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Product List
SM59A16U1U48,

Description

The SM59A16U1 is a 1T (one machine cycle per clock)
single-chip 8-bit microcontroller. It has 64KB embedded
Flash for program, and executes all ASM51 instructions
fully compatible with MCS-51.

SM59A16U1 contains 6K+256B on-chip RAM, up to 38
GPIOs (48L Package), various serial interfaces and
many peripheral functions as described below. It can be
programmed via writers. Its on-chip ICE is convenient for
users in verification during development stage.

The high performance of SM59A16U1 can achieve
complicated manipulation within short time. About one
third of the instructions are pure 1T, and the average
speed is 8 times of traditional 8051, the fastest one
among all the 1T 51-series.Its excellent EMI and ESD
characteristics are advantageous for many different
applications.

The SM59A16U1 offers outstanding features, like USB
Interface, high performance PWM for motor control
applications, high speed 10-bit A/D convert for barcode
reader applications. The SM59A16U all features as
below.

Ordering Information
SM59A16UlihhkL yymmv

i: process identifier { U = 2.2V ~ 5.5V}
hh: pin count

k: package type postfix {as table below }
L:PB Free identifier

{No text is Non-PB free, "P”is PB free}
yy: year

mm: month

v: version identifier{ A, B,...}

Postfix Package

v LQFP

Features
®  Architecture
- Instruction-set compatible with MCS-51
- 1T/2T can be switched on the fly
Dual 16-bit Data Pointers (DPTRO & DPTR1)
38 GPIOs (LQFP 48), GPIOs can select four
types (quasi-bidirectional, push-pull, open
drain, input-only),default is quasi-
bidirectional(pull-up)
® Clock & Power
- Operating Voltage: 2.2V ~ 5.5V.
- Support Xtal, Internal RC Oscillator
(22.1184MHz, 20KHz) and PLL to user select.
- High speed architecture of 1 clock/machine
cycle (1T), runs up to 25MHz
- Power management unit for idle and power
down modes.
®  Memory.
- 64KBytes on-chip flash program memory.
- On—chip flash memories support ISP/IAP/ICP
and EEPROM functions.
- ISP service program space configurable in
N*256 byte (N=0 to 16) size.
- On-chip expandable RAM 6K bytes, 256 bytes
RAM as standard 8052.
- External RAM addresses up to 64K bytes.
® UART Interface.
- Two serial peripheral interfaces in full duplex
mode (UARTO & UART1),
- Additional Baud Rate Generator for Serial 0
® |IC Interface
- One lIC interface (Master/Slave mode).
®  SPI Interface.
- One SPlinterface (Master/Slave mode)
® KBI (Keyboard Interface).
- Keyboard interface (KBI) on port 0 or port 2
(default) for eight more interrupts.
® OP Controller
- 2 On-Chip OPA/Comparator.
® Interrupt Controller
- interrupts have four priority levels
- External interrupt O, 1
® Timer
- Three 16-bit Timers/Counters. (Timer 0, 1, 2)
- Programmable watchdog timer (WDT)

Specifications subject to change without notice contact your sales representatives for the most recent information.
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& 6K+256B RAM embedded

® USB Device 2.0

Low speed: 1.5Mbps, Full speed: 12Mbps

1 port USB Device

5 Endpoints for USB device

Endpoint 0: Control IN/OUT. FIFO: 8 bytes

Endpoint 1: Interrupt IN. FIFO: 8 bytes.

Endpoint 2: Interrupt OUT. FIFO: 8byte.

Endpoint 3: Bulk IN. FIFO: 64 bytes.

Endpoint 4: Bulk OUT. FIFO: 64 bytes.

SyncMOS proprietary DFU provide firmware update function by USB

® CCU Controller

4-channel 16-bit compare /capture /load functions
Comparator out can be CCU input source internally.
Noise filter with CCU input.

® PWM Controller

8-channel 14-bit PWM for BLDC (Brushless DC motors)
and CCD barcode reader control.

o A/D Converter

8+1 channel 10-bit analog-to-digital converter
Independent ADC reference voltage

External 1/O triggers ADC
ADC auto triggered by specific PWM interrupts.
ADC values by DMA dump into SRAM.

® Barcode decoding function.

ADC values convert to slope rate then dump into SRAM by DMA
Barcode decoding has rise / fall slope setting.

® MDU (Fast multiplication-division unit)

16*16, 32/16, 16/16, 32-bit L/R shifting and 32-bit normalization

® Other

On-chip in-circuit emulator (ICE) function with On-Chip Debugger (OCD )
Enhanced user code protection

EMI reduction mode (ALE output inhibited).

LVI/LVR (deglitch 500ns).

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

48 Pin LQFP
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23] P2.2/A10/KBI12/0p10ut(Cmp10ut)/CC2
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(1) To avoid accidentally entering ISP-Mode(refer to section 18.4), care must be taken not asserting pulse signal at
RXD P1.0 during power-up while P3.4 are set to high.

(2) To apply ICP function, OCI_SDA/P4.6 and OCI_SCL/P4.4 must be set to Bi-direction mode if they are configured

as GPIO in system.
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SM59A16U1
8-Bit Micro-controller
64KB with ISP Flash
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Pin Description

SM59A16U1

8-Bit Micro-controller
64KB with ISP Flash

& 6K+256B RAM embedded

48L
LQFP

Symbol

I/0

Description

P1.2/ADC2/RXD1

I/0

* Bit 2 of port 1
* ADC input channel 2
* Serial interface channel 1 receive data

P1.3/ADC3/TXD1/C
Cc2

I/0

* Bit 3 of port 1

* ADC input channel 3

* Serial interface channel 1 transmit data or receive clock in
mode 0

* Timer 2 compare/capture Channel 2

P1.4/ADC4/SS/CC3

I/0

* Bit 4 of port 1

* ADC input channel 4

* SPI interface Slave Select pin

* Timer 2 compare/capture Channel 3

P1.5/ADC5/MOSI

I/0

* Bit 5 of port 1
* ADC input channel 5
* SPI interface Serial Data Master Output or Slave Input pin

P1.6/ADC6/MISO/II
C_SCL

I/0

* Bit 6 of port 1

* ADC input channel 6

* SPI interface Serial Data Master Input or Slave Output pin
* 1IC SCL pin

P1.7/ADC7/SPI_CL
K/IIC_SDA

I/0

* Bit 7 of port 1

* ADC input channel 7

* SPI interface Clock pin
* 1IC SDA pin

P4.3/CC3/TXD1/SP
|_CLK

I/0

* Bit3 of port 4

* Timer 2 compare/capture Channel 3

* Serial interface channel 1 transmit data
* SP| interface Clock pin

P4.2/CC2/RXD1/MI
SO

I/0

* Bit2 of port4

* Timer 2 compare/capture Channel 2

* Serial interface channel 1 receive/transmit data

* SP| interface Serial Data Master Input or Slave Output pin

P3.7/#RD/FLTB

I/0

* Bit7 of port 3
* External memory Read signal
* Fault Input pin

10

P3.6/#WR/FLTA

I/0

* Bit 6 of port 3
* External memory write signal
* Fault Input pin

11

P3.5/T1

I/0

* Bit 5 of port 3
* Timer 1 external input

12

P3.4/TO/ADCEN

I/0

* Bit 4 of port 3
* Timer O external input
* ADC monitor pin

13

P3.3/#INT1

I/0

* Bit 3 of port 3
* External interrupt 1

14

P3.2/#INTO/TRIGA
DC

I/0

* Bit 2 of port 3
* External interrupt O
* Trigger ADC

15

P3.1/TXDO

I/O

* Bit 1 of port 3

* Serial interface channel 0 transmit data or receive clock in

mode 0

Specifications subject to change without notice contact your sales representatives for the most recent information.
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8-Bit Micro-controller
64KB with ISP Flash

