WA), the

B register (WD), the D-RAM (WM), the phase register (WPHI), the X and Y registers (WXY) and
the wave-form register (WWF). .

The_Modifier (WSP), modifies a receiver action,

i ions as clearB which sets the B register to zero and WACC which accumulates the
product into the left and right accumulators through the attenuators, -

The generat micro-intruction format is then :

¢ 1
{ anp 1
(e i
tase )

CHAD 1, <{WAJ W8] {WM] DWAF] [WPHT] [WXY] LctearBT [WACCY (WSP] >

RM and WM are exclusive
The WSP field, when present, will modify some receiver actions as follows :
WPHI WSB

The PHI register is loaded normally, but the WF register is set to 100H, which will select the sinus
internal wave-forni,

19

PPN

o
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25E D

WXY WSP

The X and Y registers are loaded normally, but the MIXL and MIXR fields of the bus are also
toaded into the respective output attenuators.

WA WSP and WM WSP will be described later in detaif,
ﬁ;ﬂm]numﬂiﬂnu

Normally, the result of an operation is available on the cycle following the loading of the
operands. For exnmple. the operation @

L] <WA>
can be Immedinlely followed by
RADD  , <WPHI»

‘The result of the addmon A+B being available one cycle after the A and B operands have been
loaded.

Exceptions are ;

1~ Availability of the product (WXY to RP ) : 2 cycles
2- Availability of the product for Accumulation (WXY to WACC ) : 3 cycles
3+ Availability of the wave sample (WWF or WPHI to WXY):
I- Internal ramp or constant ; I cycle :
2- Internal sinus : 2 cycles .
+3- External wave memory : (t,.. + 44.2)/44.2 cycles, t, . being the access
time of the external memory, For example, assume a 250ns access time
memory, then 7 cycles are needed.

1= Stmple algorlthm examples

Example 1 : sinus oscillator

PHl=0 jaseign phase to sddress 0 of RAM block -

OPHI =} suseign phase angle (frequency) to address 1

Axpa2 jassign srplitude and mix to address 2 (see format under #4)

4] PHI, <A NPHI MSP>  ;AregsPHIreg=D-RAN(PHI) WFrag=100H (slnus)

RH oPHL, 8> 19reg=D-RAM(DPHI)

RN AWP, XY, MSP>  X=aIn(PHI) YeAHP mix updated

RADD PHI, <> $0-RAH(PH] )= Areg + Breg (PHIDPHI)

RSP NP to walt 3 cycles from WXY

RSP s HACC saccumulate AHP % 8In(PHI) through mix
FIN :This nutement ulll fIlL the rest of the ulnqulhn with no-ops. until the requested

nIn (32 or 184)) as defined by parsmeter SIZE

Example 2 : external memory wave oscillator (250 ns access time)

PHI=0 sassign phase to address 0
UFe s08sign wave to address t (see format under §4), E and final wave sre
,don't cere

OPlils2 jassign phase lnsle to address 2

AHPs3 jessign AHP and miX to eddrese 3 (see formst under §4)

M v, <ANF> WFreg=Uave select

R4 PHI, <WA,\WPHI> 3Areg=PRIreg=0-RAM(PHI)

::: . . iNOps to ensure 7 cycles from WPHI to WXY
.
H

RSP :

RSP 3

M * OPHI, o> $8reg=D-RAH(DPRI)

RADD: PHI, <> $0-RAH(PHI)= Areg ¢ Ureg (PRI‘DPHI)

L1 AKP, XY, WSP> 'X-uavc(ﬂll) Y=AHP mix update

RSP inop to waft multiplier result

RSP $nop to uait multiplier resutt

RSP P <UACC» ;accumulate

FIN 4101 with nops til size of algorithm

'\\9

~
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notes The nope ares can in most cates be used to Irplement modulstions or overlsp with the next
computstion.

Ag it can be seen from the previous examples, a single algorithm can implement up to 7 [15] sinus
oscillators, which means that the polyphony of the SAM is 112 [240] simple sinus oscillators. Also,
the polyphony achieved when accessing external memory greatly depends upon the externat
memory access time. With the example given (250 nis access time), the wave polyphony Is from 3
(7] for one algorithm, for a total SAM wave polyphony of 48 [112]. Using 100ns external memory
will increase this polyphony to 80 {160}

With the SAM features described, one can imiplement all types of formulae synthesis, i.e. synthesis
which can be defined with mathematical expressions involving multiply and add without limit
conditions,

For example, the synthesis S=A sin( (w, + M sin w,t) t) is easily achieved (FM), Also possible are
multiple FM, FM feedback, phase modulation, amplitude modulation, ring modulauon. exponential
envelope generatlan. dngltul filtering, etc. ete. A corresponding algorithm library is provided with
the SAM toolkit. However, until now, synthesis invoking conditions, like sampling (loop when
WF=final WF), MACROSampling™, formant synthesis (trigger a funclion with an excitation),
envelopé generation with a given envelope shape, etc. are not described. The purpose of the next
chapter is to describe the SAM micro-instructions atlowing such synthesis.

