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MDU(Multiplication Division Unit) ZhEeff R 771

1 &R

1.1 SM59R16A2/ SM59R08A2

1.2 SM59R16A5/ SM59R09A5/ SM59R05A5/SM59R16A3/ SM59R09A3/SM59R05A3

1.3 SM59R04A2/ SM59R04A1/ SM59R03A1/ SM59R02A1

2 MDU {f FiA -

2.1. fH] MCU 1T HAfi i MDU A%, 76T K R g iR AW B 2 im o W, AT e brid f i %
FRAERA AP W RTS8 B, FOAA T — M AT B 12T 8051 FRLAS iy 1% 2 P i o

2.2, PR R R 1 v is 54 (32/16-bit & 16/16-bit division). Feikiz £ (16*16-bit multiplication). 7%
IhfiE(32-bit shift) & J1—1k(normalize, < /NEAHIE ) ThE .

2.3. FelrikDhne, ARG S EUE B .

2.4. ARCONI7:01;i MDU #AE 22 A7 es4% . MD5~MDO Jy #/E R AN 545 R

2.5. SM59Rxx # 4| MDU, #/H C & 52424, R ZE A Keil C #H—F7#5< “ #pragma mdu_r515"
TR, HSEUHRET. L4 (Assembly) 7% MDU LT, M HREAA,

2.6. BN, %W T

MCU Conditional
1T with MDU 1T without MDU 12T without MDU

Program command
0X0000FFFF / OXOOFF 4.560 33.88 280.0
OXFFFFFFFF / OXFFFF 4.601 36.40 302.0
OXFFFF / OXOOFF 2.320 8.404 64.30
OXFFFF / OXFFFF 2.320 9.200 76.84
OXO0FF x OxFFFF 6.599 7.922 62.01
OXFFFF x OXFFFF 6.639 7.960 62.40
OXx800FFFFF>>1 3.678 2.317 16.40
Ox800FFFFF>>8 3.841 8.081 67.70
0x800FFFFF>>16 3.840 14.48 125.4
0x800FFFFF>>24 3.841 20.87 183.0
Normalizing_Write(0x00000001) 3.079 -
Normalizing_Write(0x81008000) 2.600 -
LA EMUC & 1f Hcrystal 25MHz A R4 IARTH E 5247 us
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3 UV2 R3ZH: MDU Ihfe, BUHMEETTER A UV3 Ml UV4. &%t Keil C UV3 Fil UV4 47 (Build) ik

B (Simulation), A4 BESE#E I A MDU?
T—.

Stepl. 3 UV4.cdb(zk UV3.cdb)

1-1 4 T 3R ALK UVA.cdb(Ek UV3.cdb) kY 4 B2 58
http://www.syncmos.com.tw/download_file/UV4.rar
http://www.syncmos.com.tw/download_file/UV3.rar

1-2 AT FATIE SO 1 UV4.cdb(1 UV3.cdb), &7 =UnT &2 30k, k.
http://www.syncmos.com.tw/paper_file/IRFWX-A099 A Keil%20C%20Data%20Base%
20for%20new%20device%20(TC).pdf

Step2. ¥ H1)51E Option for Target\ Target & I 1" Use On-Chip Arithmetic Unit”, ¥
HERERI ], 40T B R

Options for Target 'Target 1'

Device Target |Qutpnt |Listing |User |CS51 | ASI | BLSI Locate | BLSI Misc| Debug | Utilities |

Synchd03 SMEIRTEAS
wal (MHz): 250
Mermory Modsl: ‘Small:variables in DATA, v Use On-chip Arithmetic Unit
Code Rom Size: ‘Large: B4K program J [v Use On-chip <Ak (0x0-0x7FF)
Dperating system: ‘Nnne ﬂ
Off-chip Code memory Off-chip =data memary
Start: Size: Start: Size:
Eprom #1: | | Ram #1: ‘ |
Eprom #2: | | Ram #2: ‘ |
Eprorm #3: | | Fam #3: ‘ |
[ Code Banking Star: End: [
Banks: Bank Area: | | B
OF Cancel Defaults Help

