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Digital Signal Processor

RP5c72 T-49-12-09

The RP5C72 is a high-performance general-purpose digital signal processor (DSP). Its 32-bit internal
operation includes a 512-word data RAM (1 word = 16 bits), 4k-word ROM (1 word = 16 bits} that can
be assigned to both program and data areas, and a 32-bit multiplier (16 X 16 bits, fixed point operation).
It processes at 100 ns per instruction.

The index function of the memory has two sets of hardware (index units) that contain ALUs dedicated
to addressing, enabling operations required for various digital signal processing,

By changing software in the built-in program memory, the RP5C72 can be adapted to various appli-
cations,

B FEATURES

® Fast processing: 100 ns/instruction (for fck = 40 MHz)
® 16 X 16 bits = 32-bit MPY/ACC built-in
® 32-bit width ALU built-in (Fixed decimal point operation)
@ 4-stage pipeline architecture
® 512 words X 16 bits RAM built-in (for data only)
® 4 k words X 16 bits ROM built-in (mask programmabie)
(for data and program)
® Repeat instruction function, HOLD function
® External interrupt/internal condition acknowledge EVENT port (2 pins)
1/0 port (2 pins)
® Two EVENT registers and one TIMER register built-in (16-bit width)
® Serial 1/0 port {3-line X 1)
® Parallel 1/0 port {8-bit X 1)
® 2-layer metal CMOS process
® 28-pin DIL plastic package
® Power consumption: 630 mW (max.}

B APPLICATION

Fast MODEM Echo canceller

Filter bank Motor control

Digital filters Voice composition/recognition
ADPCM FFT

RICON—
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H BLOCK DIAGRAM
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I PIN CONFIGURATION
YBCLK {31 20vDD
CLOCK [B2 21 PORTI0]
XSTL1 13 26 CJPORT(!]
XSTL2 P34 25 PORT(2]
RESET [35 24 CJPORT(3]
HOLD 36 23 PORT(4]
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RP5C72

B PIN DESCRIPTION

Pin Name Pin No. 1/0 Description
vDD 28 | +5V power supply
VSS 14 1 GND
XSTL 1 3 | System clock input (external clock input)

Connecting a crystal oscillator between XSTL1 and XSTL2
structures an oscillation circuit. (An oscillation circuit is

built-in,)

XSTL 2 4 (o}

CLOCK 2 0 Internal clock output. Clock signal which is half frequency
of XSTL1 is out from the CLOCK pin.

YBCLK 1 0 Internal instruction bus clock output. % of the XSTL1 input
frequency. When HOLD is High, the output is fixed to the
Low level.

RESET 5 | Reset input. Initializes the chip.

(Schmit Sets bus mode, clears the MASK, INTR, STAT, IOSTAT,
Input) | MODE, and DEBMODE registers, and initializes the serial/

paraliel port.

Starts a program from the address of the values stored in

memory address’ h0000.

HOLD 6 | Hold internal clock except for serial port, parallel port and
timer event unit.

EVENT [O] 15 EVENT/Compare 1/0 pin,
1/0 This pin can be programmed to input or output. Performs

EVENT [1] 13 sampling timing, real-time timer event, and timer value read.

Programmable 1/Q port pin,

1/0 [1) 1 Input : Senses external signals and generates interrupts to
1/0 DSP.
170 [0] 12 Output: For transfers of data written to internal MODE

register bits 2 and 3 to the outside.

Si 9 | Serial port data input pin.

The input data synchronized with the SCLK Low timing is
an input enable signal (SIEN). The input data synchronized
with the SCLK High timing is S| data.

SO 8 (0] Serial port data output pin.

The output data synchronized with the SCLK Low timing is
an output enable signal (SOEN). The output signal synchro-
nized with the SCLK High timing is SO data.

RIGOH—
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Pin Name Pin No. 1/0 Description
SCLK 10 0 Serial clock output. Synchronized with the DSP internal
clock, 1/16 of the original oscillation frequency (XSTL1) is
output.
Example) When fck = 40 MHz, SCLK = 2.5 MHz (400 ns
cycle)
PORT 0 ~ 27~20 1/0 8-bit parallel port data pin.
PORT 7
PW 17 | Parallel port write strobe.
When PW = ““L"" and PCS = “L”, the PORT is input state.
POE 16 | Parallel port output enable.
When POE = "L’ and PCS = ’L", the PORT is output state.
PCS 18 | Parallel port chip select.
PAO 19 | Parallel port address select.

When PAQ = “L", selects the lower eight bits of the parallel
port register (16-bit width)
When PAQ = "“H", selects the upper eight bits of the parallel
port register (16-bit width)

Parallel port control pin assignment

PCS POE PW PAO| PORTI7] ~PORTIO] Selected register
0 0 1 0 Lower 8 bit read Lower eight bits of parallel port output
0 0 1 1 Upper 8 bit read Upper eight bits of parallel port output
0 1 0 0 Lower 8 bit write Lower eight bits of parallel port input
0 1 0 1 Upper 8 bit write Upper eight bits of parallel port input
0 0 0 X Prohibition
0 1 1 X Hi - Z No Transfer
1 X X X Hi — Z No Transfer

x : Don't Care.

