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1. General Description

The TxP16S™ is a high performance 16-bit MCU, running up to 32MHz and provided with 128K FLASH and
total 4K SRAM for high performance process of audio algorithm. It is the new generation computational kernel for
TRITAN Flash Speech series. It has initially aimed at the areas of speech application to demonstrate its profession.
TxP16S furnish with a fast unit, which allows calculation instructions to be issued with access memory
simultaneously during one cycle. The TRSF16128A is equipped with TxP16S and integrating input/output ports,
Audio PWM/DAC, Timer and Low Voltage Reset...etc on a chip.

Furthermore, TRSF16128A extend its external device connection capability such as Serial ROM/Flash. The

internal memory capacity includes 128Kx16 program/data FLASH plus 4Kx16 working SRAM.

I ——
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2. Features

€@ TRSF16128B(only one package : SOP16-2)
€ High-performance RISC TxP16S CPU

+ wide working frequency and voltage 4Mhz ~32Mhz@2.2Volt ~ 5.5Volt
Operation frequency is programmable by Software
Built-in 4096x16 SRAM
Embedded PC Stack Level 16
4 Embedded Flash 128Kx16
«+ Typical 1,000 erase/program cycles

Greater than 10 years Data Retention

2

Software-based audio processing technical

- Subband , ADPCM , Melody

Support 22+2(ICE PAD can be as 1/0O) general purpose /O port.

Mono 16bit PWM or 14bit DAC

6 IRQ include 2 external interrupt

SPI Master interface

Three timers: Timer1, Timer2, RTC timer

Support Spread Spectrum clocking to reduce EMI.

Watch dog timer (WDT)

Low voltage reset (LVR)

PBO, PB1, PB2, PB3 support two edge modes for wake-up function are rising and falling edge trigger.
2 channel comparators and a two stage OPA with class AB output

Microphone with AGC(Auto Gain Control)

IR

Low voltage detector

Buzzer and speaker wake up

VCC Decoupling Cap 33uF should be close to IC within 0.5cm.

Power Path of VCC and VSS must pass through Decoupling Cap 33uF into IC.
Power Path of VPD and VCC must pass through Resistor 33Q into IC.

L R IR R R 2K 2R 2R 2R 2R 2R 2R 2R 2K BR R 2
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3. Application Field
- MCU Application

- Electronic Dictionary
- Handheld Games
- Electronic Learning Aid (ELA)

- Electronics storybook

4. Block Diagram

WDT Timer TxP16S > PWMP
X SRAM 16- bit PWM -
Core 4Kx16 / > PWMN
ROSC RTC 14- bit DAC
< —"
FLASH
128Kx16
Interrupt Arbiter
SPI Master Comparator
ICE Microphone
IR
GPIO
A
\'4 v v v
PortA PortB PortC Portl
Figure 4.1
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4.1 Pin Assignments /Description

Pin Name |I/O | State FUNCTIONS
after
RESET
Chip Power
VCC I High [Chip Power Input
VSS I Low |Digital Ground
VPD I High |PWM IO PAD Power Input
VPS I Low |PWM IO PAD Ground
General Purpose /O Port

PortA[3:0] I/O Low |[PortAis programmable Input/Output port
PortB[5:0] I/O Low |[PortB is programmable Input/Output port
PortC[11:0] I/0 Low [PortC is programmable Input/Output port

PortC[2] is programmable Input/Output port when not connected to ICE

ICE_VPP: PortC[2] is embedded ICE VPP pin when connected to ICE Probe.
Portl[1])/ I/0 Low [Portl[1] is programmable Input/Output port when not connected to ICE
ICE_SCLK Probe. Internal pull-down R (50K ohm) will be enable at ICE mode.

ICE_SCLK: PortI[1] is embedded ICE clock pin when connected to ICE Probe.
Portl[0)/ I/0 Low [Portl[0] is programmable Input/Output port when not connected to ICE
ICE_SD Probe. Internal pull-down R (50K ohm) will be enable at ICE mode.

ICE_SD: PortI[0] is embedded ICE data pin when connected to ICE Probe.