- <Instr : , VM

The carry of the adder has a different meaning depending on the sign of the data in the B register

N
.

- B register positive (bit 18 from Breg=0)

Then the CARRY is the normal carry of an addition (bit 19 of the result of the A+B addition in
twos co;nplement)

~ B register negative (bit 18 from Breg=1)

Then the CARRY Is the complement of the sign bit of the addition (complement of bit 18 of
A+B).

Examples

2002"
TFFFFH
TEFEFN

TEFFFH
THEEFN
40000H

]
TEFFEH (-2)
SFEFFR

This carry mechanism allows to deal with one haif of a signal period,

This flip-flops are ubdated by WA and WA WSP and are tested by WM WSP, allowing conditionnal
write to the D-RAM and corresponding intercupt request.

WA (without WSP) nl\:day sets the CLEARRQST flip-flop and clears the INTMOD flip-flop.
WPHI WSP takes priority other WA WSP giving a normal WA
WA WSP expects an EjWAVE|( ingl\:‘lAVE format on the bus (see §4)

1
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19 bits bue
00000H

. . .

This micro-instruction allows to conditionally write to the D-RAM, according to CLEARRQST
and CARRY, Also, an interrupt may be requested to the external processor, assuming that the
interrupt mask bit at D-RAM address 15 is reset (see §4).

8-5~1 Increment of the waveform number at the end of a period

‘This Is used mainly for sampling, but can find other applications like slow iinear ramps, etc. The
following example assumes & 200 ns external sampling memory

B 5790457 0000403 2 = T=7-13

am8008 - dats sheet and programmar's gulde - page ~18-

PHI=0 iperfod phese
UFst finttial and tinal sampling perfods, E should be set {f the AMP should . »
jdrop to O when VAVESfInalVAVE (see 84 for format)

DPHI»2 ${requency

AHP=3 semplitude and mix

RH uf, <\AlF> jMFreg=\F

(1] PiL, WA NWPHD sAreg=PRIregPH!

RH DPHL, <Wu» ;8reg=DPHI

RADD PHL, <al> $PHI=PHI4DPHI

L] wF, <8,V NSP> 1Brege\F, A set to- 0 If no carry or
UFufinalWF, A set to 100K otherwise,
iClrqst set {f carry and WFsfinalWf and
sendet. INTHOO aet,

RADD WF, <M,cleard> $0reg=0, WFsUF+0 or WFel

RADD ANP, <M, WSP> :Aﬂr-m Interrupt request {f WF=finaluf

- : = .

(7] P, <Y, WSP> $Xwmen(WF PHI) Y=AHP mix update

RSP . jusit sultiply

RSP jvait sultiply

RSP 4 <WACC> jaccurulate

FIN :

-5- - wWave- i

It is often necessary to generate only one period or a portion of a wave-form period. This is useful
for envelope generation, but also for synthesis like FOF, where the shape of the pattern generated
should be independent of the repetition rate of the pattern, It Is also usefuf for transients
generation, like clicks, frequency transients, etc.

The next example shows the generation of a single sinus period ; an interrupt to the main
computer will be generated at the end of the period if the interrupt mask is resetted.
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25 D WW L790457 0000404 4 = T-171~13

;::‘;0' sinitial phase set by meln computer

-

Mpe2 ON CHIP SYSTEMS

(V] PHI, <A, WPHT, WSP> sAregsPHIreg=PHI Clrrqst=t, INTHOD=0
{MFreg=1001 (sfnus)

L0 OPHt, <> iWreg=0DPH1

RADD PHI, <M, Usp > iwrite to D-RAM onty if carry=0, generate

sinterrupt if corrys=t.

Next example shows the generation of s single sinus period, frequency defined by DPHI, repeated
at the rate DPHI2, Interrupts should be masked.

rgn;o' :;':hnu of III'I.I' . tod

DPRETe $trequency of eingle per

Anpa2 sampl{tude snd mix

PHI2=3 sphase of repetition rate

OPHI224 jrepetition cate

K5 jconstent set at 4000ON by computer (end=1, Wf=finatlufs0)

LU PHL2, <“A» sAreg+PRI2

R OPHI2, <o $0reQ=0PHI2

RADD . PHI2, <> PHI12=PNI2+0PHI2

L] K, AiA, clearB, WsP> $Aregetreg=0 clrrqst=1 |f cy=1

RADD PHIY, <M WSP> sclear PHIV §f clrrqst (once every perlod

sof PHI2)

¢ one shot pertod

7] PHLt, <A, WPHE, USP» jArag=PHiregaPHIt Clrrqst=t
. MFreg=100H (sinus)

1] OPHLY, > i8reg=DPHIT

RADD PHIN, <M, NP> surite to D-RAR only If carry=0

L ARR, <Y, WP $XnsIn(PHI) Yearp mix update

RSP o WACC> ’

FIN

More examples can be found in the algorithm library (SAM toolkit)

- n R n
There is no direct way for the main computer to read or write from/to an external memory
connected to the SAM. However, defining an algorithm which will read the external memory in a
block basis into the D-RAM Is easy, and the computer can then read the D-RAM.