TEST 7 | Test mode input. Using this terminal and the RESET pin

{Schmit starts the test mode. Setto VDD level normally.
Input)

Note: Hi—2Z: high impedance state

—RIGOM
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RP5C72
W ABSOLUTE MAXIMUM RATING
Symbol Parameter Condition Ratings Unit
Vce Supply Voltage -03~+7.0 A2
Vi Input Voltage Vss = 0V -0.3 ~Vcc+H0.3 \Y%
Vo Output Voltage -0.3 ~ Vec 0.3 \Y%
PD Power Consumption Ta = 25°C 1.0 w
Topr Operating Temperature 0~70 °C
Tstg Storage Temperature -40 ~ +125 °C
B RECOMMENDED CONDITIONS (Ta=0~+70°C, Vss=0V)
Symbol Parameter Min. Typ. Max. Unit

Vee Supply Voltage 4.75 5.0 5.25 \Y

TTL Level 20 Vee +0.3 \Y

“H” Input
ViH CMOS Level 35 Vee +0.3 \
Voltage
Schmitt Input Level 24 Vee +0.3 A
TTL Level -0.3 08 \
“L" Input
Vi CMOS Level -03 15 \
Voltage -
Schmitt Input Level -03 0.6 A

RIGOHN—
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“
B DC ELECTRICAL CHARACTERISTICS (Ta=0~70°C, Vcc=5V +5%)

Symbol Parameter Condition Min. Typ. Max. Unit
Ll Input Leakage Current Vin =0V ~ Vce -10 10 HA
1LO Output Off Leakage Current Vo =0V ~ Vce -10 10 uA

TTL Level 20 \'

e : Vee
Y H” Input | Schmitt Input Level 24 + Vv
" Voltage (RESET, TEST) ’ 03
Clock Input Level
4,
(XSTL 1) 0 v
TTL Level -0.3 0.8 v
“L” Input |[Schmitt Input Level
Vi | Voltage | (RESET, TEST) -03 06 | Vv
Clock Input Level
(XSTL 1) 03 1.0 \%
sy yee Vee = Min
Vou H’* Output Voltage lon =—-0.4 mA 24 A%
vy VCC = Min
VoL L"” Output Voltage loL =2mA 0.5 A
Vee = Max  note)
lee Operating Current ViIN = Vss or Vce 120 mA
fck = 40 MHz
Note 1) Output pins are measured with output unloaded
Input pins are fixed in GND or Vce.
B Capacitance (Ta=25°C, f=1MHz)

Symbol Parameter Condition Min. Typ. Max. Unit
C Input Capacitance ViN =0V note2) 5 pF
Co Output Capacitance Vout=0V note2) 7 pF

Note 2) This parameter is periodically sampled and not 100% tested.

—RIGOR
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e ——————

B ELECTRICAL CHARACTERISTICS

1.  Clock characteristics
RP5C72 can use both internal oscillation circuit (Crystal oscillation) and external oscillator
clock input.

1—(1) Internal clock circuit

The internal clock circuit starts oscillation when inserting a crystal oscillator between XSTL
1 and XSTL 2 pins.

({Recommended oscillation circuit)

fck=20MHz
RP5C72
XSTLI1 XSTL2
(IN} R (ouT
—1
Werr  Xtal T 10er
20MHz<fck =40MHz
RP5C72
XSTL1 _ XSTL2
—N%V—- Condition
_;(Elalc’_; eme (E) e
CO-I Gz L
v
Internal Clock Option +) 3rd overtone crystal

1—(2) Load Condition (Ta=0°C~70°C, Vcc=5V 5%}

Symbol Parameter Condition Min. Typ. Max. Unit
fck Crystal Frequency 1 40 MHz
Co Load Capacitance of XSTL 1 15 pF
C, Load Capacitance of XSTL 2 15 pF
C, Load Capacitance of XSTL 2 0.01 uF

Load Inductance of XSTL 2 22 uH
Feed Back Register 1 M2

RIGORN—
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1—(3) External Clock

RP5C72
As shown in the figure on the right, an (l);S)TLl XS‘I‘(I(,)ZUT)
external clock device can input clock directly é
Unconnected

to the XSTL 1 pin. At that time, open the
XSTL2 pin.

! i External
@ —— frequency

—— source.

1—(4) External Clock Input Timing (Ta=0°C~70°C, Vcc=>5V £5%)

Symbol Parameter Condition Min. Typ. Max. Unit

External Clock Input

Cycle Time % 1000 ns

txs

Note) Duty ratio of the external clock : 40% < {tr + twH)/txs < 60%

(Timing Chart)

tr L
Vi
iy 40V T
(min) -[3.46V
XSTL]
L4V
Vi _]
(max) 1OV
twn twe
txs

—RIGOX
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1—(5) Clock Output Switching Characteristics (Ta=0"C~70°C, Vcc =5V 5%)

Symbol Parameter Condition Min. Typ. Max. Unit
tour CLOCK Qutput C. = 100pF 8 | ns
tout CLOCK Output CL = 100pF 8 ns
toLw eLock oﬁjit:hult:ulse Width ta=8 | to | tatB | ns
tver YBCLK Cutput C. = 100pF 8 ns
tef YBOLK Quieut C. = 100pF 8 ns
tvaw YBCLK Og’it:h“},ulse Width 2ta-8 | 2t |2ta+8{ ns
toer XSTLA "Se'l-:\’/c.l’.ﬁm{ C. = 100pF 25 | ns
et XSTL1 "geﬁglcﬁm} C. = 100pF 2% | ns
tayr XSTLA "B’e'f;"ﬁm{ C. = 100pF 3B | ns
tawyt XSTLA1 "Je?;"ﬁm} Cv = 100pF 35 ns
Rise/fall time of clock input signal te tf
The following times are recommended: ; » B el

Fall time (tf) : 5 ns max.

- =346V

Rise time {tr) : 5 ns max.
k L44v
L0V

RICOK—
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{Timing Chart?

txs
t
XSTLi :
(Input)
ter
e
CLOCK w | f
(Qutput) 0.8V
tCLW
tdxyr tdxvf
YBCLK w /‘ ’\
(Output) 08V 2 !
tver tyaf
tyew

Note) Timing measurements are referenced to and from a low voltage
of 0.8V and a high voltage of 2.0V unless otherwise noted.

2. Control Pin

2—(1) Soft Reset (Ta=0°C~70°C, Vcc=5Vi5%)

Symbol Parameter Conditidn Min. Typ. Max. Unit
YBCLK - RESET
tao Setup Time 40 41s-10 ns
RESET Active
tsy Hold Time 10 4tx-50 ns

Note) Soft reset is not performed in the timing that YBCLK stretches internally.

