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IMPORTANT NOTICE

PADAUK Technology reserves the right to make changes to its praducts/on, to
terminate production of its products at any time without notice. Customeérs are strongly
recommended to contact PADAUK Technology for the latest infermation andyverify
whether the information is correct and complete before placing orders.

PADAUK Technology products are not warranted.to” be=suitable’ for use in life-
support applications or other critical applications. PADAUK /Teehnology assumes no
liability for such applications. Critical applications in¢ludeybut are not limited to, those
which may involve potential risks of death, personal injury,/fire or severe property
damage.

PADAUK Technology assumes. n@” respensibility for any issue caused by a
customer’s product design. Customers should design and verify their products within
the ranges guaranteed by PADAUK.Technolegy. In order to minimize the risks in
customers’ products, custemerS should /design a product with adequate operating
safeguards.
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1. Features

1-1. High Performance RISC CPU Array

L 2K 2K 2R 2R 2R 2R 2% 2% 2% 2K 4

Patented Field Programmable Processor Array (FPPA™) Technology

Operating modes: 8 processing units FPPA™ mode

4Kx16 bits OTP user program memory for 8 FPP units

208 Bytes data RAM for all FPP units

106 powerful instructions

All instructions are 1T except indirect memory access, including branch instructions
Programmable stack pointer to provide adjustable stack level

Direct and indirect addressing modes for data and instructions

All data memories are available for use as an index pointer

Support security function to protect OTP data

Separated 10 and memory space to reduce firmware overhead in‘space exchange

1-2. System Functions

b 28 2 25 A 2K 28 2R 2R 2R 2% 2% 2R 2K 2% 2R 2% 2% 2K 2% 2

*

Clock sources : internal high RC oscillator (IHRC), internal’low.RC oscillator (ILRC) and crystal oscillator
Band-gap circuit to provide 1.20V reference voltage
One hardware 16-bit timer
One hardware 8-bit timer
Up to 11-channel 10-bit resolution ADC'with”1-channel for internal Band-gap reference voltage
One 11-bit hardware PWM generator
Hardware Pulse Capture
PWM protection mechanism
One 1T hardware muiltiplier
One Hall comparator
One general purpose’ comparator
16 10 pins with 10 mA capahility and optional pull-high resistor
Three levels/0f/'VBDDivoltage detection: 4.0V, 3.0V, 2.0V
Five levels of LVD reset~4.1V, 3.6V, 3.1V, 2.8V, 2.5V
Selectablefour,external interrupt pins: PAO or PA7, PBO or PB7
Support fast,wake-up
Every 10 pin can be configured to enable wake-up function
Operating voltage range: 2.5V ~ 5.5V
Operating temperature range: -40°C ~ 85°C
Operating frequency range:
DC ~ 8MHz@VDD=3.3V; DC ~ 4MHz@VDD = 2.5V
Low power consumption
loperating ~ 1.7MA@1MIPS, VDD=5.0V; loperating ~ LOUA@YVDD=3.3V, ILRC~12KHz
lpower down ~ TUA@VDD=5.0V, lpowerdown ~ 0.5UA@VDD=3.3V
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2. General Description and Block Diagram

The PMC884 is an ADC-Type of PADAUK'’s parallel processing, fully static, OTP-based CMOS 8x8 bit
processor array that can execute eight peripheral functions in parallel. It employs RISC architecture based on
patent pending FPPA™ (Field Programmable Processor Array) technology and all the instructions are executed in
one cycle except that some instructions are two cycles that handle indirect memory access.

4Kx16 bits OTP user program memory and 208 bytes data SRAM are inside for 8 FPP units,using, one/up to
11 channels 10-bit ADC is built inside the chip with one channel for internal Band-gap reference valtage;,one
general purpose comparator and one hall comparator are provided. There are two hardware timers\are,also
provided: one is 16-bit timer and one is 8-bit timer with PWM generation. One hardware,Pulse Capture, 10-bit
hardware PWM generator and two PWM protection modules are also built inside the PMC884.in order_to provide
the best solution for BLDC controller.

POR /LVD
10-bit ADC
-/ \ / \ 11-bit PWM
generator
4KW OTP
T& K Interrupt
as K—> FPPO Controller
Control
=) 5 16-bit Timer
z EPP1 3
< 8
3 o
8 e 8-bit Timer
@ =
Piaid a FPP2 =
Function =4 3
2 ) 208 bytes
c ’ » SRAM
|2
Funetion FPP3
K—> > | |<=
SPRI Comparator
Function FPP4
General
UART Purpose
Function FPP5 Comparator
Pulse
Key Scan Capture
Function FPPG
Watchdog
LCD Timer
Function \ / v
FPP7
Multiplier
Power
management
10 Ports
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3. PMC884 Pin Assignment and Description

PA2 PA1

PAO
PA7/X1
PAG/X2
VDD
AVDD
PB7/AD7
PB6/AD6
PB5/AD5
PB4/AD4

PA3/AD8

PA4/AD9

PA5/PRST#

GND

AGND

PBO//ADO

PB1/AD1

PB2/AD2

PB3/AD3

PMC884 (SSOP20-150mil)

Pin Name | Buffer Type Description
The functions of this pin can be:
(1) Bit 7 of port A. It can be configuredras input or output/with pull-up resistor.
PA7/ 1o (2) X1 when crystal oscillator is_useds
X1/ ST/ 3 !External inter'rupt line 2. Both rising,edge and falling edge are accepted to request
interrupt service.
IE\TVZI\//I C,:Al\:;l):g/ (4) Output of PWM generatef.
If this pin is used forCrystal oscillater, bit 7 of padier register must be programmed “0”
to avoid leakage current. Fhis pin can‘be used to wake-up system during sleep mode;
however, wakesupsandsinterrupt functions are disabled if bit 7 of padier register is “0".
The functions of this/pin can/be:
(1) Bit 6 of port A. It can be configured as input or output with pull-up resistor.
PAG/ 10 (2),X2 when'erystal oscillator is used.
X2/ ST/ (3). Input’of Pulse Capture.
PC/ CMOS/ _ [(4)/ Output-of PWM generator.
PWM Analog If this'pin.is used for crystal oscillator, bit 6 of padier register must be programmed “0”
to avoid leakage current. This pin can be used to wake-up system during sleep mode;
however, wake-up function is also disabled if bit 6 of padier register is “0”".
he functions of this pin can be:
(1) Bit5 of port A. It can be configured as input or open-drain output pin. Please notice
PABY that there is no pull-up resistor in this pin.
10 (2) Hardware reset.
@ Ui ST/ (3) Output of Hall comparator.
YN CMOS (4) Input of Pulse Capture.
PN This pin can be used to wake-up system during sleep mode; however, wake-up function
is also disabled if bit 5 of padier register is “0”. Please put 33Q resistor in series to have
high noise immunity when this pin is in input mode.
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Pin Name | Buffer Type Description
The functions of this pin can be:
(1) Bit 4 of port A. It can be configured as input or output with pull-up resistor.
PAA/ (2) Channel 9 input of ADC.
AD9/ 10 (3) Output of PWM generator.
ST/ (4) Minus input of general purpose comparator.
PWM/ CMOS/ |(5) Plus input of Hall comparator.
CINI-/ Analog If this pin acts as analog input, bit 4 of padier register must be progfammed “02,t0
CINZ+ avoid leakage current. This pin can be used to wake up system during,sleepmode;
however, wake-up function from this pin is also disabled when hit’4 of\padier register
is “0”".
The functions of this pin can be:
(1) Bit 3 of port A. It can be configured as input or output with_pull-upsrésistor.
PA3/ 0 (2) Channel 8 input of ADC.
ADS/ ST/ (3) Output of PWM generator.
(4) Minus input of general purpose comparater.
PWM/ CMOS/ L . . i . o
CINL Analog If th.IS pin acts as analog mpu_t, bit 3 of padierregister must be prog_rammed 0" to
avoid leakage current. This pin cap be used,to wakewp/System during sleep mode;
however, wake-up function fromithis/pimris alsodisabled when bit 3 of padier register
is “0”".
The functions of this pin can be:
(1) Bit 2 of port A. It can bé configured as input or output with pull-up resistor.
PA2/ 10 (2) Output of PWM generator.
PWM/ ST/ (3) Minus input of Hall eomparator.
CIN2- CMOS/ |If this pin acts,agranalog input, bit 2 of padier register must be programmed “0” to
Analog avoid leakage’current. This pin can be used to wake up system during sleep mode;
however, wake-up function from this pin is also disabled when bit 2 of padier register
is “0™
Therfunctions of this pin can be:
0 (@) Bit=l of port A. It can be configured as input or output with pull-up resistor.
PAL/ ST (2) _Minys input of Hall cgmparat.or. _ _
CIN2- eMos If this pinvacts as analog input, bit 1 of padier register must be programmed “0” to
avoid leakage current. This pin can be used to wake up system during sleep mode;
Analog . L . . . .
hewever, wake-up function from this pin is also disabled when bit 1 of padier register
is “0”".
The functions of this pin can be:
(1) Bit 0 of port A. It can be configured as input or output with pull-up resistor.
PAO/ 10 (2) External interrupt line 0. Both rising edge and falling edge are accepted to request
INTO/ ST/ interrupt service.
P€/ CMOS/ |(3) Input of Pulse Capture.
CIN2- Analog (4) Minus input of Hall comparator.
This pin can be used to wake up system during sleep mode; however, wake-up
function from this pin is also disabled when bit 0 of padier register is “0”.
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Pin Name | Buffer Type Description
The functions of this pin can be:
(1) Bit 7 of port B. It can be configured as input or output with pull-up resistor.
(2) Channel 7 input of ADC.
PB7/ 0 (3) Input of Pulse Capture.
AD7/ ST/ (4) Minus input of general purpose comparator
PC/ CMOS / (5) External interrupt line 3. Both rising edge and falling edge are accepted.to request
CIN1-/ Analog _mterrupt service. _ . . _

INT3 If this pin acts as analog input, bit 7 of pbdier register must be programmed 0" to
avoid leakage current. This pin can be used to wake up systemduring Sleep mode;
however, wake-up function from this pin is also disabled whentbit 7 of pbdier register
is “0”".

PB6/AD6 The functions of this pin can be:
PB5/ADS (1) Bit[6:1] of port B. It can be configured as input or output with pull-up resistor.
10 (2) Channel [6:1] input of ADC.
PB4/AD4 ST/ If this pin acts as analog input, bit [6:1] of pldiern register must’be programmed “0” to
PB3/AD3 CMOS/ |avoid leakage current. This pin can be usedte wake up system during sleep mode;
Analog however, wake-up function from this pin‘is also/disabled’when bit [6:1] of pbdier
PB2/AD2 register is “0”".
PB1/AD1
The functions of this pin can be:
(1) Bit 0 of port B. It cap be configured as input or output with pull-up resistor.
(2) Channel 0 input of ADC.

PBO/ (3) Input of Pulse/Captdre.

ADO/ 10 (4) Minus inputfof general purpose comparator

PC/ ST/ (5) Plus input ofigeneral purpose comparator

CIN1-/ CMOS / (6) Output of general purpose comparator
CIN1+/ Analog (7) External interruptline 1. Both rising edge and falling edge are accepted to request
COouT/ interrupt’service.

INT1 [f'this=pin<acts as‘analog input, bit O of pbdier register must be programmed “0” to
avoidileakage current. This pin can be used to wake up system during sleep mode;
howeverjywake-up function from this pin is also disabled when bit O of pbdier register
1s,"0".

VDD < Positive power

GND - Ground

AVDD - Analog Positive power
AGND - Analog Ground
Notes: 1O:dnput/Output; ST: Schmitt Trigger input; Analog: Analog input pin; CMOS: CMOS voltage level
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4. Device Characteristics

4-1. AC/DC Device Characteristics

Symbol Description Min Typ Max Unit Conditions (Ta=25%C)
Vb Operating Voltage 2.5 5.0 5.5 \% For ?M?884 DC Fan
application
System clock
IHRC 0 8M Vpp = 3.3V
fovs IHRC & crystal oscillator 0 4M Hz |Vpp=2.5V
Internal low RC oscillator 24K Vpp = 5.0V
lop Operating Current 1.7 mA | fsys=IMIBRS@5.0V
8 UA |fsyvs=ILRCZ12KHz@3.3V
Ipp Power Down Current 0.7 UA |fsys= OHZ,Vpp=5.0V
(by stopsys command) 0.4 0A | fsys= OHzVpp=3.3V
los Power Save Current VDD=5.0V;
(by stopexe command) 0.4 mA B.and-gap, LVD, IHRC, ILRC,
Timer16 modules are ON.
Vi Input low voltage for IO lines 0 0.2Vpp \
Viu Input high voltage for 10 lines 0.8 Vpp Vo V.
loL 10 lines sink current 7 10 13 mA | Vpp=5.0V, Vo =0.5V
lon IO lines drive current -5 -7 =9 mA | Vpp=5.0V, Vou=4.5V
Rpy Pull-high Resistance ° KQ Voo=5.0V
100 Vpp=3.3V
3.86 4.15 4.44
3135 3.60 3.85
Vero Low Voltage Detect Voltage * 284 3.05 326 Vv
(Brown-out voltage) 561 2 80 3.00
2.37 2.55 2.73
Band-gap Re.fererlce \oltage 112 120 198 V=5V, 25°C
Vac (before calibration) Vv
Band-gap F.Qefer.ence Voltage * 117+ | 1.200% | 1.23* VDD0=2.5V ~ 5.05V,
(after calibration) -40°C <Ta<85 C*
15.68* 16* 16.32* 25°C, Vpp=2.5V~5.5V
o Frequer?cy qf IHRC after MHz |V =2 5y-5.5v
calibration' * 14.72% | 16 | 17.28* o
-40°C <Ta<85°C*
20.4* 24* 27.6* Vpp=5.0V, Ta=25°C
o Frequéncy of ILRC * 15.6* 24* 32.4* KHz Vpp=5.0V, -40°C <Ta<85°C*
10.2* 12* 13.8* Vpp=3.3V, Ta=25°C
7.8* 12* 16.2* Vpp=3.3V, -40°C <Ta<85°C*
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Symbol |Description Min Typ Max Unit |Conditions (Ta=25%C)
Vaoe ://\gcl)tr:;i)le ADC operating 25 50 Vv
Vap AD Input Voltage 0 Vop \
ADrs ADC resolution 10 bit
ADclk ADC clock period 2 us |2.5vV~55V

ADC conversion time 13 8-bit resolution
tapcony (TapcLk is the period of the 14 TapcLk | 9-bit resolution

selected AD conversion clock) 15 10-bit resolution
AD DNL |ADC Differential NonLinearity +2* LSB
AD INL  |ADC Integral NonLinearity +4* LSB
ADos ADC offset* 3 mV
tinT Interrupt pulse width 30 ns |Vép=5.0V
Vpr RAM data retention voltage* 15 Vy | In power-down mode.

2048 misc[1:0]=00 (default)

fwor Watchdog timeout period 4096 o misc[1:0]=01

(TiLre is the clock period of ILRC) 16384 mise[1:0]=10

256 misc[1:0]=11

System boot-up period from Where T, rcis the clock
tsep 1024 Titgé .

power-on period of ILRC

System wake-up period

Fast wake-up by 10 toggle Where Tgysis the time

from STOPEXE suspend X Tsvs period of system clock
Fast wake-up by 10 toggle 128 Tsys Where Tgure is the stable time
from STOPSYS suspend, + of IHRC from power-on.
fwor IHRC is the system clock TsiHre
Fast wake-up by 10 toggle 128 Tgys Where Tg rc is the stable time
from STOPSYS suspénd, ILRC + of ILRC from power-on.
is the system clock Tsitre
Normal wakesup from Where T, rcis the clock
STOPEXEORSTOPSYS 1024 Tirc |period of ILRC
suspend
HCPos Comparator,offset* - +10 +20 mV
HCPem Comparator input eommon 0 Voo 1.5 vV
mode*
HCPspt /| Comparator response time** 100 500 ns |Both Rising and Falling
eknd Stable-time'to change 25 75 Us

comparator mode

*These parameters are for design reference, not tested for each chip.
** Response time is measured with comparator input at (Vpp-1.5)/2 -100mV, and (Vpp-1.5)/2+100mV

4-2. Absolute Maximum Ratings

® SupplyVoltage ........cooviiiiiiiiii s 2.5V ~ 5.5V

® InputVoltage .........ccooviiiiiiiii -0.3V ~ Vpp + 0.3V
®  Operating Temperature ........................... -40°C ~ 85°C

®  Junction Temperature .............cc.ocovevennnn. 150°C

®  Storage Temperature ...................c...cceee.. -50°C ~ 125°C
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4-3. Typical ILRC frequency vs. VDD and temperature

ILRC vs. Temperature

35

——VDD=5.0V
\ —=—\VDD=4.0V
25 v\‘\‘\‘\‘\‘iDD=3.3V
20 .\.\.\‘ T —

10

30

ILRC(KHz)

40 -30 -20 -10 O 10 25 35 45 55 65 75 85
Temperature (degree C)

4-4. Typical IHRC frequency deviation vs. VDD,and temperature

IHRC Drift

2%

0%

-2%

A% Al

/ / —e—VDD=5V

-6 Z —=-VDD=4.2V
/ VDD=3.3V
g

-8%

Drift (%)

-10%
-40 -30 -20 -10 0 10 20 30 40 50 60 70 80 90

Temperature (degree C)

Note: IHRC is calibrated to 16MHz

©Copyright 2018, PADAUK Technology Co. Ltd Page 15 of 103 PDK-DS-PMC884_V003 — Jan. 12, 2018



LN PMC884 Family
* PADAUK Motor Controller

4-5. Typical Operating Current vs. VDD and CLK=IHRC/n

Conditions:

1-FPPA (code option)

ON: Band-gap, LVD, IHRC;

OFF: ILRC, EOSC, T16, TM2, ADC, PWM, Hall Comparator modules;
10: PA0:0.5Hz output toggle and no loading, others: input and no floating

IHRC/n Operating Current vs. VDD

——|HRC/64
|| —=—IHRC/32 _®

IHRC/16
| |~ HRC/8
—%— IHRC/4

—e— IHRC/2 /

Operating Current (mA)
o N W A 01 O

VDD (V)

4-6. Typical Operating Current vs. VDBD/and CLK=ILRC/n

Conditions:

1-FPPA (code option)

ON: ILRC;

OFF: Band-gap, LYD, IHRC, EOQSC, T16, TM2, ADC, PWM, Hall Comparator modules;
10: PA0:0.5Hz autput toggle/and ne loading, others: input and no floating

20 ILRC/n Operating Current vs. VDD

35 ——ILRC/1

0 —=—ILRC/4 /

25

20 /

Operating Current (uA)

o g

VDD (V)
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4-7. Typical Operating Current vs. VDD @CLK=32KHz EOSC/n
Conditions:
1-FPPA (code option)
ON: EOSC, MISC.6 = 1;
OFF: Band-gap, LVD, IHRC, ILRC, T16, TM2, ADC, PWM, Comparator modules;
10: PA0:0.5Hz output toggle and no loading, others: input and no floating

EOSC(32KHz) Operating Current vs. VDD

[*2)
o

- EOSC/1
| |-=—EOSC/2 /
|| EOSC/4

EOSC/8 / _n

a
o
>

N
o

N
o

[N
o

Operating Current (uA)
w
o

o

2 25 3 35 AN4A5°_ 5 N55 6
VDDAV

4-8. Typical Operating Current vs. VBD @CLK=1IMHz EOSC/n
Conditions:
1-FPPA (code option)
ON: EOSC, MISC.6 = 1;
OFF: Band-gap, LVD,THRCILRC, T16,TM2, ADC, PWM, Comparator modules;
10: PA0:0.5Hz outputitoggle ahdho loading, others: input and no floating

EOSC(1MHz) Operating Current vs. VDD
4
| <+ EOSC/1
£ 35 /
£ 3 .4 = EOSC/2
L EOSC/4
g 25 EOSC/8 /// B
5 e
o 2 —
215 =
IS
a 1
o
©os5
0
2 25 3 35 4 45 5 5.5 6
VDD (V)
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4-9. Typical Operating Current vs. VDD @CLK=4MHz EOSC/n

Conditions:

1-FPPA (code option)

ON: EOSC, MISC.6 = 1;

OFF: Band-gap, LVD, IHRC, ILRC, T16, TM2, ADC, PWM, Comparator modules;
10: PA0:0.5Hz output toggle and no loading, others: input and no floating

EOSC(1MHz) Operating Current vs. VDD
7
—~ 6 ||+ EOSCn
g = EOSC/2 /
TE’ 57 EOSsC/4
® , || EOSC/8 -
c 4 —
8 3 / //./
(@] -
o -
8 2 /// =
O 1 —
0
2 2.5 3 35 4 4.5 5 5.5 6
VDD (V)
4-10. Typical 10 pull high resistanee
Rphvs. VDD
300
250 \\
a 200 \
4
= 150
< \
® 100
50
0
20 25 30 35 40 45 50 55 6.0
VDD(V)
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4-11. Typical 10 driving current (lon) and sink current (loL)

loh@Vol=0.9*VDD lol@Vol=0.1*VDD
12 14
-8 210
Es E®
g e
4 4
2 2
0 0
20 25 30 35 40 45 50 55 60 20 25 30 35 40 45 50 \.55 60
VDD(V) VDD(V)
4-12. Typical 10 input high/low threshold voltage (Vin/ViL)
Vih vs. VDD Vilvs. VDD
3 3
25 25
2 2
s S1s
15 st
> 1 1
05 0.5
0 0
20 25 30 35 40 45 50 55 6.0 20 25 30 35 40 45 50 55 60
VDD (V) VDD(V)
4-13. Timing charts for boot up conditions
VD[I VDD  ---ee--- oo LVDlevel
{see | : {sep |
POR |_| | LVD :
Program E Program
Execution i Execution
Beot«Up from, Power<On Reset Boot up from LVD detection
VDD VDD
WD {sep | :
. —| ! Reset# !
Time Out ' :
Program Program <—>tSBP
Execution ' Execution :

Boot up from Watch Dog Time Out

Boot up from Reset Pad reset
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5. Functional Description

5-1. Processing Units

There are eight processing units (FPP unit) inside the PMC884. In every processing unit, it includes (i) its
own Program Counter to control the program execution sequence (i) its own Stack Pointer to store or restore the
program counter for program execution (iii) its own accumulator (iv) Status Flag to record the status of program
execution. Each FPP unit has its own program counter and accumulator for program execution, flag régister to
record the status, and stack pointer for jump operation. Based on such architecture, FPP unit can execute,its own
program independently, thus parallel processing can be expected.