& 6K+256B RAM embedded

LASIIZ_P Symbol I/0 Description
* Bit O of port 3
16 P3.0/RXDO Vo | Serial interface channel 0 receive/transmit data
17 XTAL2 O | * Crystal output
18 XTAL1 I * Crystal input
19 RESET I * Reset pin
* Bit 5 of port 4
20 P4.5/ALE/CLKOUT I/O | * Address latch enable
* Internal clock output
* Bit O of port 2
21 P2 0/A8/KBIO/CCO o : EEIS_ of external memory address
interrupt O
* Timer 2 compare/capture Channel 0
* Bit 1 of port 2
22 P2 1/A9/KBI1/CC1 /0 : Eiélg of external memory address
interrupt 1
* Timer 2 compare/capture Channel 1
* Bit 2 of port 2
P2.2/A10/KBI2/Op1 : Bit 1'0 of external memory address
23 Out/CC2 I/0 KBI interrupt 2
* Opl output
* Timer 2 compare/capture Channel 2
* Bit 3 of port 2
* Bit 11 of external memory address
24 ler']%%lsllKBB/Opl /0 | * KBl interrupt 3
* Opl Negative Input
* Timer 2 compare/capture Channel 3
* Bit 4 of port 2
o5 P2.4/A12/KBI4/Opl /O * Bit 12 of external memory address
PIn * KBI interrupt 4
* Opl Positive Input
* Bit 5 of port 2
26 P2.5/A13/KBI5/Op0 /0 * Bit 13 of external memory address
NIn * KBI interrupt 5
* Op0 Negative Input
* Bit 6 of port 2
27 P2.6/A14/KBI6/Op0 /0 * Bit 14 of external memory address
PIn * KBl interrupt 6
* Op0 Positive Input
* Bit 7 of port 2
o8 P2.7/A15/KBI7/0Op0 /0 * Bit 15 of external memory address
Out * KBI interrupt 7
* Op0 Output
* Bit 1 of port 4
29 P4.1/CC1/IIC_SDA/ /0 * Timer 2 compare/capture Channel 1
MOSI * |IC SDA pin
* SPI interface Serial Data Master Output or Slave Input pin
* Bit 4 of port 4
30 P4.4/0CI_SCL Vo |« On-Chip Instrumentation Clock 1/0 pin of ICE and ICP functions
* Bit 6 of port 4
31 P4.6/0CI_SDA I/O | * On-Chip Instrumentation Command and data I/O pin
synchronous to OCI_SCL in ICE and ICP functions
32 P0.7/AD7/KBI7/PW /0 * Bit 7 of port O
M7 * Bit 7 of external memory address/ data

Specifications subject to change without notice contact your sales representatives for the most recent information.
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LAEQSII:_P Symbol I/0 Description
* KBl interrupt 7
* PWM channel 7
* Bit 6 of port 0
33 P0.6/AD6/KBI6/PW /0 * Bit 6 of external memory address/ data
M6 * KBl interrupt 6
* PWM channel 6
* Bit 5 of port 0
34 P0.5/AD5/KBIS/PW /0 * Bit 5 of external memory address/ data
M5 * KBl interrupt 5
* PWM channel 5
* Bit 4 of port 0
35 P0.4/AD4/KBI4/PW /0 * Bit 4 of external memory address/ data
M4 * KBl interrupt 4
* PWM channel 4
* Bit 3 of port 0
36 P0.3/AD3/KBI3/PW /0 * Bit 3 of external memory address/ data
M3 * KBl interrupt 3
* PWM channel 3
* Bit 2 of port 0
37 P0.2/AD2/KBI2/PW /0 * Bit 2 of external memory address/ data
M2 * KBl interrupt 2
* PWM channel 2
* Bit 1 of port 0
38 P0.1/AD1/KBI1/PW Yo * Bit 1 of external memory address/ data
M1 * KBI interrupt 1
* PWM channel 1
* BitO of port 0
39 P0.0/ADO/KBIO/PW Yo * Bit 1 of external memory address/ data
MO * KBI interrupt O
* PWM channel 0
40 VDD I * VDD, 10uF and 0.1uF to GND.
41 AVDD_ADC I * ADC VDD
42 AVDDU I * VDD
43 CAP O | * 10uF and 0.1uF to GND.
44 DM /O | * USB DM
45 DP /O | *USB DP
46 VSSALL I * VSS
* Bit 0 of port 1
47 | PLO/ADCOT2/CCO | o | . ADC input channel 0
* Timer 2 external input clock
* Timer 2 compare/capture Channel 0
* Bit 1 of port 1
P1.1/ADC1/T2EX/C * ADC input channel 1
48 I/0 . i
C1l * Timer 2 capture trigger
* Timer 2 compare/capture Channel 1

Specifications subject to change without notice contact your sales representatives for the most recent information.
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8-Bit Micro-controller
64KB with ISP Flash

& 6K+256B RAM embedded

Special Function Register ( SFR)

A map of the Special Function Registers is shown as below:
In-direct access Mode

Hex\Bin X000 X001 X010 X011 X100 X101 X110 X111 Bin/Hex
F8 IICS IICCTL IICAL IICA2 IICRWD IICEBT CmpOCON CmplCON FF
FO B SPIC1 SPIC2 SPITXD SPIRXD SPIS OpPin TAKEY F7
E8 P4 MDO MD1 MD2 MD3 MD4 MD5 ARCON EF
EO ACC ISPFAH ISPFAL ISPFD ISPFC LVC SWRES E7
D8 PFCON P3MO P3M1 P4MO P4AM1 DF
DO PSW CCEN2 POMO POM1 P1MO P1M1 P2MO P2M1 D7
C8 T2CON CCCON CRCL CRCH TL2 TH2 OpPin2 CF
(00} IRCON CCEN CCL1 CCH1 CCL2 CCH2 CCL3 CCH3 C7
B8 IEN1 IP1 SORELH S1RELH CLKSEL PAGESEL BF
BO P3 WDTC WDTK B7
A8 IENO IPO SORELL ADCC1 ADCC2 ADCDH ADCDL ADCCS AF
ADDR DATA
98 SOCON SOBUF IEN2 S1CON S1BUF S1RELL oF
20 P1 AUX AUX2 KBLS KBE KBF KBD IRCON2 97
88 TCON TMOD TLO TL1 THO TH1 CKCON IFCON 8F
80 PO SP DPLO DPHO DPL1 DPH1 RCON PCON 87
Hex\Bin X000 X001 X010 X011 X100 X101 X110 X111 Hex\Bin

Note: About SFRs correct setting, refer to PAGESEL register.

Specifications subject to change without notice contact your sales representatives for the most recent information.
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8-Bit Micro-controller
64KB with ISP Flash
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Page Mode: page0

Hex\Bin X000 X001 X010 X011 X100 X101 X110 X111 Bin/Hex
F8 lICS IICCTL [ICA1 IICA2 IICRWD IICEBT CmpOCON | CmplCON FF
FO B SPIC1 SPIC2 SPITXD | SPIRXD SPIS OpPin TAKEY F7
E8 P4 MDO MD1 MD2 MD3 MD4 MD5 ARCON EF
EO ACC ISPFAH ISPFAL ISPFD ISPFC LvC SWRES E7
D8 - PFCON P3MO P3M1 P4MO P4AM1 DF
DO PSW CCEN2 POMO POM1 P1MO P1M1 P2MO P2M1 D7
C8 T2CON CCCON CRCL CRCH TL2 TH2 OPPIN2 CF
Co IRCON CCEN CCL1 CCH1 CCL2 CCH2 CCL3 CCH3 Cc7
B8 IEN1 IP1 SORELH | S1RELH CLKSEL | PAGESEL BF
BO P3 WDTC WDTK B7
A8 IENO IPO SORELL | ADCC1 ADCC2 ADCDH ADCDL ADCCS AF
A0 P2 RSTS A7
98 SOCON SOBUF IEN2 S1CON S1BUF S1RELL 9F
90 P1 AUX AUX2 KBLS KBE KBF KBD IRCON2 97
88 TCON TMOD TLO TL1 THO TH1 CKCON IFCON 8F
80 PO SP DPLO DPHO DPL1 DPH1 RCON PCON 87

Hex\Bin X000 X001 X010 X011 X100 X101 X110 X111 Bin/Hex

Specifications subject to change without notice contact your sales representatives for the most recent information.
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SM59A16U1
8-Bit Micro-controller
64KB with ISP Flash
& 6K+256B RAM embedded

Page Mode: pagel

Hex\Bin | X000 X001 X010 X011 X100 X101 X110 X111 Bin/Hex
TBCOUN | TBCOUN
PWMTB | PWMTB [ PWM
F8 o o1 OPMOD TER TE'R UCTRL1 UCTRL2 FF
= 5 PERIOD [ PERIOD [ SEVTCM [ SEVTCM | v | UsTaT TAKEY -
L H PL PH
DEADTI | DEADTI | DEADTI | DEADTE | b\ e | PWMTBPO LNG
E8 P4 MEO MEL ME ME v ST DATAL EF
2 3 SCALE
EO ACC | ISPFAH [ ISPFAL | ISPFD | ISPFC LVC SWRES E7
PWM
LNG FLT OVRIDEDI | OVRIDE
D8 - PFCON | satat | conric | FLTNF POL\,(ARIT S DATA DF
DO PSW | DUTYOL | DUTYOH | DUTYIL | DUTYIH | DUTY2L | DUTY2H DUTY3L D7
c8 T2CON | DUTY3H | BCCTRL ADDLRZM TL2 TH2 | ADDR2MH CF
FRMNU
Co IRCON | RDATA | FDATA bEVADR | MH FRMNUML | HSTALL c7
PWMINT
B8 IEN1 IPL | SORELH | S1RELH e CLKSEL | PAGESEL | DSTALL BF
BO P3 HSKTSTA UERL | UIER2 | UIFRL | UIFR2 | EPDRDY | EPOCNT B7
A8 IENO IPO SORELL | Abcci | Abcc2 | ADCDH | ADcDL ADCCS AF
A0 P2 EP1CNT [ EP2CNT | EP3CNT | EP4CNT EPODATA A7
98 SOCON | SOBUF IEN2 | SICON | S1BUF | SIRELL | EP1DATA | EP2DATA oF
90 P1 AUX EP?’ADAT EP‘LDAT IRCON2 97
88 TCON | TMOD TLO TL1 THO TH1 CKCON IFCON 8F
80 PO SP DPLO DPHO DPL1 DPH1 RCON PCON 87
Hex\Bin | X000 X001 X010 X011 X100 X101 X110 X111 Bin/Hex

Note: About SFRs correct setting, refer to PAGESEL register.
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SM59A16U1
% B R A R A R F) 8-Bit Micro-controller

SyncMOS Technologies International,Inc. 64KB with ISP Flash
& 6K+256B RAM embedded

Note: Special Function Registers reset values and description for SM59A16U1.

