R B R R A PR E)
SyncMOS Technologies Infernational,Inc.

MDU(Multiplication Division Unit) =i =] 3
I L T

1.1 SM59R16A2/ SM59R08A2
1.2 SM59R16A5/ SM59R09A5/ SM59R05A5/SM59R16A3/ SM59R09A3/SM59R05A3
1.3 SM59R04A2/ SM59R04A1/ SM59R03A1/ SM59R02A1

2 MDU ff® Jjfsss :

MDU 52 ]

2.1. fFUE' I MCU LT =% MDU 1 (85 » T b 58 3 |y FE A [T B DL » b7 o 00 7%

TP PR PN o o EAFRERS - 4% AT f5 12T 8051 fussf it ] = it -

2.2. j:EQﬁ T J’}{l?ﬁ'ﬁ%ﬁﬁﬁ(%/w -bit & 16/16-bit division) ~ 314321 ET(16*16-bit multiplication) ~ i #%

“Jofj“(32-bit shift) 8- {*(normalize, 3. [ -] BrBe i)
2.3. FEFEIRE > [0 SRR -
2.4. ARCON[7:0]£% MDU ]ﬁéfﬁﬁg”ﬂ HAL - MDS~MDO FE32FT AL ETHA! -

2.5. SM59Rxx =7%[| MDU- 1 #/C gf,f,#/:r/;/;} b FNETE Keil C Hrip- /%}/‘57,7 “ #pragma mdu_r515"
Hie = AR ﬁ%%ﬂﬁfﬁjﬁg,“ ° ﬁlaﬂASSGmbB/)f/J‘éf:ézMDU FRIERER » [FEE I -

2.6. B RRFER > BHI

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

Program command
0xO000FFFF / OxO0FF 4.560 33.88 280.0
OXFFFFFFFF / OXFFFF 4.601 36.40 302.0
OXFFFF / OXO0FF 2.320 8.404 64.30
OXFFFF / OXFFFF 2.320 9.200 76.84
Ox00FF x OXFFFF 6.599 7.922 62.01
OxFFFF x OxFFFF 6.639 7.960 62.40
Ox800FFFFF>>1 3.678 2.317 16.40
0x800FFFFF>>8 3.841 8.081 67.70
Ox800FFFFF>>16 3.840 14.48 125.4
O0x800FFFFF>>24 3.841 20.87 183.0
Normalizing_Write(0x00000001) 3.079 -
Normalizing_Write(0x81008000) 2.600 -
I EMUCHT ff ™ [erystal 25MHZ ERFIES 5T = HES0E HT 6 us
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3 Uv2#%3# MDU erF'J‘: C BEP R P RoFrEL UV #I UVA4 - &% Keil C UV3 AT UV4A %’fﬁ%‘(Build)ﬂlﬁﬁ(’
A BEE(Simulation) » #[lfﬁ’?ﬁi%’;ﬁ&'ﬁlfﬁﬁ'] MDU ?
HiE-

Stepl. Ri¥rUV4.cdb(fy UV3.cdb)

1-1 {2 [ 19 UVA.cdb(pS UV3.cdb) i i P
http://www.syncmos.com.tw/download_file/UV4.rar
http://www.syncmos.com.tw/download_file/UV3.rar

1-2 g5l RS (S5 e |y UV4.cdb(;% UV3.cdb) » {Zels =4 YUY Y
http://www.syncmos.com.tw/paper_file/IRFWX-A099 A Keil%20C%20Data%20Base%
20for%20new%20device%20(TC).pdf

H:‘”

Step2. El%@?.& =, Optlon for Target\ Target FgL MR

Options for Target 'Target 1'

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

ZF1"Use On-Chip Arithmetic Unit” » K

-

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
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HEFEZ . K MDU jf‘ﬁﬁ”#pragma mdu_r515™1 * AZPEAH R o F;fﬁﬂ? Keil C 5’\@%”?3&@@ s [ENE A
e R PR B - ) -

