OKI semiconductor

MSM699210 ES

HIGH PERFORMANCE DIGITAL-SIGNAL PROCESSOR FAMILY

1.

Qo ‘

GENERAL OUTLINE 7/\)
“)
The MSM6992197§8%&P inthe same architecture as the MSM6992, but has doubled the
internal memg(yhsue and reduced the number of pins by shared use of the external
program a&ddta buses. Program compatibility with the MSM6992 in the source level is
main qe(:l\whnle newly added instructions and functional reinforcement have made it
easie<§@/
PR \ ®

3&‘? MS5M699210 is capable of high-speed execution of floating-point arithmetic
‘operations (16-bit mantissa and 6-bit exponent part} and 16-bit fixed-point arithmetic
operations. Devices will be available with 100nS machine cycle time.

use.

The MSM699210 incorporates a 2K word x 32-bit ROM program memory and two 256-
word x 22 bit data RAM:s.

The program and data memories can both be expanded externally up to 64K words via
dedicated data and address lines.

The MSM699210 has the processor mode and controller mode as external interface. In the
processor mode, operation by the external program memory, operation by the on-chip
program ROM, or operation by both the external program memory and on-chip program
ROM is possible. Each of these is carried out anly in the master mode. In the controller
mode, the MSM699210 is operated only by the on-chip program ROM in both the master
mode and slave mode in the same way as the MSME992.

The abundant interface functions allow establishing a multiprocessor system or highly
flexible system configuration.

Major 699210 applications include analysis for speech recognition and speech
analysis/synthesis in speech processing equipment, high speed modems, codec, and e 4;x
cancelers in communication equipment. This device can also be effectively used fc ter

control, robotics and in audio equipment. - ,//J
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4 SIGNAL PROCESSOR-MSM699210 ¢

Key Features:

®  instructioncycle: 100ns

®  Arithmeticformats: Floating-point
arithmetic
16E6
Fixed-point
arithmetic
16-bit
Logical arithmetic
22-bit

] Built-in 2K-word x 32-bitinstruction
ROM
(Also usable as data ROM)

. Built-in 512-word x 22-bit data RAM

] 32-bit wide horizontal microinstruction

IV-F-34

32-bit wide horizontal microinstruction
64K-word program memory area
64K-word data memory area
Multiprocessor interface

DMA controller connection capability
Slower memory interface

Three external maskable interrupts

Maximum 15-bit shift function (left or
right)

Doubile loop function
Power down function
84-pin PLCLL/100-pin FLAT package

1.5um silican gate CMOS
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1.2 Pin Assignments

[84 pin PLCC]

4 SIGNAL PROCESSOR* MSM699210 ¢
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Pin Na. Pin Name 1o PinNc. | PinName [7[e] PinNo. | Pin Name 110
1 GND 29 A1S O(3-state) | 57 PIc 1
2 D22/BACK | 30 Al4 O(3-state) | 58 M )
3 D2t o 31 Al13 Of3-state) | 59 RST t
4 D20 o 32 A12 O(3-state) | 60 SYNC |
5 D19 rQ 33 All O(3-state) | 61 g 1
5 vee 34 A0 O(3-state) | 62 % |
7 D18 o 35 A9 O(3-state) | 63 % |
8 D17 va 36 A8 O(3-state) | 64 vee
9 D16 [lie] 37 A7 O(3-state) [ 65 *ENCH* [¢]
10 [H 110 38 VCC 66 DSTE O(3-state)
1 D14 o 39 A6 O(3-state) | 67 WR o
12 D13 o] 40 AS O(3-state) | 68 RD |7}
13 GND 41 A4 Of3-state) [ 69 GND
14 D12 1o 42 A3 O(3-state) [ 70 MCLK [
15 D11 1o 43 GND n “PSTB 0O(3-state)
16 D10 o 44 A2 Of3-state) | 72 TA [¢]
17 D9 [lls] a5 Al O3-state) | 73 CLKO 0
18 D8 I{e] 46 A0 0(3-state) 74 IORQ O(3-state)
19 D7 [lle) a7 HACK 0 75 D31 1
20 D6 [T} a8 OF1 o 76 D30 |
21 <4 a9 OF0 0 77 V<
22 DS 7o) 50 IFt | 78 D29 1
23 D4 Y0 3] IFO [ 79 D28/CS [
24 D3 /0 52 "HOLD I 80 D27/PSA1 [
25 D2 10 53 " 1 81 D26/PSAD [
26 Dt 1o 54 P12 [ 82 D2T/DREQ Vo
27 GND 55 il ] 83 D24/DACK !
28 DO 10 56 IPTO 1 84 D23/BREQ Vo
Note: Pins marked by an 7 must be connected to ground
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4 SIGNAL PROCESSOR*MSM699210 ¢

[100 pin QFP]
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100
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Pin No. Pin Name PinNo. | PinName | PinNo. | PinName | PinNo. | PinName
1 A2 26 L L 51 I0RQ 76 D14
2 PYTPN 27 NC 52 TTNCH* 77 aNCee
3 enCes 28 NG 53 NCH 78 NCe*
2 eNCHe 2 SANC* 4 NC 79 T
5 Al 30 P12 55 *eNCH 80 D13
[ Al 31 P71 56 D31 81 SANCH*
7 A% 32 PO 57 D30 82 GND
B8 A8 33 PiC 58 Ve 83 D12
9 A7 34 M 59 D29 84 DIt
10 vCe 35 TRST 60 D28/CS 85 D10
1 A6 36 SYNC 61 D27/PSAL 86 DY
12 A5 37 % 62 D26/PSAD 87 D8
13 A4 38 % 63 D25/DREQ | 88 o7
14 A3 39 % 64 D24/DACK | 89 D6
15 GND 40 vee €5 D23/8BREQ | 90 vee
16 A2 a4 *ANCH* 66 GND 91 D5
17 Al 42 | **Nc**(0) | &7 D22/BACK | 92 D4
18 AD 43 DSTB 58 D21 93 D3
19 HACK a4 WR 69 D20 94 D2

20 OF1 as RD 70 D19 95 D1

21 OF0 a6 GND 7 vee 96 GND
22 IF1 a7 MCLK 72 D18 97 DO
23 IF0 48 PS8 73 D17 98 A1S
24 HOLD 49 TA 74 D16 99 Al4
25 7t 50 CLKO 75 D15 100 A3

Note: Pins marked by an ¥¥ must be connected to ground.

See PLCC pin assignments for discription of /0.

IV-F-38




4 SIGNAL PROCESSOR*MSM699210 ¢

2. MSM699210 CONFIGURATION

2.1  Pin Function

Pin Symbol
Ie] Function
Processor | Controller
A1s.p O ® Parallel address bus
(3-state)

tn the processor mode, address for program and
address for data are sent based on time division.

in the controlier mode, specified as address bus only

for data.
Dai.p 110 ® Parallel data bus
(3-state) In the processor mode, used as input andoutput pins

for data transfer between external and host CPU, I/0
device. In addition, used as program data input pin
for the lower 22 bits of micro-instruction.

In the controller mode, specified as data bus only for

data.
D31.29 — 1 ® Program data input pins in the processor mode
D ES- i ® Program data input pin in the processor mode
28 .
Used as chip select pin in the controller mode
® Programdata input pinin the processor mode
D3y PSA, | o
Used as port select address pin in the controller mode
Das PSAo ' ® Program datainputpinin th.e ?rocessor mode
® Used as port select address pin in the controller mode
Dys DREQ /o Program data input plr.1 lr-1 the processor mode
® DMA request output pinin the controller mode
. . o
D4 DACK | Program data mput.pm in t.he‘ processor mode
® DMA acknowledge input pin in the controller mode
Dy BREQ /o ® Program data input pin in the processor mode
® Bus acknowledge input pin in the controller mode .
inputs the external data bus permission signal.

IV-F-39



¢ SIGNAL PROCESSOR-MSM699210 ¢

Pin Symbol

Processor

Controller

/o

Function

D22

BACK

Program data input pin in the processor mode

Bus acknowledge input pin in the controller mode.
Inputs the external data bus permission signal.

10

Input/output pin for read control -

Outputs the read control signal for the external data
memory and 1/O device in the master mode.

Input of the read control signal from the host CPU
and other DSP in the slave mode

e

Input/output pin for write control

Outputs the write control signal for the external data
memory and I/0 device in the master mode.

Input of the write control signal from the host CPU
and other DSP in the slave mode

IORQ

0
(3-state)

11O request output pin

Indicates whether the write or read operation is with
respect to external data memory or /O device

TA

Table data access indication output pin

TA = "1" whenreading the table in the program
memory

HOLD

Hold request input pin

ﬂhenthis signal is accepted, DSP places Ays.g, D21.0
RD, WR, and IORQ signals in the "HZ" state.

HACK

Hold acknowledge output pin

indicates that the DSPis in the hold state
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4 SIGNAL PROCESSOR*MSM699210 ¢

Pin Symbol
110 Function
Processor | Controller
IF,0 | ® Universal input flag pins

Inputs to set flagin IFR

OF1,0 0 ® Universal output flag pins
Output of OFR
FTZ' 1.0 | ® 3.level external maskable interupt pins

Interrupts are accepted except for the “JMP”
instruction

Interrupts areaccepted if interrupt level is greater
than interrrupt priority setin control register

PiC 1 ® Processor/controller mode select pin

M _— | ® Internal ROM selectinput pin

Used to select between internal or external program
memory in theprocessor mode

Invalid in the controller mode

PSTB  — o} ® Program strob output pin

(3-state) Indicates the fetch cycle of the program datain the
processor mode

Invalid in the controller mode

D578 0o ® Datastrob output pin
(3-state) Indicates the access cycle of external data
SYNC ! ® Synchronization input pin

Allows the synchronization of some DSPs by switching
this signat from the low state to the high state when
the RST signal isin the low state.