{Timing Chart)

we [N [

RESET /

—RIGOMH
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RPS5C72
2—(2) EVENT Pin (Ta=0°C~70°C, Vcc=5V5%)
Symbol Parameter Condition Min. Typ. Max. Unit
Setup Time of EVENT
touey Input before YBCLK _f 30 4ts-10| ns
tdev EVENT Output . 0 35 ns
Delay Time

{Timing Chart)

wo T\ T L

{suev

EVENTI1:0] /////%,L Valid

{Input)

tdev
—_—
EVENT(1:0) % Valid
{Output)

2—(3) 1/O Pin (Ta=0°C~70°C, Vcc=5V+5%)

Symbol Parameter Condition Min. Typ. Max. Unit

Setup Time of 1/0
tul0 Input before YBCLK I 30 4ts-10 ns

1/0 Output '
tdIo Delay Time 0 35 ns

(Timing Chart)

YBCLK —\ /__\—m

tsuto

.

7
1/0[1:0] /// Valid
|

{Input)

taio

1/0(1:0] YR vai

{Output)
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2—(3) HOLD Pin (Ta=0°C~ 70°C, Vcc=5V5%)

Symbol Parameter Condition Min. Typ. Max. Unit
Setup Time HOLD

tHLON before CLOCK I 20 2txs- 10 ns
Setup Time HOLD L 20 2tes—10 ns

tHLOFF | pefore CLOCK i

{Timing Chart HOLD enable}

cLock L |/ /A VY W B U

tuion

HOLD

YBCLK | [

{Timing Chart HOLD disable)

CLOCK /—{_' VY A N A S A O
tuLorF

HOLD

YBCLK y \

—RIGOM
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3. /0 Port
3—(1) Parallel Port {Ta=0°C~70°C, Vcc=5V5%)
Symbol Parameter Condition Min. Typ. Max. Unit
tace Parallel Port Qutput 0 75 ns

Access Time

Parallel Port Qutput

tHLoR Read Hold Time 5 ns

Parallel Port Input
tsv Setup Time 25 ns

Parallel Port Input
Write Hold Time
PCS, PAO, POE, PW

twe Pulse Width 4t +50 ns

10 ns

tHLDW

(Timing Chart)

s Parallel Port Output Timing (External Read)

twp

PCS, PA(

OE N y

<
e
o
—
Sy
TR

PORTI7:0]
(Output)

e—tacc F——tHLor

Paralle! Port Input Timing (External Write)

twp—

) e '
PCS, PAD ¥,

PORT[7:0] #
P (Input)

I tse Lurow

RIGON—




RICOH CORP/ ELECTRONIC SHE D EE ?744690 0002050 0OCS5 EEPCH
RP5C72

3—(2) Serial Poat (Ta=0°C~70°C, Vec=5Vi5%)

Symbol Parameter Condition Min. Typ. Max. Unit
tsu o lnpuStetup Time 50 ns
tm ¥ |m:mf:old Time 0 ns
tso >0 OUtIg:I;y Time 0 25 ns

et w1 —tmdma— twi —o=d
SCLK \ y \ Y \ / \ y \ V
oupy N/ \__/] /| N N__/
| Ly tsu Rj tr
Sl ] R
{Input) D=)-(\EN=0 D=X| /'EN=1 \)=MS§\{N=0 D=LsB| \JEN=0|/AD=x ;EN=1
tsi / h
SIEN=( SIEN=1 SIEN=0 SIEN=()
SIDATA=X SIDATA=X STDATA=MSB |[SIDATA=LSB SIDATA=X
tsp tsp
i S0 — - :
i (Output) \\EN=0 D=0 EN=1 D=MSQ\EN=0 .. \\\ D=LSB;EN=1
|
| SOEN=0 SOEN=1 SOEN=() SOEN=0 SOEN=1
SODATA= SODATA= SODATA=
0 MSB LSB
TRANSMITTER Write (Internal)

Rise/fall time of serial input signal (SI) . tr
The following times are recommended:

Rise time {tr) : 5ns (Max.,)

Fall time (tx): 5ns (Max.)

—RIGORX
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3—(3)

—— Notes for Serial Port Timing ——

(1} D =X and SIDATA = X in the timing chart mean the data is “don’t care”’.

(2) SIEN and Sl are time-divided and input to the same input pin (SI).

SIEN is synchronized with the rising edge of SCLK and input.
Sl data is synchronized with the falling edge of SCLK and input.

(3) SOEN and SO is time-divided and output from the same output pin (SO).

SOEN is synchronized with the falling edge of SCLK and output.
SO data is synchronized with the rising edge of SCLK and output.

(4) To transfer data, make the enable signal active first (1), then fetch 16-bit data as shown in
the figure below:

Sk S\ Ty [\

SIEN active
sl (SISN_0 ASIN 0 AS3N 0 ASZN 0 ASI)\ 0 30)
SIEN timing * f ' * ’ }
SI data timing H 4 t { } }
same in SO

(5) SCLK is 1/16 of the XSTL1 frequency (original oscillation frequency).
(6) The SCLK clock is always output from an external pin.

(7) SO does not become Hi—Z state.

4, AC Test Condition Output Load 5V
Input Pulse Levels GND to 3.0V 25K Q
Input Rise and Fall times 10ns
Input Timing Levels 1.5V DOUT .

Output Reference Levels 1.5V l
Output Load See Figure 25K 0 30pF®

«} Includes scope and jig.