Specifications subject to change without notice, contact your sales representatives for the most recent information.
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JEZ. K MDU f54"#pragma mdu_r515" AR KEG I ] o %777 Keil C 9wl i, R & ok
A5 FH A ASE AL (5 R BT DU 70— BT )

@ UltraEdit-32 - [D:\Product SMVCode\SMH9R04A\SMIIR04A2 sample code\MDUAMDUMD
@ EER REER BEQ =HER BHEO RO BEL BESEM EREE TEE

«r» JEcEH S5 B 5 il B @ %55 |psis v| El & & §
T = - T T T - T

1 [/============s==s==s================S==S==S=======s======S========================

z A

3 S S TNCHOS TECHNOL OGT¥

4/

£ f=========s=s=s=sos=ssss-s=ss=s=s=s=s=s=s====s=s=s=s=s=s====================

e/ 4

7 Header file for 3MS59R044Z microcontroller.

2 Modify on Z5/01/2010.

et il

1o #Hifndef _ SMS9R04AZ H

11 #idefine SM59R0442 H

1z

12 #pragwa mdu r515 ffFeil C MDU command line I

1

15 /* BEBYTE Registers */

1 sfr PO = 0Oxas0;

17 sfr P1 = 0Ox90;

18 sfr P2 = 0Oxi0;

15 =sfr P3 = 0OxEO;

z0 _sfr P4 = OxES;

4 VT35 MDU MRHIFFIREE IS A7 48 LRSS A7 45
Special Function Register (SFR)

Mnemonic Description Direct Bit 7 Bit 6 Bit5 Bit4 Bit 3 Bit 2 Bit 1 Bit 0 RESET
Multiplication Division Unit
PCON Power control 87H | SMOD | MDUF - - - - STOP IDLE 40H
Arithmetic
ARCON EFh | MDEF | MDOV | SLR SC[4:0] 00H
Control register
Multiplication/ 00H
MDO L ) E9h MDO[7:0]
Division Register 0
Multiplication/ 00H
MD1 o ) EAhN MD1[7:0]
Division Register 1
Multiplication/ 00H
MD2 . . EBh MD2[7:0]
Division Register 2
Multiplication/ 00H
MD3 ECh MD3[7:0]

Division Register 3

Multiplication/
MD4 L . EDh MDA4[7:0] 00H
Division Register 4

Multiplication/
MD5 L . EEh MD5[7:0] 00H
Division Register 5

Specifications subject to change without notice, contact your sales representatives for the most recent information.
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MDUAEL I, IL4(Assembly)iESZUT =ANTE, (CIESHH D O EKeil CHiER e/, FHAAT
HESEZWHER) -

B JFE— BAMDx (x =0~5) £
ffH MDU 1258}, WIER B ANRIT; Fra W 221788 “MDO” B 2 =2 35— N B\ (First
write), HEZHFEHRENG, ERE—NMEENEFHRBEE A (Last write)if, MDU BIFFisBUz 5

AL P
Table 6-1: MDU registers write sequence

Operation 32bit/16bit 16bit/16bit 16bit x 16bit shift/normalizing
First write MDO Dividend Low MDO Dividend Low MDO Multiplicand Low MDO LSB

MD1 Dividend MD1 Dividend High MD4 Multiplicator Low MD1

MD2 Dividend MD1 Multiplicand High MD2

MD3 Dividend High MD3 MSB
MD4 Divisor Low MD4 Divisor Low

Last write MD5 Divisor High MDS5 Divisor High MD5 Multiplicator High ARCON start conversion

"B W
MDURTSERH L, A EIMDUFEIARAINT: H5Eim i fFse A 17, £ T RPUTIHENEFE S B3R .