IV-F-a1



4 SIGNAL PROCESSOR*MSM699210 ¢

Pin Symbol
o Function
Processor | Controller
RST I Reset input pin
This signal initializes all internal state of DSP

MCLK l Master clock input pin
CLKO o} Internal system clock output pin

vcc - + 5V supply pins

GND - Ground pins

IV-F-42




¢ SIGNAL PROCESSOR - MSM699210 ¢

2.2 Unique Features

The MSM699210 has some unique features that make this device easily adaptable to
various applications. These features are high lighted below:

2.2.1 DataStructure

®  22-bit floating-point data format (16-bit mantissa and 6-bit exponent part)
®  Doubie precision arithmetic operations on 16-bit fixed-point data possible

®  Built-in high-throughout RAM ¢ Capability to read to operands of data and
write ane operand of data within a single
cycleis possible

¢  Simplified addressing of internal RAMs:  Two types addressing M6992 and M699210
type. Four addressing modes including
direct, index modification, and index
updating.

. Data shift within memory . Dataread from one location of the
memory can be written into another
location of memory immediately

2.2.2 Instruction Sequence Control

L] Sequence control :  Sequence, push, return, and loop control available in all
arithmetic instructions plus the SFT and MOVE instructions

L Loop function : Double-loop can be enabled by use of 12-bit loop counter
(LCO) and a 4-bit oop counter (LC1). LCO is controlled by the
sequence field in each instruction, and LC1 is controlled by the
conditional jump instructions.

®  Interrupt function :  Three levels of interrupts are available

L] Data ROM :  The program ROM may also be used as a data ROM

IV-F-43



¢ SIGNAL PROCESSOR+- MSM699210 ¢

2.2.3 External Interface

2.3

Access to external data memory at the same time of operation is possible.

Two external data RAM pointers (DP0 and DP1) are available to simplify handling of

two types of data

Many expansion functions

Maximum of 64K words of external program memory

Maximum of 64K words of external data memory

Interface modes

Controller mode (on-chip ROM operation)

- Slave mode 1 Use of host processor,8-bit or 16-bit microprocessoror
another M699210 is possible

- Mastermode : Accessing of external memory and /O device is possible

- DMA mode 1 DMA transfer under external DMA control is possible

Processor mode (on-chip ROM and off-chip memory operation)

- Mastermode : Accessing of external memory and /O device is possible
Hold function is possible

Slower memory interface mode

- Communication to slower off-chip memories and peripherals is possible

Data Format

The three data formats handled by M6992 are fioating-point, fixed-point,and logical data
format. The fioating-point data mantissa and exponent parts plus the fixed-point data is

represented by 2's complement. The A symbol in these formats specifies the position of

the decimal point.

IV-F-24



(1) Floating-point data format

az1 aip ]al’j

ao—]

: AA .
Exponent part Mantissa

15
_ 15 -
M=(-1)x a®+ > a X2

i=1

Mantissa

4
E t part = i
xponentpart  E=(-32)Xa, + > a . . X2
i=0
Maximum positive value: l 011111 ]o. 1Mo 1 q

(1-215) x 231 =2.15 x 109

Minimum positive value: | 100000 ]0.10 ----- oo]

0.5x 2-32 21,16 x 10-10

Zero representation: ] 100000 lo.oo ----- oo]

Minimum negative value: | 100000 ] 1.01mmmmm 11]
(-0.5-2-15) x 2-32%-1.16 x 10-10

Maximum negative value: [ 011111 | 1.00--- 00 ]

1% 231 =-2.15% 109

4 SIGNAL PROCESSOR- MSM699210 ¢
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4 SIGNAL PROCESSOR- MSM699210 ¢

(2) Fixed-point data format

[—— e 20 |

Maximum positive value: l/l 0.11-w--- 1 1—| 1-2-15
Maximum negative vatue: |/| 1.00----- 00 J -1
Zero representation: |/l 0.00----- 00 ]

(3) Logical data format

[== = ]

2.4 Functional Blocks

2.4.1 FMPY (Floating-point Multiplier)

(1) The floating-point multiplier consists of a 16 x 16-bit parallei multiplier and an
exponential adder circuit. Contents of registers XR & YR are used as the input data,
and the multiplications is executed in every cycle.

(2) Inputdata must be normalized when fioating-point multiplications are executed. The
resultant product of flating-point multiplications must also be normalized.

(3) Product format

Floating -point multiplication :  16E6 x 16E6 — 16E6

Fixed-point multiplication : 16-bit x 16-bit = 31-bit
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(4) -Rounding and clipping

(5)

4 SIGNAL PROCESSOR- MSM699210 ¢

The format of the data, floating-point or fixed-point, is specified by control register

(CR).

® Rounding

The execution of rounding/clipping is specified by control register (CR).

e (lipping

If a positive or negative overflow occurs during a flating-point multiplication, the

product is forced to a maximum positive or negative output value. And if an

underflow occurs, the product is forced to a zero.

The results of flating-point or fixed point multiplication are stored in registers PH and

PL.

PH PL
Floating-point 21 16 15 0
multiplication Expongnt Mantissa 16 bits
result part 6 ibts
Fixed-point 21 16 15 0 15 1.0
multiplication Higher order 16 Lowr order 15 0

result

bits

bits

2.4.2 FALU (Floating-point Arithmetic Logic Unit)

n

(2)

(3)

Floating-point and fixed-point additions and subtractions and logical operations
between XR, YR, PH, PL, A0, and At are executed by the FALU.

Pipeline operation:

digit alignment and arithmetic operations, and in the second stage executes

The FALU has a 2-stage pipeline structure where operations
are completed in two machine cycles. The main processing in the first stage includes

normalization,clipping, flag setting etc.

FALU operation results are held in two 22-bit accumulators. These results can also be

transferred directly to other registers via internal data bus.

IV-F-a7



4 SIGNAL PROCESSOR - MSM699210 ¢
(4) infloating-point data scaling and fixed-point data arithmetic shifts, the amount of
shift can be specified by a 6-bit shift count register (SCR), or directly by the SFT

instruction.

The types of operations possible are summarized below

Operation Floating- Fixed-point Logical
point operation
Addition and subtraction O @) '
Through O
Sign inversion O
Absolute value operation O
Addition and subtraction with O
carry
AND, OR, XOR,and 1's O
complement
Shift
(lefUright 0 ~ 15b) O O
Data format conversion
Floating-point—fixed-point O
Fixed-point—floating-point

2.4.3 Address Control Functions

Address control types are divided into M699210 type and M6992 type. The M6992 type
keeps compatibility with MSM6992, and when DSP is initialized by RST signal, the M6992
type is selected by control register (CR).

{1} IXR, IYR, iZR (Index Registers X, Y, and Z)

IXR is a B-bit index register to modify XA fields, and IYR is an 8-bit index register to
modify YA and XYA fields. Contents of these registers are used as read addresses for
RAMX, RAMY, and RAMXY. 1ZRis an 8-bit index register to modify ZA fields. This
register is used when the RAMXY is in write mode.

IV-F-48



(2) MR (Mode Register) and PR (Page register)

MR:

PR:

4 SIGNAL PROCESSOR+-MSM699210 ¢

7 6 5 4 3 2 1 0
I I | |
FOR RAMX FOR RAMY FOR RAMXY FOR RAMXY
CONTROL (Read) CONTROL (Read) CONTROL (Read) | CONTROL (Write)
! ] } 1
1 0 RPG = "0" ...... RAMX Select
RPG = "1 . ..... RAMY Select
WPG RPG WPG = "0" ...... RAMX Select
WPG ="1" ... .. RAMY Select

The 8-bit mode register is used to specify the RAMX and RAMY addressing mode. The
RAMX, RAMY, and RAMXY addresses are determined by arithmetic operations
executed on index registers (IXR, IYR, and IZR) and instruction offset (XA, YA, XYA,
and ZA) in accordance with the contents of this mode register.

The 2-bit PR specifies page of the internal memory. When data is written into the
internal RAMXY or data is read from the iriternal RAMXY, they are accessed by means
of specifying pages in the PR. When data is read from the RAMX or RAMY, or when
addressing in the M6992 type, the PR cannot be used. The MR and PR are initialized to
“0* by the RST signal.
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RAMX and RAMY
(1) RAMX and RAMY are both 256 x 22-bit data RAMs.
(2) These RAMs are capable of both a write and a read in the same cycle.

(3)  RAMX and RAMY can be used independently or as two pages of memory in a read cycle.
These two pages of memory is called RAMXY. But in a write cycle, these RAMs are always
used as RAMXY.

(4) RAMX and RAMY outputs are held in XR and YR respectively. RAMXY output is held in XR.
ZRis used as a data-write-buffer when writing to RAMX and RAMY. RAMX and RAMXY
outputs can also be written to ZR and so, data within the memory can be shifted in one
machine cycle.