RIGON—
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B INSTRUCTIONS

S4E D W ?744L90 QDO2O52 988 MRPCH

® Description of Symbols
! Meaning Symbel
A Accumulator (32-bit width) 30 SX{XX) Sign-extends MSB.
AH Upper 16-bits of accumulator 1 (a) Increase in the instruction cycle (case a).
AL Lower 16-bits of accumulator The case thet the instruction cycle is in-
X, Y, K Input registers for ENGINE (MPY, ALU etc.) creased by one in the edual (external dual)
Xey Configures a 32-bit width making the upper 16-bits mode.
the X register and lower 16-bits 31 1616 0 1 (b} Increass in the instruction cycle {case b).
the Y register. The case that the instruction cycle is in-
X@0 Makes the upper 16-bits the X register and makes creased by one when transferring data to the
the lower 16-bits all zuros, and 31 161§ ° register in the INDEX UNIT {r, i, p, t} and
configures a 32-bit width. the stack pointer.
SP Stack pointer {16-bit width) 1 (c) Increase in the instruction cycle {case c).
PC Program counter (16-bit width) The case that the instruction cycle is in-
{aa} Absolute address creased by one when no jump and call
(ra) Relative address occur by the control instruction (JMPRNZ
frag Fast register (for types, see the internal register list (P25).) CALLRNZ) of one instruction cycle.
hxxxx Hexadecimal data display xX,? Don’t care

® Description of Operand Symbols

The operands are in the same form as the symbols for assembler description.
(eidx) Mbits . .. ............ eidx mode bit (*1)
<dir. ix) 8bits . . ......... ... Direct indexing mode bit (*1)
(const n» nbit . .......... ..., n-bit-constant
(freg) dbits . .......... ..., Fast register address
{reg) Shits ............... Address of all registers {fast and slow registers)
{src) 5 bits e e Source register code of data transfer instruction (XFR}
{dsv Sbits . .............. Destination register code of data transfer instruction {XFR)
(cond} Bbits . . ............. Condition code {*2)
(dest) nbit .......... - . Jump destination value of jump and call instructions {n bits}
{imm n} nbit ............... Immediate data value

*1: See the INDEXING DEFINITION TABLE. {P24)
*2: For details, see the CONDITION TABLE. (P26)

—RIGON
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RP5C72
® Description of Instructions (Alphabetic order)
(Instruction group A : Arithmetic/logical operation instructions Instruction group C : Control flow instructions)
instruction group B : Load/store instructions Instruction group D : lllegal opcodes
Number of words/cycles Instruction
No. Mnemonic Operation Explanation of instruction Bits with changing flag group
1. ADD Addition of accumuiator and X and Y registers 1/1+1(a) A group
Operation : (A} + (X @ Y)—+ A (PC)+1~PC FLAG: V,C,N,Z B
2, ADDXY Addition of X and Y registers 11 +1(a) A group
Operation: (X@O0)+(Y®@0)—> A, {PC) +1-PC FLAG: V,C,N, 2, B
3. AND Logical product of accumulator and X and Y registers 1/1+1(a) A group
Operation : (A} AND (X@ Y} —+ A, (PC} +1—=PC FLAG: N,2,B
4, ANDXY Logical product of X and Y registers 1/1+1{a) A group
Operation : (X @ 0) AND (Y @ 0} =+ A, (PC) +1 =+ PC FLAG: N,Z,B
6. CALLA Conditional absolute address subroutine call 2/2 C group
Operation : When the condition is true :  {PC} + 1 — (SP) FLAG : No change
{SP}+1 > SP
{aa) -+ SP
else: (PC)+1-PC
6. CALLS System routine call ('h0010 address) 1/2+1(a) C group
Operation :  (PC) + 1 (SP)
(SP} +1>SP
'h0010— PC FLAG: No change
7. CALLRNZ Conditional (+0) relative address (-1024 to +1023) 1/141c) C group
subroutine call
Operation : When the condition is true :  {PC) + $X{ra) + PC
else: (PC)+1 - PC
-1024 Sra £+ 1023 FLAG: No change
{"hFC00) {"hO3FF)
8. CALLRT Unconditional relative address (—1024 to +1023) subroutine call Tm C group
! Operation : (PC) + 1 — (SP)
{SP)+1—>5P
{PC) + SX{ra) = PC FLAG: No changs
9. ENOP No operation 1 A group
Operation : (PC) +1—PC
Nothing is done otherwise. FLAG: Nochange
10. IDS Interrupt inhibit instruction T C group
Operation : Interrupt inhibit {normally used after the IEN instruction)
{PC) +1—>PC FLAG : No change
11. |IEN interrupt enable instruction m C group
Operation : Enables interrupt. FLAG: No change
12. ILLOPO lllegal op-code O 11 D group
Operation : Sets bit 15 of the IOSTAT register (instruction for debugging)
{PC)+1=PC FLAG : No change

RIGON—
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13. ILLOP1 Iliegal op-code 1 M O group
Operation : Sets bit 15 ({LLOP) of the IOSTAT
register.
{PC}+1 - PC FLAG: No change
14. ILLOP2 ) {llegal op-code 2 11 D group
Operation :  Sets bit 15 {ILLOP} of the IOSTAT
register.
(PC)+1—>PC FLAG: Nochange
15, ILLOP3 1llegal op-code 3 m D group
Operation : Sets bit 15 (ILLOP) of the IOSTAT
register. .
{PC} +1=PC FLAG: No change
16. ILLOP4 lllegal op-code 4 1 D group
Operation :  Sets bit 15 (ILLOP) of the IOSTAT
register.
(PC) +1—PC FLAG : No change
17. ILLOPS Illegal op-code & " D group
Operation :  Sets bit 15 {ILLOP) of the IOSTAT
register.
{PC)+1—~>PC FLAG: No change
18. ILLOPG Illegal op-code 1 D group
Operation :  Sets bit 15 {ILLOP) of the IOSTAT
register.
{PC) +1—>PC FLAG : No change
18. ILLOP? litegal op-code mn D group
Operation :  Sets bit 15 {ILLOP) of the IOSTAT
register.
(PC}+1->PC FLAG: Nochange
20. JMPA Conditional absolute address jump instruction 2/2 C group
Operation :  Condition (see the condition table.} FLAG: No change
When true : (aa) - PC
else : (PC)+2—+PC
21. JMPR Conditional relative address (-64 to +63) 1/1+1(c) C group
jump instruction
Operation : Condition (see the condition table.) FLAG: Nochange
When true: {PC) + SX(ra) - PC
else : {PC) +1—+PC
22, LDB One-byte data load instruction {fast register only) 1/1+1{b} B group
Operation :  Sign-extends 8-bit data, and loads it to
the fast register as 16-bit data
{see the register classification table).
{PC) + 1 PC
$X {8-bit data) — freg FLAG : No change
23, LDIX Index load instruction {fast register only} 1/1+1(b) B group
Operation :  {1)  ({r0) + SX({ra)) — freg, (PC) + 1 > PC
{2)  {ir1) + 8X(ra)) — freg, (PC) +1 > PC FLAG: No change

—RIGOM
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RP5C72
L ____________ .