Location: 80h ~ 8Fh
g Reset .
Register Method | Method 2 | Method 2 | yalue Description
1 Page O Page 1
PO 80h 80h 80h FFh Port 0
SP 81lh 81h 81h 07h Stack Pointer
DPLO 82h 8%h 8%h 00h %a)\:tae Pointer 0 Register, Low
DPHO 83h 83h 83h 00h I?Be)\/tf\e Pointer 0 Register, High
DPL1 84h 84h 84h 0oh I?Be)\;[fe Pointer 1 Register, Low
DPH1 85h 85h 85h 0oh I?Be)\;[fe Pointer 1 Register, High
RCON 86h 86h 86h 00h Internal RAM Control Register
PCON 87h 87h 87h 40h Power Control Register
TCON 88h 88h 88h 00h Timer/Counter Control Register
TMOD 89h 89h 89h 00h Timer Mode Control
TLO 8Ah 8Ah 8Ah 00h Timer 0 Register, Low Byte
TL1 8Bh 8Bh 8Bh 00h Timer 1 Register, Low Byte
THO 8Ch 8Ch 8Ch 00h Timer 0 Register, High Byte
TH1 8Dh 8Dh 8Dh 00h Timer 1 Register, High Byte
CKCON 8Eh 8Eh 8Eh 10h Clock Control Register
IFCON 8Fh 8Fh 8Fh 00h Interface Control Register
_ Location: 90h ~ 9Fh Reset o
Register Method | Method 2 | Method 2 | | 51,e Description
1 Page O Page 1
P1 90h 90h 90h FFh Port 1
AUX 91h 91h 91h 00h Auxiliary Register
AUX2 92h 92h - 00h Auxiliary 2 Register
KBLS 93h 93h ) 00h I(Reg/gig?er:j Level Selection
KBE 94h 94h - 00h Keyboard input Enable Register
KBF 95h 95h - 00h Keyboard interrupt Flag Register
IRCON2 97h 97h 97h 0oh 'g:;ggrzeq”es‘ Control
EP3DATA - - 93h 00h USB Endpoint 3 Data Register
EP4DATA - - 94h 00h USB Endpoint 4 Data Register
SOCON 98h 98h 98h 00h Serial Port 0, Control Register
SOBUF 99h 99h 99h 00h Serial Port 0, Data Buffer
IEN2 9Ah 9Ah 9Ah 00h Interrupt Enable Register 2
S1CON 9Bh 9Bh 9Bh 00h Serial Port 1, Control Register
S1RELL 9Dh 9Dh 9Dh 0oh SL%U\‘;’"BS&” 1, Reload Register,
EP1DATA - - 9Eh 00h USB Endpoint 1 Data Register
EP2DATA - - 9Fh 00h USB Endpoint 2 Data Register

Specifications subject to change without notice contact your sales representatives for the most recent information.
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R B BRI A R E 8-Bit Micro-controller
SyncMOS Technologies International,Inc. 64KB with ISP Flash
& 6K+256B RAM embedded
Location: AOh ~ AFh Reset
Register Method | Method 2 | Method 2 | .1 e Description
1 Page 0 Page 1
P2 AOh AOh AOh FFh Port 2
PWMADDR A2h - - 00h PWM Address Register
PWMDATA A3h - - 00h PWM Data Register
BARCODE .
ADDR Adh - - 00h Barcode Address Register
BARCODE .
DATA A5h - - 00h Barcode Data Register
USBDATA A7h - - 00h USB Data Register
EP1CNT i ) A1lh 00h USB_Endpomt 1 Data Counter
Register
EP2CNT i ) A%h 0oh USB_Endpomt 2 Data Counter
Register
EP3CNT i ) A3h 00h USB_Endpomt 3 Data Counter
Register
EPACNT i ) Adh 00h USB.Endpomt 4 Data Counter
Register
EPODATA - - A7h 00h USB Endpoint 0 Data Register
IENO A8h A8h A8h 00h Interrupt Enable Register 0
IPO A%9h A%9h A%9h 00h Interrupt Priority Register O
SORELL AA AAD AA 00h Serial Port 0, Reload Register,
Low Byte
ADCC1 ABh ABh ABh 00h ADC Control 1 Register
ADCC2 ACh ACh ACh 00h ADC Control 2 Register
ADCDH ADh ADh ADh 00h ADC Data Register, High Byte
ADCDL AEh AEh AEh 00h ADC Data Register, Low Byte
ADCCS AFh AFh AFh 00h ADC Clock Select Register
Location: BOh ~ BFh
; Reset —
Register Method | Method 2 | Method 2 | 5/ ,e Description
1 Page O Page 1
P3 BOh BOh BOh FFh Port 3
WDTC B6h B6h ) 04h Watc;hdog Timer Control
Register
WDTK B7h B7h ) 00h Watphdog Timer Refresh Key
Register
HSKSTAT - - Blh 80h USB Handshake Status Register
UIER1 - - B2h 00h USB Interrupt Enable Register 1
UIER2 - - B3h 00h USB Interrupt Enable Register 2
UIFR1 - - B4h 00h USB Interrupt Flag Register 1
UIFR2 - - B5h 00h USB Interrupt Flag Register 2
EPDRDY i ) B6h 2AR USB.Endpomt Data Ready
Reqgister
EPOCNT i ) B7h 00h USB Endpoint 0 Data Counter
Register
IEN1 B8h B8h B8h 00h Interrupt Enable Register 1
IP1 BOh Boh BOh 00h Interrupt Priority Register 1
SORELH BAh BAh BAh 00h Serial Port 0, Reload Register,
Specifications subject to change without notice contact your sales representatives for the most recent information.
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R B BRI A R E 8-Bit Micro-controller
SyncMOS Technologies International,Inc. 64KB with ISP Flash
& 6K+256B RAM embedded
High Byte
Serial Port 1, Reload Register,
S1RELH BBh BBh BBh 00h High Byte
CLKSEL BDh BDh BDh 00h System Clock Select Register
PAGESEL BEh BEh BEh 00h SFR Page Mode Select Register
PWMINTF - - BCh 00h PWM Interrupt Flag Register
DSTALL - - BFh 00h USB Device Stall Register
Location: COh ~ CFh Reset
Register Method | Method 2 [ Method 2 | |1 e Description
1 Page O Page 1
IRCON coh coh coh 0oh Interrupt Request Control
Register
CCEN C1h cih _ 00h Com_pare/Capture Enable
Register
CCH1 c3h C3h ) 0oh Cqmpare/Capture Register 1,
High Byte
ccL2 Cah Cah ) 00h Compare/Capture Register 2,
Low Byte
CCH2 C5h C5h ) 00h Cqmpare/Capture Register 2,
High Byte
ccL3 céh céh ) 00h (Il_ompare/Capture Register 3,
ow Byte
CCH3 C7h c7h ) 00h Cqmpare/Capture Register 3,
High Byte
RDATA - - Cilh 19h Barcode Rising of Data Register
FDATA - - C2h 18h Barcode Falling of Data Register
DEVADR - - C4h 00h USB Device Address Register
FRMNUMH ) ) C5h 00h USB Frame Number Register,
High Byte
FRMNUML ) ) céh 00h USB Frame Number Register,
Low Byte
HSTALL - - C7h 00h USB Host Stall Register
T2CON C8h C8h C8h 00h Timer 2 Control Register
CCCON coh coh ) 00h Compare/Capture Control
Register
CRCL CAh CAh ) 00h Compare/ReIoad/Capture
Register, Low Byte
TL2 CCh CCh CCh 00h Timer 2 Register, Low Byte
TH2 CDh CDh CDh 00h Timer 2 Register, High Byte
OpPin2 CEh CEh ) 00h Op/Comparator Pin Select
register 2
DUTY3H - - Coh 00h PWM 3 Duty Register, High Byte
BCCTRL - - CAh 01h Barcode Control Register
ADDR2ML i ) CBh 00h Barqode Start address to SRAM
Reqister, Low Byte
Barcode Start address to SRAM
ADDR2MH - - CEh 00h Register, High Byte
Location: DOh ~ DFh Reset
Register Method | Method 2 [ Method 2 | |4 1ue Description
1 Page O Page 1
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PSW DOh DOh DOh 00h Program Status Word
CCEN?2 D1h D1h ) 0oh %oergig?:/Capture Enable 2
POM1 D3h D3h - 00h Port 0 Output Mode 1
P1MO D4h D4h - 00h Port 1 Output Mode 0
P1M1 D5h D5h - 00h Port 1 Output Mode 1
P2MO D6h D6h - 00h Port 2 Output Mode 0
P2Mm1 D7h D7h - 00h Port 2 Output Mode 1
DUTYOL - - D1h 00h PWM 0 Duty Register, Low Byte
DUTY1L - - D3h 00h PWM 1 Duty Register, Low Byte
DUTY1H - - D4h 00h PWM 1 Duty Register, High Byte
DUTY2L - - D5h 00h PWM 2 Duty Register, Low Byte
DUTY2H - - D6h 00h PWM 2 Duty Register, High Byte
PFCON D9h D9h D9h 00h Flfég’igg f" Frequency Control
P3MO DAh DAh - 00h Port 3 Output Mode 0
P3M1 DBh DBh - 00h Port 3 Output Mode 1
P4AMO DCh DCh - 00h Port 4 Output Mode 0
P4M1 DDh DDh - 00h Port 4 Output Mode 1
FLTCONFIG - - DBh 80h PWM Fault Configure Register
FLTNF - - DCh 00h PWM Fault Noise Filter Register
POFI)_\AVIQ/IITY - - DDh FFh PWM Polarity Register
OVRIDEDIS - - DEh FFh PWM Override Disable Register
OE)/AR.II_RE - DFh 00h PWM Override Data Register
_ Location: EOh ~ EFh Reset o
Register Method | Method 2 | Method 2 | | 41e Description
1 Page O Page 1
ACC EOh EOh EOh 00h Accumulator
ISPFAH Elh Elh Elh FFh 'ﬁ%ﬁ 'g;?eAddress Register,
ISPEAL E2h E2h E2h FEN :BSyF;eFIash Address Register, Low
ISPFD E3h E3h E3h FFh ISP Flash Data Register
ISPFC E4h E4h E4h 00h ISP Flash Control Register
LvC E6h E6h E6h 20h Low Voltage Control Register
SWRES E7h E7h E7h 00h Software Reset Register
P4 E8h E8h E8h FFh Port 4
MDO ESh ESh - 00h Multiplication/Division Register 0
MD1 EAh EAh - 00h Multiplication/Division Register 1
MD2 EBh EBh - 00h Multiplication/Division Register 2
MD3 ECh ECh - 00h Multiplication/Division Register 3
MDA4 EDh EDh - 00h Multiplication/Division Register 4
MD5 EEh EEh - 00h Multiplication/Division Register 5
ARCON EFh EFh - 00h Arithmetic Control Register
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DEADTIMEO - - ESh 00h PWM Dead Time 0 Register
DEADTIME1 - - EAh 00h PWM Dead Time 1 Register
DEADTIME2 - - EBh 00h PWM Dead Time 2 Register
DEADTIMES - - ECh 00h PWM Dead Time 3 Register
PWMSEV - - EDh 00h PWM Special Event Register
PWMTBPOST PWM Time Base Post Scale
SCALE i ) EER 00h Register
Barcode Length of Data
LNGDATAL - EFh 00h | povister, Hig‘ﬁ Byte
_ Location: FOh ~ FFh Reset o
Register Method | Method 2 | Method 2 | | oie Description
1 Page O Page 1
B FOh FOh FOh 00h B Register
SPIC1 Fih Fih - 08h SPI Control Register 1
SPIC2 F2h F2h - 00h SPI Control Register 2
SPITXD F3h F3h - 00h SPI Transmit Data Buffer
SPIRXD Fah F4h - 00h SPI Receive Data Buffer
SPIS F5h F5h - 40h SPI Status Register
OpPin E6h E6h ) 00h ()R%/;:iggfarator Pin Select
TAKEY F7h F7h F7h 00h Time Access Key Register
PERIODL - - Fi1h FFh PWM Period Register, Low Byte
PERIODH - - F2h 3Fh PWM Period Register, High Byte
SEVTCMPL . . F3h FFh F;V;’g/i'stseﬂ?‘li'g\'/v'zé’;gt Compare
SEVTCMPH . . Fah 3Fh F;"Zg/i'stsepr‘?ﬂ%haés?; Compare
PWMEN - - F5h 00h PWM Output Enable Register
USTAT - - Féh 00h USB Status Register
lICS F8h F8h - 00h [IC Status Register
IICCTL Foh Foh - 04h [IC Control Register
IICAL FAh FAh - AOh [IC Address 1 Register
IICA2 FBh FBh - 60h [IC Address 2 Register
IICRWD FCh FCh - 00h [IC Read / Write Register
IICEBT EDh EDh ) 00h lc Enable Bus Transaction
Register
CmpOCON FEh FEh - 00h Comparator 0 Control Register
CmplCON FFh FFh - 00h Comparator 1 Control Register
PWMTBCO . . Foh 00h | Mttt Control 0
PWMTBC1 i ) FAR 00h ITRVZg/ilstTéTe Base Control 1
PWMOPMOD - - FBh 00h PWM Output Pair Mode Register
TBCOUNTERL . . FCh 00h F;Q\’Zg’i'stz’:"‘ifxsgytceoumer
TBCOUNTERH i : FDh 00h F;Q\’Zg’i'sg’:"i%isgyfgumer
UCTRL1 - - FEh 20h USB Control 1 Register
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H UCTRL2 | - | - | Frn 02h | USB Control 2 Register H
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Function Description