These eight FPP units share the same 4Kx16 bits OTP user program memory, 208 bytes datalSRAM and all
the 10 ports, these eight FPP units are operated at mutual exclusive clock cycles to aveidnterference. One task
switch is built inside the chip to decide which FPP unit should be active for the corresponding ‘cycle. The hardware
diagram of processing units is illustrated in Fig. 5-1-1.

Program Counter O Program Counter 1 RProgram Counter 7

Stack Pointer 0

Accumulator 0 Accumulator 1 Accumulator 7

Flag register 0 Flag register 1 Flag register 7

I
1
1
[
1
1
ac ointer ac ointer
Stack Pointer 1 00000 : Stack Pointer 7
1
1
1
1
1
1

- A A A A A v
A 4 A 4 A 4 A 4 A 4

4KW OTP
Task Switch Hardware Uper 208 bytes 10 Port
Program SRAM
Medules Memory

Fig."5-1-1 Hardware Diagram of Processing units

These eight/FPP/units’are.operated at mutual exclusive clock cycles and can be enabled independently. The
system performance is,shared to the assigned FPP units via pmode command; please refer to the description of
pmodesinstruction. The bandwidth assignment is nothing to do with FPP enable, means that the bandwidth is also
allocated’totthe assigned’'FPP unit even though it is disabled.
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Fig. 5-1-2 shows the timing sequence of FPP units for pmode=0 which will assign the bandwidth to two FPP
units only. FPPO and FPP1 each have half computing power of whole system; for pmode=0, FPP0O and FPP1will
be operated at 4MHz if system clock is 8MHz. For FPPO unit, its program will be executed in sequence every
other system clock, shown as (M-1)y,, My, .... (M+4)y, instructions. For FPP1 unit, its program will be also
executed in sequence every other system clock, shown as (N-1)y, Ny, .... (N+3)y, instructions.

System Clock

iIREEAEEERARAER SR EREREN

Time
(M-1)in ﬁ\ (M+1)n (M+2)n (M+3)in (M+4),
= | [ | |3 2| | ) | | Ry
FPPO active
(N-1)tn (N+1)in (N+2)in (N+3)tn

J_Lﬂfl_fl_ﬂ_

FPP1 active

PMODE=0 (FPPO and FPP1 are active, FPP2~FPP7 are inactive)

Fig. 5-1-2 Timing’Sequence aof Processing units for pmode=0
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Fig. 5-1-3 shows the timing sequence of FPP units for pmode=6 which will assign the bandwidth to four FPP
units (FPPO, FPP1, FPP2, FPP3); for pmode=6, FPPO, FPP1, FPP2 and FPP3 will be operated at 2MHz if
system clock is 8MHz, means that each FPP unit has quarter computing power of whole system, however, FPP4,
FPP5, FPP6 and FPP7 are inactive; For FPPO unit, its program will be executed once in sequence every four
system clock, shown as (M-1)y, My, .... (M+4)y, instructions. For FPP1 unit, its program will be also executed
once in sequence every four system clock, shown as (N-1)y,, Ny, .... (N+3)g instructions. For FPP2 unit, its
program will be also executed once in sequence every four system clock, shown as (O-1)y, Oy, ... (O%3)
instructions. For FPP3 unit, its program will be also executed once in sequence every four system clack; shown
as (P-1)i, P, .... (P+3)y, instructions.

System Clock
(M-1)y, My, (M+1)y, (M+2)y, (M+3)y, (M+a), Time
FFPPO active
(N'l)th Nin (N+1)th (N+2)th (N+3)th
] ] ] ] ]
FPP1 active
(O-Dy, oN (0+1),, (0+2)y, (O+3)y,
DRV ] ] ] RN
FPP2 active
(P'l)th Pth (P+1)th (P+2)th (P+3)th
DR DRV ] ] ]
FPP3 active
Note: FPP4,FPP5,FPP6,FPP7 inactive

Fig. 5-1-3 Timing Sequence of Processing units for pmode=6

The’FRP_unit can be enabled or disabled by programming the FPP unit Enable Register, only FPPO is
enabled\after power-on reset. The system initialization will be started from FPPO and other units can be enabled
by user’si program if necessary. All the FPP units can be enabled or disabled by using any one FPP unit, including
it.
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5-1-1. Program Counter

Program Counter (PC) is the unit that contains the address of an instruction to be executed next. The
program counter is automatically incremented at each instruction cycle so that instructions are retrieved
sequentially from the program memory. Certain instructions, such as branches and subroutine calls, interrupt the
sequence by placing a new value in the program counter. The bit length of the program counter is 12 for PMC884.
The program counter of FPPO is 0 after hardware reset, 1 for FPP1, 2 for FPP2, 3 for FPP3, 4 for FPR4, 5 for
FPP5, 6 for FPP6 and 7 for FPP7. Whenever interrupt event happens, only FPPO will be informed and its{program
counter will jump to 'h10 for interrupt service routine. All the FPP units have its own program counter to control the
program execution sequence.

5-1-2. Stack Pointer

The stack pointer in each processing unit is used to point the top of the stack area where the local variables
and parameters to subroutines are stored; the stack pointer register (sp) is located in 10 address 0x02h. The bit
number of stack pointer is 8 bit and data memory is 208 bytes; therefore, the stack memory should be defined
within 208 bytes from 0x00h address. The stack memory of PMC884 forjeach KPP unit can be assigned by user
via stack pointer register, means that the depth of stack pointer for each’ FPP unit’is adjustable in order to optimize
system performance. The following example shows how to define the stack in the/ASM (assembly language)
project:

.ROMADR 0
GOTO FPPAO
GOTO FPPA1
.RAMADR O H Address must,be less than 0x100
WORD StackO [1] /'one WORD
WORD Stack1 [2] itwo WORD
FPPAO:
SP = StackO; /assign StackO for FPPAO,
I’one level call because of StackO[1]
call functionl
FPPA1:
SP = Stackd; Il assign Stackl for FPPA1,
I/ two level call because of Stack1[2]
call function2
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In Mini-C project, the stack calculation is done by system software, user will not have effort on it, and the

example is shown as below:

void FPPAO (void)
{

User can check the stack assignment in the window of program disassembling, Fig. 5-1-4 shows'that the
status of stack before FPPO execution, system has calculated the required stack space=and has reservedfor the
program.

FPPAB (void)

caz2s GOTO B8x28

x| FPPADG (void)

By 00000028 o0e30 WDRESET
@e000029 1F08 HOU A #0x8
@0000B2A  BBE2 HOU SP A

<

Fig. 5-144%Stack Assignment in Mini-C project
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5-2. Program Memory — OTP

The OTP (One Time Programmable) program memory is used to store the program instructions to be
executed. There are 4KW OTP program inside the PMC884, All the user program codes for all FPP units are
stored in this 4AKW OTP memory. The OTP program memory may contains the data, tables and interrupt entry.
After reset, the initial address for FPPO is ‘h000, ‘h001 for FPP1, ‘h002 for FPP2, ‘h003 for FPP3, ‘h004 for FPP4,
‘h005 for FPP5, ‘h006 for FPP6 and ‘h007 for FPP7; the interrupt entry is ‘h010 and only FPPO will ‘be informed.
The OTP program memory for PMC884 is partitioned as below.

Address

Function

000

FPPO reset — goto instruction

001

FPP1 reset — goto instruction

002

FPP2 reset — goto instruction

003

FPP3 reset — goto instruction

004

FPP4 reset — goto instruction

005

FPPS5 reset — goto instruction

006

FPP6 reset — goto instruction

007

FPP7 reset — goto instruction

008

User program memory

00F

User program memory

0Io

Interrupt entry"address

011

User program memory

FF7

User program memory

FF8

System using

FFF

System using

Table 5-2-1: Program Memory Organization
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In order to have maximum flexibility for user program using, the user program memory is shared for all FPP
units, and the program space allocation is done by program compiler automatically, user does not need to specify
the address if not necessary. Table 5-2.2 shows one example of program memory using which two FPP units are
used.

Address Function

000 | FPPO reset — goto instruction (goto ‘h011)
001 | FPP1 reset — goto instruction (goto ‘h3A1)
002 | Reserved

OOF | Reserved

010 | Interrupt entry address

011 | Begin of FPPO user program

7A0 | End of FPPO user program
7A1 | Begin of FPP1 program

F37 | End of FPP1 program
F38 | Not used

FF7 | Not used

FF8 | System Using

FFF | System Using

Table 5-2.2: Example of Program Memory Using
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5-3. Program Structure

After power-up, the program starting address of FPPO is 0x000, 0x001 for FPP1, 0x002 for FPP2, 0x003
for FPP3, 0x004 for FPP4, 0x005 for FPP5, 0x006 for FPP6 and 0x007 for FPP7. The 0x010 is the entry address
of interrupt service routine, which belongs to FPPO only. The basic firmware structure for PMC884 is shown as Fig.

5-3-1, it shows that there are four FPP units are used; the program codes of four FPP units are placed in one
whole program space. Except for the initial addresses of processing units and entry address of interrupt, the

memory location is not specially specified; the program codes of processing unit can be resided at any location'no

matter what the processing unit is. After power-up, the fppOBoot will be executed first, which will include the
system initialization and other FPP units enabled.

I/l Page 1
.romadr 0x00
// Program Begin

goto  fppOBoot;
goto  fpplBoot;
goto fpp2Boot;
goto fpp3Boot;
/[------ Interrpt service
Routine----------
.romadr 0x010
pushaf ;
tOsn intrq.0;  //PA.O ISR
goto ISR_PAQ;
tOsn intrg.1; /IPB.0 ISR

M- End of ISR---------
/[------ Begin of FPPO ----------
fppOBoot :

//--- Initialize FPPO SP and so
on...
fb.pOLoop:

mgoto fppOLoop:

/I Page 2
/[------ Begin of FPP1 ----------
fpplBoot :

/[--- Initialize FPP1 SP and so on
fpplLoop:

goto fpplLoop:
/[--=-mm-- End of FPP1 --------
/[------ Begin of FPP2 ----------
fpp2Boot :
/I--- Initialize FPP2 SP and so on
fpp2Loop:

goto fpp2Loop:
[[--------- End of FPP2 --------
/[------ Begin of FPP3 ----------
fpp3Boot :
//--- Initialize FPP3 SP and so
on...

fb.pBLoop:

mgoto fpp3Loop:
[f-mnmeees End of FPP3 --------

Fig. 5-3-1 Program Structure
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5-4. Boot Procedure

POR (Power-On-Reset) is used to reset PMC884 when power up, however, the supply voltage may be not
stable. To ensure the stability of supply voltage after power up, it will wait 1024 ILRC clock cycles before first
instruction being executed, which is tsgp and shown in the Fig. 5-4-1. After boot up procedure, the default system
clock is ILRC. If user wants to switch the system clock source from ILRC to IHRC or EOSC, user must enable the
corresponding oscillator module and make sure clock is already stable.

VDDI

SBP ;
POR H i
Program i

Execution i

Boot up from Power_- On Reset

Fig. 5-4-1 Power-On Sequence

Fig. 5-4-2 shows the typical program flow after boot up, itéshews allsthe FPP units are used. Please notice
that the FPP1~FPP7 are disabled after reset, recommending NOT,to enable FPP1~FPP7 before system and
FPPO initialization.

Set the Stack of FPP7

FPPO Firmware | FPP6 Firmware

E i > E
| Initializethe System clock | . T !
i ; i . [ FPP7Fimware | |
FPPO Initialize/the 1Q . - '
! ' ! ]
i |Initia|ize the shared resources| T
L 1| Set the Stack of FPP6
; Set the stack of FPPO . ' '
; T : : |
: Enable FPP1 . Enable FPP7 .
; ' | | v ;

Set the Stack of FPP1 Set the Stack of FPP2

:

¥
Enable FPP2 Enable FPP3 —_— o o o
¥ 4

| FPP1 Firmware

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Fig. 5-4-2 Boot Procedure
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5-5. Data Memory -- SRAM

Fig. 5-5-1 shows the SRAM data memory organization of PMC884, all the SRAM data memory could be
accessed by every FPP unit directly with 1T clock cycle, the data access can be byte or bit operation. Besides
data storage, the SRAM data memory is also served as data pointer of indirect access method and the stack
memory for all FPP units.

The stack memory for each processing unit should be independent from each other, and defined in‘the
data memory. The stack pointer is defined in the stack pointer register of each processing unit; the depth of stack
memory of each processing unit is defined by the user. The arrangement of stack memory fully flexible and,can be
dynamically adjusted by the user.

For indirect memory access mechanism, the data memory is used as the data“peinter, to address the data
byte. All the data memory could be the data pointer; it's quite flexible and useful to do,the indirect memory access.
All the 208 bytes data memory of PMC884 can be accessed by indirect access mechanisms

Address 1
000h
DATA e FPPO
index
FPP1
L e g
FPPO stack
FPP1 stack L FPP2
FPP2 stack
FPP
e 3
FPP3 stack
FPP4 stack > FPP4
FPP5 stack
FPP
Em— 5
FPP6 stack
FPP7 stack VRSN FPP6
DATA
FPP7
CFh >
v

Fig. 5-5-1 Data Memory Organization
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5-6. Arithmetic and Logic Unit

Arithmetic and Logic Unit (ALU) is the computation element to operate integer arithmetic, logic, shift and
other specialized operations. The operation data can be from instruction, accumulator or SRAM data memory.
Computation result could be written into accumulator or SRAM. All the FPP units share the ALU for its
corresponding operation.

5-7. Oscillator and clock

There are three oscillator circuits provided by PMC884: external crystal oscillator (EOSC), internal high RC
oscillator (IHRC) and internal low RC oscillator (ILRC), and these three oscillators are epabled lor ‘disabled by
registers eoscr.7, clkmd.4 and clkmd.2 independently. User can choose one of thesesthree oscillators as,system
clock source and use clkmd register to target the desired frequency as system clock to meet different.application.

Oscillator Module Enable/Disable Default after boot-up
EOSC eoscr.7 Disabled
IHRC clkmd.4 Enabled
ILRC clkmd.2 Enabled

5-7-1. Internal High RC oscillator and Internal Low RC oscillator

After boot-up, the IHRC and ILRC oscillators arejenabled.-the frequency of IHRC can be calibrated to
eliminate process variation by ihrcr register; normally it is\calibrated to 16MHz. The frequency deviation can be
within 2% normally after calibration and it still drifts slightly with supply voltage and operating temperature, the
total drift rate is about +6% for VDD=2.5V<5.5Y and -40°C~85°C operating conditions. Please refer to the
measurement chart for IHRC frequency verse VDD and;IHRC frequency verse temperature.

The frequency of ILRC is around 20 KHz; however, its frequency will vary by process, supply voltage and
temperature, please refer to DC specification and deo rot use for accurate timing application.