24, LDW 1-word (16-bit) data load instruction (all registers) 2/2+1(b) B group
Operation: (PC)+2—PC
16-bit data — reg {fast/slow register} FLAG : No change
25, LPC Conditional loop instruction 1/14n+1 C group

Operation :  While the condition is true, repeats execution
of the next instruction,

(PC) + 1 = PC  After that, if the condition is : FLAG: Nochange
True : {PC) > PC
else : (PC)+1—+PC

{For conditions, see the condition table.)

26, LPI immediate loop instruction 1/14n+1 C group

Operation : Repeats the execution of the next instruction
as many times as indicated by the lower 7-bits of
the instruction,

(PC}+1—>PC  After that,if n >0, (PC)—»PC, n-1—>n
if n=0, (PC}+1->PC
n: lower 7-bits of the instruction code

(0sns127) FLAG : No change
27. MAC Adds the accumulator and the result of multiplication 1/1+1(a) A group
of the X and Y registers.
Operation :  (A) + {X) X (Y} = A, (PC)+1—>PC FLAG: V,C/N,2Z2
28. MACAX Adds the X@0 register {32-bit) and the result of 1/1+1{a) A group

multiplication of the upper 16-bits of the
accumulator and the Y register.

Operation : (X @0) + {AH) X {Y}—+ A, (PC) +1 +PC FLAG: V,C,N,2
29, MACK Adds the X@0 register and the result of multiplication 1/1+1(a) A group
of the K and Y registers, and outputs to the accumulator.,
Operation : (X @0} + (K) X (Y) > A, (PC} +1—PC FLAG: V,C,N,Z
30. MSB Subtracts the result of multiplication of the X and Y 1/1+1(a) A group
registers from the accumulator,
Operation : (A} —{X) X{Y) > A, (PC)+1-PC FLAG: V,C,N,Z,
31. MUL Outputs the result of the muitiplication of the X and Y 11+1(a) A group
registers to the accumulator.
Operation :  (X) X{Y}—= A, {(PC)+1—-PC FLAG: V,N,2
32. OR Logical add of the accumulator and the X@Y register. 11 +1(a) A group
Operation : {A)OR (X @ Y} — A, (PC)+1—PC FLAG: N,2,B
33, ORXY Logical add of the X@0 register and the Y@ register. 1/1+1(s) A group
Operation: (X @ 0) OR (Y @0) - A, {PC) +1— PC FLAG: N,Z,B
34, POP Draws data from the stack to the register. 1/1+(b} B group
Operation : (SP}+ 1 - SP, (SP) - reg (Al registers)
(PC) +1-PC FLAG: No change
35. PSH Stores the register value in the stack. 1/1+1(b) B8 group
Operation : {reg) - (SP), {SP) —1 —SP
(PCY+1>PC FLAG: No change
36. RTI Return from the interrupt routine. 13 C group
Operation : (SP) +1 — SP
(SP) » PC FLAG: Nochange

Return from the interrupt routine by storing the value
again from the stack pointer to the program counter.
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37. RTS Return from subroutine 1/3 C group
Operation :  {SP) +1 -~ SP
{SP) = PC FLAG: Nochange
Return from the subroutine by storing the value
again from the stack pointer to the program counter.
38. SHL Accumulator value logical shift instruction 1/1+1(a) A group
{1-bit to the left)
Operation : (Al shift left 1-bit—= A, (PC) +1~PC
c 31 1615 0 FLAG: C,N,Z, B
({7 [~ o]
39. SHR Accumulator value logical shift instruction 1/1+1{a} A group
(1-bit to the right)
Operation : (A} shift right 1-bit—+ A, (PC) +1—PC
[+ 31 1616 0 FLAG: C,N,Z,B
mjyn
40. STIX Index store from the fast register to the memory mn B group
Operation : {freg) — (rO) +sx(ra)
(freg) — (r1) +sx(ra) FLAG: No change
41, sus Subtracts the X@Y register value from the accumulator. 1/1+1(a) A group
Operation : {A) — (X®@Y)} = A, (PC)+1—PC FLAG: V,C,N,Z,B
42, SUBC Conditional subtract instruction 171 A group
Operation : if {A) — (X@Y) <0, {A) X2~ A, LSB=0
If (A) — (X@Y)} 20, [(A} — (X@Y)] X2~ A FLAG: V,C,N,Z
Lsg=1
{Division) Using the loop instruction and SUBC in combination,
the division results {(quotient and remainder) can be
abtained by the accumulator.
<X 1615 0
AH (remainder) AL {quatient) result of division
43. Ssusi Subtracts the accumulator value from the X@Y register. 11+11a) A group
Operation : (X@ Y) — (A}> A, (PC}+1->PC FLAG: V,C,N,2,B
44, SUBXY Subtracts the Y@Q register value from the X@Q register. 1/1+1({a) A group
Operation : (X®@0) —(Y®@0)—A, {PC}+1—-PC FLAG: V,C,N, 2B
45, SUBYX Subtracts the X@0 register value from the Y@Q register. 1/141(a} A group
Operation: (Y@ X) —{(X@0}—~ A, (PC}+1->PC FLAG: V,C, N, Z,B
46. XFR Data transfar instruction between any registers 1/1+1(b) B group
Operation : {reg) = reg, {PC) +1 - PC FLAG: No change
reg is alt registers (16-bit width).
47. XOR Exclusive logical add of the accumuiator and 1/1+1(a) A group
the X@Y register
Operation : {A) XORIX @ Y)—+ A, (PC)+1—>PC FLAG: N,Z,B
48. XORXY Exclusive logical add of the X@0 register and 1/1+1(a) A group
the Y@O register
Operation : (X @0) XOR (Y @0)—+ A, {PC)+1—PC FLAG: N,Z,B
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@ INSTRUCTION SET SUMMARY