PWM Audio

PWMP O] Low |Digital PWM output(+) / Analog DAC output(+)
PWMN O] Low |Digital PWM output(-) / Analog DAC output(-)

I ——
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5. Function Descriptions
5.1 TxP16S
As shown in the block diagram in Figure 4.1, the TxP16S is a 16-bit data width processing capability and all

instructions are operated in one cycle except parameter data ROM(PM) access. The TxP16S not only provides

general arithmetic such as addition, subtraction, shifter, normalize, and other logical operations, but it also involves
circular buffer operations for complexity digital signal processing.

5.2 TxP16S Registers

The TxP16S contains of register files are illustrated below:

DAG:RM addressing only MAG:PM addressing only ALU
10 1 BP PO P1 PC AR
16 16 19 19 16
General Purpose Register Program Flow Control
Loop Control
AX R3 BANK PCH STATUS CX
BX R2 3 8 16 16
CcX R1
PC Stack Interrupt Vector
DX RO 16X19 6X19
16 16
Re- Sample Filter Miscellaneous
CBL: Circular Buffer Length Saturation Value
FLTO FLTI CPL CIL SATV
16 16 y y 16
Parser
FLTG FLTA FLTP PASR
8 16 16 16

Figure 5.1 TxP16S Processor Core Registers
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B REGISTER FILES DEFINE:

AR: Accumulator Register MR2: MUL Result Register 2
I0: Index O Register AX: General AX Register

I1: Index 1 Register BX: General BX Register
BP: Base Pointer Register CX: General CX Register

PO: Pointer 0 Register DX: General DX Register
P1: Pointer 1 Register RO: General RO Register

R1: General R1 Register
R2: General R2 Register

MX: MUL Input X Register R3: General R3 Register
MRO: MUL Result Register 0 CBL: Circular Buffer Length Register
MRI1: MUL Result Register 1 PASR: Parser Register

5.2.1 Special Registers

15 AR o
| AH I AL | Accumulator Register
o
Stack Pointer
1 0
PCB| Program Counter Bank
PCH Program Counter High
18 o
PC | Program Counter
7 CBL o

cPL Circular Buffer Length Register

Figure 5.2 TxP16S Special Registers

® Accumulator Register
The AR is a general-purpose 16-bit register that stores the result of last arithmetic or logical operation. In
addition, any data write to AR will affect the status flag.

®  Stack Pointer
The SP is a 4-bit register that is for addressing Stack position. The SP will automatically increment /
decrement cause by instruction “CALL” / “RETS”, and more detail revealed as the “PC Stack” section.

® Program Counter Bank
The program memory map is divided into 8 banks by PCB register (Program Counter Bank). From BANK2 to
BANK®6 are system reserved. The BANKO/1 and BANKY are implemented as Flash memory and static RAM,
respectively.

® Program Counter High
The instruction “LUMP” and “LCALL” will refer PCH and PCB registers to compose of 18-bit pointer provides
the 4x64K words PM addressing range.

® Program Counter
The 19-bit PC register provides 8x64K-word addressing capability. It is responsible for MCU fetch now
executing instruction.

® Circular Buffer Length Register
Many algorithms such as convolution, correlation, and digital filter require the circular data buffers. The

TxP16S supports circular buffer operating via the 10 vs. CIL and PO vs. CPL. The modulus logic implements

automatic modulus addressing for accessing RM/PM circular buffer data.
|
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5.2.2 Common /O Registers

The TxP16S involves 32 common I/O registers are shown in Table 5.1. There are defined the peripheral 10

control and system register.