5-7-2. Chip calibration

The IHRC freguency and Band-gap reference voltage may be different chip by chip due to manufacturing
variation, PMC884 pfovide both the IHRC frequency calibration and Band-gap calibration to eliminate this
variation, andthis function,Can_be selected when compiling user’s program and the command will be inserted into
user’s pragram automatically. The calibration command is shown as below:

ADJUST _IC  SYSCLK=IHRC/(p1), IHRC=(p2)MHz, VDD=(p3)V, Band-gap=(p4);
Where,
pl=2, 4, 8, 16, 32; In order to provide different system clock.
p2=16 ~ 18; In order to calibrate the chip to different frequency, 16MHz is the usually one.
p3=2.5 ~ 5.5; In order to calibrate the chip under different supply voltage.
p4= On or Off; Band-gap calibration is On or Off.
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5-7-3 IHRC Frequency Calibration and System Clock

During compiling the user program, the options for IHRC calibration and system clock are shown as Table 4:

SYSCLK CLKMD IHRCR Description
o SetIHRC /2 =34h (IHRC/ 2) Calibrated IHRC calibrated to 16MHz, CLK=8MHz (IHRC/2)
o SetIHRC /4 =14h (IHRC/ 4) Calibrated IHRC calibrated to 16MHz, CLK=4MHz (IHRC/4)
o SetIHRC /8 =3Ch (IHRC/ 8) Calibrated IHRC calibrated to 16MHz, CLK=2MHz (IHRC{8)
o Set IHRC /16 =1Ch (IHRC/16) | Calibrated IHRC calibrated to 16MHz, CLK=1MHz (IHRC/16)
o Set IHRC /32 =7Ch (IHRC / 32) | Calibrated IHRC calibrated to 16MHz, CLK=0.5MHz, (IHRC/32)
o Set ILRC =E4h (ILRC /1) Calibrated IHRC calibrated to 16MHz, CLK=ILRC
o Disable No change No Change IHRC not calibrated, CLK net changed

Table 4 Options for IHRC Frequency Calibration

Usually, .ADJUST _IC will be the first command after boot up, in order to set the target operating frequency
whenever stating the system. The program code for IHRC frequency calibration is executed only one time that
occurs in writing the codes into OTP memory; after then, it will not be executed again. If the different option for
IHRC calibration is chosen, the system status is also different after boot. The following shows the status of
PMC884 for different option:

(1) .ADJUST_IC SYSCLK=IHRC/2, IHRC=16MHz, VDDP=5V, Band-gap=0n
After boot up, CLKMD = 0x34:
& IHRC frequency is calibrated/to 16MHz@VDD=5V and IHRC module is enabled
& System CLK =|HRC/2 = 8MHz
& Watchdog timer is disabled dLRCis enabled, PA5 is in input mode, BG=1.2V

(2) .ADJUST_IC SYSCLK=|HRC/4, IHRC=16MHz, VDD=3.3V, Band-gap=0n
After boot, CLKMD™= 0x14;
& IHRC frequencyis ealibrated to 16MHz@VDD=3.3V and IHRC module is enabled
& System ChK=,|HRC/4 ="4AMHz
& Watchdog timer is disabled, ILRC is enabled, PA5 is in input mode, BG=1.2V

(3) .ADJUSTMC SYSCLK=IHRC/8, IHRC=16MHz, VDD=2.5V, Band-gap=0n
After,bo0tyCLKMD = 0x3C:
& IHREC frequency is calibrated to 16MHz@VDD=2.5V and IHRC module is enabled
&\ System CLK = I[HRC/8 = 2MHz
& Watchdog timer is disabled, ILRC is enabled, PA5 is in input mode, BG=1.2V

(4), .ADJUST_IC SYSCLK=IHRC/32, IHRC=16MHz, VDD=5V, Band-gap=0ff
After boot, CLKMD = 0x7C:
& IHRC frequency is calibrated to 16MHz@VDD=5V and IHRC module is enabled
& System CLK = [HRC/32 = 500KHz
& Watchdog timer is disabled, ILRC is enabled, PAS5 is in input mode
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(5) .ADJUST_IC SYSCLK=ILRC, IHRC=16MHz, VDD=5V, Band-gap=0ff
After boot, CLKMD = OXE4:
& IHRC frequency is calibrated to 16MHz@VDD=5V and IHRC module is disabled
& System CLK = ILRC
& Watchdog timer is enabled, ILRC is enabled, PA5 is input mode

(6) .ADJUST_IC DISABLE
After boot, CLKMD is not changed (Do nothing):
4 IHRC is not calibrated and IHRC module is disabled, Band-gap is OFF
& System CLK = ILRC
& Watchdog timer is enabled, ILRC is enabled, PA5 is in input mode

©Copyright 2018, PADAUK Technology Co. Ltd Page 32 of 103 PDK-DS-PMC884_V003 — Jan. 12, 2018



o PMC884 Family

* PADAUK Motor Controller

5-7-4. Crystal Oscillator

If crystal oscillator is used, a crystal or resonator is required between X1 and X2. Fig. 5-7-1 shows the
hardware connection under this application; the range of operating frequency of crystal oscillator can be from 32
KHz to 4MHz, depending on the crystal placed on; higher frequency oscillator than 4MHz is NOT supported.

(Select driving current for oscillator)
eoscr[6:5]

(Enable crystal oscillator)
eoscr.7 —

v A4
C1l Py

T _L PA7/X1
I -
PAG/X2

y The values of C1 and C2 should depend on
the specification of crystal.

System clock = EOSC

Cc2

Fig. 5-7-1 Connectionof crystal-oscillator

Besides crystal, external capacitor and options of PMC884 should be fine tuned in eoscr (0x0b) register to have
good sinusoidal waveform. The eoscr.7 is used to enable crystal oscillator module, eoscr.6 and eoscr.5 are used
to set the different driving current to meet the requirement of\ different frequency of crystal oscillator:

€ eoscr.[6:5]=01 : Low driving capabilitys/for lewer frequency, ex: 32KHz crystal oscillator

€  eoscr.[6:5]=10 : Middle driving capability;“fer.middle®frequency, ex: 1MHz crystal oscillator

€ eoscr.[6:5]=11 : High driving capabilityy for higher frequency, ex: 4MHz crystal oscillator

Table 5 shows the recommended values of C1 and C2 for different crystal oscillator; the measured start-up
time under its correspondingeonditions is also shown. Since the crystal or resonator had its own characteristic,
the capacitors and start-up tipie may be slightly different for different type of crystal or resonator, please refer to
its specification for propervalues\offC1 and C2.

Frequency C1 Cc2 Measur(_ad Conditions
Start-up time
4AMHz 4.7pF 4.7pF 6ms (eoscr[6:5]=11, misc.6=0)
1MHz 10pF 10pF 1lms (eoscr[6:5]=10, misc.6=0)
32KHz 22pF 22pF 450ms (eoscr[6:5]=01, misc.6=0)

Table 5 Recommend values of C1 and C2 for crystal and resonator oscillators
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When using the crystal oscillator, user must pay attention to the stable time of oscillator after enabling it, the
stable time of oscillator will depend on frequency " crystal type ~ external capacitor and supply voltage. Before
switching the system to the crystal oscillator, user must make sure the oscillator is stable; the reference program
is shown as below:

void FPPAO (void)

{
ADJUST_IC SYSCLK=IHRC/16, IHRC=16MHz, VDD=5V, Band-gap=On
/[ If Band-gap do not need calibration you can used : ADJUST _IC DISABLE
$ EOSCR Enable, 4Mhz; // EOSCR =0b110_00000;
$ T1eM EOSC, /1, BIT13; / T16 receive 214=16384 clocks of crystal osc.,
/I Intrq.T16 =>1, crystal osc. Is stable
WORD count = 0;
sttl6count;
Intrg.T16 =  0;
waitl Intrq.T16; /I count fm 0x0000 to 0x20004then setINTRQ.T16
clkmd = OxA4; I/l switch systemiclockito/EOSC;
}

Please notice that the crystal oscillator should be fully‘turned\off before entering the power-down mode, in
order to avoid unexpected wakeup event. If the'82KHz crystal oscillator is used and extremely low operating
current is required, misc.6 can be set to reduce/Current after crystal oscillator is running normally.
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5-7-5. System Clock and LVD level

The system clock of PMC884 can come from EOSC, IHRC or ILRC, the hardware diagram for system clock
in the PMC884 is shown as Fig. 5-7-2. PMC884 can provide the wide range system clock via clkmd register
selection. After power up, the running system clock will be ILRC/1, user can change the system clock any time by
setting clkmd register and the new system clock will be changed into the new one immediately after writing the
clkmd register.

clkmd[7:5]
+2,+4, +8
IHRC 1% w0, R
clock +16, +32, +64
System

M —» clock
EOSC > +1, +2,+4, +8 > CLK
clock u

X
ILRC +1 (default), +4 »>
clock

Fig. 5-7-2 Options:of System Clock

User can choose different operating system clock depends on its requirement; the selected operating
system clock should be in conjunction with supply voltage and LVD level to ensure system stable. The LVD level
can be selected during compilation, the following operatingfrequency and LVD level is recommended:

€ system clock = 8MHz  with L\D=3.5V
€ system clock = 4MHz” with LVD=2.5V
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5-8. 16-bit Timer (Timer16)

PMC884 provides a 16-bit hardware timer (Timerl6) and its clock source may come from system clock
(CLK), external crystal oscillator (EOSC), internal high RC oscillator (IHRC), internal low RC oscillator (ILRC),
PAO or PA4. Before sending clock to the 16-bit counter, a pre-scaling logic with divided-by-1, 4, 16 or 64 is
selectable for wide range counting. The 16-bit counter performs up-counting operation only, the counter initial
values can be stored from data memory by issuing the stt16 instruction and the counting values caw beioadedto
data memory by issuing the 1dt16 instruction. The interrupt request from Timer16 will be triggered by the selécted
bit which comes from bit[15:8] of this 16-bit counter, rising edge or falling edge can be optional chesen by register
integs.4. The hardware diagram of Timer16 is shown as Fig. 5-8-1.

stt16 command

t16m[7:5] _| DATA Memory
t16m[4:3] i
% u Idt16 command
CLK "
HRC M Pre- 16-bit
Eosc || )] u > sca.llar » UP | DataBus
ILRC X + counter
1, 4, Bit[15:0]
PAQ 16, 64
PA4 '
Bit[15:8] Ni 4 To set
N U or interrupt
X _>_+— > request flag

t16m[2:0] T 4
integs.4

Fig. 5:8-1 Hardware diagram of Timer16

When using the Timer16, the syntax for Timerl6/has been defined in the .INC file. There are three
parameters to define the Timerl6 using; 4 parameter is used to define the clock source of Timer16, 2"
parameter is used to define the pre-scalar and the 3" one is to define the interrupt source.

T1i6M IO_RW 7 0x06

$7~5: STOP; SYSCLK? X, X, PA4, IHRC, EOSC, ILRC, PAO /1 1% par.
$ 4~3 1%, 14,416, 164 /1 2" par.
$ 2~0; B178,BIT9, BIT10, BIT11, BIT12, BIT13, BIT14, BIT15 /13" par.

Usercan;choaose the‘proper parameters of T16M to meet system requirement, examples as below:

$ _Ti6M SYSCLK, /64, BIT15;
/I choose (SYSCLK/64) as clock source, every 216 clock to set INTRQ.2=1
/I if system clock SYSCLK = IHRC /2 =8 MHz
Il SYSCLK/64 = 8 MHz/64 = 8 uS, about every 524 mS to generate INTRQ.2=1

$ T1i6M EOSC, /1, BIT13;
/I choose (EOSC/1) as clock source, every 214 clock cycle to generate INTRQ.2=1
Il if EOSC=32768 Hz, 32768 Hz/(2"14) = 2Hz, every 0.5S to generate INTRQ.2=1
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$ T1ieM PAO, /1, BITS;
/I choose PAO as clock source, every 279 to generate INTRQ.2=1
I receiving every 512 times PAO to generate INTRQ.2=1

$ TieM STOP;
/Il stop Timer16 counting

If Timer16 is operated at free running, the frequency of interrupt can be described as below:

— . . aN+l
FintTrg T16M = Felock source ¥ P + 2

Where, F is the frequency of selected clock source to Timer16;
P is the selection of t16m [4:3]; (1, 4, 16, 64)

N is the n" bit selected to request interrupt service, for examplen=10if bit 10Q.is selected.
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5-9. 8-bit Timer (Timer2)

One 8-bit hardware timer (Timer2) is implemented in the PMC884; please refer to Fig. 5-9-1, shown its
hardware diagram. The clock sources of Timer2 may come from system clock (CLK), internal high RC oscillator
(IHRC), internal low RC oscillator (ILRC), PAO, PB0O and PA4, bit [7:4] of register tm2c is used to select the clock
source of Timer2. If IHRC is selected as the clock source, the clock signal sent to Timer2 will keep running when
using ICE in halt state. A clock pre-scaling module is provided with divided-by-1, 4, 16, and 64 optionS,controlled
by bit [6:5] of tm2s register; one scaling module with divided-by-1~31 is also provided and controlled‘by,bit,[4:0] of
tm2s register. In conjunction of pre-scaling function and scaling function, the frequency of Timer2'clock
(TM2_CLK) can be wide range and flexible.

The Timer2 counter performs 8-bit up-counting operation only; the 8-bit counter-will.be ‘¢lear to zero and
generate interrupt request automatically whenever its values reach to that of bound regdister tm2b, the_hound
register is used to define the period of Timer2. The timing diagram of Timer2 is shown in Fig:5-9=2"

tm2c[7:4] =¢ tm2s[6:5] tm2s[4:0]

CLK,
IHRC,

%EOC M Pre- Scalar 8-bit
~PAb, . = U scalar N up
PBO, X - - counter
~PBO0, 1, 4, 1~31
PA4, 16, 64
~PA4

To request
interrupt

A 4
Y

Bound

register WO]

Fig. 5-9-1 Timer2 hardware diagram

Time out and

Inteirupt request
/,\\\
7
‘o \\
2 B
+
)

Counter

OxFF

Bound values

0x00

Fig. 5-9-2 Timing diagram of Timer2
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5-10. WatchDog Timer

The watchdog timer (WDT) is a counter with clock coming from ILRC and its frequency is about 20 KHz.
There are four different timeout periods of watchdog timer can be chosen by setting the misc register, it is:
256 ILRC period when misc[1:0]=11
16384 ILRC period when misc[1:0]=10
4096 ILRC period when misc[1:0]=01
2048 ILRC period when misc[1:0]=00 (default)

L 2R 2R 2R 4

The frequency of ILRC may drift a lot due to the variation of manufacture, supply voltage and temperature;
user should reserve guard band for save operation. WDT can be cleared by power-on-reset or by, command
wdreset at any time. When WDT is timeout, PMC884 will be reset to restart the program execution. Theyrelative
timing diagram of watchdog timer is shown as Fig.5-10-1. Please notice that the clock source will be_switched to
system clock (for example: 4MHz) when fast wakeup is enabled, therefore, it is“recOmmended™to turn off the
watchdog timer before enabling the fast wakeup and turn on the watchdog timer after disabling the fast wakeup.

VDD

WD tsep
Time Out i
Program :
Execution

Watch,Dog Time Out Sequence

Fig. 5:10-2 Time-Out Sequence of WatchDog Timer
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5-11. Interrupt

There are nine interrupt lines for PMC884: four external interrupt lines (PAO or PA5, PBO or PB7, the edge
type is specified by integsr register), Timerl6 interrupt, Timer2 interrupt, hall comparator interrupt, PWM
generator interrupt and ADC interrupt, every interrupt request line has its own corresponding interrupt control bit
to enable or disable it, the hardware diagram of interrupt function is shown as Fig. 5-11-1. All the intefrupt request
flags are set by hardware and cleared by software. All the interrupt request lines are also controlied by engint
command (enable global interrupt) to enable interrupt operation and disgint command (disable globalinterrupt) to
disable it. Only FPPO can accept the interrupt request, other FPP unit will not be interfered by interrupt. Fhe stack
memory for interrupt is shared with data memory and its address is specified by stack régister, sp. Since the
program counter is 16 bits width, the bit O of stack register sp should be kept 0. Moregver/ user can usespushaf /
popaf instructions to store or restore the values of ACC and flag register to / from staek memory.

Since the stack memory is shared with data memory, user should manipulate the memory using carefully.
By adjusting the memory location of stack point, the depth of stack pointer fersevery FPP unit could be fully
specified by user to achieve maximum flexibility of system.

Timer2 lniten.6
output | detect Intrq 6
event
PWMG Inten5 |
output detect Intrq.5
[ event
Hall Inten 4
comparator | detect -~
event I .
ADC output detect Interrupt
_—»

T16 output o i) ntrg. 2
[ Wrising

tevent Intrq.3 ] to FPPO
lnten?2 |
detect I

rop.0 ¥ edge Inten.T engint / disgint
PRI both e N d
o ote: “engint” an
PB7 ’L edge Inten.0 “disgint” are instructions
pAQ—>M Detect lntrg.0
o Y goth
PAS X edge
rop.1 J

Fig. 5-11-1 Hardware diagram of interrupt controller

©Copyright 2018, PADAUK Technology Co. Ltd Page 40 of 103 PDK-DS-PMC884_V003 — Jan. 12, 2018



o’
L .

w

PADAUK

PMC884 Family
Motor Controller

Once the interrupt occurs, its operation will be:
€ The program counter will be stored automatically to the stack memory specified by register sp.
€ New sp will be updated to sp+2.
€ Global interrupt will be disabled automatically.
€ The next instruction will be fetched from address 0x010.

During the interrupt service routine, the interrupt source can be determined by reading the intrq register.

After finishing the interrupt service routine and issuing the reti instruction to return back, its operation will he:

L 2K 2R 2R 4

The program counter will be restored automatically from the stack memory specified by register sp.
New sp will be updated to sp-2.

Global interrupt will be enabled automatically.

The next instruction will be the original one before interrupt.

User must reserve enough stack memory for interrupt, two bytes stack”memory for one level interrupt and
four bytes for two levels interrupt. For interrupt operation, the following sample program shows how to handle the
interrupt, noticing that it needs four bytes stack memory to handle interpdpt and pushaf.

void FPPAO
{
$ INTEN PAO;
INTRQ = O;
ENGINT
DISGINT
}
void Interrupt (void)
{
PUSHAF
If  (INTRQ.0)
{
INTRQ/0
¥
POPAE
}

I

)

I

/I INTEN =1; interrupt request when PAO level changed
/I clear INTRQ
// global jnterrupt enable

/Fglobaldnterrupt.disable

interrupt service routine

store ALU and FLAG register

Here for PAO interrupt service routine

restore ALU and FLAG register

©Copyright 2018, PADAUK Technology Co. Ltd

Page 41 of 103 PDK-DS-PMC884_V003 — Jan. 12, 2018



LN PMC884 Family
* PADAUK Motor Controller

5-12. Power-Save and Power-Down

There are three operational modes defined by hardware: ON mode, Power-Save mode and Power-Down
modes. ON mode is the state of normal operation with all functions ON, Power-save mode (“stopexe”) is the state
to reduce operating current and CPU keeps ready to continue, Power-Down mode (“stopsys”) is used to save
power deeply. Therefore, Power-save mode is used in the system which needs low operating power with wake-up
occasionally and Power-Down mode is used in the system which needs power down deeply with seldem wake-up.
Fig. 5-12-1 shows the differences in oscillator modules between Power-Save mode (“stopexe”) and Power-Down
mode (“stopsys”).

Differences in oscillator modules between STOPSYS and STOPEXE
IHRC ILRC EOSC
STOPSYS Stop Stop Stop
STOPEXE No Change No Change No“Change

Fig. 5-12-1 Differences in oscillator modules between STOPSYSand STOPEXE

5-12-1. Power-Save mode (“stopexe”)

Using “stopexe” instruction to enter the Power-Savesmode, onlys;systemyclock is disabled, remaining all the
oscillator modules active. For CPU, it stops executing; however,™of Timerl6, counter keep counting if its clock
source is not the system clock. The wake-up sources forstopexe” can be 10-toggle or Timerl6 counts to the set
values when clock sources of Timerl6 come from IHRC,IkRC or EOSC modules. Wake-up from input pins can
be considered as a continuation of normal execdtion, nop e¢ommand is recommended to follow the stopexe
command, the detail information for Power-Saye mede shows below:

IHRC, ILRC and EOSC oscillator modules: No change, keep active if it was enabled

System clock: Disable, therefore, CRPU stops execution

OTP memory is turned _off

Timer16: Stop counting if system clock-iS selected or the corresponding oscillator module is disabled:;
otherwige, it'’keeps counting.

Wake-up sources: JOiteggle’or Timerl6.

The watchdog timermust b disabledbefore issuing the “stopexe” command, the example is shown as below:

CLKMD.En/WatchDog = 0; // disable watchdog timer
stopexe;

nop;

/l power saving

Wdreset;

CLKMD.En\ WatchDog = 1; /l enable watchdog timer

Anothenexample/shows how to use Timerl6 to wake-up from “stopexe™

$ T16M IHRC, /1, BIT8 /l Timer16 setting
WORD count = 0;

STT16 count;

stopexe;

nop,

The initial counting value of Timerl6 is zero and the system will be waken up after the Timerl6 counts 256
IHRC clocks.
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5-12-2. Power-Down mode (“stopsys”)

Power-Down mode is the state of deeply power-saving with turning off all the oscillator modules. By using
the “stopsys” instruction, this chip will be put on Power-Down mode directly. The internal low frequency RC
oscillator must be enabled before entering the Power-Down mode, means that bit 2 of register clkmd (0x03) must
be set to high before issuing “stopsys” command in order to resume the system when wakeup. The following
shows the internal status of PMC884 in detail when “stopsys” command is issued:

All the oscillator modules are turned off

Enable internal low RC oscillator (set bit 2 of register clkmd)

OTP memory is turned off

The contents of SRAM and registers remain unchanged

Wake-up sources: ANY 10 toggle.