{A) Arithmetic/Logic Instruction Instruction Bit Pattern
MNEMONIC | WORDS ([CYCLES DESCRIPTION OPERANDS {1514131211109876 543210
ENOP 1 1+1(a) | Indexing only (eidx) 00000 ¢ eidx 3
ADD 1 1+1(a) | A « (A) + (X@Y) Ceidx) 00001 ¢ eidx )
ADDXY 1 1+1(a) | A < X@0)+(Y@0) (eidx} 00010 ¢ eidx )
SUB 1 1+1(a) | A <« (A)-(X@Y) (eidx} 00011 ¢ eidx )
SUBXY 1 1+1(a) (A + X@0)-(Y@D) teidx) 00100 ¢ eidx )
SUBI 1 1+1(a) | A « (X@Y)-(A) (eidx) 00101 ¢ eidx —
SUBYX 1 1+1(@) A <« (Y@0)-(X@0) (eidx} 00110 ¢ eidx -
SUBC 1 1 If (A)-(X@Y){0 then (A)*2-) A.LSB=0 1101010111000010

(A)-(X@Y)20 then (A-X@Y)*2—A, —

LSB=1 —_—

The Result AH = the renainder _—

AL = the quotient
MUL 1 1+1(a) | A « (X)»(Y) teidx) 00111 ¢ eidx y
MAC 1 1+1(a) | A « (A+X)=(Y) eidx) 01000 ¢ eidx }
MACAX 1 1+1(a) | A « (X@0)+(AH) » (Y) (eidx) 01001 ¢ eidx )
MACK 1 141(a) | A « (X@O)+(K+Y) (eidx) 01010 ¢ idx -+
MSB 1 1+1(a) | A « (A)-(X) *(Y) (eidx) 01011 6———eidx—
AND 1 1+1(a) | A « (A)AND (X @Y) (eidx) 01100 ————eidx————
ANDXY 1 1+1(a) | A « (X@0)AND(Y@O0) (eidx) 01101 eidx 3
OR 1 1+1(a) | A < (A)OR(X@Y) (eidx) 01110 ——eidx—
ORXY 1 1+1(a) | A <« (X@0) OR (Y@0) eidx) 01111 6e———eidx—
XOR 1 1+1(a) | A « (A) XOR (X@Y) (eidx) 1000 0 ¢——eidx—
XORXY 1 1+1(@) | A « (X@0) XOR (Y@0) (eidx) 10001 eidx -
SHR 1 1+1(a) | A < (A) SHR 1 (right) (eidx) 10010 ¢ eidx J
SHL 1 1+1(a) | A <= (A) SHL 1 (left) eidx) 10011 ¢ eidx )
(B) Load/Store Instruction Instruction Bit Pattern
MNEMONIC { WORDS (CYCLES DESCRIPTION OPERANDS [1514131211109876 543210
LDW 2 2+1(b) | Load 16bit immediate value into (const16¥¢reg)) 1 1 0 1 0 101010 ¢—reg—>
register. L= imm 16 3
LDB 1 1+1(b) | Load 8 bit immediate value into (const 8 frepr| 1 1 0 O¢—freg— ¢——imm B—
fast register with sign extend.
LDIX 1 1+1(b) | Indexed load to fast register. Wir, i) frepp|{ 1 0 1 0freg— ———idx——
(freg)
STIX 1 1 Indexed store to fast register. dregp¢dir. iy | 1 0 1 1é—freg— ———idx——
(freg)
XFR 1 1+1(b) | Register transfer, any registers. (srcy (dst 110100 é&src— t—dst—
src-) dst (src and dst are reg)

PSH 1 1+1(b) | Push reg. onto stack. reg) 110101010016 —reg—
POP 1 1+1(b) | Pop reg. from stack (reg) 1101010100 0¢—reg—

RIGOH—
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(C) Control Flow Instruction Instruction Bit Pattern
MNEMONIC |WORDS [CYCLES DESCRIPTION | OPERANDS (151413121110987 6543210
LPC 1 1+n+1 | Loop conditional (cond) 1101010002??cond—
LPI 1 1+n+1 | Loop immediate {const7) 110101001 ¢—imm7—
JMPA 2 2 Conditional absolute jump cond) {dest) | 1 1 01 0 101100 cond—
imm 16 -
CALLA 2 2 Conditional absolute call ond) (desty | 1 1 01 0 101101 ¢cond—
¢ imm 16 d
CALLS 1 2 Call location 16 (eidx) 11011 ¢ eidx 3
JNPR 1 1+1(c) | Conditional jump relative +63/-64 cond) (dest) | 1 1 1 0¢—cond— ¢—imm 7T—
CALLRNZ 1 1+1(c) | Not zero call relative +1023/-1024 (desty 11110 ¢ imm 11 )

CALLRT 1 1 Unconditional call relative (dest> 11111 ¢ imm 11

+1023/-1024
RTS 1 3 Return from subroutine by restoring _— 1101010111000011
PC from the SP.