@ 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 I'|™FPE MDU ﬁ'%ﬁﬁlffﬁﬁ’ﬁﬁﬁjuﬂg’?@%ﬁ BRI B
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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MDU# (B BR ﬁ'ﬁ!ﬁ(Assembly)ﬁ“??f&:%J‘ﬂ = [FHRR (C?FT[F;' Flfﬁﬁﬁﬁ}:‘[fj: Keil C;?F}%’EE[J’%F‘} ORI EE
L 2YEYREF)
B HER- . B MDx (x=0~5) ¥ g
1 MDU TR + S A O 5 5 OIS “MDO 4 AL R
(First write) » & ﬁ??ﬁ%’é’”ﬁ'@"‘ % R R f[ﬁ'}‘ﬁ%\jlﬁ?fﬁ%ﬁgéﬁi‘ (Last write) - MDU [IRFI%i it

TR -
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 HERC BSFRET
MDURLA S FHET » 'l IMDUFEER A+ Jii s R | R AL 17 - %~ B TR R | s -

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

MDUF: MDU 5% 7% 1421 (MDU finish flag)
i
0: »— 7% MDU #h {‘?Eﬁ FIEER=

T AFFIMDU & [P R=poh = -

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 HERZ: FIMDx (x =0~5) FIFFHH ¢
REVETERE]  BUEE “Last read” B3R ALK EHA! -
® Division’jE"] : Last read£,MD5
® Multiplication, shiftA{Inormalizing’jiz"'] : Last read 3 MD3
(4 g 757

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 Address: EFh
7 6 5 4 3 2 1 0

MDEF | MDOV | SLR SC [4:0] 00h

Reset

MDEF: &3 =45 Multiplication Division Error Flag. (1)
PR SRR 7 TR R DI~ I R -
Y- W MDO [ SRS I s 7 5 WA S IV MD3(F i iy
(HFL)FY MDS5([% 1) [ kst -
1 %ﬁ?{'ﬁi@?&%@pﬁ'[ﬁ%mm:
Y R MDX BT B BE B SRR (E A e )
SHRELIET AR BEFE A MDX I B REIY . (2 802 )
2. SERUERRMAERR PO
Hi BV R WS CREBTST) - & 7 Y5 R MDX s BB
MDOV: #1554 Multiplication Division Overflow flag. (1€ 5#)
Hi MIDO 7% BB R (first write)) > S35 08 feofr L 13707
VT AR S
1 [REpET0”
2. FPEFHEHIEE 0000FFFFh
3. [HIEE- ["(Normalizing)-f=ii™ |V fjj » MD3 iy MSB £371”
SLR: fF 7274 [ 45 Shift direction bit.

Specifications subject to change without notice, contact your sales representatives for the most recent information.
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SLR=0-% 7%
SLR =177
SC [4:0]: "+ F23}HrhE4E Shift counter.
?.r’,’ SC[4:0] =0 » HE - f“‘(NormaIizing)erﬁ:
i SCI4:01 0 » HEILFH(Shif):= » P50l (SC [4] + #glyit : SC[0] o[
i)

5 MDU T‘%E'J@E{?ﬁﬁ—ﬁl”m :
° EF‘ITT;FS (g~ F1 A (First write, ..., Last write)f * ©
° E;%Jﬁf‘shiftwnormalizingElfJi%E'J » ARCON|IfUSLRAISC[4:0] » =R -

TP ShifCIE - H6™ B < PR SISLRAISCI4:0) i - IIRPRIE 1183 » 2] ) Wi -

1. }ﬁfg’ : ARCON =0x20 | value; I/l set SLR & SC = Shift right & counter
2. %ﬁ?{ : ARCON |= 0x20; /Il set SLR = shift right

ARCON |= value; /I set SC = shift counter
3 1@%’ ARCON =0x00 | value; /l set SLR & SC = Shift left & counter
4 %ﬁ?ﬂ ARCON &= 0x00; Il set SLR = shift left

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

Fﬁ%ﬁ?shiftk'»normalizingflleast WriteEIfJI—’F‘.Z;:FﬁjE » BN EEf
5. shift: ARCON =0x20 | value; [Ishift last write

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

Hif ™ Ishiftsfz - T ABu ) JARCONBIBIR B » 41| iy :
7. SR ARCON =0x20 | value; I/l set SLR & SC = Shift right & counter
........... /] process... etc.