Mnemonic: PCON Address: 87h
7 6 5 4 3 2 1 0 Reset
SMOD | MDUF - PMW - - STOP IDLE 40h

MDUF: MDU 5¢ Bt br(MDU finish flag)
10 SERN el e
0: F—¥ MDU $UAT I A1 3 BR

TRUEHMDUEATHRERIAT A A

Table 6-2: MDU execution times

Operation Number of Tclk
Division 32bit/16bit 17 clock cycles
Division 16bit/16bit 9 clock cycles
Multiplication 11 clock cycles
Shift Min. 3 clock cycles, Max. 18 clock cycles
Normalize Min. 4 clock cycles, Max. 19 clock cycles

Specifications subject to change without notice, contact your sales representatives for the most recent information.
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B BE=: HMDx (x =0~5) iLEl4R:

® Division.H: Last read s MD5

“Last read” S bR FHIEEH.

MDU IZhgefd ik

® Multiplication, shiftfinormalizingJ: Last read MD3
(21 TR TE )

Table 6-3: MDU registers read sequence

Operation 32Bit/16Bit 16Bit/16Bit 16Bit x 16Bit shift/normalizing
First read | MDO Quotient Low MDO Quotient Low MDO Product Low MDO LSB
MD1 Quotient MD1 Quotient High MD1 Product MD1
MD2 Quotient MD2 Product MD2
MD3 Quotient High
MD4 Remainder L MD4 Remainder Low
Lastread | MD5 Remainder H | MD5 Remainder High | MD3 Product High MD3 MSB

Mnemonic: ARCON

7

6 5 4

3 2

Address: EFh

1 0

Reset

MDEF

MDOV

SLR

SC [4:0]

00h

MDEF: Jfef& 4% 1% k5 Multiplication Division Error Flag. (H i)
R R R R R AEAE AN IE BRI, B C A B ih sl i . 7

MDOV:

P IE N MDO I, S B shEhE: =8
%) e MD5(FR%) 4

A ok
Z~He.

1 ERRBEAR B OE RIS TR
TESE D BR, MDX BAT 218 RS N B o (T T Ty el ds A4 o 1)
B U TIEAR B B RE A MDX 2 A7 28 5 B2 (A Hh Wi 5)

2. HRRMASHOERR S B
N OPBRSE (S F ), HAES =P ER MDx 247 s i

et A7 Ax Multiplication Division Overflow flag.(H i)

1 MDO ZEA7 3545 N (First write) i, el (7 ek M1 B 3 270

AR TR ARG A A

1. BRHECh"0”

2. Fevki4i 94 0000FFFFh
3. ffiJHJ—1k(Normalizing) Lh fig 3 1 Z i, MD3 [f) MSB 471"
SLR: {i#% J7 Ia]jifikx Shift direction bit.

BRI MD3 (i L
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SLR =0 -7 #%
SLR = 1-£i {7 #%
SC [4:0]: A7 # 1+ #0iEbR Shift counter.
Y SC[4:0] =0, EFEIH—4k(Normalizing) Lifé
2 SC[4:0]#0, EFEAIFE(ShiftyThie, MBI (SC[4]: Hmmifi; SC[0]: ik
)

5 MDUMHEFEERUT:
® A BN U (First write, ... , Last write) 5 A .
®  Tshift&normalizing/fJ i H], ARCON T [FSLRFISC[4:0], FEREUWTF:
M Fshiftohfig, BAR SRR X SLRASC[4: 01k, MvifHI H1&3, Z% L Fiufliim:

1. 1F#f: ARCON =0x20 | value; /I set SLR & SC = Shift right & counter
2. ER: ARCON |= 0x20; /I set SLR = shift right

ARCON |= value; /I set SC = shift counter
3. 1EHE: ARCON =0x00 | value; /I set SLR & SC = Shift left & counter
4. HEIR: ARCON &= 0x00; Il set SLR = shift left

ARCON |= value; /l set SC = shift counter

% Fshift Znormalizingfjlast writeJ IER BB, &% LI K.
5.  shift: ARCON =0x20 | value; [Ishift last write

6. normalizing: ARCON = 0x00; /I normalizing last write

A Hshiftthfg, ABEWAT IXARCONMIERRBITE, £ LI T uf:
7. HiR: ARCON =0x20 | value; /l set SLR & SC = Shift right & counter
........... /] process... etc.