The RAM address can be specified by the following. (M699210 type}

Field used in When XA field is When YA fieldis | When XYA and ZA
instruction used used fields are used
RAMX RAMY RAMXY
255 255 255
RAMY
Page 1
Given adress 0 0 0
255
RAMX
Page 0
0

The RAM address can be specified by the following. (M6992 type)

Field used in When XA field is When YA fieldis | When XYA and ZA
instruction used used fields are used
RAMXY
RAMX RAMY
127 127 255
Given adress 128
127
0 0 0
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4 SIGNAL PROCESSOR - MSM699210 ¢

® Read address when XA field is used

MR7 | MR6 RAMX read address . IXR
0 0 0 ! 0 ! E X'A ! ! Hold
0 1 IXR + XA (nosign) Hold
1 0 IXR + XA {withsign) Hold
1 1 IXR + XA (with sign) IXR update

& Read address when YA field is used

MRS5S | MR4 RAMY read address IYR
T | | [ I T
0 0 0 0 YA Hold
0 1 IYR + YA (nosign) Hold
1 0 IYR + YA {withsign) Hold
1 1 IYR + YA {withsign) IYR update

® Read address when XYA field is used

MR3 | MR2 RAMXY read address IYR
I L ] T { 1
0 0 0 0 XYA Hold
0 1 IYR + XYA (nosign) Hold
1 0 IYR + XYA (with sign) Hold
1 1 IYR + XYA (with sign) IYR update

® Write address when ZA field is used

MR1 | MRO RAMXY write address 1ZR
| I ] I I T
0 0 0 0 : ZA Hold
0 1 IZR + ZA{nosign) Hold
1 0 IZR + ZA (withsign) Hold
1 1 IZR + ZA (with sign) 1ZR update
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4 SIGNAL PROCESSQR-MSM699210 ¢

2.4.5 IROM (Instruction ROM)

Programs and data are stored in this 2K-word x 32-bit mask ROM. Data must be stored in
the following bit positions.

31 28 27 22 N 16 15 0
D21 ~D16 D21 D16
The address map is outlined below.
Addess Contents
0 Reset
1 Interrupt (IPTQ)
2 Interrupt (IPT1)
3 Interrupt (IPT2)
~ User area ~
2000
2001 Reserved
2047

The external instruction memory address map is as follows.

IV-F-52

Addess Contents

0 Reset

1 Interrupt (IPTO)

2 interrupt (IPT1)

3 Interrupt {IPT2)
~ User area A
~s N\

65535

¢
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2.4.6 Micro-sequence Controf Functions

(M

2

(3)

4

(3

(6)

The following functions are used in generation of micro-addresses.

Function Address of enxt insruction
Reset 0
Interrupt 1~3
Sequence Own address + 1
Return Contents of last written stack
Jump JMP instruction JA field, or own address + 1
MAP jump MJR contents

PC (Program Counter)
The program counter is a 16-bit register which holds the program addresses. The

value obtained by adding 1 to the address of the instruction being executed currently
{N)issetinthe PCcontents.i.e. PC= N + 1

STK (Program Counter Stack)
The program counter stack is a 16-bit x 8-level register which saves PC contents when
an interrupt, subroutine call, or push is executed. When the return instruction is

executed, the last stored contents are read and become the program memory
address.

MJR {Map Jump Register)

The Map Jump Register is a 16-bit register used to specify jump destination addresses
when a program start address is given.

TBP (Table Pointer)

The table pointer is a 16-bit up-counter used to specify data addresses when data is
read from a program area.  *

IR (Instruction Register)

This 32-bit register is used to hold an instruction currently being executed. Table data
and literal data can be transferred to other registers via the internal data bus, {BUS.
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4 SIGNAL PROCESSOR+MSM699210 ¢

(7) LCOand iC1(Loop Counters 0 and 1)

These 12-bit (LCO) and 4-bit (LC1) down-counters are used to specify program loop

counts. Double loop operations are possible.

2.4.7 Status Register (SR}

The status register can specify up to ten different status types.

IR OR MV EV EU N z 222

IR- Input Ready

Indicates that data has been set in INR, input register.

OR - Output Ready

Indicates that data has been set in QUTR, output register.

MV - Mantissa Overflow Flag

Indicates that an over flow has been generated in a fixed-point arithmetic operation.
If generated in a multiplier, however, the status is set after a delay of one machine

cycle.

EV - Exponent Overflow Flag

Indicates that an exponent over flow has occurred during a flowing-point arithmetic

operation.

EU - Exponent Underflow Flag

Indicates that an exponent underflow occurred during a floating-point arithmetic

operation.

N - Negative Flag

Indicates that result of FALU operation is negative.
(Negative datawhen N = "1")

Z - Zero Flag (16-Bit)
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“1” is set in this flag when all 16 bits of the mantissa are 0 as a result of a FALU
operation.

Z22 - 22-Bit All Zero Flag

1" is set in this flag when all 22 bits are 0 as a result of a FALU operation.

V - Overflow Flag

Indicates that a overflow generated by the 16-bit ALU in the FALU has been set. If an
overflow occurs in the mantissa of a floating-point arithmetic operation, the result is
scaled to half of the value so that no apparent overflow occurs.

C-Carry Flag

indicates that a carry generated by the 16-bit ALU in the FALU has been set.
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2.4.8 Control Register (CR)

The control register is used to specify different operation modes.

1% 10 9 8 7 6 5 4 3 2 1 0

AT HE MM | MREL | MREX | ARE CLE |omam | IOM1 | IOMO | IP1 PO

AT - Adderssing type
AT = "0 -oevomemm- M6992 type addressing
AT = “1" cceeemmee- M699210 type addressing

HE - Hold Enable

Enable the receive of HOLD signal
MM - Multiplication Mode
Designation of multiplier mode

MM = "0 —---memer floating-point operation mode
MM = " 1% oo fixed-point operation mode

MREL - Multiplication Round Enable on Floating-Point Data

MREX - Multiplication round Enable on Fixed-Point Data

ARE - ALU Round Enable

Enable floating-point addition/subtraction rounding.

CLE - Clip Enable
Enable clipping in FMPY or FALU.

DMAM - DMA mode Select
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IOM1 and IOMO - I/O modes 1 and 0

Specifies the type of external processor communicating with MSM6992.

10M1 IOMO Type of processor
0 0 MSM6992
1 ] 8-bit microprocessor

16-bit microprocessor

1P1 and iP0 - Interrupt Priority

Designation of level external interrupts which can be received.

1P PO Interrupt mask status
0 0 W 1PT1, Wmerrupts enabled
0 1 FTTand I—FZinterrupts enabled
1 0 P12 interrupts enabled

External interupts disabled

¢ SIGNAL PROCESSOR +MSM699210 ¢
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2.4.9 Input/Output Control Functions

IV-F-58
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(4)

(5

DP1 and DP0 - Data Pointers 1and 0

These two 16-bit registers indicate external data memory and /O addresses. Selection
and updating (+ 1, 0, -1) of DPO & DP1 can be specified by an instruction.

INR - Input Register

The input register is a 22-bit register which buffers input data from parallel data bus
(D21~D0).

OUTR - Output Register

The output register is a 22-bit register which buffers the DSP data being output to the
system bus.

IFR - Input Flag Register

The input flag register is a 2-bit register set from the universal input flag pins IF1 and
IFO.

OFR - Output Flag Register

The output flag register is a 2-bit register which holds data to be applied to the
universal output flag pins OF1 and OF0.



24.10

Interface

(1) Controller Mode

4 SIGNAL PROCESSOR-MSM699210 ¢

Only the on-chip ROM is available for the program memory. In this case, the program

is requested to be made mask ROM. The address bus (A, 5-0) is used only for the
address of external data and the data bus (D31.g) is used only for the external data.

The master and slave mode are used as external interface mode.

In the master mode, DSP can access to the external memory of 64 K words and /O

devices at full speed or low speed.

In the slave mode, communication between the 8-bit processor, 16-bit processor and

other MSM699210 can be provided.

~«—— OF0
1 OF1

il
| CkO

3| MICLK

—— %

SYNC

AD-15

D0-21

R e
et
——
e N
- ————
———
e
—
o —
T ————
e
P~
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(2) Processor Mode

The an-chip ROM, off-chip memory, both on-chip ROM and off-chip memory can be
used as program memory. Since the address bus and data bus are used for program
and data on the basis of time division, 2 + a cycles are necessary for execution of
the external data access instruction. aindicates the number of wait cycles at the
interface of slower memory and peripheral, and is determined by the WCCR.