1. General Features

SM59A16U1 is an 8-bit micro-controller. All of its functions and the detailed meanings of SFR will be given in the
following sections.

1.1 Embedded Flash

The program can be loaded into the embedded 64KBFlash memory via its writer or In-System Programming (ISP). The
high-quality Flash has a 100K-write cycle life » suitable for re-programming and data recording as EEPROM.

1.2 10 Pads

The SM59A16U1 has Five I/O ports: Port 0, Port 1, Port 2, Port 3 and Port4. Ports 0, 1, 2, 3 are 8-bit ports.. These are:
quasi-bidirectional (standard 8051 port outputs), push-pull, open drain, and input-only. As description in section 5.

All the pads for PO ~ P1 - P2 ~ P3 and P4 are with slew rate to reduce EMI. The 10 pads can withstand 4KV ESD in
human body mode guaranteeing the SM59A16U1’s quality in high electro-static environments.

The OCI_SCL -~ ALE and OCI_SDA can be configured as I/O ports P4.4 ~ P4.5 and P4.6 by writer or in ISP mode.

All the pins on PO ~ P4 are with slew rate adjustment to reduce EMI. The other way to reduce EMI is to disable the ALE
output if unused. This is selected by its SFR. The IO pads can withstand 4KV ESD in human body mode guaranteeing
the SM59A16U1’s quality in high electro-static environments.

1.3 2T/1T Selection
SM59A16U1 is a 2T or 1T MCU, i.e., its machine cycle is two-clock or one-clock. In the other words, it can execute

one instruction within two clocks or only one clock. The difference between 2T mode and 1T mode are given in the
example in Fig. 1-1.

HTALY

Instruction l Instruction ] Instruction H

Fig. 1-1: (a)The waveform of internal instruction signal in 2T mode

HTALT

Instruction l Instruction ] Instruction ] Instruction l Instruction H

Fig. 1-2: (b)The waveform of internal instruction signal in 1T mode

The default is in 1T mode, not every instruction can be executed with one machine cycle.
The exact machine cycle number for all the instructions are given in the next section.
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1.4 RESET
1.4.1 Hardware RESET Function

SM59A16U1 provides Internal reset circuit inside - the Internal reset time can set by writer or ISP.

Internal Reset time
25ms (default)
200ms
100ms
50ms
16ms
8ms
4ms

1.4.2 Software RESET Function

SM59A16U1 provides one software reset mechaniOB to reset whole chip. To perform a software reset, the firmware
must write three specific values 55h, AAh and 5Ah sequentially to the TAKEY register to enable the Software Reset
register (SWRES) write attribute. After SWRES register obtain the write authority, the firmware can write FFh to the
SWRES register. The hardware will decode a reset signal that “OR” with the other hardware reset. The SWRES
register is self-reset at the end of the software reset procedure.

Mnemonic | Description | Dir. | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | Bit0 | RST
Software Reset function
TAKEY | lime Access F7h TAKEY [7:0] 00H

Key register

Software Reset

. E7h SWRES [7:0] 00H
reglster

SWRES

1.4.3 Time Access Key Register( TAKEY )

Mnemonic: TAKEY Address: F7H
7 6 5 4 3 2 1 0 Reset
| TAKEY [7:0] | O0H |

Software reset register (SWRES) is read-only by default; software must write three specific values 55h,
AAh and 5Ah sequentially to the TAKEY register to enable the SWRES register write attribute. That is:
MOV TAKEY, #55h
MOV TAKEY, #AAh
MOV TAKEY, #5Ah

1.4.4 Software Reset Register( SWRES )

Mnemonic: SWRES Address:E7H
7 6 5 4 3 2 1 0 Reset
| SWRES [7:0] | 00H |
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SWRES [7:0]: Software reset register bit. These 8-bit is self-reset at the end of the reset procedure.
SWRES [7:0] = FFh, software reset.
SWRES [7:0] = 00h ~ FEh, MCU no action.