If PA or PB is input mode and set to analog input by padier or pbdier register, it<cansNOT be used to
Wake-up the system.

Wake-up from input pins can be considered as a continuation of ‘nopmal execution. To minimize power
consumption, all the I/O pins should be carefully manipulated Before entering power-down mode. The reference
sample program for power down is shown as below:

CMKMD = OxF4;
CLKMD4 =  0;
while (1)
{

STOPSYS;

if (...) break;
}
CLKMD = Ox34

1
1

1
1
I

Il

Change clock from"HRC t0 ILRC
disable IHRC

enter pewer-down
if wakeupthappgen and check OK, then return to high speed,
else stay in power-down mode again.

Ghange’clock from ILRC to IHRC/2
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5-12-3. Wake-up

After entering the Power-Down or Power-Save modes, the PMC884 can be resumed to normal operation by
toggling 10 pins, Timerl6 interrupt is available for Power-Save mode ONLY. Fig. 5-12-2 shows the differences in
wake-up sources between STOPSYS and STOPEXE.

Differences in wake-up sources between STOPSYS and STOPEXE
10 Toggle T16 Interrupt
STOPSYS Yes No
STOPEXE Yes Yes

Fig. 5-12-2 Differences in wake-up sources between Power-Save mode and-Rewer:Down mode

When using the 10 pins to wake-up the PMC884, registers padier and phdier “should.be"properly set to
enable the wake-up function for every corresponding pin. The wake-up time/for normal wake-up is about 1024
ILRC clocks counting from wake-up event; fast wake-up can be selected’torreduce the wake-up time by misc
register. For fast wake-up mechanism, the wake-up time is 128 system/cloeks from 4O toggling if STOPEXE was
issued, and 128 system clocks plus oscillator (IHRC or ILRC) stable time from IO toggling if STOPSYS was
issued. The oscillator stable time is the time for IHRC or ILRCgoscillator/from“poWwer-on, depending on which
oscillator is used as system clock source. Please notice that\thete/is no fast, wake-up mode whenever EOSC is
enabled.

system clock

Suspend mode | wake-up mode wake-up time (twup) from 10 toggle
source
128 * Tgys
STOPEXE suspend fast wake-up [HRC or ILRC . ) T
Where Tsysis the time period of system clock
128 Tsys + Tsivre:
STOPSYS suspend fast wakesup IHRC Where Tgpre is the stable time of IHRC from
power-on.
128 Tsys + Tsire:
STOPSYS suspend fastwake-up ILRC Where Tg rcis the stable time of ILRC from
power-on.
STOPS¥Y:S/0r
1024 * T\ rc,
STOPEXE fast'Wake-up EOSC . )
Where T rcis the clock period of ILRC
suspend
1024 * T\ rc,
STOPEXE,suspend’| normal wake-up Any one i ,
Where T rcis the clock period of ILRC
1024 * T\ rc,

STOPSYS suspend | normal wake-up Any one

Where T rcis the clock period of ILRC
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5-13. 10 Pins

Other than PAS5, all the pins can be independently set into two states output or input by configuring the data
registers (pa, pb), control registers (pac, pbc) and pull-high registers (paph, pbph). All these pins have Schmitt-
trigger input buffer and output driver with CMOS level. When it is set to output low, the pull-up resistor is turned off
automatically. If user wants to read the pin state, please notice that it should be set to input mode before reading
the data port; if user reads the data port when it is set to output mode, the reading data comes from data register,
NOT from 10 pad. As an example, Table 6 shows the configuration table of bit O of port A. The hardware/diagram
of 10 buffer is also shown as Fig. 5-13-1.

pa.0 | pac.0 [paph.0 Description
X 0 0 |Input without pull-up resistor
X 0 1  |Input with pull-up resistor
0 1 X |Output low without pull-up resistor
1 1 0 |Output high without pull-up resistor.
1 1 1  |Output high with pull-up resistor

Table 6 PAO Configuration Table

RD pull-high latch ﬂj
D Q

WR pull-high latch pull-high :

latch &
o, o ¢ o1
WR data latch DR

(weak P-MOS)

PAD

RD control Idtch d c{:xg
b N }-o-{
Q—D Q 1':
WR€ontro)latch
Control
latch M
U
RD\Port — X *
Data Bus padier.x or pbdier.x
Wakeup module |« T
Interrupt module [< <

Analog Module

(PAO,PBO only)

Fig. 5-13-1 Hardware diagram of 10 buffer
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Other than PAS5, all the 10 pins have the same structure; PA5 can is open-drain ONLY when setting to
output mode (without Q1). The corresponding bits in registers padier / pbdier should be set to low to prevent
leakage current for those pins are selected to be analog function. When PMC884 is put in power-down or power-
save mode, every pin can be used to wake-up system by toggling its state. Therefore, those pins needed to wake-
up system must be set to input mode and set the corresponding bits of registers padier and pbdier to high. The
same reason, padier.0 should be set high when PAOQ is used as external interrupt pin and pbdier.0 for PBO.

5-14. Reset and LVD
5-14-1. Reset

There are many causes to reset the PMC884, once reset is asserted, most of all the registers in PMC884 will
be set to default values, When reset comes from WDT timeout, gdio register (I0 address'0x7) keeps the
same value, system should be restarted once abnormal cases happen, or by jumping.program.eounter to
address 'h0. The data memory is in uncertain state when reset comes fromypower-up and LVD; however, the
content will be kept when reset comes from PRST# pin or WDT timeout.

5-14-2. LVD reset

By code option, there are 5 different levels of LVD {or tesets 4.0V8.5V/3.0V, 2.75V, 2.5V; usually, user
selects LVD reset level to be in conjunction with operatingsgfrequency and supply voltage.
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5-15. Hall Comparator

The hall comparator is built by hardware circuitry HC_1 and HC_2. PA4 is the plus input for both HC 1 and
HC_2, PAO, PA1 and PA2 are the minus input by option. The hall comparator output (HC_Out) is combined by
HC_Outl and HC_Out2. HC_Out can be output to PA5 and internal used. The hall comparator adjust registers
(hcla and hc2a) are used to control the offset value of HC_1 and HC_2 in order to optimize the system
performance.

hcla.7 —]
A hce [2:0]
PA —0 |\
Band-gap 1.2V 1 U HC_Outl
X > M
U > PA5
X
Hall Comparator 1
»" M
+ HEzOut2 U —> Hall comparator
PAO > oA HC 2 8 " x interrupt
PAl1l » 01 M .=
PA2 » 10 U I
> 11 X Hall Comparator 2
P hce [2:0]
hcla. [7:6]4T

Fig. 5-15-1 Thehardware diagram of Hall comparator
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5-16. Analog-to-Digital Conversion (ADC) module

adcm(3:0] adcc [5:2]

i
i
O
1000 ] | PA4/AD9
1
PA3/AD8
1
o 0111 —X| PB7/AD7
0101 ;
1
PBS/ADS
<0

Scalar

and
MUX [¢——— system clock

ADCCLK
A 4

VIN
signal for conversion

A

1

o— 0110 | PB6/AD6

o 2100 PB4/AD4
i

o LOLL : PB3/AD3
1

o L0010 PB2/AD2

1
o 0001 | PB1/AD1
0000 i
PBO/ADO

A/D
Converter

(adcrh[7:0],adcrl[7:6]) for 10-bit resolution, e _ - _._._._._.

{adcrh[7:0],adcrI[7]} for 9-bit resolution

{adcrh[7:0]} for 8-bit resolution 1.20 volt
band-gap
voltage
generator

Figr 5-16-12 ADC Block Diagram

The PMC884 provides one” 10=bit résolution analog-to-digital conversion module with 10 external channels and
one channel for internal 2220 volt\Band-gap reference voltage; it allows the conversion of an analog input signal to
a corresponding maximury 11-bit\digital number, its block diagram is shown as Fig. 5-16-1. For the conversion
process, analog’signal will' bessampled and held first, then sending into the converter to generate the result via
successive approximation.he“analog reference high voltage of ADC is the positive supply voltage (VDD) and the
reference’/low is always the GND. Higher than 1uF capacitor is recommended to be placed between VDD and
GND16, haverbetter AD cghversion result.
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5-16-1. The input requirement for AD conversion

For the AD conversion to meet its specified accuracy, the charge holding capacitor (CyoLp) must be allowed
to fully charge to the voltage reference high level (VDD) and discharge to the voltage reference low level (GND).
The analog input model is shown as Fig. 5-16-2, the signal driving source impedance (Rs) and the internal
sampling switch impedance (Rss) will affect the required time to charge the capacitor Cyop directly. The internal
sampling switch impedance may vary with ADC supply voltage; the signal driving source impedance will,affect
accuracy of analog input signal. User must ensure the measured signal is stable before sampling; therefore, the
maximum signal driving source impedance is highly dependent on the frequency of signal to befmeasured. /The
recommended maximum impedance for analog driving source is about 10KQ under 500KHz input.frequencysand
10-bit resolution requirements, and 10MQ under 500Hz input frequency and 10-bit resolution;

V;=0.6V a | leakage = DAC capacitance
______ +50 nA =51 pF
— Vss
Legend Cppy = input capacitance
- =threshold voltagée

| leakage = leakage current at the'pin due to various junctions
R = interconnect resistance
SS = sampling'switch
Chop =rsample/hold capacitance (from DAC)

V Sampling
o° Swﬁch

—— j

Fig. 5-16:2 Analog input model of ADC

Before starting the AD/conversion, the minimum signal acquisition time should be met for the selected
analog input signal. The sighaliacquisition time (Tacq) of ADC in PMC884 series is fixed to one clock period of
ADCLK, the selection of ADCLK'must be met the minimum signal acquisition time.

5-16-2. Select the. ADC/hit resolution

The ADChbit resolution js.also selectable from 8-bit to 10-bit, depending on the requirement of customers’
application. Higherreselution can detect small signal variation; however, it will take more time to convert the
analeg/Signalto digital signal. The selection can be done via adcm register. The ADC bit resolution should be
configured-before starting the AD conversion.

5-16-33ADC clock selection

The clock of ADC module (ADCLK) can be selected by adcm register; there are eight options for ADCLK
from sysclk/1 to sysclk/128. Due to the signal acquisition time Tacq is one clock period of ADCLK, the ADCLK
must meet that requirement. The recommended ADC clock is to operate at 2us.
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5-16-4. AD conversion

The process of AD conversion starts from setting START/DONE bit (bit 6 of adcc) to high, the START/DONE
flag for read will be cleared automatically, then converting analog signal bit by bit and finally setting START/DONE
high to indicate the completion of AD conversion. If ADCLK is selected, TapcLk is the period of ADCLK and the AD
conversion time can be calculated as follows:

€ 8-hit resolution: AD conversion time = 13 Tapcix

¢ 9-bit resolution: AD conversion time = 14 Tapcix

€ 10-bit resolution: AD conversion time = 15 Tapcik

5-16-5. Configure the analog pins

The 10 external analog input signals for ADC shared with PA3, PA4 and PB[7:0}=inorder to avoid leakage
current at the digital circuit portion, those pins which are defined for analog inputs should disable the digital input
function (set the corresponding bit of padidr or pbdidr register to be 1). Because the measurement signals of
ADC belong to small signal; it should avoid the measured signal to be interfered during the measurement period,
the selected pin should (1) be set to input mode (2) turn off weak pull-high résistor (3) set the corresponding pin to
analog input by port A/B digital input disable register (padidr / pbdidr).

The following steps are recommended to do the AD cenversion procedure;
(1) Configure the ADC module:
Configure the voltage reference high by adct register
Select the ADC input channel by adcc_register
Select the bit resolution of ADC by,adcm register
Configure the AD conversion clock by.adem register
Configure the pin as analogiinput by padidr, pbdidr register
Enable the ADC module by.adcg register
(2) Configure interrupt for ADCs, (if desired)
€ Clear the ADC interftpt request flag in bit 3 of intrq register
¢ Enable the ADC interrtipt request in bit 3 of inten register
€ Enable global interrupt by issuing engint command
(3) Start AD conversion:
€ SetADC¢process cantrokbit in the adcc register to start the conversion (setl adcc.6).
(4) Wait for the completion flag of AD conversion, by either:
¢ “Waiting’fof thie,completion flag by using command “waitl addc.6”; or
€ Waiting far the ADC interrupt.
(5)«Read the ADC result registers:
#./Réad adcrh and adcrl the result registers
(6) "Far next conversion, goto step 1 or step 2 as required.

LR 2R 2R 2R 2R 2
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5-16-6. Using the ADC
The following example shows how to use ADC with PBO~PB3.

First, defining the selected pins:

PBC = 0B_XXXX_0000; /I PBO ~ PB3 as Input
PBPH = 0B_XXXX_0000; /I PBO ~ PB3 without pull-high
PBDIDR = O0B_XXXX_1111; /[ PBO ~ PB3digital input is disabled
Next, setting ADCC register, example as below:
$ ADCC Enable, PB3; /I set PB3 as ADC input
$ ADCC Enable, PB2; /I set PB2 as ADC input
$ ADCC Enable, PB1; /I set PB1 as ADC input
$ ADCC Enable, PBO; /I set PBO as ADC input
Next, setting ADCM register, example as below:
$ ADCM 10BIT, /32; /I 10-hit, /32
$ ADCM 10BIT, /16; /I 10-bit, /16
$ ADCM 10BIT, /8; /I 10-bit, /8
$ ADCM 8BIT, /8; /I 8-bit=I8
Then, start the ADC conversion:
AD_START = 1; /I start ADG /conversion
WAIT1 AD_DONE; il wwait ADC/conversion result

Finally, it can read ADC result when AD_DONE is high;
WORD Data; /" twe.bytes result: ADCRH and ADCRL
Data = (ADCRH << 8) | ADCRL,;

The ADC can be disabled by using the following method:;

$ ADCC Disable;
or
ADCC = 0;
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5-17. 11-BIT PWM generator

5-17-1. PWM Waveform

A PWM output waveform (Fig. 5-17-1) has a time-base (Tperiog = Time of Period) and a time with output high
level (Duty Cycle). The frequency of the PWM output is the inverse of the period (feyym = 1/Tperiog), the resolution of
the PWM is the clock count numbers for one period (N bits resolution, 2N % Teok = Treriod)-

< Period >
—>
Dutv Cvcle
ok TUL -+ -t ML
— .
~
N bit resolution

Fig. 5-17-1 PWM Output Waveform

5-17-2. Hardware and Timing Diagram

One 11 bit hardware PWM generator is built insidei\the PMC884;*Fig«5-17-2 shows its hardware diagram.
The clock source can be IHRC or system clock and output pih cantbe PA2, PA3, PA4, PA6 or PA7 via pwmc
register selection. The period of PWM waveformi is defined in‘the PWM upper bond high and low registers, the
duty cycle of PWM waveform is defined in the PWM duty high and, low registers.

Duty¥alue _PWM
= interrupt
wr_pwmdth L_(High) 4 8iits Duty Value mode
= Buffer meS.7
2 bits .
wr_pwmdtl I50e Raie _[DutyValue ——2 e (10 bits) l
wr_pwmdd | ,
Yow Buffer| 10:bit or 1Lbi lL PWM PWM
(Low) -bit or 11-bit R | interupt | imerupt
compare & selection request
PWM enable
pwms[4:0] Output .
V. wms[6:5] pwms.7 control S
P ' PWM reset R oAG
l pwmc.1 E —>
IHRC T T
clock: l X El 5 PA7
M Pre- Scalar o C
u scalar 10-bit PWM R Ti—» PA3
o X1 .= [ * N down-counter o)
System 1,4, 1~31 R PAZ
clock 16, 64 T
pwmc.5
pwmc([3:1]

—
wr_pwmcubh [ PWM counter
= » upperbond F—P>

(high) | 8bits —> upper-bound

PWM counter (10 bits)
wr_pwmcubl upper bond L5

(low) 2 bits

Fig. 5-17-2 Hardware Diagram of 11-bit PWM Generator
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A
Ox3FF

Counter_Bound[9:0]
10 bit
Counter
Duty[9:0]
> Time
A
Output > Time

Output Timing Diagram for 10bit PWM generation

Fig. 5-17-3 Output Timing Diagram of 10-hit PWM Generator

5-17-3. Equations for 10-bit PWM Generator
If Fiure is the frequency of IHRC oscillator and IHRC is the \ehasen clock,source for 10-bit PWM generator,

the PWM frequency and duty cycle in time will be:

Frequency of PWM Output = Fiuge + JP x Khx Bj]

Duty Cycle of PWM Output (in time)'= (1/Furc) * [ DB + CB]

Where, pwms[6:5] = P ; pre-scalar
pwms[4:0] = K ; scalar
Duty_Bound[9:0] = {pwmdth[7:0],pwmdtl[7:6]} = DB; duty bound
Counter_Bound[9:0]= {pwmcubh[7:0], pwmcubl[7:6]} = CB; counter bound
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5-18. Input Pulse Capture

The feature of input Pulse Capture is useful in applications which requiring frequency and pulse
measurement. Fig. 5-18-1 shows the hardware diagram of input Pulse Capture in PMC884, the time base of
Pulse Capture module can be system clock CLK, IHRC and EOSC, the input signals for measurement can be
comparator output, PAO, PA5, PA6, PBO or PB7.

Start:
plsc[2:0] plsc.7 plsc[5:4]
Edge Select
PAO— # v
PA5 — 2
PAG6 — O Done;
PBO — 8 » Edge Detector 777 jisc 6
PB7 — 2
CMP_OUT _,| O}
A 4
s O
Q 9
CLK, — o > : .
3B L B Result High[7:0]
IHRC _J} « - Counter Result Low([7:0]
EOSC S Q
o o
O Q
plss[3:2] ‘
plss[1:0]

Fig. 5-18-1 Hardware Diagram of Input Pulse Capture
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5-19. PWM Protection

For motor application, it's quite important to avoid ON state for both high side and low side simultaneously.
PMC884 provides the hardware PWM protection circuit, shown as Fig. 5-19-1; there are two hardware PWM
protection modules controlled by pwmptrO and pwmptrl registers individually to meet single-phase BLDC
application. If the low site output is in active state and matches with the state of high site, the PWM generator will
be disabled to force output in inactive state.

pwmptr[7:5]
PA2 —
PA6 ™ O
PA7T — 3
PA3 — @ >
PA4 —»
Compare | ) WMatehiteidisable
PAO — PWM generator
PA2 —
PA3 — "
PA4 — 5
PA6 —») g
PA7T — © pwmptri4
PBO _,| @
PBL _,|
PB7 _,)
PAL _ Three hardware PWM protection modules
pwmptr[3:0]

Fig.5-19-1 Block Diagram of PWM protection
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5-20. Multiplier

There is a 8x8 multiplier on-chip to enhance hardware capability in arithmetic function, its multiplication is an
8x8 unsigned operation and can be finished in one clock cycle. Before issuing the mul command, both and
multiplicand and multiplicator must be put on ACC and register mulop (0x08); After mul command, the high byte

result will be put on register mulrh (0x09) and low byte result on ACC. The hardware diagram of this multiplier is
shown as Fig. 5-20-1.

8-bit 8-hit

ACC \ / mulop (0x08)

A 4

mulrh ACC

Bit[15~8]  Bit[7+0]

Fig. 5-20-1 Block diagram of hardware multiplier
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5-21 General Purpose Comparator
5-21-1. General Purpose Comparator Hardware Diagram

One general purpose comparator is built inside the PMC884; Fig. 5-21-1 shows its hardware diagram. It can
compare signals between two pins or with either internal reference voltage Vinerma r OF internal Band-gap reference
voltage. The two signals to be compared, one will be the plus input of comparator and the other one is;the minus
input of comparator. For the minus input of comparator, it can be PB7, PBO, Internal Band-gap 1.20 voltyinternal
reference voltage Vinema r, PA3 or PA4 selected by bit [3:1] of gpcc register, and for the plus input of comparator,
it can be PBO or Vinema r Selected by bit 0 of gpcc register. The comparator result can be enabled te output to RBO
directly, or sampled by rising edge of Time2 clock (TM2_CLK) which comes from Timer2 module. Thetoutput can
be optional inversed the polarity by bit 4 of gpcc register, the comparator output can begreadyout by gpccregister.