Symbol | Adr |Reset| RW | B15/b7 | b14/b6 | b13/b5 | b12/b4 | B11/b3 | B10/b2 | b9/b1 | b8/0 |Description
STATUS.L  |00H |20 R/W |INTEN - AQ AN AV AC AZ
STATUSH [00H [00 [RW [PA  |FA INtVWR | - ; - - Sg,'\l'\" System Status Flag
INTENA.L 01H 00 R/W - - ENA5 | ENA4 | ENA3 | ENA2 | ENA1 | ENAO
INTENAH | OiH | 00 |RW | - - . - . - - - |Interrupt Enable
INTREQ.L 02H 00 R/W - - Reg5 | Reg4 | Reg3 | Reg2 | Reqt Req0
INTREQ.H 02H 00 R/W - - - - - - - - Interrupt Request
IntVect 03H XX R/W IntVect[5:0] Interrupt Vector access Window
I0C_PA 04H 00 R/W I0C_PA[3:0] “1”= out, “0” = in of related PA bit
I0C_PB 05H 00 R/W I0C_PB[5:0] “1”= out, “0” = in of related PB bit
I0C_PCI.L 06H 00 R/W 10C_PCJ[11:0] “1”= out, “0” = in of related PC bit
I0C_PCI.H 06H 00 R/W IOC_PI[1:0] | | | 1”= out, “0” = in of related PI bit
PortA 07H XX R/W PortA[3:0] Read: in port Write: out port
PortB 08H XX R/W PortB[5:0] Read: in port Write: out port
PortCI.L 09H XX R/W PortC[11:0] Read: in port Write: out port
PortCILLH 09H XX R/W Portl[1:0] Read: in port Write: out port
INTMASK.L | 0AH 00 R/W - - Mask5 | Mask4 | Mask3 | Mask2 | Mask1 | MaskO Interrupt Mask
INTMASK.H | 0AH 00 R/W - - - - - - - -
Reserve 0BH XX W
Reserve 0CH XX XX
Reserve ODH XX XX
Reserve OEH XX XX
Reserve OFH XX XX
Reserve 10H XX XX
Reserve 11H XX XX
Reserve 12H XX XX
Reserve 13H XX XX
Reserve 14H XX XX
Reserve 15H XX XX
Audio-PWM | 16H XX w Audio-PWM[15:0] PWM / DAC Audio Channel
Reserve 17H XX W
CMP2_ | CMP1_|CMP2_| |{CMP1_l| CMP2_ | CMP1 . )

MISCS5.L 18H 00 R/W | THO LVDO TIMER2 | TIMERA NTfINT/ NTﬁINT/ INTﬁEN INTﬁEN System Miscellanea register #5

TOUCH| TINT STMG | PDBST
MISC4.L 19H |00 | RW | peniT| EN TS SVT | THEN |\wk EN| MG |system Miscellanea register #4
MISC4.H 19H 00 R/W - DAC_OG - -

PC7 PC6 PC5 PC4 PC2 PAO

MISC3.L 1AH 00 R/W | D2ENB | LVDEN _ALG | _ALG | ALG | _ALG | _ALG | _ALG [System Miscellanea register #3
MISC3.H 1AH 00 R/W |CMPO2|CMPO1| SMTO LVD

CMP2E | CMP1E
MISC2.L 1BH 00 R/W N N OFT_SEL HH_ATT HH_THR System Miscellanea register #2
MISC2.H 1BH 00 R/W | ENAVS | BUZEN | PGAEN | HHEN |RECEN| OPEN 0 AGCEN

DAC PWM | DAC RC

MiseTt 1o % R (;I—LC: S}E\;I\IG Tﬂ\ﬂi MglgB _RST I-EIE:\;HV?(T Il_\\I/VTII wer System Miscellanea register #1
MISC1.H 1CH 00 R/W RealT | WAKE| WAKE| WAKE IR_EN EN EN MODX
CIr'WDT 1DH XX W Clear WDT
I0P_IX 1EH XX W IOPIX[7:0] Programming 10 Port index
IOP_DAT 1FH XX W IOPD[15:0] Programming |0 Port Data

TRITAN TECHNOLOGY INC.
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5.2.3 Basic System Registers

& STATUS register

Symbol | Adr |Reset| RW b15/b7 | b14/b6 | b13/b5 | b12/b4 | b11/b3 [ B10/b2 | b9/b1 | b8/b0 Description
STATUS.L | O0OH 20 R/W |INTEN - - |AQ AN AV AC AZ
STATUS.H | 00H 00 R/W PA FA IntVWR i ) ) ) SEII\IM System Status Flag

The Status register provides two main functions, the first system flag holds the status information generated

by the computational blocks of the TxP16S, which used for program sequencer control. The second indicated that

special function of hardware module is enable or not.

For program flow control:

System Flag Definition

AZ ALU or AR Result Zero

AN ALU or AR Result Negative

AV ALU Overflow

AC ALU Carry

PA Parser Queue available(Read only)
||FA Filter buffer available(Read only)

System hardware control:

System Flag Definition

INTEN System global interrupt control bit

IntVWR Interrupt Vector Table access window control bit
SPIM_EN SPI master interface control bit

& Address 01H, 02H and OAH: Interrupt control registers, the detail are illustrated in Interrupt section.
& Address 04H~15H: GPIO registers, the detail are illustrated in GPIO section.
& Address 16H: Audio-PWM control registers, the detail are illustrated in AUDIO section.