RTI 1 3 Return from interrupt service _— 1101010111000111
IEN 1 1 Enable interrupts —_— 1101010111000000
IDS 1 1 Disable interrupts (used after IEN) —_— 1101010111000001

(D) Illegal Opcode Instruction Instruction Bit Pattern
MNEMONIC |WORDS |CYCLES DESCRIPTION OPERANDS |15141312111098 76 543210
ILLOPO 1 1 Hlegal opcode 0 (const5) 11010101011 «immS—
ILLOP1 1 1 Illegal opcode 1 (const 5> 11010101111 «imms5—
ILLOP2 1 1 Illegal opcode 2 (const4) 11010101110 1+immd->
ILLOP3 1 1 Illegal opcode 3 (const3) 110101011100 limm3»
ILLOP4 1 1 Illegal opcode 4 1101010111000100
ILLOPS 1 1 Illegal opcode § —_— 1101010111000101
ILLOP6 1 1 Illegal opcode 6 1101010111000110
ILLOP7 1 1 Illegal opcode 7 {const9) 1101011 ¢——imm9——

—RIGOM
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B INSTRUCTION CYCLE
[A] Arithmetic/ [B] Load/Store [C] Control [D] Ilegal
Logic Flow Opcode
ENOP ADD ADDXY LDB LDIX JMPR ILLOPO
I1Wi1cC SUB SUBXY SUBI STIX XFR (taken) ILLOP1
SUBYX SUBC MUL PSH POP CALLRT ILLOP2
Single MAC MACAX MACK CALLRNZ ILLOP3
word MSB AND ANDXY (taken) ILLOP4
Single OR ORXY XOR ILLOPS
cycle XORXY SHR SHL ILLOP6
ILLOP7
ENOP AND ADDXY LDB n IU JMPR
SUB SUBXY SUBI LDIX (rx,n) IU (not taken)
1w2cC SUBYX MUL POP IU
MAC MACAX MACK POP SP CALLRNZ
Single MSB AND ANDXY XFR reg IU (not taken)
word OR ORXY XOR XFR reg SP
2 oycles XORXY SHR SHL CALLS
IU: p0,pl,i0
external dual il, t0, t1
(EXDUAL) mode 0, rl
1W3C RTS
- RTI
Single
word
3 cycles
2wW2¢C LDW n reg JMPA
- - (except CALLA
2 words 1U/SP)
2 cycles
2W3C LDW n IU
- - LDW n SP
2 words
3 cycles
LPC 1+n+1
MISC. LP1 1 l+ n+l
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B INDEXING DEFINITION
Bit Pattern e
MODE Assembler Syntax 109876543210 Descriptions
(EIDX> (eidxy e e 6 e e e e e e e ¢
edual (y index} (x index) 0y yyyy x x x x x Two fields of five bits.
eimm {const 8) «x 1004 1 i i i i i X <« sx(imm8)
{const 8) y 1014 i1 i iiii Y <« sx(imm8)
edx (10, {const 7)) x 1100 i i i i1 i ii X < (10 + sx(idx7))
(rl, (const 7)) y 11010 i 4 i iiii Y « (11 + sx(idx7))
ah (10, (const 7)) 1110411 i iii (10 + sx(idx7)) « AH
ah (11, (const 7)) 1111 i 4diiiiii (rl + sx(idx7)) <« AH
(DIRECT {direct ix} ¥ uUUuUuwuwuuuu
INDEXING) [--=======mmm oo oo [ oo oo oo o o o o o o e oo e e e oo
idx (10, (const 7)) 0 i i iiidiidii}9i freg <« (10 + sx(idx7)) LDIX
0 i i i i iiiii (r0 + sx(idx7)) < freg STIX
(11, (const ) 1§ i i i i i i freg <« (rl + sx(idx7))
14 i i i i i i (rl + sx(idx7)) < freg
= N.B.= sx -) Sign extend
B EDUAL (engine dual) INDEXING DESCRIPTION
Mnemonic Mnemonic Pattern Description
. : Yyvyy - .
{y index) {x index) oo Description for (x index)
nopl nop0 00000 no operation for IUO
Oy Ox 00010 x «0
-1y -1x 00110 X « -1
tpl+ 1p0+ 00001 p0 <« p0 +1
pl- 'p0 - 00111 p0 « p0 -1
Ipl+i 1p0+i 00011 | p0 <« p0 +iD
Ipl+r 1p0+1 00100 | p0 <« pO + 10
tple 1p0c 00101 if p0=t0 then p0 « 10,
else p0 « pO+1
ah(pl) ah(p0) 01000 (p0) « ah
ah(rl) ah(r0) 01001 (10) < ah
ah(tl) ah(10) 01010 (10) <« ah
ah(pl+i) sh(p0+i) 01011 (p0 + i0) < ah
ah(pl+r) ah(p0+r) 01100 (p0 + r0) <« ah
ah(!plc) ah(!p0c) 01101 if p0=1t0 then p0 <« 10,
else p0« p0 +1, (p0) « ah
ah(1pl +i) sh(!p0+i) | 01110 | p0 « p0 + i0 , (p0) «.ah
ah(!pl+1) gh(!p0+r) 01111 p0 « p0 + 10, (p0) « ah
(pl)y (p0)x 10000 | x « (p0)
(tl)y (t0) x 10101 x < (t0)
(rl)y (r0)x 11000 | x « (10)
(p1+)y (p0+)x 10001 x « (p0 + 1)
(pl++)y (p0++)x 10010 x « (p0 +2)
(pl-)y (p0-)x 10111 x « (p0 - 1)
(p1--)y (p0--)x 10110 | x « (p0 - 2)
(pl+i)y (p0+i)x 10011 x < (p0 + i0)
(pl +1)y (pO+1)x 10100 | x < (p0 + 10)
(Ipl+)y ('p0+)x 11001 | p0  p0+ 1, x « (p0)
(Ipl+H)y (1p0++)x 11010 | p0  p0 +2, x « (p0)
(ipl-)y (1p0-)x H111 | p0 « p0- 1, x « (p0)
(ipl -)y (1p0 -)x 11110 | p0 « p0- 2, x « {(p0)
(!pl +i)y (1p0+i)x 11011 P0 « pO0 +i0, x <« (p0)
(pl+n)y (1p0+1)x 11100 | p0 '« p0 + 10, x « (p0)
(‘plo)y (!p0c)x 11101 if p0=1t0 then p0 =10,
else p0« pO0+1 : x « (p0)

(Y index) is same in operation as (X index).