The comparator is disabled after power-on reset and can be enabled by setting gpcc:#=1xthe comparator
module can be put into power-down mode only when issuing stopsys command which will put PMC884 into
power-down mode.

gpes[3:0] =———=—=P MUX
]
ngC[3Zl] ] Vintérnal R
PB7 $ 000 4 To request interrupt
PBO »001 M gpees (rising edge)
Band-gap »010 U é apce.6
Vinternal R > 011 M
pA3 » 100 U | R
» 101 g
PA4 4 -
Timer 2 F
0 clock F PBO
—
L MUX TM2_CLK apie.s
_> .
) i (rising edge) gpcs.7
gpcc.0

Fig. 5-21-1 Hardware diagram of general purpose comparator
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5-21-2. Analog Inputs

A simplified circuit for the analog inputs is shown in the Fig. 5-21-2. All the analog input pins for general
purpose comparator are shared function with a digital input which had reverse biased ESD protection diodes to
VDD and GND, therefore, the analog input signal must be between VDD and GND.

Analog Input Pad

VDD
Vi~ 0.7V
Rs<10K Ric~1K To
: IXI N\ <—> Comparator
Vi~ 0.7v npuf
c:F’IN

~ 4pF |Leakage
—~(*400nA

Where:

Vai: Voltage of Analog Input
Rs: Source Impedance

Cpin: Pin InputyCapacitance
Ric: Interconneet Resistance

I eakage: Leakage Current at Pin
V+: Threshold Voltage

Fig. 5-21-2 AnalogInput Model of General Purpose Comparator

5-21-3. Internal referencg voltage (Vinernatg)

The internal referénee voltagewema r IS built by series resistance to provide different level of reference
voltage, bit 4 and'bit 5'of. gpcs registerare used to select the maximum and minimum values of Viyema r and bit
[3:0] of gpcs registenare usediio select one of the voltage level which is deivided-by-16 from the defined
maximum levelto minimumplevel. Fig. 5-21-3 to Fig. 5-21-6 shows four conditions to have different reference
voltage Vinema r- BYaSetting' the gpcs register, the internal reference voltage Viyema r €an be ranged from
(1/32)*VDD.t0y(3/4)*VDD;
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= = 16 stages
— A ~ )
eo o R gpcs.4=0

gpcs.4=1
l ¢ !

gpcs[3.0] =———p MUX
\ internal R — (3/4) VDD ~ (1/4) VDD + (1/32) VDD

@ gpcs[3:0] =1111 ~ gpcs[3:0] = 0000

1 +1 . )
V iemal R = - * VDD +% * VDD, n gpcsf8:0] in decimal

Fig. 5-21-3 Vinema r hardware connection ifigpcs.5=0 and gpcCs.4=0

16 stages

= (2/3) VDD ~ (1/24) VDD
@ gpcs[3:0] =1111 ~ gpcs[3:0] = 0000

internal R

_ (n+1)
internal R 24

\Y

* VDD, n = gpcs[3:0] in decimal

Fig. 5-21-4 Viyema r hardware connection if gpcs.5=0 and gpcs.4=1
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Casea: gpes 54 & gpes 4

16 stages

A

~
oo 6 R gpcs.4=0

pcs.4=1

!

V internal r= (3/5) VDD ~ (1/5) VDD + (1/40) VDD
@ gpcs[3:0] =1111 ~ gpcs[3:0] = 0000

n+1
40

1
V internal R= = * VDD * VDD, n ='gpes[3:0] in decimal

Fig. 5-21-5 Vinema r hardware connection ifigpcs.5=4"and gpcs.4=0

16 stages

v = (1/2) VDD ~ (1/32) VDD

@ gpcs[3:0] =1111 ~ gpcs[3:0] = 0000

internal R

_(0+D)
32

Vv VDD, n = gpcs[3:0] in decimal

internal R =

Fig. 5-21-6 Vinema r hardware connection if gpcs.5=1 and gpcs.4=1
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5-21-4. Synchronizing General Purpose Comparator Output to Timer2

The general purpose comparator output can be synchronized with Timer2 by setting gpcc.5=1. When
enabled, the comparator output is sampled by the rising edge of Timer2 clock source (TM2_CLK). If the pre-scalar
function is used with Timer2, the comparator output is sampled after the pre-scaling and scaling functions; please
refer to Timer2 hardware diagram and general purpose comparator hardware diagram, TM2_CLK is the clock
source after pre-scaling and scaling functions, and will be sent to Timer2 counter for counting and’ comparator/for

sampling clock.
5-21-5. Using the general purpose comparator

Case I:

Choosing PB7 as minus input and Vinema r With (18/32)*VDD voltage level as plus/input, the
comparator result will be output to PBO. Viyema r IS configured as Eig-5*21-3/and gpcs/[3:0] = 4b'1001 (n=9)
to have Vipema r = (1/4)*VDD + [(9+1)/32]*VDD = (18/32)*VDD.

gpcs =0bl 0 00 _1001; I/ output to, PBOW Vinefnai r = VDD*(18/32)

gpcc =0bl1 0 _0 0 000 O; I/l enable eomp, #input;"PB7, + input: Vinerma r

pbdier  =0b01111111; I/ disable PB7 digital input to prevent leakage current
Case 2:

Choosing Vinema r @S minus input with, (14/32)*VDD voltage level and PBO as plus input, the
comparator result will be_inversed andswithout output to PBO. Viyemal r IS configured as Fig. 5-21-6 and gpcs

[3:0] = 40’1101 (n=13) f0,hdVe Vinerfia 1'= [(13+1)/32]*VDD = (14/32)*VDD.

gpcs =0b0OrF1_1 1_1101; Il Vintemair = VDD*(14/32)
gpcc Z0b2 OO 1 011 1; /I Inverse output, - input: Vinemarr, + input: PBO
pbdier /=0b1¥111110; /Il disable PBO digital input to prevent leakage current
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5-21-6. Using the comparator and Band-gap 1.20V

The internal Band-gap module can provide 1.20 volt, it can measure the external supply voltage level. The
Band-gap 1.20 volt is selected as minus input of comparator and Viyema r IS Selected as plus input, the supply
voltage of Vinema r IS VDD, the VDD voltage level can be detected by adjusting the voltage level of Viyemal r t0
compare with Band-gap. If N (gpcs[3:0] in decimal) is the number to let Viyema r Closest to Band-gap 1.20 volt, the
supply voltage VDD can be calculated by using the following equations:

For using Case 1: VDD =[32/(N+9)]* 1.20 volt ;
For using Case 2: VDD =[24/(N+1)]*1.20 volt;
For using Case 3: VDD =[40/(N+9)]* 1.20 volt ;
For using Case 4. VDD =[32/(N+1)]*1.20 volt ;

Please refer to IDE utility for more information and sample code.
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6. 10 Registers

6-1. ACC Status Flag Register (flag), 10 address = 0x00

Bit Reset | RIW Description
7-4 - - Reserved. These four bits are “1” when reading.
3 0 R/W | OV (Overflow Flag). This bit is set whenever the sign operation is overflow.
AC (Auxiliary Carry Flag). There are two conditions to set this bit, therfirst @neyis earry
2 0 R/W | out of low nibble in addition operation and the other one is borrow from the high nibble
into low nibble in subtraction operation.
C (Carry Flag). There are two conditions to set this bit, the first one 'is carry out in
1 0 R/W | addition operation, and the other one is borrow in subtraction operation. Carry is also
affected by shift with carry instruction.
0 0 RAW Z (Zero Flag). This bit will be set when the result of arithmetic or logic operation is zero;
Otherwise, it is cleared.

6-2. FPP unit Enable

Register (fppen), IO address = 0x@1

Bit Reset | R/IW Description

7 0 R/W | FPP7 enable. This bit is used to ehahle EPP7. 0'/: disable / enable
6 0 R/W | FPP6 enable. This bit is used to'enable‘FPP6. 0 / 1:"disable / enable
5 0 R/W | FPP5 enable. This bit is uséed to-enable’FPP5=07 1: disable / enable
4 0 R/W | FPP4 enable. This bit is used’toi€hable’FPP4. 0/ 1: disable / enable
3 0 R/W | FPP3 enable. This hit isstuised to ‘'enable FPP3. 0/ 1: disable / enable
2 0 R/W | FPP2 enable. This hit'is,used to enable FPP2. 0/ 1: disable / enable
1 0 R/W | FPP1 enable.TThissbit is used to enable FPP1. 0/ 1: disable / enable
0 1 R/W | FPPO enable. This\bit is used to enable FPPO. 0/ 1: disable / enable

6-3. Stack Pointer Register (sp)yl® address = 0x02

Bit

Reset

R/W

Description

7-0

RW

Stack Pointer Register. Read out the current stack pointer, or write to change the stack
pointer,
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6-4. Clock Mode Register (clkmd), IO address = 0x03

Bit Reset | R/W Description
System clock selection:
Type 0, clkmd[3]=0 Type 1, clkmd[3]=1
000: IHRC/4 000: IHRC/16
001: IHRC/2 001: IHRC/8
7_5 111 R/ |010: reserved 010: reserved
011: EOSC/4 011: IHRC/32
100: EOSC/2 100: IHRC/64
101: EOSC 101: EOSC/8
110: ILRC/4 11x: reserved
111: ILRC (default)
4 1 R/W [IHRC oscillator Enable. 0/ 1: disable / enable
3 0 RW Clock Type Select. This bit is used to select the clogkitype in bit [7:5].
0/1: Type O/ Type 1.
2 1 R/W |ILRC Enable. 0/ 1: disable / enable
1 1 R/W |Watch Dog Enable. 0/ 1: disable / enable
0 0 R/W |Pin PA5/RESET# function. 0/ 1: PA5/ RESET#.

6-5. Resolution Option Register (rop), 10 address= 0x3e

Bit Reset | R/IW Description
7-4 - - Reserved.
PWMG resolution selection
3 0 WO | 0: 11-bit
1: 10-bit
2 0 WO | Option for, Timer16 clock pre-divider selection. Please see the t16m register.
1 0 WO | Option_for external‘interrupt 1 pin selection.
0 0 WO | Option for.external intefrupt O pin selection.

©Copyright 2018, PADAUK Technology Co. Ltd Page 64 of 103 PDK-DS-PMC884_V003 — Jan. 12, 2018



~ PADAUK

PMC884 Family
Motor Controller

6-6. Interrupt Enable Register (inten), |10 address = 0x04

Bit Reset | R/W Description

7 - - Reserved.

6 0 R/W |Enable interrupt from Timer2. 0/ 1: disable / enable.

5 0 R/W |Enable interrupt from PWM generator. 0/ 1: disable / enable.

4 0 R/W |Enable Hall comparator interrupt

3 0 R/W |Enable interrupt from ADC. 0/ 1: disable / enable.

2 0 R/W |Enable interrupt from Timerl6 overflow. 0/ 1: disable / enable.

1 0 RIW rop.0=0 Enable interrupt from PBO pin. 0/ 1: disable / enable.
rop.0=1 Enable interrupt from PB7 pin. 0/ 1: disable / enable.
rop.1=0 Enable interrupt from PAOQ pin. 0/ 1: disable / enablé.

0 0 R/W

rop.1=1 Enable interrupt from PA5 pin. 0/ 1: disable / epable.

Where, rop is the Ox3e register optional register.

6-7. Interrupt Request Register (intrq), 10 address = 0x05

Bit Reset | R/IW Description
7 - - Reserved.
6 i RIW Interrupt Request from Timer2, this bit is set by hardware and cleared by software.
0/ 1: No request / Request
5 i RIW Interrupt Request from PWM generatord this hit is set by hardware and cleared by
software. 0/ 1: No request / Request
4 - RAW Interrupt Request from Hall comparator; this bit is set by hardware and cleared by
software. 0/ 1: No request ,Request
3 i RIW Interrupt Request from ADC| this bit is set by hardware and cleared by software.
0/ 1: No requesty/Request
5 i RIW InterruptgRequest fram Timerl16, this bit is set by hardware and cleared by software.
0/ 1: No request / Request
ropr0=0 | Interrupt Regliest from PBO pin, this bit is set by hardware and cleared by
1 i RAW softivare. 0/ 1: No request / Request
rop.0=1 | Interrupt Request from PB7 pin, this bit is set by hardware and cleared by
software. 0/ 1: No request / Request
fop.1=0 | Interrupt Request from PAO pin, this bit is set by hardware and cleared by
software. 0/ 1: No Request / request
0 - RAN.

rop-1=1 | Interrupt Request from PA5 pin, this bit is set by hardware and cleared by
software. 0/ 1: No Request / request

Where, rop’issthe 0x8e register optional register.
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6-8. Timerl6 mode Register (t16m), IO address = 0x06

Bit Reset | R/W Description

Timer Clock source selection.
000: Timer16 is disabled.
001: CLK (system clock)
010: reserved

7-5 000 R/W |011: PA4

100: IHRC

101: EOSC

110: ILRC

111: PAO

rop.2=0 |Timerl6 clock pre-divider. 00: /1 01:/4 10:/16" 11:/64

rop.2=1 |Timerl6 clock pre-divider. 00: /2 01:/8 1032, 11:/128

Interrupt source selection. Interrupt event happens when selected hit goes high.
: bit 8 of Timer16

: bit 9 of Timer16

: bit 10 of Timer16

: bit 11 of Timer16

: bit 12 of Timer16

: bit 13 of Timer16

: bit 14 of Timer16

7 : bit 15 of Timerl6

2-0 000 RIW

o ol WN P O

Where, rop is the Ox3e register optional register.

6-9. General Data register for 104gdio),/0 address = 0x07

Bit Reset | R/W Description

General data for 10, This port is the general data buffer in 10 space and cleared when
POR oreVDhang'it will KEEP the old values when reset from watch-dog timeout. It can
7-0 00 R/W | perform the IO qperation, like wait0 gdio.x, waitl gdio.x and tog gdio.x to replace of
operations which instructions are supported in memory space (ex: waitl mem; waitO
mem;tog mem).

6-10. MultiplierQperand, Register (mulop), 10 address = 0x08

Bit Reset | R/W Description

7-0 5 R/W,/ [Operand for hardware multiplication operation.

6-11. Maltiplier-Result High Byte Register (mulrh), 10 address = 0x09

Bit Reset | R/W Description

7-0 - RO | High byte result of multiplication operation (read only).
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6-12. External Oscillator setting Register (eoscr), IO address = 0x0a

Bit |Reset | RIW Description

7 0 WO | Enable crystal oscillator. 0/ 1 : Disable / Enable

External oscillator selection.

00 : reserved

6-5 00 WO | 01 : Low driving current, for lower frequency, ex: 32KHz crystal oscillator
10 : Middle driving current, for middle frequency, ex: 1MHz crystal oscillator.
11 : High driving current, for higher frequency, ex: 4MHz crystal oscillator

4-1 - - Reserved. Please keep 0.

0 0 WO | Power down both Band-gap and LVD hardware modules. 0/ 1 : Nermal{ Rower-down

6-13. Internal High RC oscillator control Register (ihrcr), IO address/= 0x0b

Bit | Reset | RIW Description

Bit [7:0] for frequency calibration of IHRC.

7-0 00 \Wie; _ . . . . . .
This register is for system using only, please user/0a/NOT Wwrite thig register.

6-14. Interrupt Edge Select Register (integs), 10 address,=0x0¢

Bit Reset | RIW Description
7-5 - - Reserved.
Timerl6 edge selection.
4 0 WO | 0:rising edge of the selected bitto.trigger.interrupt

1 : falling edge of the selected bit'toytrigger interrupt

PBO or PB7 interrupt edge selection.

00 : both rising edge<and falling edge of the selected bit to trigger interrupt
01 : rising edge ofithe selected bit'to trigger interrupt

10 : fallingeedge of the selected bit to trigger interrupt

11 : reservecdh

Noter If rop.0=0\PBO0 is sélected; If rop.0=1, PB7 is selected.

PAOwr/PAS interrupt edge selection.

00 sboth rising edge and falling edge of the selected bit to trigger interrupt
01 : rising ‘edge of the selected bit to trigger interrupt

10 i falling edge of the selected bit to trigger interrupt

11 /reserved.

Note:If rop.1=0, PAO is selected; If rop.1=1, PA5 is selected.
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6-15. Port A Digital Input Enable Register (padier), IO address = 0x0d

Bit Reset

R/W

Description

WO

Enable PA7 digital input and wake-up event. 1/0 : enable / disable.

This bit should be set to low to prevent leakage current when external crystal oscillator
is used. If this bit is set to low, PA7 can NOT be used to wake-up the system.

Note: For ICE emulation, the function is disabled when this bit is “1” and “0is enabled.

WO

Enable PA6 digital input and wake-up event. 1/0 : enable / disable.

This bit should be set to low to prevent leakage current when external,crystal oscillator
is used. If this bit is set to low, PA6 can NOT be used to wake-up the system,

Note: For ICE emulation, the function is disabled when this bit is “1" and|“0%is enabled.

WO

Enable PA5 wake-up event and interrupt request. 1/ 0.-epnable./ disable.
This bit can be set to low to disable wake-up from PA5 toggling.
Note: For ICE emulation, wakeup is disabled when this bit is“1*.and.“0™iS enabled.

WO

Enable PA4 digital input and wake-up event. 1/ 0/ enable / disable.

This bit should be set to low when PA4 is assigned™as AD input to prevent leakage
current. If this bit is set to low, PA4 can NOT be-tised to wake-up the system.

Note: For ICE emulation, the function is disabled, wheén this bit is “1” and “0” is enabled.

WO

Enable PA3 digital input and wake-up event. 1 //0 : enable / disable.

This bit should be set to low when PA3’is_assigned/as AD input to prevent leakage
current. If this bit is set to low, PA3 canNOT,sbe used to wake-up the system.

Note: For ICE emulation, the\function is’disabled when this bit is “1” and “0” is enabled.

WO

Enable PA2 wake-up event. < 1 /0 :"enable / disable.
This bit can be set tellow to disableiwake-up from PA2 toggling.
Note: For ICE emulation, wakeup is disabled when this bit is “1” and “0” is enabled.

WO

Enable PA1 wakesup event. | 1/0ys: enable / disable.
This bit can be _setito/low to disable wake-up from PA1 toggling.
Note: ForiiCE emulatien, wakeup is disabled when this bit is “1” and “0” is enabled.

WO

Enable"PAO wake-up event and interrupt request. 1/ 0 : enable / disable.

This hit cam be set to low to disable wake-up from PAOQ toggling and interrupt request
from this.pin/

Note:'Far ICE emulation, the function is disabled when this bit is “1” and “0” is enabled.

Note: Due to the controlling polarity of this register is different between ICE and real chip. In order to unify the

program fer bothhlCE<€mulation and real chip to be the same one, please use the following command to write this

register:
$ PARIER

For example:
$ PADIER

Oxhh”;

OxFO;

It is used to enable the digital input and wakeup function of bit [7:4] of port A for both ICE and real chip, IDE will
handle the difference between ICE and real chip automatically.
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6-16. Port B Digital Input Enable Register (pbdier), 10 address = 0x0e
Bit Reset | R/W Description

Enable PB7 digital input and wake-up event. 1/0 : enable / disable.

This bit should be set to low when PB7 is assigned as AD input to prevent leakage
7 1 WO | current. If this bit is set to low, PB7 can NOT be used as external interrupt pin and to
wake up the system during power-down mode.