ARCON = 0x00; /l'unnecessary clear

Specifications subject to change without notice, contact your sales representatives for the most recent information.
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6 JJ KL MDU pulles AR - £iiti(Assembly)She4 ]| IR (CFF FUHis & Keil C ™!
FAy o R LR F R ETRER )

Entry SyncMOS
MDU

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

FIT=YRIEEES=2H 1 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 fumsss

MDU 3 #£73 = puEafy]- #pragma mdu_r515 £} Keil Cv command line- & file.cf¥ headfile.h

Description
F“,Fl‘ » [FIE P headfile.h » )0 SM5OR04A2 . h f[1H]]F" -

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 52 ]

unsigned long Ldata;

}Long_Data;

/7

{

P30

MDU
P30
PO =
P1 =

P3_1

MDU
P3_1
PO =
P1 =
P2 =

// 32/16 ANS:0x00000101
ul_data_002= O0xO0000FFFF;
ui_data_002= OxOO0FF;

// 32/16 ANS:0x00010001
ul_data_002= OXFFFFFFFF;
ui_data_002= OXFFFF;

void division_32_ 16(void)

unsigned int ui_data_002;
unsigned long ul_data 001;
unsigned long ul_data 002;

// ?C?UIDIVR515 routine
// ?C?LMULR515 routine
// ?C?ULDIVR515 routine

=0;

ul_data 001 = ul_data 002/ui_data 002;

:1;
ul_data 001;
ul _data 001>>8;

/74 _.560us
//33.88us
//280.0us

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

=0;

ul_data 001 = ul_data _002/ui_data_002;

=1:
ul_data 001;

ul_data 001>>8;
ul_data 001>>16;

//4_601us
//36.40us
//302.0us

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

Specifications subject to change without notice, contact your sales representatives for the most recent information.
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void division_16_16(void)
{
unsigned int ui_data_001;
unsigned int ui_data_002;
unsigned int ui_data 003;
// 16/16 ANS:0x0101 ==
ui_data 002= OxFFFF;
ui_data 003= OxOO0FF;
P3_2 =0; //trig
ui_data 001 = ui_data 002/ui_data 003; //2.32us @25MHz 1T with MDU
//8.404us  @25MHz 1T without MDU
//64_.30us  @25MHz 12T without MDU
P3 2 =1; //trig
PO = ui_data 001;
P1 = ui_data_001>>8;
P2 = ARCON;
// 16/16 ANS:0x0001 ==
ui_data_002= OXFFFF;
ui_data 003= OxFFFF;
P3_3 =0; //trig
ui_data_001 = ui_data_002/ui_data_003; //2.320us @25MHz 1T with MDU
//9.200us @25MHz 1T without MDU
//76.84us @25MHz 12T without MDU
P3_3 =1; //trig
PO = ui_data 001;
P1 = ui_data 001>>8;
P2 = ARCON; //=0X00
}
void multiplication_16x16(void)
{
unsigned int ui_data _002; // ?C?UIDIVR515 routine

Specifications subject to change without notice, contact your sales representatives for the most recent information.
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MDU 52 ]

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;

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

ISSFA-0183

11

Ver B 2011/01




R B R R A PR E)
SyncMOS Technologies Infernational,Inc.

MDU 52 ]

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
//125 . 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)

{

Specifications subject to change without notice, contact your sales representatives for the most recent information.
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MDU 52 ]

Long_Data LD;

LD.ssl1l.ByteO = MDO; //first read
LD.ss1.Bytel MD1;

LD.ss1.Byte2 MD2;

LD.ss1.Byte3 = MD3; //last read,

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)

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 52 ]

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

while(){};
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