& System Miscellanea register #1

Symbol | Adr |Reset| RW [ b15/b7 | b14/b6 | b13/b5 | b12/b4 | b11/b3 | B10/b2 | b9/b1 | b8/b0 |Description
DAC | PWM | DAC RC

miserL 1o % w (;I—LC: S_TE\/’I\IG T—|'\I/—I|l\‘:\7}5 MgTTgB _RST I-EIE:\;HV?(T PL\\I/VT/I wor System miscellanea register #1
MISC1.H 1CH 00 R/W RealT | WAKE | WAKE| WAKE IR_EN "EN EN MODX
[ltem Description
[CIr_ RealT Set high to clear 32-bit RealT timer. (this bit only for TCS=1)
[[STMG_WAKE STMG Wake Up Flag (Read Only)
[[HHWK_WAKE Buzzer/Speaker Wake Up Flag (Read Only)
[RTC_WAKE RTC Wake Up Flag (Read Only)
(IR_EN IR 38K Enable
[HHWK_EN Buzzer/Speaker Wake Up Enable
[PWM_EN Audio PWM enable

MODX MODX=0 is chosen narrowband sound-effect filter. MODX =1 is chosen wideband sound-effect filter. Actual

bandwidth is dependent on source signal sample-rate.

TCS (Note2*) Enable RealT Timer

DAC_EN Audio DAC enable
[PWM MUTE Audio PWM mute enable

TRITAN TECHNOLOGY INC.
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[DAC_MUTEB Audio DAC mute enable

[[RC_RST (Note1*) System Reset from internal RC reset
[EXRST System Reset from external reset pin
(lLvr System Reset from low voltage reset
(wDT System Reset from watch dog reset

Note1: RC_RST, EXRST, LVR will clear WDT bits, except for WDT is set to 1. All of the reset status bits can
be set or cleared in software. Setting one of these bits in software does not cause a device reset.
Note2: If programmer read the “RealT” register, it can get 32-bit timer based on 30.517ns(32.768MHz). An

example is shown as follows.

io[RealT] =ar ; write to reset the state machine of 32-bit real timer.
ar = io[RealT] ;read low-word timer[15:0]
ar = io[RealT] ; read high-word timer[31:16]

& System Miscellanea register #2

Symbol | Adr |Reset| RW | b15/b7 | b14/b6 | b13/b5 | b12/b4 | b11/b3 | B10/b2 | b9/b1 | b8/LO |Description

CMP2E [CMP1E
N N

MISC2.L 1BH 00 R/W OFT_SEL HH_ATT HH_THR
MISC2.H 1BH 00 R/W | ENAVS [BUZEN |PGAEN| HHEN [|RECEN]| OPEN 0 [AGCEN

System miscellanea register #2

[ltem Description

[ENAVS Mic OP grounding to VPS

([BUZEN Default:0 , Buzzler enable, PAQ input otherwise RCHN input
[PGAEN Default:0 , Programmable Gain Amplifier

[[HHEN Default:0 , PAO analog wakeup,

([RECEN Default:0 , Microphone Enable

[oPEN Default0

[[AGCEN Auto gain control Enable

[[CMP2EN Default:0 , Comparator 2 Enable

[cMP1EN Default:0 , Comparator 1 Enable

[[OFT_SEL Default:0 , Microphone Gain 0:50, 1:100, 2:150, 3:200
([HH_ATT Attach time control

[[HH_THR Threshold voltage control

& System Miscellanea register #3
Symbol | Adr [Reset| RW b15/b7 | b14/b6 | b13/b5 | b12/b4 | b11/b3 [ B10/b2 | b9/b1 | b8/b0 Description

PC7 PC6 PC5 PC4 PC2 PAO
_ALG | _ALG | _ALG | ALG | _ALG | _ALG [System miscellanea register #3

MISC3.L 1AH 00 R/W | D2ENB | LVDEN

MISC3.H 1AH 00 R/W |CMPO2|CMPO1| SMTO LVD
[ltem Description
[[cmPo2 Comparator 2 Output (Read Only)

CMPO1 Comparator 1 Output (Read Only)

SMTO STMG Output (Read Only)