Note: For ICE emulation, the function is disabled when this bit is “1” and 0" iSenabled.
Enable PB6 digital input and wake-up event. 1/0 : enable / disable.

This bit should be set to low when PB6 is assigned as AD input to prevent leakage
current. If this bit is set to low, PB6 can NOT be used to wake-up the system.

Note: For ICE emulation, the function is disabled when this.bit is “1” and “0” is‘enabled.
Enable PB5 digital input and wake-up event. 1/0 : enable” disable.

This bit should be set to low when PB5 is assigned as” AD-input tospfevent leakage
current. If this bit is set to low, PB5 can NOT be used to wake-up the system.

Note: For ICE emulation, the function is disabled’whenthis bit is “1” and “0” is enabled.
Enable PB4 digital input and wake-up event./47Q : enable / disable.

This bit should be set to low when PB4s assigned, as AD input to prevent leakage
current. If this bit is set to low, PB4 can/NOT be used to,wake-up the system.

Note: For ICE emulation, the functieniis disabled whenpthis bit is “1” and “0” is enabled.
Enable PB3 digital input and wake-up‘eventy 1/0 : enable / disable.

This bit should be set to low, when'PB3 is assigned as AD input to prevent leakage
current. If this bit is set to low; PB3 caniNOT be used to wake-up the system.

Note: For ICE emulationys the fungtion is disabled when this bit is “1” and “0” is enabled.
Enable PB2 digital input,and wake-up'event. 1/0 : enable / disable.

This bit shouldi\bersetsto low when PB2 is assigned as AD input to prevent leakage
current. If this hit'is,sét to low, PB2 can NOT be used to wake-up the system.

Note: ForliCE emulation, the function is disabled when this bit is “1” and “0” is enabled.
Enable-PB1 digital inputiand wake-up event. 1/0 : enable / disable.

This bit should be set to low when PBL1 is assigned as AD input to prevent leakage
current.If this bit is'set to low, PB1 can NOT be used to wake-up the system.

Note:'Far ICE emulation, the function is disabled when this bit is “1” and “0” is enabled.
Disable PBQ digital input, external interrupt and wake up event. 1 /0 : enable / disable.
This bit should be set to low when PBO is assigned as AD input to prevent leakage
0 1 WO,/ ©Curtent. If this bit is set to low, PBO can NOT be used as external interrupt pin and to
Wwake up the system during power-down mode.

Note: For ICE emulation, the function is disabled when this bit is “1” and “0” is enabled.
Note? Due to thercontrolling polarity of this register is different between ICE and real chip. In order to unify the
programfor’both ICE emulation and real chip to be the same one, please use the following command to write this

register:
“$WBDIER  0xhh”;

For example:
$ PBDIER OxFO;

It is used to enable the digital input and wakeup function of bit [7:4] of port B for both ICE and real chip, IDE will
handle the difference between ICE and real chip automatically.
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6-17. Port A Data Register (pa), IO address = 0x10

Bit

Reset

R/W

Description

7-0

R/W

Data register for Port A.

6-18. Port A Control Register (pac), IO address = 0x11

Bit | Reset | RIW Description
Port A control registers. This register is used to define input mode ortoutput mode for
7.0 | shoo | riW each corresponding pin of port A. 0/ 1: input/ output

Please note that PA5 can be INPUT or OUTPUT LOW ONLY, the_output state will be tri-
state when PAS is programmed into output mode with data 4=

6-19. Port A Pull-High Register (paph), IO address = 0x12

Bit Reset | RIW Description
Port A pull-high register. This register is used’to enable the internal pull-high device on
7.0 | shoo | RAW each corresponding pin of port A and this pull high\function is active only for input mode.

0/1 :disable / enable
Please note that PA5 does NOT have,pull-up resistor

6-20. Port B Data Register (pb), IO address =10x14

Bit

Reset

R/W

Description

7-0

R/W

Data register for Port B.

6-21. Port B Control Registet (pbc), IQ address = 0x15

Bit

Reset

R/W

Description

7-0

8’h00

R/W

Port. B eontrol register. This register is used to define input mode or output mode for
each_corresponding pin of port B. 0/ 1: input / output

6-22. Port B Pull-High' Register (pbph), IO address = 0x16

Bit

Reset

R/W

Description

7-0

8’h00

R/W.

Port B pull-high register. This register is used to enable the internal pull-high device on
each corresponding pin of port B. 0/ 1 : disable / enable
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6-23. ADC Control Register (adcc), 10 address = 0x20

Bit

Reset

R/W

Description

7

0

R/W

Enable ADC function. 0/1: Disable/Enable.

RW

ADC process control bit.

Write “1” to start AD conversion, and the flag is cleared automatically when starting the
AD conversion ;

Read “1” to indicate the completion of AD conversion and “0” is in progressing.

0000

R/W

Channel selector. These four bits are used to select input signal for AD\conversion.
0000: PBO/ADO,

0001: PB1/AD1,

0010: PB2/AD2,

0011: PB3/AD3,

0100: PB4/ADA4,

0101: PB5/ADS,

0110: PB6/ADS,

0111: PB7/AD7

1000: PA3/AD8

1001: PA4/AD9

1111: Band-gap 1.20 volt reference voltage
Others: reserved

1-0

Reserved. Please keep 0.

6-24. ADC Mode Register (adcm), IO address =0x21

Bit

Reset

R/W

Description

000

WO

Bit Resolution of ADC.

000: 8-hit, AD 84bityresult [7:0] = adcrh[7:0].

001: 9-bithAD 9-bit fesult [8:0] = { adcrh[7:0], adcrl[7] }.
010; 10-bit, AD 10-bit result [9:0] = { adcrh[7:0], adcrl[7:6] }.
othersrreserved,

0000

WO

ADC cleek source selection.
0000:sysclk/1,

0001: sysclk/2,

0010: sysclk/4,

00121 sysclk/8,

0100: sysclk/16,

0101: sysclk/32,

0110: sysclk/64,

0111: sysclk/128,

Others: reserved.

Reserved
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6-25. ADC Result High Register (adcrh), 10 address = 0x22

Bit Reset | R/IW Description
7_0 RO These eight read-only bits will be the bit [9:2] of AD conversion result. The bit 7 of this
register is the MSB of ADC result for any resolution.

6-26. ADC Result Low Register (adcrl), 10 address = 0x23

Bit Reset

R/W

Description

7-6 -

RO

These two bits will be the bit [1:0] of AD conversion result.

5-0 -

Reserved

6-27. Timer2 Control Register (tm2c), 10 address = 0x3c

Bit Reset

R/W

Description

7-4 | 0000

R/W

Timer2 clock selection.

0000 : disable

0001 : system clock

0010 : internal high RC oscillator (IHRC)

0011 : reserved

0100 : ILRC

0101 : reserved

011x : reserved

1000 : PAO (rising edge)

1001 : ~PAO (falling edge)

1010 : PBO (rising edge)

1011 : ~PBO (falling edge)

1100 : PA4 (rising €dge)

1101 : ~PA4 (falling edge)

Notice: 40 ICE mode and IHRC is selected for Timer2 clock, the clock sent to Timer2
does NOT be stopped.iLimer2 will keep counting when ICE is in halt state.

3-0 -

Reserved, please keep-0.

6-28. Timer2 Counter Register (tm2ct), 10 address = 0x3d

Bit Reset

R/W

Description

7-0 ] 0x00

R\

Bit)[7:0] of Timer2 counter register.

6-29. Timer2 Scalar Register (tm2s), 10 address = 0x37

Bit Reset

R/W

Description

7 .

Reserved.

WO

Timer2 clock pre-scalar.
00:/1

01:/4

10:/16

11:/64

4 -0 | 00000

WO

Timer2 clock scalar.
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6-30. Timer2 Bound Register (tm2b), IO address = 0x09 //allen

Bit

Reset

R/W

Description

7-0

0x00

WO

Timer2 bound register.

6-31. Hall Comparator Control Register (hcc), IO address = 0x2a

Bit Reset | R/IW Description
Enable Hall comparator.
7 0 RIW 0/1: disable / enable
When this bit is set to enable, please also set the corresponding analog input pinsyto
be digital disable to prevent 10 leakage.
6 - RO | Comparison result of Hall comparator 1 (HC_1), output: HC=OUt1,
5 - RO | Comparison result of Hall comparator 2 (HC_2), output HC/Out2.
4 - RO | HC_Out
3 - - Reversed
Output to PA5 and interrupt source of the hall"'éomparator
0x00: None output to PAS5, interrupt source = HE_Outd
0x01: None output to PA5, interrupt source)="HC10ut2
2_0 0 RIW 0x02: None output to PAS5, interrupt source, = HC_©Out

0x03: HC_Outl to PA5, interrupt source=HC_ Outl
0x04: HC_Out2 to PA5, intefrupt source/=-HC_Qut2
0x05: HC_Out to PA5, interruptisourcex="HC Out
Others: reversed

6-32. Hall Comparator 1 Adjust Register (HC1A)y10 address = 0x2b

Bit

Reset

R/W

Description

R/W

Hall comparator Plus pin selection.
0: PA4
1/1.2v Band-gap

00

R/

Hall'comparator Minus pin selection.
00: PAO

01: PAL

10:PA2

11472V Band-gap

4-0

5'h00

R/W.

Hall comparator 1 (HC_1) adjust bits.

6-33. Hall’Comparator 2 Adjust Register (HC2A), IO address = 0x2c

Bit Reset | R/IW Description
7 =5 |*3'h00 R/W | Reversed
4-0% 5h00 | R/W | Hall comparator 2 (HC_2) adjust bits.

©Copyright 2018, PADAUK Technology Co. Ltd Page 73 of 103 PDK-DS-PMC884_V003 — Jan. 12, 2018




LN PMC884 Family
* PADAUK Motor Controller

6-34. PWM Generator control Register (pwmc), 10 address = 0x30

Bit Reset | R/IW Description

0 R/W | Enable PWM generator. 0/ 1 : disable / enable.

- RO | Output of PWM generator.

7
6
5 0 R/W | Enable to inverse the polarity of PWM generator output. 0/ 1 : disable / enable.
4

RW | PWM counter reset.
Writing “1” to clear PWM counter and this bit will be self clear to O after counter resét.

3-1 000 R/W | Select PWM output pin.
000: disable

010: PA6

011: PA7

100: PA2

101: PA3

110: PA4

Others: reserved

0 0 R/W | Clock source of PWM generator. 0: system‘clock ,/ 1:4HRC

6-35. PWM Generator Scalar Register (pwms)Ovaddress = 0x31

Bit Reset | R/IW Description

7 0 R/W | PWM interrupt mode.
0: Generate interrupt,whén counteg. is 0!
1: Generate interrupt Whenjecounter matches the duty value

6-5 0 R/W | PWM generator clock pre-scalar.
00:/1

01:/4

10:/16

1147/64

4-0 0 R/W | PWiM generator cleck divider.

6-36. PWM Counter UpperBound High Register (pwmcubh), IO address = Oxla

Bit Reset | R/W Description

7-0 | 8h00% WO/ Bit[10:3] of PWM counter upper bound.

6-37. PWM Counter Upper Bound Low Register (pwmcubl), IO address = 0x1b

Bit Reset | R/IW Description

7-5 000 WO | Bit[2:0] of PWM counter upper bound.

4-0 - - Reserved

6-38. PWM Duty Value High Register (pwmdth), 10 address = 0x32

Bit Reset | R/IW Description

7-0 | 8h00 | WO | Duty values bit[10:3] of PWM generator.
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6-39. PWM Duty Value Low Register (pwmdtl), 10 address = 0x33
Bit Reset | R/W Description
7-5 000 WO | Duty values bit[2:0] of PWM generator.
4-0 - - Reserved

6-40. Pulse Capture Control Register (plscc), 10 address = 0x34

Bit Reset | R/IW Description
Start to do Pulse Capture.

7 0 R/W | After writing this bit “1”. It starts the Pulse Capture operation_ and|clears this “bit
automatically after finishing the Pulse Capture operation

6 0 RIW Pulse Capture overflow. This bit is set to “1” when the” Pulse Capture “counter
overflows.

5 0 RIW Pul_sg Capture front_edge selection.
0: rising edge; 1:falling edge.

4 0 RIW Pul.sg Capture back. edge selection.
0: rising edge; 1:falling edge.

3 - - Reserved.
Sources for Pulse Capture.
000: PAO
001: PA5
010: PA6

2-0 000 R/W 011: PBO

100: PB7
101: comparator output
Others: reserved.

6-41. Pulse Capture Scalar-Register (plscs), 10 address = 0x35

Bit Reset | R/IW Description
7-4 - - Reserved,
3-2 00 WQ _, Pulse'Capture clock source.
00: systenmielock
O1nHRC
107 EOSC (external oscillator clock)
1-0 00 W@ yClock divider of Pulse Capture.

00:/1
01:/4
10:/16
11:/64

6-42. Pulse Capture Result High Register (plsrh), IO address = 0x36

Bit

Reset

R/W

Description

7-0

RO

High byte of Pulse Capture result.
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6-43. Pulse Capture Result Low Register (plsrl), IO address = 0x37

Bit

Reset | R/W

Description

7-0

- RO

Low byte of Pulse Capture result.

6-44. RESET Status Register (rstst), IO address = 0x25

Bit Reset R/W Description
(POR only)
MCU had been reset by Watch-Dog time-out? This bit is set to\high“whenever
7 0 R/W | reset occurs from watch-dog time-out, and reset only whenawriting “0” te_clear this
bit or POR (power-on-reset) happens. 0/ 1: No/ Yes..
MCU had been reset by invalid code? This bit is set to’high whenevergeset occurs
6 0 R/W | from invalid instruction code, and reset only when writing=0*to clear this bit or
POR (power-on-reset) happens. 0/ 1 : No/ Yes..
5 0 - Reserved. Please keep 0.
4 - - Reserved. Please keep 1.
MCU reset from external reset pin (RA5)? Thisthit is/Set to high whenever reset
3 - R/W | occurs from PAS5 pin, and reset lonly when_ writing “0” to clear this bit or POR
(power-on-reset) happens.0 L2.'Na./ Yes.
VDD had been lower than 4V? TFhisdbitlis set to high whenever VDD under 4V and
2 - R/W | reset only when writing “0” to Clear this bit or POR (power-on-reset) happens.
0/1:No/Yes.
VDD had been lawer than 3V? This bit is set to high whenever VDD under 3V and
1 - R/W | reset only.when writing#0” to clear this bit or POR (power-on-reset) happens.
0/1:No/¥es.
VDD had beemlower than 2V? This bit is set to high whenever VDD under 2V and
0 - R/W | reset anly when writing “0” to clear this bit or POR (power-on-reset) happens.

0/1:No'XYes.
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6-45. PWM Protect Register 0 (pwmptr0), IO address = 0x27 (Write once)

Bit

Reset

R/W

Description

75

000

R/W

PWM low site output destination.

000: disable

010: PAG6
011: PA7
100: PA2
101: PA3
110: PA4

Others: reserved

R/W

PWM protect polarity. 0/ 1 : low / high.

0000

R/W

PWM high site selected pin.

0000:
0001:
0010:
0011:
0100:
0101:
0110:
0111:
1101:
1111:
Others: reserved

PAO
PA2
PA3
PA4
PAG
PA7
PBO
PB1
PB7
PAl

6-46. PWM Protect Register 1 (pwmptrl), 10 address = 0x28 (Write once)

Bit

Reset

R/W

Description

75

000

RW

PWM low site output destination.

000: disable

010: PA6
01Y " PA7
100: PA2
101: PA3
110; PA4

Othefs: reserved

R/W.

PWM protect polarity. 0/ 1 : low / high.

0000

R/W

PWM high site selected pin.

0000:
0001:
0010:
0011:
0100:
0101:
0110:
0111:
1101:
1111:
Others: reserved

PAO
PA2
PA3
PA4
PAG
PA7
PBO
PB1
PB7
PAl
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6-47. General Purpose Comparator Control Register (gpcc), IO address = 0x3e

Bit Reset | R/W Description

7 0 R/W | Enable general purpose comparator.
0/1: disable / enable
When this bit is set to enable, please also set the corresponding analog input pins to

be digital disable to prevent 10 leakage.

6 - RO | Comparator result of general purpose comparator.
0: plus input < minus input

1: plus input > minus input

5 0 R/W | Selection the sampled source of comparator result
0: result output NOT sampled by TM2_CLK
1: result output sampled by TM2_CLK

4 0 R/W | Inverse the polarity of the comparator result oGtput
0: polarity is NOT inversed

1: polarity is inversed

3-1 000 R/W | Selection the Minus source of genérahpurpose comparator.
000 : PB7

001 : PBO

010 : Band-gap output

011 :internal R

100 : PA3

101: PA4

0 0 R/W | Selection.the Plus source of general purpose comparator.
0 :nternal R
1:PBO

6-48. General’Purpose Comparator Selection Register (gpcs), |10 address = 0x22

Bit Reset | R/IW Description

7 0 WO , General purpose comparator output enable (to PBO).
0/1: disable / enable

6 0 WO | General purpose comparator enables to wake up system.
0/1: disable / enable

The system will be wake up from power down mode if the result goes high.

5 0 WO | Selection of high range of general purpose comparator.

4 0 WO | Selection of low range of general purpose comparator.

3-0 | 0000 WO | Selection the voltage level of general purpose comparator.
0000 (lowest) ~ 1111 (highest)
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6-49. MISC Register (misc), IO address = 0x3b

Bit Reset | R/W Description
7 0 - Reserved
Enable extremely low current for 32KHz crystal oscillator AFTER oscillation.
6 0 WO | 0: Normal.
1: Low driving current for 32KHz crystal oscillator.
Enable fast Wake-up. Fast wake-up is NOT supported when EOSC is enabled/
0: Normal wake-up.
The wake-up time is 1024 ILRC clocks
1: Fast wake-up. (for
The wake-up time is 128 CLKs (system clock) + oscillator stable time.
5 0 WO If wake-up from STOPEXE suspend, there is no oscillator stable time;
If wake-up from STOPSYS suspend, it will be IHRC~or ILRC stable time from
power-on.
Please notice that the clock source will be switchéd to.system clock
(for example: 4MHz) when fast wakeup is enabled, therefore,
it is recommended to turn off the watchdog'timer before enabling the fast wakeup
and turn on the watchdog timer after disabling the fast wakeup.
4 - - Reserved.
Recover time from LVD reset.
3 0 WO | 0: Normal. The system will take_ about' L024.ILRE clocks to boot up from LVD reset.
1: Fast. The system will take abeut 64=RC/clocks to boot up from LVD reset.
Disable LVD function.
2 0 wo 0/1: Enable / Disable
Watch dog timé€ out period
00: 2048 ILRC clack period
1-0 00 WO | 01: 40967ILRC clock period

10: 16384 ILRC clock period
11 256.ILRCi¢lock périod

6-50. FPPA Reset/.Register,NO address = Ox3f

Bit Reset | R/W Description

7 0 WO [/Reset FPP7. This bit will be cleared automatically after resetting FPP7.
6 0 W@/ Reset FPP6. This bit will be cleared automatically after resetting FPP6.
5 0 WOy Reset FPP5. This bit will be cleared automatically after resetting FPP5.
4 0 WO /| Reset FPP4. This bit will be cleared automatically after resetting FPP4.
3 0 WO | Reset FPP3. This bit will be cleared automatically after resetting FPP3.
2 0 WO | Reset FPP2. This bit will be cleared automatically after resetting FPP2.
I 0 WO | Reset FPP1. This bit will be cleared automatically after resetting FPP1.
0 0 WO | Reset FPPO. This bit will be cleared automatically after resetting FPPO.
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Symbol Description
ACC Accumulator
a Accumulator
sp Stack pointer
flag ACC status flag register
I Immediate data
& Logical AND
| Logical OR
— Movement
A Exclusive logic OR
+ Add
— Subtraction
~ NOT (logical complement, 1's complement)
T NEG (2's complement)
ov Overflow (The operational result is out of range in signed 2's,complement number system)
Z Zero (If the result of ALU operation is zero, this Qits set to 1)
C Carry (The operational result is to have carry out'for addition orto’borrow carry for subtraction in
unsigned number system)
AC Auxiliary Carry
(If there is a carry out from low nibble_afterthe result of ALU operation, this bit is set to 1)
pcO Program counter for FPPO
pcl Program counter for FPP1
pc2 Program counter for FPP2
pc3 Program counter for FPP3
pc4 Program counter for FRP4
pc5 Program counter for FPP5
pc6 Program counter/for FPP6
pc7 Program,counterfor'FPP7
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7-1. Data Transfer Instructions

mov  a, | Move immediate data into ACC.