Wreiting data to an external RAM is done also with a specific algorithm, but specific micro-
instructions are needed to control the memory signals as fotlows :

Pi1=0 sloner part of memory sddress (upper 9 blts)

Urs1 '0(2)|Hf(8)|)((9) uppér part of memory address

DATA=2 jdate to be written In memory

L] uf, <AAIF» : sactivate memory chip setect (WCS/)

(] PH1, WPHLr iPRIreg=PHI

(L] DAtA, <WRY> iprepare to output data on W0 plins

RSP N <«Clear8, Nse> ;WOE/=t (dissble outputs from external mem)

RSP » <ClearB, UsP> -\Joel-!, epply data to WO pins

RSP N - <Clear®> WOE/«y WAE/=0 (urite putse)

RSP . <Cleard> }HOEI-I WE/=0

asp 0 - <Clears, usp> JNOE/=1 \WE/=1 date stitl spplied
-d«u removed

$WOE/=0 (back to normat operation)

1he corplete write cycle. nkel 443 ns. This slgorithm can be Isproved to transfer several words and generate an
interrupt at transfer
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10- SAM micro-processor interface

10-) Control byte

The controf byte is wrile only. It is updated when a computer write occurs to the chip with A2=1.

Controt byte format :

Ex 1% 1 x| X [SSRIIDLISEL] WR]

SSR 0- Select 44.1 kHz sampling rate
1- Select 22,05 kHz sampling rate

IDL 0- Normal operation
1- Force all 16 slots to idle algorithm

SEL 0~ Select access to D-RAM

1~ Select access to A-RAM

WR 0- Request a read from D-RAM or A-RAM
1~ Request a write to D-RAM or A-RAM

Note : When IDL is changed from 0 to 1, it takes up to 1.5 /us {3 /us] for the SAM (o actually go
into an idle state.

10-2 Address. data and interrupt bytes
A write to the chip with A2=A1=A0=0 selects the internal RAM address

D AD! 0-RAH
4| ® P A<RAM with §SR=0
LAa2 [ ALy Jpcs bece |pc3 | ec2 JPct P PCO |- A-RAM with SSR=f
V: stot number
MAD; D-RAM address inside slot (MAD from micro-instruction)
AL: algorithm number
PC: micro-instruction location counter inside algorithm

Write or read to the chip with A2=0 and A1A0 <> 00 allows to wrife/read data td/from the
internal RAMs as foltows ! : :

Als1 AOs%

At=T AQ=0
1 811[810

Hrite or resd to D-RAM

At=} A0s1 At=1 AQ=0 At0 A<
1 Q 8 3 10

Urite or read to A-RAN
B is the 19 bits word of thé¢ D-RAM, I is the 15 bits micro-instruction word of the A-RAM.

This Material Copyrighted By Its Respective Manufacturer




2am8006 - datn shaet and programmaer'e gulde = page +21-

25E D WE L790457 000040L & = ~[="17-13
ON CHIP SYSTEMS

Warning : before writing to the A-RAM, to avold transient sounds at the output, care must be
taken that.the corresponding algorithm is not active, which can be done by setting the SAM idle in
the control byte or making sure that all slots that reference the algorithm are in the idle state.

10-3 Operation

o - -

1- Write address

2- Write data

3- Write control byte with WRal1

4- Allow 1,5 /us [3-/us] recovery time for the write to perform

Notes :

The data. bytes will retain their value from one write to another, which means that to write
repetitive data, the write data step can be omitted.

Step 4 can be omitted is the SAM is in the idle state in the contral byte

1- Write address

2- Write control byte with WR«=0

3- Wait 1.5 /us [3 /us] for the read to perform
4- Read the data bytes

Notes: :
X portions of the data bytes will give indeterminate results
Step 3 can be omitted if the SAM was in the idle state in the cantrol byte

10-4 nterrunt byte

The WM WSP micro-instruction can generate an interrupt (see §8-4). The processor can then read
which memory location of the D-RAM caused the interrupt by reading the SAM with
A2=A124A0=0,

fvs | v2 | v) | vo_ | MADY | MAD2 | MADY | MADO |  D-RAM

This will not reset the interrupt cause. The interrupt cause can be removed by changing the
corresponding slot parameters in the D-RAM or masking the interrupt of the correspanding stot
(address V{15). )
in any case, once the interrupt cause has been removed, a dummy read.interrupt should be issued
to remove a possible pending interrupt with the same cause :