LVD 6D§fa3;t:0 , LVD voltage 1.8~ 2.98V for D2ENB=1(each step~ 40mV), 2.7V~4.47V for D2ENB=0(each step~

m

([D2ENB Default:0 , VCC divide 2 for LVD input

[LVDEN Default:0, LVD Enable

[PC7 ALG Set PortC7 to Analog PIN

[PCe_ALG Set PortC6 to Analog PIN

[PC5 ALG Set PortC5 to Analog PIN

[PC4_ALG Set PortC4 to Analog PIN

[PCc2_ALG Set PortC2 to Analog PIN

[PAO_ALG Set PortA0 to Analog PIN

I ——
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& System Miscellanea register #4

Symbol | Adr |Reset| RW | b15/b7 | b14/b6 | b13/b5 | b12/b4 | b11/b3 | B10/b2 | b9/b1 | b8/b0 |Description
TOUCH| TINT STMG | PDBST
MISC4L | 19H | 00 | RW | gepi7| EN TS SVT | THEN 1wk EN| MG |system miscellanea register #4
MISC4.H 19H 00 R/W - DAC_OG - -
[ltem Description
DAC_OG Default:0, DAC output gain = 1
TOUCH_REALT Touch with Real-T function 0:disable & clear real-T stop flag  1:enable
TINT_EN Touch INT Enable
TIS Touch 1/0O Port input select , 00: NA, 01:PortA, 10:PortB, 11:PortC
SVT Touch SVT, 0: 1/4*VCC, 1: 1/2*VCC
THEN Touch Enable
STMGWK_EN STMG Wake Up Enable
PDBSTMG STMG Enable

& System Miscellanea register #5

Symbol | Adr |[Reset| RW | b15/b7 | b14/b6 | b13/b5 | b12/b4 | b11/b3 | B10/b2 | b9/b1 | b8/b0 |Description
CMP2_ | CMP1_ |CMP2_| [CMP1_l| CMP2_ | CMP1 . .

MISC5.L 18H 00 RW | THO | LVDO TIMER2|TIMERT |NT_INV|NT_INV/|INT EN|INT EN System Miscellanea register #5
[ltem Description
[THO TOUCH Output (Read Only)
[LvDo LVD Output (Read Only)
[cmP2_TIMER2 Comparator 2 with Timer2 function 0:disable & clear Timer2 stop flag  1:enable
[[cMP1_TIMERH Comparator 1 with Timer1 function  0:disable & clear Timer1 stop flag  1:enable
[[CMP2_INT INV Comparator 2 INT Inverse
[CMP1_INT INV Comparator 1 INT Inverse
[cMP2_INT_EN Comparator 2 INT Enable
[[CMP1_INT_EN Comparator 1 INT Enable

TRITAN TECHNOLOGY INC.
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¢ Virtual Programming 10

Symbol | Adr |Reset| RW | b15/b7 | b14/b6 | b13/b5 | b12/b4 | b11/b3 | B10/b2 | b9/b1 | b8/b0 |Description
VIO_IX 1EH | XX w - - - |IOPIX4 |IOPIX3 [IOPIX2 [IOPIX1 |IOPIX0 |Programming IO Port index
VIO_DATA | 1FH XX W IOPD[15:0] Programming 10 Port Data

Table 5.2 Virtual Programming 10

The operation steps of these group register, first select virtual IO port index then write data to

programming 10O port.