(a = 0~7)

The interface is provided only in the master mode, and it is not provided in the slave
mode. However, using the hold function can request the DSP for permission of
using the external bus. When the HOLD signal is made active and it can be accepted,
the DSP makes the HACK signal active, places A15-0, D21-0,RD, WR and IORQ
signals in the high-impedance state, and stops internal processing. When the HOLD
signal is released, the DSP restarts the processing. Whether to receive the HOLD
signal is selected by the control register (CR).
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|

0000

O7FF
0800

¢ SIGNAL PROCESSOR+MSM699210 ¢

OFF-CHIP PROGRAM MEMORY

—
" .
T
—
U
—
S S

OFF-CHIP PROGRAM MEMORY OPERATION OPERATION
M _E— M
IPT0 - —>1IPT0
1PT1 AD-15 1 1PT1 A0-15
IPT2 > IPT2
IFO — IF0
IF1 DO0-21 — ] IF D0-21
D22-31 | <«— | OF0 D22-31
OF1 ——o] OF1
PIC RD |——— t——-—-— PIC RD
WR > WR
CLKO IORQ [—> 1 CLKO IORQ
pSTB > PSTB
MCLK pSTB [T/ —> MCLK DSTB
TA AR TA
RST ————>|RST
HOLD |<—— HOLD
| SYNC HACK (———> ———>| SYNC HACK
0000
INTERNAL
PROGRAM AREAS
EXTERNAL

EXTERNAL

FFFF

PROGRAM AREA

FEFF

PROGRAM AREA

PROGRAM MEMORY MAP

When the program address exceeds 7FF(H) in IM = * 1%, the program area is automatically
switched from the internal area to the external area. therefore, both the internal ROM
and external memory can be used as the program memory. ’
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2.4.11 Slower Memory and Peripheral interface

The WCCR (Wait cycle count register) is a 3-bit register for slower memory interface. The
access speed of the external memory and /O device can be changed according to the

contents of WCCR.
WCCR Number of wait cycles
000 0
001 . 1
010 2

i1 7

. Controllor Mode (WCCR = 02H)

(PA) | n | n+1 n+1 | n+l | n+2 | n+3 :
iR I (n-1) I (n) A (n) i (n} | (n+1) | (n+2) |
N, OUT
Instruction
A I | m m m

. Processor Mode (WCCR = 02H)

A
Loy o m oy m o omo g ety ne2
IR -
- n ; M (n) l(n+1)l
IN,OUT
tnstruction
{PA) :  Internal program address
IR : Instruction
A . Address (Aqs.g)
m :  External memory adderss
n :  Program address

The WCCRisinitialized to “0” by the RST signal.
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2.4.12 Interrupt

3-external maskable interrupts are possible.

level-0 <level-1 < level-2
{IPTg) (1PT4) (IPTy)

(1) Level 2interrupt

When the level-2 interrupt is accepted, the PH, PL, SR, TR, Ag, Ay, XRand YR are
placed in the write inhibition state, and their contents are held during the interrupt.
After the interrupt is replaced by RET instruction, the arithmetic operation can be
restarted. The leve-2 interrupt is used to transfer the data between the DSP and
external memory mainly.

(2) Level 0,1 interrupt

When the level-0, 1 interrupt is acceptéd, using the SAVE, RECV instruction, contents
of each register excluded TR, PH, PL can be saved or recovered.

The basic sequence of interrupt at level 0 and 1 is as follows:

Interrupt

SET SAVE

Normal operation

registers save

\_’/

Return

RESET SAVE

interrupt processing

SET RECV

registers recover

RESET RECV
RET
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2.4.13 Power down Function

The power down mode can be set by the RST signal input (FS? = "0") or by execution of
the power down instruction. The power down mode can be released when the RST
signal is released (RST = “1“) or when the interrupt is accepted. Therefore, when the
power down mode is released by means of interrupt, it is necessary to enable the IPg, 1
flag in the control register for the interrupt.

As the contents of registers are held at the time of power down, the instruction can be
restarted by releasing the power down mode.

At the time of power down, only the following functions are executed, and the DSP is
placed in the stop state.

® Internal clock generation circuit
(The CLKO signal is fixed t0"0")

e RSTinput circuit
® Power down control circuit
e Interrupt circuit

e |Fy, pinputcircuit
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1BUS

Read

Write

(@AY

(@7aY

T T T 1 T T 1 ¥ L] T T
Al oA | OA
1l 1 L L ] 1 1 i 1 l l l 1 i [ 1 l i L i
i T 1 ] T T ¥ ] Ll T T T T T L) T 1 4 L] 1 T
XR
1 L 1 L i 1 1 1 1 ] 1. 1 l 1 1 i l H 1 1 [}
T T L ] T ¥ L 1 1 T T T T T 1 1 ¥ 1 L§ T
YR ®)
1l L I i [l 1 1 1 1 1 1 L ] l | [ 1 [ 1 } [
¥ T T ] T ¥ ] T T T T 1 1 L] L) T T T T 4
2R O O

INR O |oa
1 1 1 1 l ] i [l 1 i } ] ] 1 L ] 1 i ] 1
1 ¥ T T 1 1 T I ¥ T T ¥ L] T L] ¥ L T 1 4 L)
OUTR on | o
1 1 L i i ] 1 ] J l 1 ] 1 1 i $ i 1 [l 1 L
T 1 F T L) 1 L 1 T T T T ] T ¥ 1 ¥ L] T T ¥

O

J I 1 ] l i 1 i 1 1l | ] ] 1 $ ] 1 ]
T T T T ¥ T |l 1 T i ) 1 T 1 Ll T ¥ L L]
PL 0
1 1 | 1 Il l 1 1 L i 1 ] J ]
1 | 1 T L] Li T T 1 ] T T ¥ T
DPO O O
bt oy
¥ T v T ¥ T L] T T L{ L] 1 T T T
DP1 O O
J Il J L i } ] ] l i 1 I [ 1 ]
T T T ¥ T L] T 1 T T T T T T T
TBP O O
"l ] b 1 l [l } ] i i H l 1 L !
T ¥ T 1 T ) T T T T ¥ T i 1 ¥
MJR ') ®)
1 R T SRS [N TS N R T R SN
LI R ¢ LANENR NN B SN SN B S B p ma |
Lco ®) '®)
] ] [ ] 1 ! ! 1 Ll
LR S R BN R | T 1
LC1 @) e
] ] l i l 1 ] i
T T L) ¥ i T ] L
SR o | o
1 ] i i ! i l 1 I i
T T ¥ L) T T ) 1 ] T
* * CR @] O
! T N R NS N | /I
T T T T 1 T T L] T
*WCCR |+ | O
i } L ] ]
1 ¥ T T ¥ T
* IXR O O
VS S T T N B |
¥ T T i T T ¥ -
IYR O ®)
Il ] ] i l 1 L
¥ T ¥ T T T 1
1ZR O O
} | Il i 1 1 ]
T T T ¥ L) 7 T
MR O O
TS I T | 1
LN R s | 1
PR | 2O | *O
F—t———f o
SCR (for fioating-point SCR (for floating-point
wite) , o, read) oy O o
T scrttor |
flo?ting-polpt) O O
T ¥ T
IFR O
]
-1
OFR O O
1

Note: The MSM699
The M5M699

2 does not have the bits marked b{*.
2 does not have the functions marked by * and A.
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3.

IV-F-66

INSTRUCTION FORMATS
The MSM6992 instruction formats are outlined in this chapter.

The 1-word 32-bit horizontal instruction format has been adopted for the MSM6992 to
achieve high processing performance. The 11 types of instructions are listed below.

13- N Floating-point Arithmetic {Internal)
I-type ( IEXA e Fixed-point Arithmetic  (Internal)

[0 T Logical Operation (internal)

A-type EFLA ... Floating-paint Arithmetic (External)

E-type ( 37 U, Fixed-point Arithmetic  (External)

ELO ..t Logical Operation (External)

SFT e Shift Operation

MOVE ... .ooiinnnn. Move Operation

LT e Literal Operation

CTL oiieie Control Operation

JMP Jump Operation

The internal arithmetic and logical operation instruction {IFLA, IFXA, ILO) can
simultaneously specify three operands in the internal data memory, and the external type
(EFLA, EFXA, ELO) of instructions can simultaneously specify two operands in the internal
data memory while concurrently accessing an external data memory.

Thel, €, and SFT instructions types are also called "A-type” (arithmetic type) instructions.

Each operation field in each instruction type is described in this chapter.
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Instruction Formats

e|FLA
31 29282726 222120191817 1211 65 0
S{A
000 | sc OPFL 812 |osta XA YA zA
I
o [FXA :
31 29282726 222120191817 1211 6 5 0
$1Aa
001 | sC OPFX ¢ osTa XA YA zA
)
°ILO
31 292827262524 222120191817 1211 65 0
STA
11 fsc oot orL |RijiosTa XA YA za
I
o EFLA
31 29282726 222120191817 1615 1211 6 5 0
T1a
010 | sC OPFL V5 lpstafsree]  ioc XYA A
<
o EFXA
31 29282726 222120191817 1615 1211 65 0
T1A
011 | sC OPFX U1 fosTalsree| 10c XYa ZA
<
°ELO
31 292827262524 222120191817 1615 121 65 0
TiA
11 | sc ot | op |I|}|osTajsrce| 10C XYA za
c
°SFT
31 29282726 222120191817 1615 1211 6 5 0
Tla
100 | sC SFC Ut |ostalsree|  sa XYA za
<
*MOVE
31 29282726 222120 1615 1211 6 5 0
T
101 | sc SRC I DST 1oc XYA za
L
o LIT
31 2827 222120 1615 0
1100 IM (E) DST IM ()
o CTL
31 2827 2423222120191817 1211 6 5 0
3] vor XD
1107 IRC Fio] YD 70
M2 | PD MODE
o JMP
31 292827262524 1918 1615 0
Mmoo | 10 i FR A
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IFLA Instruction

3 20282726 222120191817 1211 6 5
| | 11 | ] | | [ |
2lal S
R
0 0 0fsC OPFL cls| 7 XA YA ZA
1L A
] ] I ] | ] ] ] ] |
sC field (Sequence control)
MNEMONIC D28 D27 OPERATION
0 0 Cycle: PC + 1 =PC
PUSH 0 1 Push Next Address & Sequence
RET 1 0 Return
LOOP 1 1 Loop
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~  OPFL field (Operation of Floating-point Arithmetic)