Example: mov a, OxOf;

Result: a « Ofh;

Affected flags: "N;Z FTN;C FNyAC FN,; OV
mov M, a Move data from ACC into memory

Example: mov MEM, g;

Result: MEM « a

Affected flags: "N;Z TN, C TNy, AC TN, OV
mov a, M Move data from memory into ACC

Example: mov a, MEM ;

Result: a «— MEM; Flag Z is set when MEM is zero.
Affected flags: Y;Z TN;C TNy, AC TN,y OV
mov a, 10 Move data from 1O into ACC

Example: mov a, pa;

Result: a « pa; Flag Z is set when pa is zero.

Affected flags: Y;Z TN;C TNy AC TNgOX
mov I0,a | Move data from ACC into 10

Example: mov pb, a;

Result: pb — a

Affected flags: TN;Z TN, C €N AC" Ny OV

nmov M, a Take the negative logic (2's complement)-ef ACE-to put on memory
Example: mov  MEM, g;

Result: MEM «— Ta

Affected flags: "N; Zr ™N; € TN;AC FN,; OV
Application Example:

mov a, 0xf5 ; /I ACC is 0xf5
nmoy ram9, aj /l ram9 is 0x0b, ACC is 0xf5

nmov a, M Takesthe negative logic (2's complement) of memory to put on ACC
Example;,» mov a, MEM ;

Result: a «— TMEM; Flag Z is set when TMEM is zero.
Affected flags.»"Y; Z TN;C TNy, AC TNy OV
Application Example:

mov a, 0xf5 ;
mov ram9, a ; Il ram9 is 0xf5
nmov a, ram9 ; /I ram9 is 0xf5, ACC is 0x0b
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pushw word Move the source data from the memory in word to memory that address specified in the stack
pointer (pushw word). It needs 2T to execute this instruction.
Example: pushw  word;
Result: [sp] < word ;
sp—sp+2;
Affected flags: "Ny Z FTN;C FNyAC TN, OV
Application Example:

word data ; /I declare data in RAM

mov a, 0x55;

mov ld@data, a ; / move 0x55 to data (LSB)

mov a, Oxaa ;

mov hd@data, a ; / move Oxaa to data (MSB)

pushw data ; / move (Oxaa, 0x55)t0 stack memory

pushw pcN Store the program counter of Nth FPP unitto\the.memorywhich’address is specified in the
stack pointer of current executing FPP unit:(pushw pcN). It needs 2T to execute this
instruction.
Example: pushw pc3;
Result: [sp] of FPPO « pc of FPP3 ;
sp of FPPO «— spjof FRPO + 2 ;
Affected flags: "Ny Z, TN; G INy; AC TN, OV
Application Example:

fppO_loop:
pushw: pcl; /I store PC1 to stack memory
goto fppO_loop ;

fpp’L/lo0p:
goto fppl_loop ;
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popw  word Move the memory data from the address specified in the stack pointer to the word memory
(popw word). It needs 2T to execute this instruction.

Example: popw  word;

Result: sp«—sp-2 ;
word « [sp] ;
Affected flags: "N;Z TNy, C TNy, AC TN, OV

Application Example:

word dataO ; // declare dataO in RAM

word datal ; /l declare datal in RAM

mov a, 0x55 ;

mov ld@datao, a ; // move 0x55 to dataO (L:SB)

mov a, Oxaa ;

mov hd@data0, a ; // move Oxaa to data0,(MSB)

pushw dataO ; /l move data (Oxaa,0x55)40 stack memory (word)
popw datal ; / move (Oxaa, 0x55)in stack pfemory to datal (word)
mov a, ld@ptrl ; /I ACC=0x55

mov a, hd@ptrl ; /I ACC=0xaa

Restore the program counter of the Nth. FPP _unit.from the memory which address is specified
in the stack pointer of current executingEPP unit (popw pcN). It needs 2T to execute this
instruction.
Example: popw  pc3;
Result: sp of FPPQ#&— sp of FPPQ - 2 ;

pc of FPP3'¢ [sp]of-FPPO=
Affected flags: LN, ZZ ®™N; C TNy AC FN,; OV

popw  pcN

Example :

fppO_loop:
[.).l.JShW pcl; /I store PC1 to stack memory
nop;
i).(.)pw pcl; Il restore PC1 from stack memory
t:;.c.Jto fppO_loop ;

fppl_loop:
(:;.(.)to fppl_loop ;
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[dtabh

index

Load high byte data in OTP program memory to ACC by using index as OTP address. It needs
2T to execute this instruction.

Example: Idtabh index;

Result: a — {bit 15~8 of OTP [index]};

Affected flags: TN;Z TN;C TNy, AC FN, OV

Application Example:

word ROMptr ; /I declare a pointer of ROM in RAM
mov a, la@TableA; [l assign pointer to ROM TableA (LSB)
mov Ib@ROMptr, a; // save pointer to RAM (LSB)

mov a, ha@TableA; // assign pointer to ROM TableA (MSB)
mov hb@ROMptr, a; // save pointer to RAM (MSB)

Idtabh ROMptr ; // load TableA MSB to ACC (ACC=0X02)

TableA: dc 0x0234, 0x0042, 0x0024, 0x0018, ;

Idtabl

index

Load low byte data in OTP to ACC by using index“as OTP address. It needs 2T to execute this
instruction.

Example: Idtabl index;

Result: a « {bit7~0 of OFP [index]};

Affected flags: TN;; Z TNHC AFN; ACN TN, OV

Application Example:

word ROMgptr ; /[ declare a pointer of ROM in RAM
mov a, la@TableA; // assign pointer to ROM TableA (LSB)
mov Ib@ROMptr, a; /I save pointer to RAM (LSB)

mov, a,)ha@TableA; /I assign pointer to ROM TableA (MSB)
mov hb@ROMptr, a ; // save pointer to RAM (MSB)

Idtabl ROMptr ; /l'load TableA LSB to ACC (ACC=0x34)

TableA': dc 0x0234, 0x0042, 0x0024, 0x0018 ;
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[dt16 word Move 16-bit counting values in Timer16 to memory in word.

Example: Idtl6 word;
Result: word « 16-bit timer
Affected flags: "N;Z FTN;C FNyAC TN, OV

Application Example:

word Tl6val ; // declare a RAM word
clear Ib@ T16val ; Il clear T16val (LSB)
clear hb@ T16val; /I clear T16val (MSB)
stt16 T16val; /l initial T16 with O
setl t16m.5 ; /[ enable Timer16
set0 t16m.5; /l disable Timer 16
Idt16 T16val; Il save the T16 countingtvalug/to T16val
sttl6 word Store 16-bit data from memory in word to Timer16:
Example: sttl6 word;
Result: 16-bit timer «—word

Affected flags: "N;Z TNy, C TNjAC TN4 OV

Application Example:

word Td6val ; // declare a RAM word

mov a, 0x34);

mov Ib@ Fl6val, a; // move 0x34 to T1l6val (LSB)
mov a, 0x12 ;

mov, hb@ T16val,a; // move 0x12 to T16val (MSB)
stt16 T16val; [/ initial T16 with 0x1234
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idxm a, index | Move data from specified memory to ACC by indirect method. It needs 2T to execute this

instruction.
Example: idxm a, index;
Result: a « [index], where index is declared by word.

Affected flags: TN;Z TNy, C TNy, AC TN, OV

Application Example:

word RAMIndex ; // declare a RAM pointer

mov a, 0x5B ; /I assign pointer to an address (LSB)

mov Ib@RAMIndex, a; // save pointer to RAM (LSB)

mov a, 0x00 ; I/ assign 0x00 to an addressAMSB), shouldse 0
mov hb@RAMIndex, a; // save pointer to RAM(MSB)

idxm a, RAMIndex ; /I mov memory data.n address 0x5B'to ACC

Idxm index, a | Move data from ACC to specified memory by.indirect method. It neéds 2T to execute this

instruction.
Example: idxm index, a;
Result: [index] < a; where indexis declared by.words

Affected flags: "N;Z TNy C  TNy-AC/EN 4, OV

Application Example:

word RAMIndex:; /*declare a RAM pointer

mov a, OX5B ; /[ assign pointer to an address (LSB)

mov Ib@RAMIndexya’;  // save pointer to RAM (LSB)

mov a, 0x00 ; /I assign 0x00 to an address (MSB), should be 0
mov hb@RAMIndex, a; // save pointer to RAM (MSB)

mov a, OxA5;

idXm RAMIndex, a ; /l mov OxA5 to memory in address 0x5B
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xch M Exchange data between ACC and memory
Example: xch MEM;
Result: MEM < a, a «— MEM
Affected flags: "N;Z TN;C FTNyAC FN,; OV
pushaf Move the ACC and flag register to memory that address specified in the stack pointer.
Example: pushaf;
Result: [sp] < {flag, ACC};
Sp«—sp+2;
Affected flags: TN;Z TN, C TNy, AC TN, OV

Application Example:

.romadr 0x10 ; /I ISR entry address
pushaf ; /l put ACC and flag into stack memory
/I ISR program
/I ISR program
popaf ; /I restore ACC and’flag.fromsstack memory
reti;

popaf Restore ACC and flag from the memory which,address is specified in the stack pointer.
Example: popaf;
Result: sp—sp-2 ;
{Flag, ACC} « [sp] ;
Affected flags: TY; ;Z TYZC JTY; AC\IY,; OV
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7-2. Arithmetic Operation Instructions

add a,l Add immediate data with ACC, then put result into ACC
Example: add a, OxOf;
Result: a<—a+0fh
Affected flags: TY;Z Ty, C FfY;AC Ty,; 0OV
add a, M Add data in memory with ACC, then put result into ACC

Example: add a, MEM;
Result: a<+<a+MEM
Affected flags: TY;Z TfY,C FTY;AC Ty, 0V

add M, a Add data in memory with ACC, then put result into memory
Example: add MEM, a;

Result: MEM « a + MEM

Affected flags: TY;Z Ty, C FTY ;AC TY,; 0OV

addc a, M Add data in memory with ACC and carry bit, then put resultjinto ACC
Example: addc a, MEM;

Result: a—a+MEM+C

Affected flags: TY;Z Ty, C TY;AC TYyq 0V

addc M, a Add data in memory with ACC and carry bit, then putjresult into memory
Example: addc MEM, a;

Result: MEM «— a + MEM + C

Affected flags: TY;Z TY,;C CYJAC" FY,; OV

addc a Add carry with ACC, then put result intoACC

Example: addc a;

Result: a—a+C

Affected flags: Y, 2 FYy,; € TY,;AC TY,; 0OV
addc M Add carry with memory, then putresultinto memory

Example: adde, MEM;
Result: MEM «—~MEM+ C
Affected flags: Y, 2{ TYsC TY,AC TY,; 0OV

nadd a, M Add negative logic (2's complement) of ACC with memory
Example’ nadd a, MEM;

Résult: a<« TTa+ MEM

Affectedflags: *Y;Z Ty, C TY;AC Ty, QV

nadd M, a Add negativedogic (2's complement) of memory with ACC
Example: " nadd MEM, a;

Restilt; MEM « TMEM + a

Affected flags: TY,;Z TfY,C TFY;AC Ty, 0OV

sub |4a,) Subtraction immediate data from ACC, then put result into ACC.
Example: sub a, OxOf;
Result: a <« a-0fh(a+[2's complement of Ofh] )
Affected flags: TY;Z TfY,C FfY;AC Ty, 0OV

sub a, M Subtraction data in memory from ACC, then put result into ACC
Example: sub a, MEM;
Result: a«<— a-MEM (a+[2'scomplement of M])

Affected flags: TY;Z Ty, C FTY,;AC Ty,; 0OV
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sub M, a Subtraction data in ACC from memory, then put result into memory

Example: sub MEM, g;
Result: MEM «— MEM - a (MEM + [2's complement of a] )
Affected flags: TY;Z Ty, C FfY;AC Ty,; 0OV

subc a, M Subtraction data in memory and carry from ACC, then put result into ACC
Example: subc a, MEM,;

Result: a—a-MEM-C

Affected flags: TY;Z TfY,C FTY;AC Ty, 0V

subc M, a Subtraction ACC and carry bit from memory, then put result into memory
Example: subc MEM, a;

Result: MEM «— MEM -a-C

Affected flags: TY;Z Ty, C FTY ;AC TY,; 0OV

subc a Subtraction carry from ACC, then put result into ACC
Example: subc g
Result: a—a-C
Affected flags: Y ;Z Ty, C TYj;AC TY,; @V
subc M Subtraction carry from the content of memory, then putiresult into memory

Example: subc MEM,;
Result: MEM <« MEM - C
Affected flags: TY;Z TY,;C  TYjACNTY, 0OV

inc M Increment the content of memory

Example: inc MEM;

Result: MEM «— MEM +d

Affected flags: TY; 3 Z TYRC/TYZACHTY,; OV

dec M Decrement the content of tnemory

Example: dec MEN;

Result: MEM\«— MEM -/

Affected flagsi=" Y3Z . FY, €/ Y, AC TY,; OV

clear M Clear the/content-ef memory

Examplé: clear MEMS

Result: MEM < 0

Affectedsflagsy ™W,;Z TNy, C FNy;AC FN,; OV

©Copyright 2018, PADAUK Technology Co. Ltd Page 89 of 103 PDK-DS-PMC884_V003 — Jan. 12, 2018



.\’: PMC884 Family
') PADAUK Motor Controller

7-3. Shift Operation Instructions

sr a Shift right of ACC

Example: sr a;

Result: a (0,b7,b6,b5,b4,b3,b2,b1) < a (b7,b6,b5,b4,b3,b2,b1,b0), C « a(b0)
Affected flags: TNy;Z TY; C TNy AC TN, OV

src a Shift right of ACC with carry

Example: src a;

Result: a (c,b7,b6,b5,b4,b3,b2,b1) — a (b7,b6,b5,b4,b3,b2,b1,b0), C — a(bQ)

Affected flags: TNy;Z TY; C TNy, AC TN, OV

st M Shift right the content of memory

Example: sr MEM;

Result: MEM(0,b7,b6,b5,b4,b3,b2,b1) «— MEM(b7,b6,b5,b4,b3,b2,b1,b0),'C — MEM(b0O)
Affected flags: "N;Z TY;C TNy AC [N, OV

src M Shift right of memory with carry

Example: src MEM;

Result: MEM(c,b7,b6,b5,b4,b3,b2,b1) «— MEM (b7,b6;b5;b4,63,b2,b1,b0), C «— MEM(bO0)
Affected flags: TN;Z TY; C TNy; AC TN, OV

sl a Shift left of ACC

Example: sl a;

Result: a (b6,b5,b4,b3,b2,b1,b0,0) — a'(b7,b6,b5,b4,b3,b2,b1,b0), C — a (b7)

Affected flags: "N;Z TY; C “IN4AC /TNu.OV

slc a Shift left of ACC with carry

Example: slc a;

Result: a (b6,b5,b4,b3,b2,b1,60,c)'«— a (b7,b6,b5,b4,b3,b2,b1,b0), C «— a(b7)
Affected flags: 'N;Z Ly C TN, AC TN, OV

sl M Shift left of memory

Example: sl MEM;

Result: MEM b6,b5b4,b3,b2,b1,b0,0) — MEM (b7,b6,b5,b4,b3,b2,b1,b0), C — MEM(b7)
Affected flags., ENy; 26, TY7C TNy AC TN, OV

slc M Shift left' of memorywith carry

Example? slcy, MEM ;

Result: MEM (b6,b5,b4,b3,b2,b1,b0,C) «— MEM (b7,b6,b5,b4,b3,b2,b1,b0), C — MEM (b7)
Affectedflags: "N; Z TY;C TNy AC TN, OV

swap a Swap‘the high™hibble and low nibble of ACC

Example: swap a;

Result; a (b3,b2,b1,b0,b7,b6,b5,b4) — a (b7,b6,b5,b4,b3,b2,b1,b0)
Affected flags: TN;Z TN;C FNy;AC TN, OV

swap | ‘M Swap the high nibble and low nibble of memory

Example: swap MEM;

Result: MEM (b3,b2,b1,b0,b7,b6,b5,b4) — MEM (b7,b6,b5,b4,b3,b2,b1,b0)
Affected flags: "Ny;Z TNy, C TNy AC FIN,y; OV
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7-4. Logic Operation Instructions

and a,l Perform logic AND on ACC and immediate data, then put result into ACC
Example: and a, OxOf;

Result: a+—a&0fh

Affected flags: TY;Z TNy, C TNy AC TN, OV

and a, M Perform logic AND on ACC and memory, then put result into ACC
Example: and a, RAM10;

Result: a —a &RAM10

Affected flags: TY;Z TNy, C TNy AC TN, OV

and M, a Perform logic AND on ACC and memory, then put result into memory
Example: and MEM, a;

Result: MEM « a & MEM

Affected flags: Y;Z TNy;C TNy AC TN, OV

or a, | Perform logic OR on ACC and immediate data, then put result into ACC
Example: or a, OxOf;
Result: a<—a|0fh
Affected flags: TY;Z TN, C TNjy; AC TN, OV

or aM Perform logic OR on ACC and memory, then, put result into ACC

Example: or a, MEM;
Result: a<«a|MEM
Affected flags: TY;Z TN;y; C “IN4AC /TNu.OV

or M,a Perform logic OR on ACC and memaetyysthen put result into memory
Example: or MEM, a;

Result: MEM < a | MEM

Affected flags: TY; Z ENLC TN ; AC TN, OV

xor a,l Perform logic XOR on ACC and immediate data, then put result into ACC
Example: xor "4 a, 0xOf ;

Result: a «=a MQfh

Affected flags:, Z¥%; 24, "N7C TNy; AC [N, OV

xor &, 10 Perform logic XOR.0n ACC and IO register, then put result into ACC
Example: xor, a, pa ;

Result; a < a®pa; /paisthe dataregister of port A

Affected flags: *Y; Z TNy;C TNy AC TN, OV

xor 10, a Performylogic XOR on ACC and IO register, then put result into 10 register
Example: xor pa, a ;

Result: pa<— a”pa; // paisthe data register of port A

Affected flags: TN;Z TN;C FNy;AC TN, OV

Xer |\a, M Perform logic XOR on ACC and memory, then put result into ACC
Example: xor a, MEM;

Result: a<—a”*RAM10

Affected flags: Y;Z TNy;C TNy AC TN, OV

xor M, a Perform logic XOR on ACC and memory, then put result into memory
Example: xor MEM, a;

Result: MEM «— a » MEM

Affected flags: TY;Z TN, C TN, AC TN, OV
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not