ARCON = 0x00; /lunnecessary clear

Specifications subject to change without notice, contact your sales representatives for the most recent information.
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6 LUTYEHIH MDU KINVHRRERE, L% (Assembly)iEZHEUTHE (CIEF KM Keil C giEn 2

SER, AT AT EESH IR

Entry SyncMOS
MDU

MDU IZhgefd ik

Y

Y

!

Y

\
Division 32/16bit Division 16/16bit Multiplication Shift 31bit Normalize 31bit
16x16bit
< Stepl. > < Stepl. >
Load data to MDx < Stepl. > < Stepl. > Load data to MDx Loa; Satlfst)T\ADx
MDO = WO Load data to MDx Load data to MDx MDO = WO MDO = WO
(first write) MDO = WO MDO = W0 (first write) (first v_vrite)
MD1 =W1 (first write) (first write) MD1 =W1 MD1 = W1
MD2 = W2 MD1 =Ww1 MD1 =W1 MD2 = W2 MD2:W2
MD3 = W3 MD4 = W4 MD4 = W4 MD3 = W3 MD3:W3
MD4 = W4 MD5 = W5 MDS = W5 ARCON = 0x20 | value ARCON_— 0x00
MD5 = W5 (last write) (last write) (or =0x00 | value) -
’ . (last write)
(last write) (last write)

Y

Y

!

Y

PUF#iEEAsE X S% B Keil C User’s Guide:
(http://www.keil.com/support/man/docs/c51/c51_mdu_r515.htm)

Y
< Step3. >
Read data from MDx < Step3. > < Step3. > < Step3. > < Step3. >
RO = MDO Read data from MDx Read data from MDx Read data from MDx Read data from MDx
R1=MD1 RO = MDO RO = MDO RO = MDO RO = MDO
R2 = MD2 R1=MD1 R1=MD1 R1=MD1 R1 = MD1
R3 =MD3 R4 = MD4 R2 = MD2 R2 =MD2 R2 = MD2
R4 = MD4 R5 = MD5 R3 = MD3 R3 =MD3 R3 = MD3
R5 = MD5 (last read) (last read) (last read) (last read)
(last read)

Operation Implementation
signed int mul Intrinsic
unsigned int mul Intrinsic

signed int div ?C?SIDIVR515 routine

unsigned int div ?C?UIDIVR515 routine

Specifications subject to change without notice, contact your sales representatives for the most recent information.
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signed long mul ?C?LMULR515 routine
unsigned long mul ?C?LMULR515 routine
signed long div ?C?SLDIVR515 routine
unsigned long div ?C?ULDIVR515 routine

signed long shift left ?C?LSHLR515 routine

unsigned long shift left ?C?LSHLR515 routine

unsigned long shift right ?C?ULSHRR515 routine

7 MDU KITEBIERF

MDU 3255 1% — [V, #pragma mdu_r515 % Kei l C [ command line, tn#| file.c & headfile.h

Description
], {HEBINZE headfile.h, it SM59R04A2 . h FET,

Main program | //
//
// SYNCMOS TECHNOLOGY
//
//
#include <SM59R04A2._h>

#pragma mdu_r515 //Keil C MDU command line

//typedef for normalizing

typedef union {
struct {
unsigned char Byte3; //MSB
unsigned char Byte2;

unsigned char Bytel;

unsigned char ByteO; //LSB
}ss1;
struct {

unsigned int Wordl; //MSW

unsigned int WordO; //LSW
}ss2;