MNEMONIC D26 D25 D24 D23 D22 OPERATION
FLD PH 0 0 0 0 0 PH through
FCHS PH 0 0 0 0 1 ~PH
FSUB PH, AO 0 0 0 1 0 PH-AQ
FsuB PH, A1 o] 0 0 1 1 PH - A1
FADD PH,AQ0 0 0 1 0 0 PH+ AQ
FADD PH, A1 0 0 1 0 1 PH + A1
FsuB AQ, PH 0 0 1 1 0 AQ - PH
FSUB A1, PH 0 0 1 1 1 Al1-PH
FLD AQ 0 1 0 0 0 AOD through
FLD Al 0 1 0 0 1 A1l through
FCHS AO 0 1 0 1 0 - A0
FCHS Al 0 1 0 1 1 -A1
FADD YR,AQ 0 1 1 0 0 YR +AQ
FADD YR, A1 0 1 1 0 1 YR + Al
FSUB YR, AO 0 1 1 1 0 YR~ A0
FSUB YR, A1 0 1 1 1 1 YR-A1
FLD XR 1 0 0 0 0 XR through
FCHS XR 1 0 0 0 1 - XR
FABS  XR 1 0 0 1 0 [|XR]
TRNSXL 1 0 0 1 1 Fix—Float
FADD XR,AQ 1 0 1 0 o] XR+ A0
FADD XR, Al 1 0 1 0 1 XR + A1l
FSUB YR, XR 1 0 1 1 0 YR~ XR
FSUB XR, YR 1 0 1 1 1 XR-YR
FSUB XR, AO 1 1 0 0 0 XR- A0
FSuB XR, A1 1 1 0 0 1 XR - At
FADD XR,YR 1 1 0 1 0 XR+ YR
TRNSLX 1 1 0 1 1 Float—Fix
FABS A0 1 1 1 0 0 |AO|
FABS Al 1 1 1 0 1 1At
FLD YR 1 1 1 1 0 YR through
FCHS YR 1 1 1 1 1 - YR

SRCI field {Source 1BUS for | type)
MNEMONIC D21 SELECT REGISTER
PH 4] PRODUCT REGISTER HIGH
ALU 1 FALU OUTPUT (PSEUDO REGISTER)
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ASL field (Accumulator Select)

MNEMONIC D20 SELECT ACCUMULATOR
A0 0 ACCUMULATOR 0
Al 1 ACCUMULATOR 1

DSTA field (Destination 1BUS for A type)

MNEMONIC D20 D20 SELECT REGISTER
0 0 NON SELECT
ZR 0 1 Z REGISTER
YR 1 0 Y REGISTER
OUTR 1 1 OUTPUT REGISTER

XA field (RAMX Read Address)

D17 D16 D15 D14 D13 D12 HEX

YA field (RAMY Read Address)

D11 D10 D09 D08 Do7 D06 HEX
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ZA field (RAMXY Write Address)

DOS D04 D03 D02 DO1 D00 HEX

Writing to RAMXY is disabled if field value is 3F.
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IFLX Instruction

31 29282726 222120191817 1211 6 5 0
11 1 | 1 | 1 | 1 171 1 FTT 111
| 8
00 1]|sc| OPFX ('3_ Sl 7 XA YA ZA
L A
[ ] | | e 1 i ] | L1} I | |
OPFX field (Operation of Fixed-point Arithmetic)
MNEMONIC D26 | D25 | D24 | D23 | D22 OPERATION
SUB A0, PH o] 0 0 0 0 A0 -PH
SuB A1, PH 0 0 0 0 1 A1-PH
ADD A0, PH 0 0 0 1 0 A0 +PH
ADD At, PH 0 0 0 1 1 Al1+PH
SUBC A0, PH 0 0 1 0 0 AD-PH-¢
SUBC A1, PH 0 0 1 0 1 Al~PH-c¢
ADDC A0, PH 0 0 1 1 0 A0 +PH +¢
ADDC A1, PH 0 0 1 1 1 Al +PH+¢
AND XR, YR 0 1 0 0 0 XR AND YR
OR XR, YR 0 1 0 0 1 XR OR YR
XOR XR, YR 0 1 0 1 0 XR XOR YR
NOT YR 0 1 0 1 1 NOT YR
SUB AO0, PL 0 1 1 0 0 A0-PL
sus At, PL 0 1 1 0 1 Al1-PL
ADD A0, PL 0 1 1 1 0 A0+ PL
ADD A1, PL 0 1 1 1 1 Al+PL
SUB XR, A0 1 Q o] 0 0 XR- A0
SUB XR, A1 1 o} 0 0 1 XR - A1
ADD XR, AQ 1 0 0 1 0 XR + A0
ADD XR, A1 1 0 0 1 i XR+ A1l
SUBC XR, AO 1 0 1 0 0 XR-AD-c¢
SUBC XR, A1l 1 0 1 0 1 XR-Al~¢
ADDC XR, AD 1 0 1 1 0 XR+A0+cC
ADDC XR, A1 1 0 1 1 1 XR+Al+c¢C
suB XR, YR 1 1 0 0 0 XR-YR
SUBC XR, YR 1 1 0 0 1 XR-YR-¢
ADD XR, YR 1 t 0 1 0 XR+YR
ADDC XR, YR 1 1 0 1 1 XR+YR+¢
SUB YR, A0 1 1 1 0 0 YR-AD
SuUB YR, A1 1 1 1 0 1 YR-A1
ADD YR, AD 1 1 1 1 0 YR + AO
ADD YR, A1 1 1 1 1 1 YR + A1l
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ILO Instruction

31 292827262524 222120191817 1211 65
Pl | [ T | T T ch i ]
Rlal S
R
1117SC|0 0] OPL clsl 7 XA YA ZA
I{E] A
L1 | | [ | I I 111 | |
OPL field (Logical Operation)
MNEMONIC D24 D23 D22 OPERATION
AND XR, AD 0 0 0 XR AND AQ
AND YR, AO 0 0 1 YR AND AOQ
OR XR, AO 0 1 0 XR OR AO
OR YR, AO 0 1 1 YR OR A0
XOR XR, AO 1 0 0 XR XOR AQ
XOR YR, AD 1 0 1 YR XOR AD
NOT XR 1 1 0 NOT XR
NOT AO 1 1 1 NOT AOQ
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EFLA Instruction

31 29282726 2221201918171615 1211 65 0
T ] BB B T TP 1T BRI
g DS )
ot1ofsci opr. [1]|o 3|R 10C XYA ZA
g Lt AlcE
11 | | I | | 1 | | | L1 111
TPINC field (Table Pointer Increment)
MNEMONIC | D21 OPERATION
0 NO OPERATION
TBP+ + 1 INCREMENT TBP

SRCE field (Source IBUS for Etype}

MNEMONIC D17 D16 SELECT REGISTER
PH 0 0 PRODUCT REGISTER HIGH
ALU 0 1 FALU OUTPUT (PSEDO REGISTER)
INR 1 0 INPUT REGISTER
TBL 1 1 TABLE QUTPUT (PSEDO REGISTER}
10C field (Input/Output Control)
MNEMONIC D15 D14 | D13 | D12 OPERATION
0 0 0 0 NO OPERATION
0 0 0 1 NO OPERATION
IN 10 0 0 1 0 1/0O READ *
ouT 10 0 0 1 1 1/0 WRITE *
IN [DPO) 0 1 0 0 ((DP0)) — INR
QUT [DPO] 0 1 0 1 [(OUTR) — (DPO0)
IN {DP1] 0 1 1 0 ({DP1)) = INR
OuUT [DP1] 0 1 1 1 (OUTR) = (DP1)
IN [DPO + +] 1 0 0 0 |{((DPO)) = INR,(DPO)+1—DPO
OUT [DPO+ +]) 1 0 0 1 (OUTR) = {DP0), (DPQO)+ 1 > DPO
IN [DPO - -] 1 0 1 0 |[((DP0)) — INR,(DP0)-1-—>DP0O
OUT [DPO~ -] 1 0 1 1 [(OUTR) = (DPO0), (DPO)- 1~ DPO
IN [DOP1+ +] 1 1 0 0 ((DP1)) — INR, (DP1)+1-—DP1
QUT [DP1+ +) 1 1 0 1 (OUTR) — (DP1),(DP1)+1 - DP1
IN [DP1 - -] 1 1 1 0 ((DP1)) = INR, (DP1)-1-—DP1
QuUT [DP1- -] 1 1 1 1 (OUTR) = (DP1),(DP1)-1—>DP1
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XYA field (RAMXY Read Adc_iress)

D11 D10 D09 D08 DO7 D06 HEX
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EFLX Instruction

31 29282726 2221201918171615 1211 65
[ I LR T | T L Ty 1 TT
D[ s
Pial s | R
o1 1]sc| opex |i|ef 3| B 1oc XYA
N
Ll Al E
C
[ I [ ;i i 1 11 | S T O |
ELO Instruction
31 29282726 2221201918171615 1211 65
T 1 | | [ T | Kl T 171 T T T
D| s
P R
111)sc|o 1|lop [1[A] 3 10C XYA
misl Tlc
tlalcE
C
1 1 1 | L1 | | L1 L1t
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3 29282726 2221201918171615 1211 6 5 0
[ 1 | T ] 1 L TTT ] P T T
D| S
p
100|sCc| sFC 15 § E SA XYA ZA
NILL A | E
C
(| | | 1 | | 1.1 (I | |
SFC field (Shift Control)