Virtual Programming 10 Port

Symbol Adr |Reset] RW | b15/b7 | b14/b6 | b13/b5 | B12/b4 | b11/b3 [ B10/b2 [ b9/b1 | b8/b0 [Description
Timer1 00H 00 W TimerQ Timer1
Timer1 00H 00 R Current Timer1 Value
Timer2 01H 00 W Timer1 Timer2
Timer2 01H 00 R Current Timer2 Value
RTCTimer 02H 00 RW RTCTimer RTC Timer
FetchCNT 03H 00 W - - - - - - _;ﬁ:g;z _s.ﬁ:;m Fetch Timer1/2 Current Value
Reserve 04H - -
PA_PD50K 05H 00 w PA_PD50K[3:0] PortA Pull Down 50K Enable
PB_PD50K 06H 00 W PB_PD50K][5:0] PortB Pull Down 50K Enable
PCIl_PD50K.L 07H 00 W PC_PD50K][7:0] PortCl Pull Down 50K Enable
PCI_PD50K.H 07H 00 W |[PI_PD50K[1:0] | - | PC_PD50K][11:8] PortCl Pull Down 50K Enable
PA_PD220K 08H 00 W PA_PD220K][3:0] PortA Pull Down 220K Enable
PB_PD220K 09H 00 W PB_PD220K]5:0] PortB Pull Down 220K Enable
PCl_PD220K.L | OAH 00 W PC_PD220K[7:0] PortCl Pull Down 220K Enable
PCI_PD220K.H | OAH 00 W [PI_PD220K[1:0] ]| - | - PC_PD220K[11:8] PortCl Pull Down 220K Enable
PA_PD1M 0BH 00 W PA_PD1M[3:0] PortA Pull Down 1M Enable
PB_PD1M 0CH 00 W PB_PD1M[5:0] PortB Pull Down 1M Enable
PCI_PD1M.L 0DH 00 W PC_PD1M[7:0] PortCl Pull Down 1M Enable
PCI_PD1M.H 0DH 00 W |PI_PD1M[1:0] [ - | PC_PD1M[11:8] PortCl Pull Down 1M Enable
PA_4MA OEH 00 w PA_4MA[3:0] PortA Drive Current 4mA Enable
PB 4MA OFH 00 W PB_4MA[5:0] PortB Drive Current 4mA Enable
PCI_4MA.L 10H 00 W PC_4MA[7:0] PortCl Drive Current 4mA Enable
PCI 4MA.H 10H 00 W |PI_4MA[1:0] | - | PC_4MA[11:8] PortClI Drive Current 4mA Enable
PA_WLOW 11H 00 W PA_WLOWTI3:0] PortA WLOW Enable
PB_WLOW 12H 00 W PB_WLOWI5:0] PortB WLOW Enable
PCI_ WLOW.L 13H 00 W PC_WLOWI[7:0] PortCl WLOW Enable
PCI_WLOW.H 13H 00 W [P WLOW[1:0] | | - PC_WLOWI[11:8] PortCl WLOW Enable
WAKEN_PA 14H 00 W PortA_ WAKEN[3:0] PortA WAKE UP Enable
WAKEN_PB 15H 00 W PortB_ WAKEN[5:0] PortB WAKE UP Enable
WAKEN_PC 16H 00 W PortC_WAKEN][11:0] PortC WAKE UP Enable
WAKELV_PA 17H 00 w PortA_ WAKELV[3:0] PortA WAKE UP Edge
“1”= Pos-Edge, “0” = Neg-Edge of
related PA bit
WAKELV_PB 18H 00 w PortB_ WAKELV[5:0] PortB WAKE UP Edge
“1”= Pos-Edge, “0” = Neg-Edge of
related PB bit
WAKELV_PC 19H 00 w PortC_WAKELV[11:0] PortC WAKE UP Edge
“1”= Pos-Edge, “0” = Neg-Edge of
related PC bit
WAKEDLV_PB | 1AH 00 w PortB_WAKEDLV[3:0] PortB Double-Edge WAKE UP
Enable

|
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5.3 PC Stack
The PC STACK is TxP16S special embedded memory used to save (PC+1) value, which is composed with

16-level.

Stack

15

VO

PC —+1

)

IIwCcTo

| ]

Figure 5.3 PC Stack Structure

Stack's top value is indexed by stack pointer (SP) register. When CALL instruction is executed, then the
(PC+1) will PUSH onto stack addressing by SP and it will auto decrement. At the end of subroutine when RETS
instruction is executed the SP will auto increment and stack content of pointer by SP will POP into PC.

The contents of STACK and SP are neither readable nor writeable by instruction. The SP is initialized to “0”
after RESET.

5.4 Interrupt
5.4.1 Interrupt Vector Table

The Interrupt Vector Table is TxP16S special embedded memory, which is composed with 6-level of FIFO,
used to store the index of interrupt service routine (ISR) address. User can access Interrupt Vector Table by

read/write IntVect I/O register, which refers PCB register to compose of 19-bit address.