Specifications subject to change without notice, contact your sales representatives for the most recent information.
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MDU IZhgefd ik

unsigned long Ldata;

}Long_Data;

/7

void division_32_ 16(void)

@25MHz 1T with MDU
@25MHz 1T without MDU
@25MHz 12T without

@25MHz 1T with MDU
@25MHz 1T without MDU
@25MHz 12T without

{
unsigned int ui_data 002; // ?C?UIDIVR515 routine
unsigned long ul_data 001; // ?C?LMULR515 routine
unsigned long ul_data 002; // ?C?ULDIVR515 routine
// 32/16 ANS:0x00000101
ul_data 002= OxO0000FFFF;
ui_data_002= OxOO0FF;
P3_0 =0;
ul_data 001 = ul_data 002/ui_data 002; //4.560us
//33.88us
//280.0us
MDU
P3_0 =1;
PO = ul_data 001;
P1 = ul_data_001>>8;
// 32/16 ANS:0x00010001
ul_data_002= OXFFFFFFFF;
ui_data_002= OXFFFF;
P31 =0;
ul_data 001 = ul_data 002/ui_data 002; //4.601us
//36.40us
//302_0us
MDU
P31 =1;
PO = ul_data 001;
P1 = ul_data_001>>8;
P2 = ul_data _001>>16;
}
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MDU IZhgefd ik

void division_16_16(void)

{

unsigned int
unsigned int

unsigned int

// 16/16 ANS
ui_data 002=
ui_data 003=
P3 2 =0;

P3_2 =1;

PO = ui_data 001;
P1 = ui_data_001>>8;

P2 = ARCON;

// 16/16 ANS
ui_data 002=
ui_data 003=
P33 =0;

P3_3 =1;

PO = ui_data 001;
P1 = ui_data 001>>8;

ui_data 001;
ui_data 002;
ui_data 003;
:0x0101 ==
OXFFFF;
OxO0O0FF;
//trig
ui_data 001 = ui_data 002/ui_data 003; //2.32us
//8.404us
//64 _.30us
//trig
:0x0001 ==
OxFFFF;
OxFFFF;
//trig
ui_data 001 = ui_data _002/ui_data _003; //2.320us
//9.200us
//76.84us
//trig
//=0X00

P2 = ARCON;

void multiplication_16x16(void)

{

unsigned int

ui_data _002;

@25MHz 1T with MDU
@25MHz 1T without MDU
@25MHz 12T without MDU

@25MHz 1T with MDU
@25MHz 1T without MDU
@25MHz 12T without MDU

// ?C?UIDIVR515 routine
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MDU IZhgefd ik

unsigned long ul_data 001; // ?C?LMULR515 routine

unsigned long ul_data_003;

// 16x16 ANS:0xO0FEFFO1

ui_data 002= OxO0O0FF;
ul_data 001= OxFFFF;

P3_4

=0;
ul_data 003 = ul_data 00l1*ui_data 002; //6.599us
//7.922us
//62_01lus

P3_4
PO =
P1 =
P2 =

// 16x16 ANS:OxFFFEO001

=1:
ul_data 003;

ul_data 003>>8;
ul_data 003>>16;

@25MHz 1T with MDU
@25MHz 1T without MDU
@25MHz 12T without MDU

ul_data _001= OxFFFF;
ui_data_002= OxFFFF;

P35

:0;
ul _data 003 = ul_data 00l1*ui_data 002; //6.639us
//7.960us
//62_.4us

P35

P1 =
P2 =

=1;
ul_data 003;

ul_data 003>>8;
ul_data 003>>16;

void Shift(void)

{

unsigned long ul_data 003;

@25MHz 1T with MDU
@25MHz 1T without MDU
@25MHz 12T without MDU

/7

//shift

ul_data_003=0x800FFFFF;
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MDU Zhagft 7%

P3_0=0;

PO = ul

P3 0=1;