—RIGOX
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B INTERNAL REGISTER SUMMARY (27)
FAST REGISTERS

l Reg # Mnemonic Description
[
00 PO pointer
01 i0 index .
02 T0 test :\ Index Unit 0
03 RO reload
04 P} pointer
05 I1 index .
06 Tl test :] Index Unit 1
07 R1 reload
08 AL Least significant accumulator word
09 AH Most significant accumulator word
0A AZ LOAD: load AH, zero AL STORE: store AH
0B X
oC Y ] Engine registers
0D K
0E PARPORT Parallel Port data register
OF SERPORT Serial Port data register

SLOW REGISTERS

Reg # Mnemonic Description
10 MASK Interrupt mask
11 INTR Interrupt
12 STAT Execution status
13 IOSTAT Serial, Parallel & debug status
14 MODE Mode select
15 Reserved
16 DEBMODE Debug and test mode
17 SP Stack pointer
18 E0 Event/Compare 0
19 El Event/Compare 1
1A Reserved
1B Reserved
1c TIMER Timer
iD Reserved
1E PROGMAT Program address compare
1F Reserved

B FLAG CONDITION
FLAG CONDITION

Mnemonic v

~N
w

ENOP Note) The meaning of the symbol are following this ...

ADD
ADDXY
SUB
SUBXY
SUBI
SUBYX
MUL
MAC
MACAX
MACK
MSB
SUBC
AND
ANDXY
OR
ORXY
XOR
XORXY
SHL
SHR

Over flow flag
Carry flag
Negative sign flag

3838388~

Zero flag
Bitwise XOR set flag

3 m N Z2 0 <L

3838338 .8838888."

Flag bit change

v+ 3338838833888

539s3s88333833:3388838388
2333889388388 38333838388 ¢

sgagsEaa

R

RIGOR—




RICOH CORP/ ELECTRONIC SUE D W ?744L90 0002062 827 EEPCH
RP5C72

B CONDITIONED INSTRUCTION TABLE

Alias Pattern Logic Description
(cond) ceeec
s 00000 N&vV& 2| N& Ve Z . Signed strictly greater than
(=3 00001 (N&V&E Z 1 N& V& ) Signed less than or equal
)=s 00010 N&VIR& V Signed greater than or equal
(s 00011 (N&EVIN&E V) Signed strictly less than
m 00100 N Sign bit set (minus)
P 00101 N Sign bit reset (plus)
Ju 00110 C& Z Unsigned strictly greater than
{(=u 00111 (T& 2) Unsigned less than or equal
y=u 01000 C Unsigned greater than or equal
{u 01001 C Unsigned strictly less than
v 01010 v Overflow
v 01011 v Not overflow
1iu0. 01100 T00 PO not equal to TO
tiul 01101 i P1 not equal to T1
= 01110 Z Equal
1= 0111t z Not equal
t 10000 1 Always
't 10001 0 Never
ah7 10010 AH(T7] AH register bit 7 (AH[7]) set
ahé 10011 AH[6] AH register bit 6 (AH[6]) set
ah$ 10100 AH[S] AH register bit 5 (AH[5]) set
ah4 10101 AH[4] AH register bit 4 (AH[4]) set
ah3 10110 AH[3] AH register bit 3 (AH[3]) set
ah2 10111 AH[2] AH register bit 2 (AH[2]) set
ahl 11000 AH[1] AH register bit 1 (AH[1]) set
ah0 11001 AH([0] AH register bit 0 (AH[0]) set
0 11010 EVENT[0] Sense of EVENT([0] pin
el 11011 EVENT{1] Sense of EVENT[1] pin
io0 11100 1/0[0) Sense of 1/0{0] pin
iol 11101 1/0[1] Sense of I/0(1] pin
b 11110 B Bitwise XOR of AH
b 11111 B Bitwise XNOR of AH
B PACKAGE DIMENSION
2B pin DIP
37.8 max
1,488 max)
28 15
HE
D
15.24 TYP
el 7S s E 600 TYFI
¢ T
L
sl w2
[ \
E(E 0.
‘ 0.48:0.1 8 l.ofos_;‘“ =Ty
{100TYPy 1 T 1.019:0.004) ] e “iaty mm
Unit: oo

—RIGOH
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B DEVELOPMENT TOOL

A cross assembler and an emulator are available to efficiently develop application algorithms and
software and to debug target systems.

(RP5C72 program development procedure)

Cross assembler

i {Development environment)

Development support tools
can be structured on MS—DOS
version PCs (IBM PC—AT and
* compatible machines).

Software simulator
{under development) >

Emulator

!

Making into
ROM

® Cross assembler

The cross assembler (XAS71) converts a source code generated by the RP5C72 assembly language
into an executable object code.

The source file is generated by an ordinary ASCI| file, using an ordinary editor to indicate the
instruction in mnemonic. {Use .X71 for the extension of source file)

The object file of the output file is output in Motorola-S format, and can be executed by the
emulator or the processor.,

The cross assembler (XAS71) can operate on VAX and SUN3 UNIXs and on MS—DOS OSs.

RIGOR—
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® Emulator

The emulator of the RP5C72 is a support tool for program debugging using actual DSP chips and
target systems. It has various functions required for a basic real-time in-circuit emulator.

The main functions are as follows:

e Built-in 12-bit A/D converter for input signals

« Two built-in 16-bit D/A converters for output signals

» Processes the same signals as those given to the RP5C72, with the 28-pin socket.

« Break pointer setting

« Reverse assembler

» Line assembler

« Operation commands for various memories (block transfer and replacement of files and data)

« Develops programs of up to 8 K words.

 Single step function

s A 1IO-MHz crystal oscillator is built-in. It is also possible to input clocks from an external
oscillator.

MS—DOS version PCs (IBM PC—AT and compatible machines) are used as host computers.

—RIGOX
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