MNEMONIC D26 D25 D24 D23 D22 OPERATION
SAL XR, fmm Left arithmetic shift
SAL YR, imm (fixed literal value)
SAL AQ,imm
SAL A1,imm
FSCALL XR, imm Floating-point scale
FSCALL YR,imm

FSCALL AQ, imm
FSCALL A1, imm

(left shift based on
literal value)

SAL XR, SCR
SAL YR, SCR
SAL AQ,SCR
SAL A1,SCR

Left arithmetic shift
(fixed register value)

FSCALL XR, SCR
FSCALL YR, SCR
FSCALL AO, 5CR
FSCALL A1,SCR

Floating-point scale
(left shift based on
register value)

SAR XR,imm
SAR YR, imm
SAR AQ, imm
SAR A1, imm

Right arithmetic shift
(fixed literal value)

FSCALR XR, imm
FSCALR YR, imm
FSCALR AQ, imm
FSCALR A1, imm

Floating-point scale
(right shift based on
literal value)

SAR XR, SCR
SAR YR, SCR
SAR AQ, SCR
SAR A1,SCR

Right arithmetic shift
(fixed register value)

FSCALR XR, SCR
FSCALR YR, SCR
FSCALR A0, SCR
FSCALR A1,SCR

= == 22 e 2 2 2 e a|lO 00O 000 0 O[O0 O CloOo OO

- 2 e 2 a2 a0 O 0 OO0 O 0 Of= = ]l e e alo 0 OO0l 0 OO
= e 2O O O O|= = e A0 0 0O O - e w0 00 O a aa|lo 0o

- = O Oj= =2 O Of= 4 O O|= = O Ofs » 00| - 00w = 0 O0fju - 00O

- O - O~ O = O|—= O = O|= 0 - Oo|l=- 0 = ol O =+ O|= 0 = O|l= o0 - o

Floating-point scale
{right shift based on
register value)
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SA field (Shift Amouont)

D15

D14

D13

D12

HEX
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MOVE Instruction

3 29282726 222120 1615 1211 6 5 0
L 1 PP T T T TTT bl TTT T TTTT
P
111 |SC SRC ': DST 10C XYA ZA
[ ] I | ¢ | L1 1 L1111 | |
SRC field {Source IBUS)
MNEMONIC | D26 | D25 | D24 | D23 | D23 SELECT REGISTER
PH 0 0 0 0 0 |PRODUCT REGISTER HIGH
ALU 0 0 0 0 1 FALU OUTPUT (PSEUDO REGISTER)
INR 0 0 0 1 0 | INPUT REGISTER
TBL 0 0 0 1 1 | TABLE OUTPUT {PSEUDO REGISTER)
IXR 0 0 1 0 0 |INDEX REGISTER X
IYR 0 0 1 0 1 INDEX REGISTER Y
1ZR 0 0 1 1 0 | INDEX REGISTER 2
MR 0 0 1 1 1 MODE REGISTER
TBP 0 1 0 0 0 | TABLE POINTER
DPO 0 1 0 0 1 DATA POINTER O
DP1 0 1 0 1 0 | DATA POINTER 1
LCO 0 1 0 1 1 LOOP COUNTER 0
SCR 0 1 1 0 0 |[SHIFT COUNT REGISTER
SR 0 1 1 0 1 STATUS REGISTER
CR 0 1 1 1 0 | CONTROL REGISTER
ZR 0 1 1 1 1 Z REGISTER
MJR 1 0 0 0 0 | MAP JUMP REGISTER
IFR 1 0 0 0 1 INPUT FLAG REGISTER
OFR 1 0 0 1 0 |[OUTPUT FLAG REGISTER
LC1 1 0 0 1 1 LOOP COUNTER 1
A0 1 0 1 0 0 | ACCUMULATOR 0
Al 1 0 1 0 1 | ACCUMULATOR 1
WCCR 1 0 1 1 0 | WAIT CYCLE COUNT REGISTER
PR 1 0 1 1 1 PAGE REGISTER
OUTR 1 1 0 1 1 OUTPUT REGISTER
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DST field (Destination IBUS)

IV-F-80

MNEMONIC | D20 | D19 | D18 | D17 | D16 SELECT REGISTER
0 0 0 0 0 | NON SELECT
L 0 0 0 0 1 LOOP COUNTER 1
MJR 0 0 0 1 0 | MAP JUMP REGISTER
OFR o 0 0 1 1 OUTPUT REGISTER
IXR 0 0 1 0 0 | INDEX REGISTER X
IYR 0 0 1 0 1 INDEX REGISTER Y
IZR 0 0 1 1 0 |INDEX REGISTER Z
MR 0 0 1 1 1 MODE REGISTER
TBP 0 1 0 0 0 | TABLE POINTER
DPO 0 1 0 0 1 DATA POINTER 0
DP1 0 1 0 1 0 DATA POINTER 1
LCo 0 1 0 1 1 LOOP COUNTER 0
SCR 0 1 1 0 0 |SHIFT COUNT REGISTER (D3~D4)
SR 0 1 1 0 1 STATUS REGISTER
CR 0 1 1 1 0 | CONTROL REGISTER
SCR6 0 1 1 1 1 SHIFT COUNT REGISTER (D21-D16)
INR 1 0 0 0 1 INPUT REGISTER
AOQ 1 0 0 1 0 |ACCUMULATORO
ZR 1 0 1 0 0 |ZREGISTER
Al 1 ¢ 1 1 0 | ACCUMULATOR 1
YR 1 1 0 0 0 |Y REGISTER
WCCR 1 1 0 1 0 | WAIT CYCLE COUNT REGISTER
OUTR 1 1 1 0 0 | OUTPUT REGISTER
PR 1 1 1 1 0 |[PAGEREGISTER




LIT Instruction

3 2827 222120 1615
TTT FT T T T T T T T T T 1T 1
1100 I M (E) DST 1M (M)
i I T | | 1 1 | P 11
IM field {immediate Data)
IM (EXPONENT) IM (MANTISSA)
[} DJD DlDlD o} D[D D|D]D oflojo DID D]D o olo HEX
27 2012322 |15 f{raf13yx2fjrfrloo]ojorjos|os|oalos|oz]or]ao
0 0 0 0 0 0j0O 0 0 0 0 0 0 0 06 0 O 0 0 0 0 0 000000
1 LI R I E O S S E IS HE E I IS B S B B 1 1 i3FFFFF

4 SIGNAL PROCESSOR*MSM699210 ¢
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CTL Instruction

31 2827 23222120191817 11 65
TT L X I T 1T 11 TTT1 Prob
ol v XD
1101 IRC Pg’ ZD YD 7D
MODE MODE
111 1} | | | | Pt | 1.t 11
IRC field {Index Registers Control)
MNEMONIC D27 | D26 | D25 | D24 | D23 OPERATION

SET IXR, XD 0 0 0 0 0 IXR e« XD

SETIYR, YD IYR e YD

SET IZR, 2D 1ZRe« 2D

SET IXR, XD 0 0 0 0 1 IXR XD

SET IYR, YD 0 0 0 1 0 IYR YD
SET IZR, 2D 0 0 4] 1 1 IZR 2D
MODFY IXR, XD | o | o 1 0 0 |IXReIXR+ xD
MODFY IYR, YD IYReIYR+ YD
MODFY IZR, ZD 1ZR «ZR + 2D
MODFY IXR, XD 0 0 1 0 1 IXR «~ IXR + XD
MODFY IYR, YD 0 0 1 1 0 IYRe YR+ YD
MODFY IZR, 2D 0 0 1 1 1 IZR «1ZR + ZD
SET IYR, YD 0 1 0 1 o |IYReYD
SET iZR, ZD IZR < ZD
MODFY IYR, YD | ¢ 1 1 0 0o |IYRe<IYR+YD
MODFY IZR, ZD IZR «~IZR + 2D
SET PWDN 0 1 1 1 1 Set power down mode
SET MR, MODE 1 0 0 0 MR « MODE

SET PR, PD PR« PD
SET IYR, YD 1 0 0 1 IYR « YD
SETIZR, ZD IZR « ZD
SET MR, MODE MR « MODE
MODFY IYR, YD 1 0 1 0 IYReIYR+ YD
MODFY IZR, 2D 1ZR « IZR + ZD
SET MR, MODE MR « MODE
SET PR, PD 1 0 1 1 / PR« PD
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(Cont'd)
MNEMONIC D27 | D26 | D25 | D24 | D23 OPERATION

SET SAVE 1 1 0 1 0 |Setregistersave mode

RESET SAVE 1 1 0 1 1 Reset register save mode

SET NINH 1 1 1 0 0 |Set normalization
inhibition mode

RESET NINH 1 1 1 0 1 Reset normalization
inhibition mode

SET RECV 1 1 1 1 0 |Setregister recover mode

RESET RECV 1 1 1 1 1 Reset register recover mode

XD field (IXR Data)

D22 D17 D16 D15 D14 D13 D12 HEX

YD field (IYR Data)

D21 D20 D11 D10 D09 DO8 D07 D06 HEX
0 0 0 0 o} 0 0 0 00
1 1 1 1 1 1 1 1 FF
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ZD field {IZR Data)

D19 D18 DOS D04 D03 D02 D01 D00 HEX

MODE field (MR Data)
D23 D22 D17 D16 D15 D14 D13 D12 HEX
0 0 0 0 0 0 0 0 00

PD field (PR Data)