Interrupt Vector Table
AddrQ - Addr5
19 I I I 19
Write—~ N/ N N —++“+Read
T|T T
o1 5
ISRO ISR
Addr Addr

Figure 5.4 Interrupt Vector Structure
5.4.2 Interrupt Controller

I ——
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Common I/O registers

Symbol [ Adr [Reset| RW | B7 B6 B5 B4 B3 B2 B1 BO [Description
STATUS 00H | 00 | R/W |INTEN - - - AN AV AC AZ _|System Status Flag
INTENAL | O1H | 00 |RW | - ENA5 |ENA4 |ENAS |ENA2 [ENAT [ENAO | . =
INTENAH | OI1H | 00 | RW - - - - - - up
INTREQ.L 02H 00 R/W Reg5 |[Reg4 |Req3 |[Reg2 |Reqt Req0
INTREQ.H | 02H | 00 | RW - - - - - - |Interrupt Request
INTMASKL | 0OAH | 00 | RW Mask5 |Mask4 |Mask3 |Mask2 |Maski |MaskO
INTMASK.H | 0AH | 00 | RAW - - - - - _|Interrupt Mask

This chip provides several interrupt sources, including internal Audio PWM, Timer1, Timer2, RTC, SPI master,

Flash ready, Touch, and 2 external ExtINTO, ExtINT1, interrupts. More details control will describe as follows:

Interrupt Source Interrupt Vector Priority

Audio PWM Timer oH INTO_IRQ (highest)
Timer1 / CMP1 / ExtINTO / SPI Master(Note) 1H INT1 IRQ

Timer2 / CMP2 / ExtINT1 / SPI Master(Note) 2H INT2 IRQ

RTC Timer / SPI Master(Note) 3H INT3 IRQ

Flash Erase/Program Ready(Note) 4H INT4_IRQ

Touch / SPI Master(Note) 5H INT5_IRQ (lowest)

Table 5.3 Interrupt Sources

Note: Only one interrupt source can be selected for each interrupt vector.

(a) Global interrupt enable (INTEN)
The global interrupt INTEN controls the enable/disable of all interrupts. When INTEN is cleared to “0”, all
interrupts are disabled. When INTEN is set to “1”, all interrupts are enabled (but still dependent on value of
INTENA register). The INTEN is initialized to ’0” after power on.

(b) Interrupt enable (INTENA)
The interrupt enable from ENA5 to ENAO are shown in above. An interrupt is allowed when these control bit
are set to “17, and interrupt is inhibit when these control bit are cleared to “0”. They are all initialized to “0”
after power on.

(c) Interrupt request (INTREQ)
If an interrupt raising edge request is generated, the related interrupt request bit is set to “1” by hardware and
waits for interrupt accept. INTREQ can be cleared to “0” by software. Hardware will not clear this bit. INTREQ
are all initialized to “0” after power on.

(d) Interrupt mask (INTMASK)
The interrupt can be masked by setting bit5~ bit0 of interrupt mask register as above. Each interrupt source in
the system can be masked individually.

(e) Interrupt Priority
INTO_IRQ (highest) > INT1_IRQ > INT2_IRQ > INT3_IRQ > INT4_IRQ > INT5_IRQ (lowest)

I ——
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5.4.3 Interrupt Processing

When any interrupt request(INTREQ) is generated, the acceptance of interrupt is decided by the interrupt
enable(ENA) and global interrupt enable(INTEN). If the global interrupt enable(INTEN), related interrupt enable
bit(ENA) are set to “1” and related mask bit(MASK) are cleared to 0, that interrupt will be accepted on the next
clock. These following procedures will automatically be done in one clock cycle by hardware showing below:
(1) Program Counter(PC), PCB, PCH, AR and FLAG will be stored in special hardware registers.
(2) PC will be set to the corresponding interrupt entry address by refer to interrupt vector table.
(3) The global interrupt enable (INTEN) is cleared to “0”, which avoids the nest interrupt happened.

When interrupt service routine was finished, an RETI instruction will perform the procedures by hardware
showing as follows:
(1) Restore the stored PC, PCB, PCH, AR and FLAG.

(2) The global interrupt enable (INTEN) is set to “1”, which allows to accept the subsequent interrupt.

Before executing RETI instruction, the corresponding interrupt request (INTREQ) bit must be cleared to “0” by

software. If the request bit is not cleared, the same interrupt will be accepted again.