1~ read interrupt byte
2- remove interrupt cause
3- read interrupt byte and discard result
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25E D WM L?790457 0000407 T = T="17-13
Figure 1 3 SAM simplifted diagram (dats path)

ON CHIP SYSTEMS

v — — WM
RAM
[ Adder l-raDD  MAD-| — RM
wwr  fweHi WXY RP
WF e ] [ X ] Y
Sinus/ RO '
Emgmnal.%ngM Muttipiler

19 bits emitters. : D-RAM (RM), Adder (RADD), Multiplier (RP)
19 bits receivers : D-RAM (WM), Areg (WA), Breg (WB)
12 bits receivers : PHIreg (WPHI), Yreg (WXY)

9 bits receiver ! WFreg(WWF)

3 bits receivers : BL and BR, right and left attenuvators (WXY WSP)
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3SE D WW L790457 ooocuos 1 omm T=17-13

n - n
*PHI" relates to the 12 upper bits of the phase considered as an unsigned integer (0 to 4095)

"X* relates to the corresponding input of the multiplier, éonsidered as a fractionnal number
between -1 and 1-2-11,

Then the sinus is defined as : ON CHIP SYSTEMS
X 71875 sin ( (P1/2048) x PHI + P1/4096)
The ramp "PHI" is defined as :

X PHI/2048 0<=PHI<2048
X= PH1/2048 - 2 2048<=PHI<4095

The ramp "2 x PHI" is defined as ;

X= PHI/1024 0<=PHI<1024
X« PHI/1024 - 2 1024<=PHI<3072
X= PHI/1024 - 4 3072<~PHI<4095

The ramp "PHI/2" is defined as :

X = PH1/4096 0<=PHI<2048
X = PH1/4096 - 1 2048<=PHI1<4095

The constants are derived from the MAD pért of the micro-instruction, as defined in the
corresponding fields of RM(MAD), WM(MAD), AD{MAD) as follows ¢

Mo | corresponding X velue
0000, | 0004883
0001 06299
0010 2549
oot A8799
0100 25049
otol 31299
8110 JI7349
(311 43799
1000 50049
1001 56299
1010 52549
1011 68799

T5049
1101 81299
1110 87549
1§41 R

D)
s;\)b
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ON CHIP SYSTEMS P
Avpendix 11 = Summary of Instructions and D-RAM formats '
Emitters; - ) T

RM ¢ put the content of D-RAM [MAD] on the bus . :
RADD : put the result of the adder on the bus :
RP ¢ put the result of the multiplier on the bus
RSP : nop, put nothing on the bus
Recejvers:
WA ¢ write the bus to A (19 bits).WA (without WSP) alway sets
the internals CLEARRQST flip-flop and clears the INTMOD flip- :
fiop. . ;
wB : write the bus to B (19 bits) :
wM t write the bus to D-RAM[MAD] ‘ .
WWF ¢t write the bus to WF (9 bits, B9-B17) - -
WPHI : write the bus to PHI (12 leftmost bits, B7-BI8)
wXyY ¢ write the bus to Y (12 feftmost bits),write the WF data to X
medifier;
wsp : modifier used in combination with WPHI,WXY,WA , WM
WPHI WwSP ¢ PHI loaded but-WF forced to 1 (select internal sinus).
WPHI WSP takes priority othér WA WSP giving 2 normal WA
WwXY Xsp ¢ Y and MIX loaded

WA wsP ¢ expects an EJWAVE|finalWAVE] format on the bus (see §4)

19 bits bua 0 -
yes 000001 1
yes 00200H 1 .
yes CO000H t
yes 00000H 1
WM WSP :This micro-instruction allows to conditionally write to the. D-

RAM, according to CLEARRQST and CARRY. Also, an interrupt
may be requested to the external processor, assuming that the
interrupt mask bit at D-RAM address 15 is reset (see §4).

clearB : write 0 in B, used also o write in external memory
WACC : send the multiplier result to final accumulator
DRAM-Formats:
18 10 7 0
L[IIIII“I“LIHIIIILI
PHIWE [ X ) - '
DPHL. L .
’ AHP fxl ®IXL] WiXR
PAVE EINAL WAVE |
0] ext mem wave i
1irit — !
11 AL Iil X

7

1
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Appendix ItI - Mlcro-lnstructlon coding ON CHIP SYSTE”S

Iﬂl M3 12 111 110 19 18 17 $6 15 14 13 12 1 10
| 1

i 1 [ I |
WSP| VA | W8 | WM [WPHI|WXY [cles|WdF |WACC
00 AN re
01- RADD
10- AP
1t ase

ALl tix end clesrS are sctive 0 except WSP
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