D21 D20 HEX
0 0 00
1 1 03
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JMP Instruction

31 292827262524 1918 1615 0
TT T T T [T T T T T T T[T TTTTTTTTTTiITTI

t11]JM[10 JC FR JA

1 A T S T T T T T T ot I B

M field (Jump Mode Control)

MNEMONIC D28 D27 OPERATION
Jee 0 0 CONDITION JUMP
CALL SUBROUTINE CALL
JSRee 0 ! CONDITION SUBROUTINE CALL
Jee [MIR] 1 Y CONDITION INDIRECT JUMP
CALL [MJR] INDIRECT SUBROUTINE CALL
JSRec [MIR] ! ! CONDITION INDIRECT SUBROUTINE CALL
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JCfield (Jump Condition)

MNEMONIC | D24 | D23 | D22 | D21 | D20 | D1S OPERATION

T 0 0 0 0 0 0 | ALWAYS TRUE

F 1 0 0 0 0 0 | ALWAYS FALSE

MI 0 0 0 0 0 1 | MINUS

PL 1 0 0 0 0 1 {PLUS

222 0 0 0 0 1 0 |ZERO 22-BIT

NZ22 1 0 0 0 1 0 | NOT ZERO 22-BIT

2 0 0 0 0 1 1 | ZERO

NZ 1 0 0 0 1 1 | NOT ZERO

ov 0 0 0 1 o] 0 | OVERFLOW

NOV 1 0 0 1 0 0 | NOT OVERFLOW

(&) 0 0 0 1 0 1 | CARRY SET

cc 1 0 0 1 0 1 | CARRY CLEAR

MV 0 0 0 1 1 0 |[MANTISSA OVERFLOW
NMV 1 0 0 1 1 0 | NOT MANTISSA OVERFLOW
EV 0 0 0 1 1 1 | EXPONENT OVERFLOW

NEV 1 0 0 1 1 1 NOT EXPONENT OVERFLOW
EU 0 0 1 0 0 0 | EXPONENT UNDERFLOW
NEU 1 0 1 0 o] 0 | NOT EXPONENT UNDERFLOW
IR 0 0 1 0 [o] 1 INPUT READY

NIR 1 0 1 0 0 1 | NOT INPUT READY

OR 0 0 1 0 1 0 |OUTPUT READY

NOR 1 0 1 0 1 0 |[NOT OUTPUT READY

EVU 0 0 1 0 1 1 EXPONENT OVERFLOW OR UNDERFLOW
NEVU 1 0 1 0 1 1 NOT EXPONENT OVERFLOW OR UNDERFLOW
IFOS 0 0 1 1 0 0 |IFO FLAG SET

IFOC 1 0 1 1 0 0 |IF0 FLAG CLEAR

IF1S 0 0 1 1 0 1 |IF1 FLAG SET

IF1C 1 0 1 1 0 1 |IF1 FLAG CLEAR

ci1z 1 0 1 1 1 0 | LOOP COUNTER 1 ZERO
CINZ 0 0 1 1 1 0 | LOOP COUNTER 1 NOT ZERO
BE 0 0 1 1 1 1 [BUS ENABLE

NBE 1 0 1 1 1 1 {BUS NOT ENABLE

GE 1 1 0 0 0 0 | GREATER THAN OR EQUAL
LT 0 1 0 0 0 0 | LESS THAN

XRPL 1 1 0 0 1 1 | XR PLUS

XRMI 0 1 0 0 1 1 | XR MINUS

YRPL 1 1 0 1 0 0 | YR PLUS

YRMI 0 1 0 1 0 0 | YR MINUS

AQPL 1 1 0 1 0 1 | AD PLUS

AOMI 0 1 0 1 0 1 | AD MINUS

A1PL 1 1 0 1 1 0 |[A1PLUS

AtMI 0 1 0 1 1 0 | A1 MINUS
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FR FIELD (Fiag Reseq)

MNEMONIC D18 D17 D16 OPERATION
- 0 0 0 NOP

FLGRST OVF 0 0 1 MV, EV, ANDEU RESET

FLGRST MV 0 1 0 MV RESET

FLGRST EV 0 1 1 EV RESET

FLGRST EU 1 0 0 EU RESET

FLGRST EVU 1 0 1 EV AND EU RESET

FLGRST IFO 1 1 0 IFO RESET

FLGRST IF1 1 1 1 IF1 RESET

1A field Jump Address)

D15 l D14 l D13 | D12 | D11 I D10 I DOQI D08 | DO7 ] D06 ] DO5 I Do4 | D03 IDOZ 1001—[000 HEX

0 4] 0 [ 0 0 0 0000

1 1 1 FFFF
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4. SYSTEM CONFIGURATION

4.1 Memory Interface (Processor mode)

Aisg

| L)

PROGRAM
ROM

MSM699210 [ Of _ OF
Ccs WE S
— b b
L PIC = j E

D310 <

D5TB
PSTB DECODER DECODER

(. - §

ol
ol
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4.2 Memory Interface (Controller mode)

¢ SIGNAL PROCESSOR-MSM699210 ¢

_L—- PIC

MSM699210

-

Ajso
) NS
DATA
RAM
> OE
WE =
D210
RD >
WR >
DECODER
Y

ol
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4.3 MPU Interface (Processor mode)
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4.4 MPU Interface (Controller mode)
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4.5 Multi-DSP Interface (Processor mode and controller mode)
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4.6 Multi-DSP Interface (Controller mode)
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ELECTRICAL CHARACTERISTICS

® Absolute Maximum Ratings

Parameter Symbol Condition Limits Unit
Supply Voltage Vee -0.5~+70 \
Input Voltage Vin GND Basis -0.5~V¢c+ 05 v
Output Voltage Vour -0.5~Vcc+05 v
Storage Temperature Tstg - 65~ + 150 °C
Power Dissipation Po Ta=25°C w

® Operating Conditions

Parameter Symbol © Min. Typ. Max. Unit
Supply Voltage Ve 4.75 5.00 5.25 Vv
Operating Temperature Top - 40 +25 +85(+70%) °C
“H" Input Voltage Viu 2.2 Vee+ 0.3 \
“L" Input Voltage ViL -03 0.8

* Value in parentheses: 100 pin QFP

e DC Characteristics
(Vcc=5V £ 5%, Ta= — 40~ + 85( + 70*)°C)

Parameter Symbol Condition Min. Typ. Max. Unit
Input Leak Current Iy 0=V|yE Ve -10 10 pA
Output Leak Current Lo 0SVourSVee | -10 10 pA
“H" Output Current VoH lon= - 1.0mA 3.7
"L"” QOutput Current VoL loL=4.2mA 0.4 \
Stand-by Supply Current Ices tpme = 25ns 4 10 mA
at power down mode
Operation Supply Current lcco tpmc = 25ns 80 110 mA

* Value in parentheses: 100 pin QFP
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® Capacitance

Parameter Symbol Condition Min. Typ. Max. Unit
input Capacitance Cin » 10 F
P r f=1MHz P
Output Capacitance Cour 20 pF

AC CHARACTERISTICS (Vec=5V+5%, Ta= —40~ + 85(70*)°C)

* Value in parentheses: 100 pin QFP

® Clock Timing
Symbol Parameter Condition Min. Typ. Max. Unit
teme | MCLK cycle time 25 1000 ns
temy | MCLK high tevel pulse width 10 ns
temL MCLK low level puise width 10 ns
tomr MCLK rise time Voltage at 5 ns
measurement
toms MCLK fall time =°(')th 222V 5 ns
toc CLKO cycle time 100 4000 ns
ten | CLKO high level pulse width 7-10 ns
teL CLKO low level pulse width 3T-20 ns
tor CLKQOrrise time Voltage at 10 ns
measurement
tof CLKO fall time p=°(';18tv & 2.2V 10 ns
Note: T= toc/d
® SYNC Timing
Symbol Parameter Condition Min. Typ. Max. Unit
tss | SYNCsetup to MLCK 1 10 ns
tsy | SYNC hold after MCLK 1 10 ns
tssrs | RST setup to SYNC1 a7 ns
tsHrs RST hold after WT 3T ns
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® Reset Timing

Symbol Parameter Min. Typ. Max. Unit
tpzrst | Address & data disable delay (RST {)*1 60 ns
tzorsT | Address enable delay (RST 1)*1 3T BT ns
trRsTW RST pulse width 6T ns

Note: *1  “address” includesAo_ﬁ,m, DSTB, RD, WR and I0RQ.
“data” includes Dj1.g.
e External Program Access Timing (Processor mode)

Symbol Parameter Min. Typ. Max. Unit
taPD Aqsg. TA valid to valid data in 47-65 ns
tpspp | Trailing edge of PSTB to valid data in 4T-65 ns
tpops  { D310 hold after pSTB 1 0 ns
tpanp | Arsg, TAhold after PSTB T -5 ns
tpap | Ats.o, TA output delay (CLKO | ) 46 ns
tpan | A1so. TAhold after CLKO | -5 ns
tpsp | PSTB output delay (CLKO ] ) T+15 ns
tpsH PSTB hold after CLKO § -5 ns

® External Data Access Timing (No waitcycle: processor mode & controller mode)