Perform 1's complement (logical complement) of ACC

Example: not a;
Result: a«— ~a

Affected flags: TY;Z TNy;C TNy AC TN, OV

Application Example:

mov a, 0x38; /I ACC=0X38
not a; /I ACC=0XC7
not Perform 1's complement (logical complement) of memory
Example: not MEM ;
Result: MEM «— ~MEM
Affected flags: TY;Z TNy;C TNy AC TN, OV
Application Example:
mov a, 0x38 ;
mov mem, a; // mem = 0x38
not mem ; I mem = 0xC¥
neg Perform 2’s complement of ACC
Example: neg a;
Result: a<— Ta
Affected flags: TY;Z TNHC JATNACK TN, OV
Application Example:
mov a, 0x38 ;  “// ACC~0X38
neg a; /I ACC=0XC8
neg Perform 2's complement of memory

Exampler neg MEM,;
Résult: MEM — TMEM

Affectédflags:» TY; Z TNy; C TNy AC TN, OV

Application Example:

mov a, 0x38 ;
mov mem, a; // mem = 0x38
not mem ; /I mem = 0xC8
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comp a,l Compare ACC with immediate data

Example: comp a, 0x55;
Result: Flag will be changed by regarding as (a - 0x55)
Affected flags: TY;Z Ty, C FfYj;AC Ty,; 0OV

Application Example:

mov a, 0x38 ;

comp a, 0x38; [/l Zflagis set

comp a,0x42; /I Cflagis set

comp a, 0x24 ; /I C, Zflags are clear
comp a, 0x6a; /I C,AC flags are set

comp a,M Compare ACC with the content of memory

Example: comp a, MEM;

Result: Flag will be changed by regarding as ( a - MEM.)
Affected flags: TY;Z TY,;C TY ;AC Ty OV

Application Example:

mov a, 0x38 ;
mov mem, a ;
comp a, mem; I Zflagis set
mov a, 0x42 ;
mov mem,d ;
mov a, 0x38 ;
comp a, mem ; /[ C flag'is set

comp M, a Compare /ACC with thecontent of memory

Example: “yeomp MEM, a;

Result: Flag will be changed by regarding as ( MEM - a)
Affected.flagsy ™Y,z Tfy,C FfY ;AC Ty, 0OV
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7-5. Bit Operation Instructions

set0 10.n Set bit n of 10 port to low

Example: set0 pa.5;

Result: set bit 5 of port A to low

Affected flags: "Ny;Z TNy, C TNy AC FIN,; OV

setl 10.n Set bit n of 10 port to high

Example: setl pb.5;

Result: set bit 5 of port B to high

Affected flags: TN;Z TN;C FNy;AC TN, OV

tog 10.n Toggle bit state of bit n of 10 port

Example: tog pa.5;

Result: toggle bit 5 of port A

Affected flags: "N;Z TN, C TNy AC FIN,; OV

set0 M.n Set bit n of memory to low

Example: set0 MEM.5;

Result: set bit 5 of MEM to low

Affected flags: "N;Z TNy, C TNy AC TN, QV

setl M.n Set bit n of memory to high

Example: setl MEM.5;

Result: set bit 5 of MEM to high

Affected flags: TN ;Z TN, C €<FNAC" /BNy OV

swapc 10.n Swap the nth bit of 10 port with carry,bit
Example: swapc 10.0;
Result: C«—10.0,10.0—C
When 10.0 is a portgo odtputpin, carry C will be sent to 10.0;
When 10.0 is a port from inputpin,=10.0 will be sent to carry C;
Affected flags: €N;Z T¥Y,;,C /ITN;AC TN, OV
Application Example (serial output) :

setl pac.0; /I set PA.O as output

Set0 flag.1 ; /I C=0
swapc pa.0; /I move C to PA.O (bit operation), PA.0=0
setl flag.1 ; /I C=1
swapc pa.0; /I move C to PA.O (bit operation), PA.0O=1
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7-6. Conditional Operation Instructions

cegsn a, | Compare ACC with immediate data and skip next instruction if both are equal.
Flag will be changed like as (a < a - 1)
Example: cegsn a, 0x55;
inc MEM ;
goto error ;
Result: If a=0x55, then “goto error”; otherwise, “inc MEM”.
Affected flags: TY;Z TfY,C FTY;AC Ty, 0V

cegsn a, M Compare ACC with memory and skip next instruction if both are equal.
Flag will be changed like as (a < a - M)

Example: ceqsn a, MEM;

Result: If a=MEM, skip next instruction

Affected flags: TY;Z Ty, C FfY,;AC Ty, 0OV

cegsh M, a Compare ACC with memory and skip next instruction if bothrare equal.
Example: ceqsn MEM, a;

Result: If a=MEM, skip next instruction

Affected flags: TY;Z TY,;C FTY;AC Ty, 0OV

cnegsn a, M Compare ACC with memory and skip next instruction)if both are not equal.
Flag will be changed like as (a < a - M)
Example: cnegsn a, MEM;

Result: If aZMEM, skip next instruction
Affected flags: TY;Z TY,; Gy TYRPAC WY, OV

cnegsn M, a Compare memory with ACC and skip next instruction if both are not equal.
Flag will be changed like as (M4 M - a)

Example: cneqgsn MEM,a;

Result: If aZMEM;, skip next instruction

Affected flags™¥ Y pNZ wTY, €/ FY; AC TY,; OV

cnegsn a, | Compare’ACC with immediate data and skip next instruction if both are no equal.
Flag.will be changed like as (a «—a - 1)
Example: cnegsn a,0x55;
inc MEM ;
goto error ;
Result:Af a#0x55, then “goto error”; Otherwise, “inc MEM”.
Affected flags: TY;Z TfY,C FTY;AC Ty, 0OV

tOsn 110.n Check 10 bit and skip next instruction if it's low
Example: tOsn pa.5;

Result: If bit 5 of port A is low, skip next instruction
Affected flags: "N;Z TN, C TNy AC FIN,; OV

tlsn 10.n Check 10 bit and skip next instruction if it's high
Example: tlsn pa.5;

Result: If bit 5 of port A is high, skip next instruction
Affected flags: "N;Z TNy, C TNy AC FIN,y; OV
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tOsn  M.n Check memory bit and skip next instruction if it's low

Example: tOsn MEM.5;
Result: If bit 5 of MEM is low, then skip next instruction
Affected flags: "Ny;Z TNy, C TNy AC FIN,; OV

tlsn M.n Check memory bit and skip next instruction if it's high
EX: tlsn MEM.5;

Result: If bit 5 of MEM is high, then skip next instruction
Affected flags: TN;Z TN;C FNy;AC TN, OV

izsn a Increment ACC and skip next instruction if ACC is zero
Example: izsn a;
Result: a <« a+1;skipnextinstructionifa=0
Affected flags: TY;Z Ty, C FfY;AC TY,; 0OV
dzsn a Decrement ACC and skip next instruction if ACC is zero

Example: dzsn a;
Result: A < A-1,skip nextinstructionifa=20
Affected flags: TY;Z Ty, C TYj;AC TY,; @V

izsn M Increment memory and skip next instruction if memoryis zero
Example: izsn MEM,;

Result: MEM <« MEM + 1, skip next instruetion if MEM="0
Affected flags: TY;Z TY,;C  TYjACNTY, 0OV

dzsn M Decrement memory and skip next instruction if/memery'is zero
Example: dzsn MEM,;

Result: MEM <« MEM - 1, skip nextinstruction if MEM = 0
Affected flags: TY; 3 Z TYRC/TYZACHTY,; OV

wait0 10.n Go next instruction until bit-n of10 port is lew, otherwise, wait here.
Example: wait0 pa.5;
Result: Wait'hit 5 of port’A low to execute next instruction;

Affected flagsi=" N%.Z . TN, €/ N, AC TN, OV

Note: This instruetion iS.not supported in single FPP mode.

waitl 10.n Go next'instruction yntil bityn of 10 port is high, otherwise, wait here.
Example? waitl pa.5;

Result: Wait bit 5 of port A high to execute next instruction;
Affectedflags: "N;Z TNy, C FTNy;AC FN,y; OV
Note:(Jhis‘instruction is not supported in single FPP mode.
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7-7. System control Instructions

call label Function call, address can be full range address space
Example: call functionl;
Result: [sp] <« pc+1
pc « function1
Ssp <« sp+2
Affected flags: TN;Z TN;C FNy;AC TN, OV

goto label Go to specific address which can be full range address space
Example: goto error;
Result: Go to error and execute program.
Affected flags: "Ny;Z TNy, C TNy AC FIN,y; OV
delay | Delay the (N+ 1) cycles which N is specified by the immediate data,the timing is based on the

executing FPP unit. After the delay instruction is executed, the ACC-will be zero.

Example: delay 0x05;

Result: Delay 6 cycles here

Affected flags: "Ny;Z TN;C FTNy;AC TN, OV

Notes:

(1) Because ACC is the temporarily buffer for counting, please make sure that it will not
be interrupted when executing this'instruction,/Qtherwise, it may be not the expected
delay time.

(2) This instruction is not supgorted in/Single. FPP.mode.

delay a Delay the (N+1) cycles which N is specified/by-the content of ACC, the timing is based on the

executing FPP unit. After the delay instruction is executed, the ACC will be zero.

Example: delay a;

Result: Delay 16 cycles here if ACC=0fh

Affected flags: "N Z W TN C==ENTAC N, OV

Notes:

(1) Because ACC'is the temporarily buffer for counting, please make sure that it will not be
interrupted when executing this instruction. Otherwise, it may be not the expected delay
time!

(2) @his.instruction is not supported in single FPP mode.

delay M Delay the (N 1)cycles which N is specified by the content of memory, the timing is based on

the executing FPP unit. After the delay instruction is executed, the ACC will be zero.

Example? Jdelay M;

Result: Delay 256 cycles here if M=ffh

Affected flags: TN;Z TNy, C FNy; AC TN, OV

Notes:

(1) ' Because ACC is the temporarily buffer for counting, please make sure that it will not be
interrupted when executing this instruction. Otherwise, it may be not the expected delay
time.

(2) This instruction is not supported in single FPP mode.

ret | Place immediate data to ACC, then return

Example: ret 0x55;

Result: A — 55h

ret;
Affected flags: "Ny;Z TNy, C TNy AC FIN,y; OV
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ret

Return to program which had function call

Example: ret;
Result: sp «sp-2
pc  « [sp]

Affected flags: TN;Z TN;C FNy;AC TN, OV

reti

Return to program that is interrupt service routine. After this command is executedgglobat
interrupt is enabled automatically.

Example: reti;

Affected flags: TN;Z TN;C FNy;AC TN, OV

nop

No operation

Example: nop;

Result: nothing changed

Affected flags: "N;Z TNy, C TNy AC FIN,y; OV

pcadd a

Next program counter is current program counter plus ACCsx
Example: pcadd a;

Result: pc «—pc+a

Affected flags: TN;Z TN;C FN,; AC TN; OV
Application Example:

mov a, 0x02 ;

pcadd a; /I PC'<=PCA42
goto errl;

goto correct ; /l jump here
goto err2 ;

goto err3;

correct: [/l jump here

engint

Enable globaltinterrupt enable

Exampler engint;

Result’ Interrupt request can be sent to FPPO
Affectedflags TN; Z TN, C FNy;AC TN, OV

disgint

Disable‘global interrupt enable

Example: disgint;

Result: Interrupt request is blocked from FPPO

Affected flags: TN;Z TN;C FNy;AC TN, OV
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stopsys System halt.
Example: stopsys;
Result: Stop the system clocks and halt the system
Affected flags: "Ny;Z TNy, C TNy AC FN,y; OV
stopexe CPU halt. The oscillator module is still active to output clock, however, system clock is
disabled to save power.
Example: stopexe;
Result: Stop the system clocks and keep oscillator modules active.
Affected flags: "Ny;Z TNy, C TNy AC FN,y; OV
reset Reset the whole chip, its operation will be same as hardware reset.
Example: reset;
Result: Reset the whole chip.
Affected flags: TN;Z TN;C FNy;AC TN, OV
wdreset Reset Watchdog timer.
Example: wdreset ;
Result: Reset Watchdog timer.
Affected flags: "N;Z TNy, C TNy, AC N, OV
pmode n Operational mode selection for each FPP unit

Example: pmode O0;
Result: FPP units bandwidth sharing is Set to'mode 0
Mode FPPO ~ FPP7 bandwidth sharing

0:

©O© 0 ~NO Ol WN -

N NRNRNNRNR R R PE R A RS
OB WNEREPO O© N O U MOWNIN\RIO

26:

12,12

112,14, 14
114,12, 14
112,14, 18, /8
114,12,/8, /8
118,12, 14,18
114, 14, 1A A4
118, 14, 14,/4-8
:12,/8,18, /8, /8
714, 14, 14,18, I8

2 18p12, 18, 18N8

A2(18, /8, /8, /16, /16
#116,/218, /8, /8, /16

714, /4,18, 18, /18, /18
¥18,/4,14,18, 18, /8

/14,14, /4,18, 116, /16

118, 14,/4, 14,116, /16

1116, /4, 14, 14, /8, /116

12,18, /8, /16, /16, /16, /16

1 18,12,/8, /16, /16, /16, /16
1116, /12, /8, /8, /16, /16, /16
114,14, 14, /16, /16, /16, /16
1116, /4, 14, 14, /16, /16, /16
:14,18,18,18, 18,18, /8

118,12, /16, /16, /16, /16, /16, /16
14,18, /4,18, 116, /16, /16, /16
/8,14, 14,18, /16, /16, /16, /16
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27:1/2,18, /16, /16, /16, /16, /16, /16
28: /4, /4,8, 18, /16, /16, /16, /16
29:/16,/2,/8, /16, /16, /16, /16, /16
30:/8, /4, /4, /8, /16, /16, /16, /16
31:/8,1/8,1/8, /8, /8, /8, /8, I8
Affected flags: TN;Z TN;C FNy;AC TN, OV

7-8. Summary of Instructions Execution Cycle

2T jump, call, cegsn, cnegsn, tOsn, tlsn, dzsn, izsn, ldtabh, Idtabl, idxm
1T Others
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7-9. Summary of affected flags by Instructions

Instruction Z | C |AC|OV| Instruction Z | C |AC|OV/| Instruction Z | C |AC|OV
mov a, | - - - - Imov M, a - - - - |mov a, M Y | - - -
mov a, IO Y | - - - |mov 10, a - - - - |nmov M, a - - - -
nmov a, M Y| - | - | - |pushwword - | - | -] - |pushw pcN - N A -
popw word - | -] -] - |popw pcN - | - | - | - |ldtabh index | -_ | /% | A
Idtabl index -1 -1-1]- |ld16 word - | - | - | - |stt16 word RIS
idxm a,index | - | - | - | - |idxmindex,a | - | - | - | - [xch M - I
pushaf - | -] -] - |popaf Y| Y |Y]|Y |add a,l Y IYSY | Y
add a, M Y|Y|Y|Y |add Ma Y| Y |Y|Y |addc -apM Y| Y| Y|Y
addc M, a Y| Y| Y ]|Y |addc a Y| Y |Y]|Y |addc M Y| YJY Y
nadd a, M Y|Y|Y]|Y|nadd M, a Y| Y |Y]|Y |subal YofY | Y | Y
sub a, M Y| Y| Y ]|Y |[sub Ma Y| Y |Y|Y [Subc a M Y|Y|Y|Y
subc M, a Y|Y | Y |Y |subc a Y | Y | Y LY jsuber M Y|Y|Y|Y
inc M Y|Y|Y]Y|dec M Y | Y | YAN|clear M -l -] -] -
Sra - Y| - - |src a - | Y |- - JIsr, M - Y| - -
src M - Y | - - |sl a - LY | P -1 slcy, a -l Y| - -
sl M -l Y] -] -|slc M < |\ 4~ | felswap a - - -] -
swap M - | -1 -1-land al Yo IN-4=~ | - |and a, M Y| - |- | -
and M, a Y| -|-1]-lor al Y- e | |or a, M Y| -] -] -
or M,a Y | - - - |xor a,l Y, | - - |xor a, IO Y | - - -
xor 10,a - - - - |xor _ a,Mm Y, | - . - |[xor M, a Y | - - -
not a Y | - - - |not HM Y IN- - - |[neg a Y | - - -
neg M Y | - - - fcomp a4, | Y|Y|Y]|Y|comp aM |VY |Y|Y]|Y
comp M, a Y| Y |Y]Y |set0 “lQ.n o - - - |setl 10.n - - - -
tog 10.n - - - - 4set@l M.n - - - - |setl M.n - - - -
swapc 10.n -l Y | - - |cegsny, a, | Y| Y| Y ]|Y |cegsn a M Y|Y|Y]|Y
cegsn M, a Y| X | Y | Yalenegsn<'a, M | Y | Y | Y | Y |chnegsh M,a | Y | Y |Y|Y
cnegsn a, | Y )Y Y [ Y/][t0sn 10.n - - - - |[tIsn 10.n - - - -
tOsn M.n - 4 - - |tlsn M.n - - - - |lizsn a Y|Y|Y|Y
dzsn a Y | Y LY Y |Jizsnh M Y| Y |Y]|Y|dzsn M Y|Y |Y]|Y
wait0 10.n -0 - 11- IN- |waitl 10.n - | - | -] - |cal label -l -] -] -
goto label /s | - | - |delay | - | -] -] - |delay a - - -] -
delay M WU AA - | - (ret | - -] - ret - - -] -
reti /1 -1 -1 - |nop - -] - pcadd a - - -] -
engint -/ - | - | - |disgint - | - | - | - |stopsys - - -] -
stopexe - | -] -] - [reset - | - | - | - |wdreset - - -] -
pmoden - -] - -
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8. Package Information

8-1. Package Marking Information

SOP/SSOP20(150mil)

MSOP10 SSOP16(150mil) SOP/DIP(300mil)
PPPPPPP PPPPPPPPP .i; PPPPPPPPPP
yywwVXA QLLSSSSSS A(» OLLSSSSSS

() ° yywwVXA ¥ yywwVXA

‘ e — =
LQFP
¢ PPPPPPPPP

¥ OLLSSSSSS

j:yyWWVXA

o

PPP....P PADAUK Technology part name’ EX:PMC884

Q Package Type:

S: SOP; D: DIP; K: Skinny DIP; ¥ SSQP;,T: TSSOP;
L: LQFP

LL Pin Count. Ex: SSOP16 ~> Y16 ; SOP20 -> S20

SS....S Lot number informétion

yy Year code

ww Week code

\Y Vendér code

X Product code

A Wafer nersion
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¥ PADAUK

PMC884 Family
Motor Controller

8-2. SSOP20

]

Tonnonnnni J
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oo e iy

L SEATING PLANE 1‘; =

SYMBCGLS kAT . N, WA
A 0.053 .06 C.069
Al 0.004 D.006 0.010
A2 — = 0.059
b 0.008 - 0.012
C 0.007 — 0.010
D 0.33 0.341 0.344
E 0.228 0.236 D.244
E1 0.150 0.154 0.157
0.025 BASIC
L 0.016 | 0.025 | 0.050
L1 0.041 BASIC
B o [ - [ &

UNIT - INC

MNOTES:

1 JEDEC CUTLNE @ MO—137 AD

2 DIMENSION D DOES MWOT INCLUDE MOLD PROTRUSICNS OR GATE BURRS
MOLD PROTRUSIONS AMD GATE HURRS SHALL NOT EXCEED [ O06° PER
SIDE. OIMEMSION Ef DOES HOT INGLUDE INTERLEADR MOLD PROTRUSIGNS.
INTERLEAD MOLD PROTRUSIONS SHALL NOT EXCEED 9.010" PER SIDE.

3.DIMEMSION b POES MOT INCLUDE DAMBAR PROTRUSION/INTRUSION.
ALLOWABLE DAMEBAR PROTRUSION SHALL BE O.0047 TOTAL IN EXCESS OF
b DIMEMSION AT MAXIMUM MATERIAL COMDITION DAMBAR IMNTRUSIOM
SHALL MOT REDUCE DIMENSION b By MORE THaM 0.0027 AT LEAST
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