1.45 Example Of Software Reset

MOV TAKEY, #55h

MOV TAKEY, #AAh

MOV TAKEY, #5Ah ; enable SWRES write attribute
MOV SWRES, #FFh ; software reset MCU

15 Clocks
SM59A16U1 offers four modes to set the system clock. The system clock can set by writer or ICP.

IRC: Internal RC-Oscillator and clock is 22.1184MHz fixed (Default).

20K: Internal RC-Oscillator and clock is 20K Hz fixed.

Xtal: External crystal, and may be connected on XTAL1/XTAL2.

PLL: According to the external crystal generates a fixed 48MHz frequency.

- System divide clock can’t be “DIVIDE 1” in PLL mode; otherwise the PLL (48MHz) will exceed MCU
limitation (25MHz).

- For example to using PLL for system clock:
Crystal:12MHz
System Clock: PLL (48MHz fixed).
System Divide Clock: Divide 2.

MCU generates clock is 24MHz. (48MHz/2)
Note: Recommended to select 6, 12 or 24MHz crystal when USB is used.

The internal clock sources are from the internal OSC with difference frequency division As shown in Table 1-1 - the
clock source can set by writer or ICP.

Table 1-1: Selection of clock source
Clock source
external crystal (use XTAL1 and XTAL2 pins)
external crystal (only use XTAL1, the XTAL2 define as 1/O)
22.1184MHz from internal OSC
22.1184MHz/2 from internal OSC
22.1184MHz/4 from internal OSC
22.1184MHz/16 from internal OSC

There may be having a little variance in the frequency from the internal OSC. The max variance as giving in Table 1-2.

Table 1-2: Temperature with variance
Temperature | Max Variance
25C +2%
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2. Instruction Set
All SM59A16U1 instructions are binary code compatible and perform the same functions as they do with the industry
standard 8051. The following tables give a summary of the instruction set cycles of the SM59A16U1 Microcontroller
core. As given in Table

Table 2-1: Arithmetic operations

Mnemonic Description Code | Bytes | Cycles
ADD A,Rn Add register to accumulator 28-2F 1 1
ADD A,direct Add direct byte to accumulator 25 2 2
ADD A @RI Add indirect RAM to accumulator 26-27 1 2
ADD A #data Add immediate data to accumulator 24 2 2
ADDC A,Rn Add register to accumulator with carry flag 38-3F 1 1
ADDC A, direct Add direct byte to A with carry flag 35 2 2
ADDC A,@RIi Add indirect RAM to A with carry flag 36-37 1 2
ADDC A #data Add immediate data to A with carry flag 34 2 2
SUBB A,Rn Subtract register from A with borrow 98-9F 1 1
SUBB A, direct Subtract direct byte from A with borrow 95 2 2
SUBB A,@Ri Subtract indirect RAM from A with borrow 96-97 1 2
SUBB A, #data Subtract immediate data from A with borrow 94 2 2
INC A Increment accumulator 04 1 1
INC Rn Increment register 08-0F 1 2
INC direct Increment direct byte 05 2 3
INC @Ri Increment indirect RAM 06-07 1 3
INC DPTR Increment data pointer A3 1 1
DECA Decrement accumulator 14 1 1
DEC Rn Decrement register 18-1F 1 2
DEC direct Decrement direct byte 15 2 3
DEC @Ri Decrement indirect RAM 16-17 1 3
MUL AB Multiply A and B A4 1 5
DIv Divide Aby B 84 1 5
DAA Decimal adjust accumulator D4 1 1
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Table 2-2: Logic operations

Mnemonic Description Code Bytes | Cycles
ANL A,Rn AND register to accumulator 58-5F 1 1
ANL A,direct AND direct byte to accumulator 55 2 2
ANL A,@RIi AND indirect RAM to accumulator 56-57 1 2
ANL A,#data AND immediate data to accumulator 54 2 2
ANL direct,A AND accumulator to direct byte 52 2 3
ANL direct,#data AND immediate data to direct byte 53 3 4
ORLA,RnN OR register to accumulator 48-4F 1 1
ORL A, direct OR direct byte to accumulator 45 2 2
ORLA @RI OR indirect RAM to accumulator 46-47 1 2
ORL A #data OR immediate data to accumulator 44 2 2
ORL direct,A OR accumulator to direct byte 42 2 3
ORL direct,#data OR immediate data to direct byte 43 3 4
XRLA,Rn Exclusive OR register to accumulator 68-6F 1 1
XRL A, direct Exclusive OR direct byte to accumulator 65 2 2
XRL A, @RI Exclusive OR indirect RAM to accumulator 66-67 1 2
XRL A #data Exclusive OR immediate data to accumulator 64 2 2
XRL direct,A Exclusive OR accumulator to direct byte 62 2 3
XRL direct,#data Exclusive OR immediate data to direct byte 63 3 4
CLRA Clear accumulator E4 1 1
CPLA Complement accumulator F4 1 1
RLA Rotate accumulator left 23 1 1
RLC A Rotate accumulator left through carry 33 1 1
RR A Rotate accumulator right 03 1 1
RRC A Rotate accumulator right through carry 13 1 1
SWAP A Swap nhibbles within the accumulator C4 1 1
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Table 2-3: Data transfer

Mnemonic Description Code Bytes | Cycles
MOV A,Rn Move register to accumulator E8-EF 1 1
MOV A,direct Move direct byte to accumulator E5 2 2
MOV A @RI Move indirect RAM to accumulator E6G-E7 1 2
MOV A #data Move immediate data to accumulator 74 2 2
MOV Rn,A Move accumulator to register F8-FF 1 2
MOV Rn,direct Move direct byte to register A8-AF 2 4
MOV Rn,#data Move immediate data to register 78-7F 2 2
MOV direct,A Move accumulator to direct byte F5 2 3
MOV direct,Rn Move register to direct byte 88-8F 2 3
MOV directl,direct2 Move direct byte to direct byte 85 3 4
MOV direct, @RI Move indirect RAM to direct byte 86-87 2 4
MOV direct,#data Move immediate data to direct byte 75 3 3
MOV @Ri,A Move accumulator to indirect RAM F6-F7 1 3
MOV @Ri,direct Move direct byte to indirect RAM A6-A7 2 5
MOV @Ri,#data Move immediate data to indirect RAM 76-77 2 3
MOV DPTR,#datal6 Load data pointer with a 16-bit constant 90 3 3
MOVC A,@A+DPTR Move code byte relative to DPTR to accumulator 93 1 3
MOVC A,@A+PC Move code byte relative to PC to accumulator 83 1 3
PUSH direct Push direct byte onto stack Co 2 4
POP direct Pop direct byte from stack DO 2 3
XCH A,RN Exchange register with accumulator C8-CF 1 2
XCH A,direct Exchange direct byte with accumulator C5 2 3
XCHA,@RIi Exchange indirect RAM with accumulator C6-C7 1 3
XCHD A,@Ri Exchange low-order nibble indir. RAM with A D6-D7 1 3
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Table 2-4: Program branches

Mnemonic Description Code Bytes | Cycles
ACALL addr11 Absolute subroutine call xxx11 2 6
LCALL addr16 Long subroutine call 12 3 6
RET from subroutine 22 1 4
RETI from interrupt 32 1 4
AJMP addr11 Absolute jump xxx01 2 3
LIMP addr16 Long iump 02 3 4
SIMP rel Short jump (relative addr.) 80 2 3
JMP @A+DPTR Jump indirect relative to the DPTR 73 1 2
JZ rel Jump if accumulator is zero 60 2 3
JINZ rel Jump if accumulator is not zero 70 2 3
JC rel Jump if carry flag is set 40 2 3
JNC Jump if carry flag is not set 50 2 3
JB bit,rel Jump if direct bit is set 20 3 4
JNB bit,rel Jump if direct bit is not set 30 3 4
JBC bit,direct rel Jump if direct bit is set and clear bit 10 3 4
CJINE A,direct rel Compare direct byte to A and jump if not equal B5 3 4
CJINE A #data rel Compare immediate to A and jump if not equal B4 3 4
CJINE Rn,#data rel Compare immed. to reg. and jump if not equal B8-BF 3 4
CINE @Ri,#data rel Compare immed. to ind. and jump if not equal B6-B7 3 4
DJINZ Rn,rel Decrement register and jump if not zero D8-DF 2 3
DJNZ direct,rel Decrement direct byte and jump if not zero D5 3 4
NOP No operation 00 1 1

Table 2-5: Boolean manipulation
Mnemonic Description Code Bytes | Cycles
CLRC Clear carry flag C3 1 1
CLR bit Clear direct bit Cc2 2 3
SETBC Set carry flag D3 1 1
SETB bit Set direct bit D2 2 3
CPLC Complement carry flag B3 1 1
CPL bit Complement direct bit B2 2 3
ANL C,bit AND direct hit to carry flag 82 2 2
ANL C,/bit AND complement of direct bit to carry BO 2 2
ORL C,hit OR direct bit to carry flag 72 2 2
ORL C,/bit OR complement of direct bit to carry A0 2 2
MOV C,bit Move direct bit to carry flag A2 2 2
MOV bit,C Move carry flag to direct bit 92 2 3
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3. Memory Structure

The SM59A16U1 memory structure follows general 8052 structure. It is integrate the expanded 6KB data memory and
64KB program memory.