Symbal Parameter Min. Typ. Max. Unit
tows | D21.0, setupto WR 1, DSTB 1 27-30 ns
twon | D210, hold after WR ¢ 5 ns
tpaw | A1s.g, JORQ setupto WR | 27-40 ns
twpa | A1s.g. /ORQ hold after WR t 0 ns
tpsw | DSTB setuptoWR 1 37-20 ns
tww | WR pulse width 27-20 ns
toap | Ars.o, IORQoutput delay (CLKO | ) 46 ns
tpan | Ats., IORQ hold after CLKO | -5 ns
1psp DSTB output delay {CLKO | ) T+15 ns
tosu DSTB hold after CLKO { -5 ns

47-65 ns

topa | Ats.o, IORQ valid tovalid datain
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® External Data Access Timing (Continued)

¢ SIGNAL PROCESSOR - MSM699210 ¢

Symbol Parameter Min. Typ. Max. Unit
topr | Trailing edge of RD to valid data in 4T-65 ns
tops Trailing edge of DSTB to valid data in 4T-65 ns
toro | D21.g hold after RD, DSTB 0 ns
tapa | A1s.0, IORQ hold after RD, DSTB -5 ns

trr RD pulse width 37-25 ns
trop | RD output delay (CLKO }) T+20 ns
® External Data Access Timing (Same wait cycle: processor mode & controller mode)

Symbol Parameter Min. Typ. Max. Unit

towst | D219 setupto WR 1 Tw + 2T-30 ns
twor1 | D210 hold after WR ¢ 0 ns
toawr | Ais, IORQsetuptoWR | 27-35 ns
twpar | Aqsg, IORQ hold after WR 27-20 ns
tpsw1 | DSTB setupto WR 1 Tw +37-20 ns
twwi W_Rpulse width Tw-20 ns
topal K;M, IORQ valid to valid data'in Tw + 4T-65 ns
tppr1 | Trailing edge of RD to vaiid data in Tw +47-65 ns
tops: | Trailing edge of DSTB to valid data in Tw +4T-65 ns
trR1 RD pulse width Tw+ 3T7-25 ns

Note: Tw: Number of wait cycle x 4T

® Hold Timing

Symbol Parameter Min. Typ. Max. Unit

tonaL | HACK low level output delay (HOLD | ) T ns

tpran | HACK high level output delay (HOLD 1) T 6T ns
thw HOLD pulse width 6T ns
tpzHa | Address disable delay (CLKO | ) 30 ns
tzpHa | Address enable delay (CLKO | ) 30 ns
tonac | HACK output delay (CLKO }) 15 ns
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® Read/Write Timing (Controller mode: Slave operation)

Typ.

Symbol Parameter Min. Max. Unit
tar | CS,PSAq 1 set-upto RD | 0 ns
tan | CS, PSAq 1 hold after RD 1 20 ns
ter | RD pulse width 50 ns
tRD D> {data) access from RD | 50 ns
tor D1 (data) float after RD ¢ 0 50 ns
taw | CS.PSAg+setupto WR } 25 ns
twa | CS,PSAq 4 hold after WR 1 20 ns
tww | WR pulse width 50 ns
tow Dy (data) setup to WR | 20 ns
two D;q.9 (data) hold after WR 1 20 ns

& DMA Read/Write Timing

Symbol Parameter Min. Typ. Max. Unit
tprg | DREQ output delay (CLKO | ) 30 ns
takQ DREQ output delay(ml) 87 +30 ns
takc DACK set-up to RDAWR o] ns
ticak | DACK hold after RD/WR 20 ns
taw | RD/WR pulse width ST ns
tpc D,1.0 (data) set-up to WR | 20 ns
tcp | D21.0 (data) hold after WR § 20 ns
trp D,1.0 (data) access from RD | 50 ns
toF D31.0 (data) float after RD 1 0 50 ns

tpackp | DACK set-up to DREQ } 50 ns

tOACKW DACK pulse width ST ns
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® BREQ, BACK Timing

4 SIGNAL PROCESSOR- MSM699210 ¢

Symbol Parameter Min. Typ. Max. Unit
terQ BREQ output delay (CLKO |) 2T+20 ns
tzpa | Address bus enable delay (BACK {) T ST+30 ns
tzpac | Address bus enable delay (CLKO | ) 30 ns
tzpe | Data bus enable delay (BACK }) T 5T + 30 ns
tzpac | Data bus enable delay (CLKO | ) 30 ns
toza Addréss and data bus disable delay (BACK 1) T 5T +60 ns
tpzac | Address and data bus disable delay (CLKO | ) 60 ns

Note: Address busincludes Aqs.p, RD, WR, DSTB and IORQ

® Interrupt & Port Timing

Symbol Parameter Min. Typ. Max Unit
tipw le pulse width 6T ns
tiew IFg, 1 high level pulse width 6T ns
torp | OFg, 1 output delay (CLKO | ) 15 ns
torpr | OFq 1 output delay (RST | ) T-10 5T+10 ns

® ACTestInput Waveform

2.4v ><
0.4v

X

® Voltage at AC Timing Measurement Point

2.2V

0.8v

2.2v

0.8v
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® Output HZ and DZ Test Circuit

Vecor GND
2kQ
Note: Voltage at HZ timing measurement point
Vou : Vec-0.5V
VoL : 0.5V
T 100pF o

® Clock Timing

CLKO 7 = Z—\———

td)L

o .

e SYNCTiming

LT | 45T

MCLK

SYNC - b

tssrs tsHRS
RST — e

{System
clock)
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® Reset Timing

47
T
CLKO VRN (\ s S /X FL.

trsTW
RST ))'-
W tzorsT |
tDZRST !
-
_ N
N Hz . v, “0°
Ags.p AL « lixiddress X
3 Hz b) e
D310 2 (() ﬂ_x
T
—— < Hz ) A
PSTB J2 K A—\_ /< S
DSTE S Hz ). v i
RD, WR + « [
(*1)
0 address Program
P a Exenti
Note: *1: When the DSP is on the controller mode, F;;chr: m xention

A15-0is placed in the invalid state and
PSTB is placed in the high-impedance state.

® External Program Access Timing (Processor mode)

<tPAD ol | traH
ary
Ass.g TA A
tpsp — | tpsy
tpspp = ~“—tpanp
PSTB —/ 1'\, i ;
tarD kpDPS
] e
n7
D310 A
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e External Data Write Timing (No wait cycle: processor mode & controller mode)

CLKO

Aqs.9, IORQ

D210

DSTB

VAT

X

7\

¢ External Data Read Timing (No wait cycle: processor mode & controller mode)

CLKO

Aqs.0, IORQ

Dis.0

DSTB

et
X

trDD
e

tbpr

tppa

tops
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® External Data Access Timing (Some wait cycle: processor mode & controller made)

BT /L

a7 I
CLKO
A1s.0, -L‘
IORQ Ac
toaw1 twbpal
WR < tuww e
tows1 o | LWoH1
Dy1p ~=mmmTmmoomssmooofoooes Dout _5 “““
oswi
_— trr1
RD | /
tpoal -
§'4
D210 i Din
tooR4
topss

* TC: 0~6cycle
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® HOLD Timing

CLKO

HOLD

HACK

Aqs.0,
IORQ

pPsT8

DSTB

D319

va

/)

2!

X K /_\-___33_/_\1 /_\
thw l
< tDHAL
)]
W tpHac
—»| | tpyaci —- ——
LGTTTN I —
o,
=l | <tozua — =t
A N N /N
PA )O(PA DO(DA )O(PA Btz 4 X oa
/’r\- ) _Hz v
o\ \ X
\ Ty He | f
«
X » Hz | £\
(¢
\ X o Hz | A\
(

N

P

ﬁ)) Hz

R

(]

T 1]
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® Read Timing (Controller mode: Slave operation)

4 SIGNAL PROCESSOR+-MSM699210 4

'CS, PSAD, 1

ta . | ra
— I tRR o
RD *

tro tor
D210
& Write Timing (Controller mode: Slave operation)

CS, PSAD, 1

ta - twa
— 1 tww
WR *(

e tow de  two

D210 ‘
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® DMA Read/Write Timing

at
CLKO /_J‘ ; ;‘k /N /N \

‘torg _tpacko

DREQ TN

tpackw \ takq
DACK
take |l oyleak .

RW

WR/RD | ’
toc | tc

(DMA write data)

trD | tor
D210

(DMA read data)

IV-F-106



4 SIGNAL PROCESSOR- MSM699210 ¢

® BREQ Timing
CLKO /R /R /S /R /e
1pR tgr
BREQ I
n {ReadWrite) n+ 1(Read/Write) | n+ 2(Read/Write)| n +3(Internal}
® BACK Timing

cLko ——/_\" R
BACK ——
S
-

tzpac toza
tzpa

e O J0OC 0 "
WR HZ i_‘\— lf";H_Z_
5 Hz ] —\ * Hz
1\
—

[ f\l

S

=

—_— H
DSTB Z {‘\

tzpeC

t
ZDB

HZ ¥
D210 B
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® Interrupt Timing

< tPTW
iIPTO0, 1,2 N —
P__.__}
® Output Port Timing
CLKO / N\ /\ /N \

OFQ, 1 X \-\

torDR
RST

® Input Port Timing

| tirw l
IFO, 1

IV-F-108



7.

PACKAGE DIMENSIONS

4 SIGNAL PROCESSOR - MSM699210 ¢

84 PIN PLCC
30.350
30100 29412
7 29210 &
pr
S
Index mark -
2R
dLiaz {(UNIT: mm)
100 PIN FLAT

(UNIT:mm)
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