P3_1=0;

P1 = ul

P3_1=1;

P3_2=0;

PO = ul

P3_2=1;

P3_3=0;

P1 = ul

P3 3=1;

P3_4=0;

P2 = ul

P3_4=1;

P3_5=0;

PO = ul

P3_5=1;

_data_003>>1;

_data_003>>8;

_data_003>>15;

_data_003>>16;

_data_003>>24;

_data_003>>31;

//trig
//3.678us
//2_.317us
//16.4us
//trig

//trig
//3.841us
//8.081us
//67.7us
//trig

//trig
//3.680us
//13.52us
//117 .1us
//trig

//trig
//3.840us
//14 _48us
/7125 _4us
//trig

//trig
//3.841us
//20.87us
//183.0us
//trig

//trig
//3.687us
//26.32us
//232_4us
//trig

@25MHz
@25MHz
@25MHz

@25MHz
@25MHz
@25MHz

@25MHz
@25MHz
@25MHz

@25MHz
@25MHz
@25MHz

@25MHz
@25MHz
@25MHz

@25MHz
@25MHz
@25MHz

1T with MDU
1T without MDU
12T without MDU

1T with MDU
1T without MDU
12T without MDU

1T with MDU
1T without MDU
12T without MDU

1T with MDU
1T without MDU
12T without MDU

1T with MDU
1T without MDU
12T without MDU

1T with MDU
1T without MDU
12T without MDU
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P3_6=0; //trig

PO = ul_data_003>>8; //0xFF //17_.36us @25MHz 1T with MDU
//42 _72us @25MHz 1T without MDU
//372_0us @25MHz 12T without MDU

P1 = ul_data_003>>16; //0xOF

P2 = ul_data_003>>24; //0x80

P3_6=1; //trig

P3_7=0; //trig

PO = ul_data_003<<8; //0x00 //10.56us @25MHz 1T with MDU
//42_72us  @25MHz 1T without MDU
//372_.0us  @25MHz 12T without MDU

P1 = ul_data 003<<16; //0x00

P2 = ul_data 003<<24; //0x00
P3_7=1; //trig

void Normalizing Write(unsigned long Data)

{
Long_Data LD;
LD.Ldata =Data;
MDO = LD.ssl.ByteO;
MD1 = LD.ssl.Bytel;
MD2 = LD.ssl.Byte2;
MD3 = LD.ssl.Byte3;
ARCON = Ox00 ; // Start Normalizing
while(1(PCON & 0x40)) //check MDU finish flag
{:
}

void Normalizing_Read(void)

{
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MDU IZhgefd ik

Long_Data LD;

LD.ssl1l.ByteO = MDO; //first read

LD.ss1.Bytel
LD.ss1.Byte2
LD.ss1.Byte3

MD1;
MD2;

void Normalizing_test(void)

{
P3_0=0;
Normalizing_Write(0x00000001);
P3_0=1;
Normalizing_Read();
PO = ARCON;

P3_1=0;
Normalizing_Write(0x00080000);
P3_1=1;

Normalizing_Read();

P1 = ARCON;

P3 2=0;
Normalizing_Write(0x00080001);
P3 2=1;

Normalizing_Read();

P2 = ARCON;

P3_3=0;

Normalizing Write(0x81008000);
P3_3=1;

PO = ARCON;

Normalizing_Read();

void main(void)

MD3; //last read,

MDEF(error flag) happen if not read

//trig = 3.079us
//ANS=0x1F -->MDOV=0
//trig

//trig = 2.681us
//ANS=0x03 -->MDOV=0
//trig

//trig = 2.603us
//ANS=0x0C -->MDOV=0
//trig

//trig = 2.600us
//ANS=0x40 -->MDOV=1
//trig
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MDU IZhgefd ik

IFCON |= 0x80;
division_32 16(Q);
division_16_16();
multiplication_16x16();
Shift();
Normalizing_test();

while(1){};
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