3.1 Program Memory

The SM59A16U1 has 64KB on-chip flash memory which can be used as general program memory or EEPROM, on
which include up to 4K byte specific ISP service program memory space. The address range for the 64K byte is $0000
to $FFFF. The address range for the ISP service program is $F000 to $FFFF. The ISP service program size can be
partitioned as N blocks of 256 byte (N=0 to 16). When N=0 means no ISP service program space available, total 64K
byte memory used as program memory. When N=1 means address $FF00 to $FFFF reserved for ISP service program.
When N=2 means memory address $FEQ00 to $FFFF reserved for ISP service program...etc. Value N can be set and
programmed into SM59A16U1 by the writer or ICP. It can be used to record any data as EEPROM. The procedure of
this EEPROM application function is described in the section 21 on internal ISP. As shown in Fig. 3-1

FFFF Y Y v N=0
FF00 T N=1
FEO00 3
FDOO ¥— N=
FCO00 ¥— N=4
FBOO ¥— N=5
FA00 Y N=6

ISP service F900 ¥— N=7
Program space, F800 ¥— N=8

Up to 4K F700 ¥— N=9
F600 ¥— N=10
F500 N=11
F400 ¥ N=1
F300 ¥— N=13
F200 ¥— N=]
F100 ¥— N=]
FO0O0 —*— N=16

64K Program j
Memory space

»
«

»
«

S 0000

Fig. 3-1: SM59A16U1 programmable Flash
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3.2 Data Memory

The SM59A16U1 has 6K+256B on-chip SRAM, 256 Bytes of it are the same as general 8052 internal memory
structure while the expanded 6K Bytes on-chip SRAM can be accessed by external memory addressing method( by
instruction MOVX.). As shown in Fig. 3-2 ~ Fig. 3-3 and Fig. 3-4

HTALT T T2 3 T4 5 6 i T8 9 T10 ™ Ti2 I T2
ALE Latch Data
WR
RD \
PORT2 Address A15-A8 ]
PORTO Address A7-AD }—( Data )—(
Fig. 3-2: (a)External memory access as read
KTALY T T4 5 Kl T8 T10 ™ Ti2 I
ALE |
R \ /
RD
PORT2 ] Address A15-AS H
PORTO ] Address A7-AD l Data H
Fig. 3-3: (b)External memory access as write
07FF
A
Expanded 6K Bytes
(Accessed by direct external
o T addressing mode by
Higher 128 Bytes (Accessed by SFR (Accessed by direct addressing instruction MOVX)
indirect addressing mode only) mode only)
R 80
TF
Lower 128 Bytes (Accessed by direct
& indirect addressing mode ) Y
00 0000

Fig. 3-4: RAM architecture
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3.3 Data Memory - Lower 128 Byte( 00h to 7Fh )

Data memory 00h to FFh is the same as 8052.

The address 00h to 7Fh can be accessed by direct and indirect addressing modes.

Address 00h to 1Fh is register area.
Address 20h to 2Fh is memory bit area.
Address 30h to 7Fh is for general memory area.

3.4 Data Memory - Higher 128 Byte( 80h to FFh)

The address 80h to FFh can be accessed by indirect addressing mode.
Address 80h to FFh is data area.

3.5 Data Memory - Expanded 6K Bytes( 0000h ~ Ox17FFh )

From external address 0000h to 17FFh is the on-chip expanded SRAM area, total 6K Bytes. This area can be

accessed by external direct addressing mode (by instruction MOVX).

If the address of instruction MOVX @DPTR is larger then 17FFh, the SM59A16U1 will generate the external memory

control signal automatically.

The address space of instruction MOVX @RI, i=0, 1 is determined by RCON [7:0] of special function register $86
RCON (internal RAM control register). The default setting of RCON [7:0] is 00h (page0). One page of data RAM is 256

bytes.

When EMEN = 0, the internal 6K expanded RAM is enabled. If access memory space is more than 6K byte, the value

of RCON is sent to Port2 to access external RAM.

When EMEN = 1, the internal 6K expanded RAM is disabled. The value of RCON is invalid and high byte address is

decided by register context of Port2 register P2 [7:0].

MOVX @Ri, A

< : < 0] <
MOVX A @Ri 0 = RCON[7:0] = 23 24 < RCON [7:0] = 255
EMEN=0 Addr [15:8] <= RCONJ[7:0] Port2 [7:0] <= P2[7:0]
EMEN =1 Port2 [7:0] <= P2 [7:0] Port2 [7:0] <= P2 [7:0]
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4. CPU Engine

The SM59A16U1 engine is composed of four components:

(1)
(2)
(3)
(4)

Control unit

Arithmetic — logic unit
Memory control unit

RAM and SFR control unit

The SM59A16U1 engine allows to fetch instruction from program memory and to execute using RAM or SFR. The
following chapter describes the main engine register.

M”egnon' Description Dir. | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | Bit0 | RST
8051 Core
ACC | Accumulator EOh | ACC.7 | ACC.6 | ACC.5 | ACC.4 | ACC.3 | ACC.2 | ACC.L| ACC.0| O0OH
B B Register Foh | B7 | B6 | B5 | B4 | B3 | B2 | B1 | BO | OOH
PSW Wg?&am Saws | pon | cy | ac | Fo RS[1:0] oV Pslw. p 00H
SP Stack Pointer 81h SP[7:0] 07H
DPLO ([)’ata Pointer Low | gop, DPLO[7:0] 0OH
DPHO ([)’ata Pointer High | g4, DPHO[7:0] 00H
DPL1 'fata Pointer Low | g4, DPL1[7:0] 00H
DPH1 'fata Pointer High | gg, DPH1[7:0] 00H
- . P4UR
AUX Auxiliary Register 91h | BRGS - P4SPI 1 P41IC | POKBI - DPS OOH
Internal RAM .
RCON | (o) megister | 80N RCON[7:0] 00H
Clock Control CLoc
CKCON : 8Eh | K_RE ITS[2:0] ; CLKOUT[2:0] 00H
Register
ADY
IFcon | Interface Control | g - | cDPR | F32k | F16K : EMEN | ISPE | OOH
Register
PAGESEL SFR Page Mode BEh ) Page | Page_ 00H
Select Register num mode
PWMADD | PWM Address A2h PWMADDR[7:0] OOH
R Register
PWMDAT | PWM Data A3h PWMDATA[7:0] 00H
A Register
USBADD | USB Address A6h USBADDR([7:0] 00H
R Register
USBDATA | USB Data A7h USBDATA[7:0] 00H
Reqgister
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4.1 Accumulator
ACC is the Accumulator register. Most instructions use the accumulator to store the operand.
Mnemonic: ACC Address: EOh

7 6 5 4 3 2 1 0 Reset
| ACC.7 | ACC.6 | ACCO5 [ ACC.4 [ ACC.3 | ACC.2 | ACC.1 | ACCO ] 00h ]

ACCJ7:0]: The A (or ACC) register is the standard 8052 accumulator.

4.2 B Register

The B register is used during multiply and divide instructions. It can also be used as a scratch pad register to store
temporary data.

Mnemonic: B Address: FOh
7 6 5 4 3 2 1 0 Reset
| B7 | B6 | B5 | B4 | B3 [ B2 | B1 | BO | ooh ]

B[7:0]: The B register is the standard 8052 register that serves as a second accumulator.
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4.3 Program Status Word ( PSW)

Mnemonic: PSW Address: DOh
7 6 5 4 3 2 1 0 Reset
| cYy | AC | FO | RS [1:0] | ov | FA [ P | oonh |

CY: Carry flag.
AC: Auxiliary Carry flag for BCD operations.
FO: General purpose Flag 0 available for user.
RS[1:0]: Register bank select, used to select working register bank.

RS[1:0] Bank Selected Location
00 Bank 0 00h —07h
01 Bank 1 08h — OFh
10 Bank 2 10h —17h
11 Bank 3 18h — 1Fh

OV: Overflow flag.
F1: General purpose Flag 1 available for user.
P: Parity flag, affected by hardware to indicate odd/even number of “one” bits in the

Accumulator, i.e. even parity.
4.4 Stack Pointer (SP)

The stack pointer is a 1-byte register initialized to 07h after reset. This register is incremented before PUSH and CALL
instructions, causing the stack to start from location 08h.

Mnemonic: SP Address: 81h
7 6 5 4 3 2 1 0 Reset
| SP [7:0] | 07h |

SP[7:0]: The Stack Pointer stores the scratchpad RAM address where the stack begins. In other
words, it always points to the top of the stack.

4.5 Data Pointer( DP)
The data pointer (DPTR) is 2-bytes wide. The lower part is DPL, and the highest is DPH. It can be loaded as a 2-byte

register (e.g. MOV DPTR, #datal6) or as two separate registers (e.g. MOV DPL #data8). Itis generally used to access
the external code or data space (e.g. MOVC A, @A+DPTR, @DPTR respectively).

Mnemonic: DPL Address: 82h
7 6 5 4 3 2 1 0 Reset
| DPL [7:0] | oo0h |

DPL[7:0]: Data pointer Low 0

Mnemonic: DPH Address: 83h
7 6 5 4 3 2 1 0 Reset
| DPH [7:0] | ooh |

DPH [7:0]: Data pointer High O
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4.6 Data Pointer 1( DP1)

The Dual Data Pointer accelerates the moves of data block. The standard DPTR is a 16-bit register that is used to
address external memory or peripherals. In the SM59A16U1 core the standard data pointer is called DPTR, the second
data pointer is called DPTR1. The data pointer select bit chooses the active pointer. The data pointer select bit is
located in LSB of AUX register (DPS).

The user switches between pointers by toggling the LSB of AUX register. All DPTR-related instructions use the
currently selected DPTR for any activity.

Mnemonic: DPL1 Address: 84h
7 6 5 4 3 2 1 0 Reset
| DPL1 [7:0] | ooh ]

DPL1[7:0]: Data pointer Low 1

Mnemonic: DPH1 Address: 85h
7 6 5 4 3 2 1 0 Reset
[ DPH1 [7:0] | ooh |

DPH1[7:0]: Data pointer High 1

4.7 Auxiliary Register( AUX)

Mnemonic: AUX Address: 91h
7 6 5 4 3 2 1 0 Reset
| BRGS | - | P4SPI | PAURL | P4lIC | POKBI | - | DPS | OOH |

BRGS: 0 = Baud Rate Generator by Timer 1 Register.
1 = Baud Rate Generator by Serial Port Register.
P4SPI: 0 = SPI function on P1.
1 = SPI function on P4
P4URZ1: 0 = Serial interface 1 function on P1.
1 = Serial interface 1 function on P4.
P4IIC: 0 = IIC function on P1.
1 = IIC function on P4.
POKBI: 0 = KBI function on P2.
1 = KBI function on PO.
DPS: DPS =0 is selected DPTRO.
DPS =1 is selected DPTRL1.
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4.8 Internal RAM Control Register( RCON )

SM59A16U1 has 6K byte on-chip expanded RAM which can be accessed by external memory addressing method only
(By instruction MOVX). The address space of instruction MOVX @RI, i= 0, 1 is determined by RCON [7:0] of RCON.
The default setting of RCON [7:0] is 00h (page0).

Mnemonic: RCON Address: 86h
7 6 5 4 3 2 1 0 Reset
| RCON[7:0] | 00H |

4.9 Clock Control Register( CKCON )

The register is used to select instruction timing and clock out selected.

Mnemonic: CKCON Address: 8Eh

7 6 5 4 3 2 1 0 Reset
CLOCK _ ) .

READY ITS[2:0] - CLKOUT[2:0] O0H

CLOCK_READY: Clock Ready flag
When change clock source on the fly, SW must check this flag;
If this bit be set, means clock source is stable, HW can keep working normally.
ITS[2:0]: Instruction timing select.

ITS [2:0] Mode
000 1T instruction mode
001 2T instruction mode

CLKOUT][2:0]: Clock output select.

CLKOUT[2:0] Mode
000 ALE (default)
100 P4.5
x01 Fosc
x10 Fosc/2
x11 Fosc/4

It can be used when the system clock in the internal RC oscillator.
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4.10 Interface Control Register( IFCON )

Mnemonic: IFCON Address: 8Fh
7 6 5 4 3 2 1 0 Reset
[ - [ CDPR] F32K | F16K | - | EMEN | ISPE | 00H |

CDPR: code protect (Read Only)
F32K: flash size is 32KB+4KB (Read Only)
F16K: flash size is 16KB+4KB (Read Only)
EMEN: Internal 6K SRAM enable.(default is enable)
EMEN = 0, Enable internal 6K RAM and external 58K RAM.
EMEN = 1, Disable internal 6K RAM, Enable external 64K RAM.
ISPE: ISP function enable bit
ISPE = 1, enable ISP function
ISPE = 0, disable ISP function

411 Page Select( PAGESEL )

The SM59A16U1 provide two different methods to set Special Function Register (SFR) are as follow:

® SFR Method 1 (Indirect Mode): This method is only an SFR page. If you want to use
PWM or USB registers of the Method 2, can be used indirectly addressable setting.
Example: Write a data 0x80h to PWMEN Register in Method 1.
PAGESEL = 0x0h;  // Method 1.
PWMADDR = 0xF5h; // PWMEN indirect address: 0xF5h (Indirect mode)
/I (Refer Pagel Table of the Method 2)
PWMDATA = 0x80h; // Write data 0x80h to PWMEN.

® SFR Method 2 (Page Mode): This method provides two SFR page to set the registers.
Example: Write a data 0x80h to PWMEN Register in Method 2, Page 1.
PAGESEL = 0x3h;  // Method 2, Page 1 (Page mode)
PWMEN = 0x80h; /l Write data 0x80h to PWMEN.
® SFR Page Mode Table:

Page _mode | Page _num SFR Select
0 0 SFR Method 1
0 1 SFR Method 1
1 0 SFR Method 2, Page 0
1 1 SFR Method 2, Page 1
Mnemonic: PAGESEL Address: BEh
7 6 5 4 3 2 1 0 Reset

| - | Page num | Page mode | O0OH |

Page _num: This flag is used only in the SFR method 2.
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0: page 0 mode.
1: page 1 mode.
Page_mode: This flag is used to select SFR register table.
0: SFR Method 1 (indirect mode).
1: SFR Method 2 (page mode).

412 PWM Address Register( PWMADDR )

Mnemonic: PWMADDR Address: A2h
7 6 5 4 3 2 1 0 Reset
| PWMADDR[7:0] | 00H |

PWMADDR: PWM address register and can only use in SFR method 1 (Indirect mode).
PWMADDR and PWMDATA need to be used together.

413 PWM Data Register( PWMDATA )

Mnemonic: PWMDATA Address: A3h
7 6 5 4 3 2 1 0 Reset
| PWMDATA[7:0] | 00H |

PWMDATA: PWM data register and can only use in SFR method 1 (Indirect mode).
PWMDATA and PWMADDR need to be used together.

® Read a data from PWM register in SFR Method 1 (Indirect Mode):
Example: Read the PWMSEYV data in SFR Method 1.
PAGESEL = 0x0h; /I Method 1.
PWMADDR = OxEDh; // PWMSEYV indirect address: OXEDh (Indirect mode)
/I (Refer Pagel Table of the Method 2)
Val = PWMDATA,; /I Val: Read data from PWMSEV.
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® Read a data from PWM register in SFR Method 2 (Page Mode):
Example: Read the PWMSEYV data in SFR Method 2, Page 1.
PAGESEL = 0x3h; / Method 2, Page 1 (Page mode)
Val = PWMSEV;, /I Val: Read data from PWMSEV.
® The PWM Methodl and PWM Method 2 is same result.

4.14 USB Address Register( USBADDR )

Mnemonic: USBADDR Address: A6h
7 6 5 4 3 2 1 0 Reset
| USBADDRJ[7:0] | 00H |

USBADDR: USB address register and can only use in SFR method 1 (Indirect mode).
USBADDR and USBDATA need to be used together.

4.15 USB Data Register( USBDATA)

Mnemonic: USBDATA Address: A7h
7 6 5 4 3 2 1 0 Reset
| USBDATA[7:0] | 00H |

USBDATA: USB data register and can only use in SFR method 1 (Indirect mode).
USBDATA and USBADDR need to be used together.

® \Write data to USB Register in SFR Method 1 (Indirect Mode):
Example: Write data Ox1h to UCTRL1 Register in SFR Method 1.

PAGESEL = 0x0h;  // Method 1.

USBADDR = 0xFEh; // UCTRLL1 indirect address: OxFEh (Indirect mode)
/I (Refer Pagel Table of the Method 2)

USBDATA = 0x1h; // Write data 0x01h to UCTRLL1.

® \Write a data to USB Register in SFR Method 2 (Page Mode):
Example: Write data Ox1h to UCTRL1 Register in SFR Method 2, Page 1.

PAGESEL = 0x3h; // Method 2, Page 1 (Page mode)

UCTRL1 = 0x01h; [/ Write data 0x01h to UCTRL1.
() The USB Methodl1 and USB Method 2 is same result.
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5. GPIO

The SM59A16U1 has four I/O ports: Port 0, Port 1, Port 2, Port 3 and Port 4. Ports 0, 1, 2, 3, are 8-bit ports and Port 4
is a 6-bit port. These are: quasi-bidirectional (standard 8051 port outputs), push-pull, open drain, and input-only. Two
configuration registers for each port select the output type for each port pin. All I/O port pins on the SM59A16U1 may
be configured by software to one of four types on a pin-by-pin basis, shown as below:

Mnemonic | Description | Dir. | Bit7 [Bit6e [ Bit5 [ Bit4 | Bit3 | Bit2 | Bitl | Bit0O | RST
I/O port function register
POMO Port 0 output mode 0 D2h POMO [7:0] OOH
POM1 Port 0 output mode 1 D3h POM1[7:0] OOH
P1MO Port 1 output mode 0 D4h P1MOQ[7:0] OOH
P1M1 Port 1 output mode 1 D5h P1M1[7:0] OOH
P2MO Port 2 output mode 0 D6h P2MOQ[7:0] OOH
P2M1 Port 2 output mode 1 D7h P2M1[7:0] OOH
P3MO Port 3 output mode 0 DAh P3MO[7:0] OOH
P3M1 Port 3 output mode 1 DBh P3M1[7:0] OOH
PAM | PAM | PAM | P4AM | P4M | P4M
P4MO Port 4 output mode 0 DCh - 0.6 05 0.4 0.3 0.2 0.1 - OOH
PAM | PAM | PAM | P4AM | P4M | P4M
P4M1 Port 4 output mode 1 DDh - 16 15 14 13 12 11 - OOH
Note: PO is input only, when reset assert (even P1MO reset value is 00H).
PxM1.y PxMO.y Port output mode
0 0 Quasi-bidirectional (standard 8051 port outputs) (pull-up)
0 1 Push-pull
1 0 Input only (high-impedance)
1 1 Open drain
The OCI_SCL -~ ALE and OCI_SDA can be define as P4.4 ~ P4.5 and P4.6 by writer or ISP -
For general-purpose applications, every pin can be assigned to either high or low independently as given below:
Mnemonic | Description | Dir. | Bit7 [Bit6e | Bit5] Bit4 | Bit3 | Bit2 | Bitl | Bit0O | RST
Ports
Port 0 Port 0 80h P0O.7 | P0O.6 | PO.5 | P0O.4 | PO.3 | PO.2 | PO.1 | PO.O FFh
Port 1 Port 1 90h P17 | P16 | P15 | P14 | P13 | P12 | P11 | P1.0 FFh
Port 2 Port 2 AOh P2.7 | P2.6 | P25 | P2.4 | P23 | P22 | P21 | P2.0 FFh
Port 3 Port 3 BOh P3.7 | P3.6 | P35 | P3.4 | P3.3 | P3.2 | P3.1 | P3.0 FFh
Port 4 Port 4 E8h - P46 | PA5 | P44 | P43 | P42 | P4.1 - FFh
5.1 PO ( Port O Register)
Mnemonic: PO Address: 80h
7 6 5 4 3 0 Reset
| P0.7 | P06 | P05 | P04 | PO.3 | P02 | P01 | PO.0 | FFh |

P0.7~ 0: Port0 [7] ~ PortO [0]
5.2 P1 ( Port 1 Register)

Mnemonic: P1 Address: 90h
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7 6 5 4 3 2 1 0 Reset
| P17 | P16 | P15 [ P14 | P13 | P12 | P11 | P10 | FFh |
P1.7~ 0: Portl [7] ~ Port1 [O]
53 P2 ( Port 2 Register )
Mnemonic: P2 Address: AOh
7 6 5 4 3 2 1 0 Reset
| P27 | P26 | P25 | P24 | P23 | P22 | P21 | P20 | FFh |
P2.7~ 0: Port2 [7] ~ Port2 [Q]
5.4 P3 ( Port 3 Register)
Mnemonic: P3 Address: BOh
7 6 5 4 3 2 1 0 Reset
| P37 | P36 | P35 | P34 | P33 | P32 | P31 | P3.0 | FFh |
P3.7~ 0: Port3 [7] ~ Port3 [Q]
5.5 P4 ( Port 4 Register)
Mnemonic: P4 Address: E8h
7 6 5 4 3 2 1 0 Reset
| - | P46 | PA5 | P44 | P43 | P42 | P41 | - | FFh |

P4.6~ 1: Port4 [6] ~ Port4 [1]
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6. Multiplication Division Unit( MDU )

This on-chip arithmetic unit provides 32-bit division, 16-bit multiplication, shift and normalize features, etc. All
operations are unsigned integer operations.

Table 6-1: SEfRZ (7SR

Mnemonic | Description | Dir. | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | Bit0 | RST
The relevant registers of the Multiplication Division Unit
PCON | Powercontrol | 87H [ SMOD | MDUF | - | STOP | IDLE | 40H
Multiplication Division Unit
ARCON Arithmetic EFh | MDEF | MDOV | SLR SC[4:0] OOH
Control register
Multiplication/Di OOH
MDO vision Register E9h MDOQ[7:0]
0
Multiplication/Di OOH
MD1 vision Register EAh MD1[7:0]
1
Multiplication/Di OOH
MD2 vision Register EBh MD2[7:0]
2
Multiplication/Di OOH
MD3 vision Register ECh MD3[7:0]
3
Multiplication/Di
MD4 vision Register EDh MD4[7:0] OOH
4
Multiplication/Di
MD5 vision Register EEh MD5[7:0] OOH
5
6.1 Operating Registers of the MDU

The MDU is handled by seven registers, which are memory mapped as special function registers. The arithmetic unit
allows operations concurrently to and independent of the CPU’s activity. Operands and results registers are MDO to

MDS5. Control register is ARCON. Any calculation of the MDU overwrites its operands.

Mnemonic: ARCON

7

6

5 4 3

2 1

Address: EFh
0 Reset

| MDEF | MDOV | SLR |

SC[4:0]

| 00H |

MDEF: Multiplication Division Error Flag.

The MDEF is an error flag. The error flag is read only. The error flag indicates an
improperly performed operation (when one of the arithmetic operations has been
restarted or interrupted by a new operation). The error flag mechanism is automatically
enabled with the first write to MDO and disabled with the final read instruction from MD3
multiplication or shift/normalizing) or MD5 (division) in phase three.

The error flag is set when:

1. Phase two in process and write access to mdx registers (restart or interrupt
calculations)
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The error flag is reset only if:

Phase two finished (arithmetic operation successful completed) and read access to MDx

registers.

MDOV: Multiplication Division Overflow flag. The overflow flag is read only.

The overflow flag is set when:

Division by Zero

Multiplication with a result greater then 0000FFFFh

Start of normalizing if the most significant bit of MD3 is set(MD3.7=1)

The overflow flag is reset when:

Write access to MDO register(Start Phase one)
SLR: Shift direction bit.

SLR = 0 — shift left operation.

SLR = 1 — shift right operation.

Shift counter.

When preset with 00000b, normalizing is selected. After normalize sc.0 — sc.4 contains
the number of normalizing shifts performed. When sc.4 — sc.0 # 0, shift operation is
started. The number of shifts performed is determined by the count written to sc.4 to

sc.0.

sc.4—-MSB ... sc.0 - LSB

6.2 Operation of the MDU

The operation of the MDU consists of three phases:

6.2.1 First phase: loading the MDx registers, x = 0~5:

The type of calculation the MDU has to perform is selected following the order in which the mdx registers are written to.

Table 6-2: 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
MD?2 Dividend MD1 Multiplicand High MD2
MD3 Dividend High MD3 MSB
MD4 Divisor Low MD4 Divisor Low
Last write MD5 Divisor High MD5 Divisor High MD5 Multiplicator High ARCON start conversion

A write to mdO is the first transfer to be done in any case. Next writes must be done as shown in Table 6-1 to determine
MDU operation. Last write finally starts selected operation.

6.2.2 Second phase: executing calculation.

During executing operation, the MDU works on its own parallel to the CPU. When MDU is finished, the MDUF register
will be set to one by hardware and the flag will clear at next calculation.
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Mnemonic: PCON Address: 87h
7 6 5 4 3 2 1 0 Reset
| SMOD | MDUF | - | STOP | IDLE | 40h |

MDUF: MDU finish flag.

When MDU is finished, the MDUF will be set by hardware and the bit will clear
by hardware at next calculation.

The following table gives the execution time in every mathematical operation.

Table 6-3: 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

6.2.3 Third phase: reading the result from the MDx registers.

Read out sequence of the first MDx registers is not critical but the last read (from MD5 - division and MD3 -
multiplication, shift and normalizing) determines the end of a whole calculation (end of phase three).

Table 6-4: 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
Last read MD5 Remainder H MD5 Remainder High MD3 Product High MD3 MSB

Here the operation of normalization and shift will be explained more. In normalization, all reading zeroes in registers
MDO to MD3 are removed by shift left. The whole operation is completed when the MSB (most significant bit) of MD3
register contains a '1’. After normalizing, bits ARCON.4 (MSB) to ARCON.O (LSB) contain the number of shift left
operations. As for shift, SLR bit (ARCON.5) has to contain the shift direction, and ARCON.4 to ARCON.O represent
the shift count (which must not be 0). During shift, zeroes come into the left or right end of the registers MDO or MD3,
respectively.

6.3 Normalizing

All reading zeroes of integers variables in registers MDO to MD3 are removed by shift left operations. The whole
operation is completed when the MSB (most significant bit) of MD3 register contains a ’1’. After normalizing, bits
ARCON