I ——
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6. Memory Configuration
6.1 Internal Program/Parameter Memory

TxP16S consider both instruction and data ROM are the same as program ROM(PM), so it's very flexible and
efficient for instruction and data memory allocation in PM. The total of logical PM space is 8 banks. Each bank has
64 K space. The 4 x 64K space is addressed by memory address generator unit (MAG). The BANKO/1 and BANK7

are implemented as Flash memory and static RAM, respectively. More details control will describe as follows:

PM Space
00000h System Reserve|)
000FFh
00000h Reset Entry
00004h WakeUp Entry
Flash 00008h Reserved
as 000FFh
. BANKO0~1
MAG Unit Memory >
PC
= MUX >
PO | P1 [ 1FFFFh )
70000h
SRAM
Memory BANK7
703FFh

Figure 6.1 PM block diagram
When TxP16S executed an instruction, the PM address is generated from PC register. Similarity, when it

access a word data, the PM address is composed with 19-bit from PO or P1. System will auto adjust execute target

space when program context switch between BANKO/1 and BANK?.

6.2 Internal Data Working SRAM

The internal data working ram space is totally 4Kx16-bit that named as RM. Addressing ranged from 0x0000
through OxOFFF, which is generated by Data Address Generator Unit (DAG). Note: Index register (10,11,BP) are
16-bit width, but RM address line is only 12-bit width(0~4095); therefore, RM address will be warping when index

value exceed 4095.

Note: Total SARM size is 4Kx16-bit. If PM(BANK7 / 1Kx16-bit) is used. RM will be 3Kx16-bit. If PM(BANK7) is
no used, BRM will be 4Kx16-bit. SARM configuration is set by option code.

I ——
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RM Space
DAG Unit 0000H

Immed 1 4Kx16

AMUXT] sRam

10| 1| BP

OFFFH

Figure 6.2 RM block diagram

6.3 Data Stack

A Last In First Out (LIFO) STACK is implementation for temporary data storage in RM memory. Generally,
Data Stack is start-up at the bottom of RM, so BP is usually set to OXOFFF.

-

POP regs

4§— Index by BP

Bottom of RM

Figure 6.3 Data Stack Structure
Data Stack's top value is indexed by base pointer (BP) register. When PUSH instruction is executed, the
“regs” will PUSH onto stack which address by BP and it will auto decrement. If POP instruction is performed, the

BP will auto increment and stack content of pointed by BP will POP into “regs”.

I ——
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7. Peripherals

7.1 Programmable Timers
Common I/O registers

Symbol Adr [Reset| RW | B7 B6 B5 B4 B3 B2 B1 BO [Description
STATUS.L 00H [20 RW [INTEN - - AQ AN AV AC AZ
STATUS.H 00H |00 [RW |PA FA INtVWR | - ; - ; Sg,'\l'\" System Status Flag
INTENA.L o1H| 00 |RW - - ENA5 | ENA4 | ENA3 | ENA2 | ENAT | ENAO Int + Enabl
INTENA.H olH| o0 |RW - - - - N N N - nterrupt Enable
INTREQ.L 02H 00 R/W - - Reg5 | Req4 | Reg3 | Reg2 | Reqt Req0
INTREQ.H 02H 00 R/W - - - - - - - - Interrupt Request

Virtual Programming 10 Port

Symbol Adr |Reset| RW | b15/b7 | b14/b6 | b13/b5 | B12/b4 | b11/b3 | B10/b2 | b9/b1 | b8/b0 |Description
Timer1 00H 00 W Timer0 Timer1
Timer1 00H 00 R Current Timer1 Value
Timer2 01H 00 W Timer1 Timer2
Timer2 01H 00 R Current Timer2 Value
RTCTimer 02H 00 RW RTCTimer RTC Timer
Fetch | Fetch )
FetchCNT 03H 00 w - - - - - - Timer2| Timert Fetch Timer1/2 Current Value

7.1.1 Audio PWM Timer

Audio PWM timer is fixed generate 32kHz interrupt request when INTENAQO bit is turned on, If Aufo FIFO EN
is setting the interrupt request rate = Ft/ FIFO Length. Notice: It should be avoided that INTENA bit0 is
turned on/off quickly. If need to turned on/off INTENA bit0 quickly, recommend to use INTMASK bit0.

INTENAO Sample Rate
i (Ft)

PWM T
Timer

\ 4

1/FIFO_LEN > INTO_Req

!

FIFO_EN
Figure 7.1 Audio PWM Timer Structure

7.1.2 Timer1 & Timer2

The clock source of Timer1 & Timer2 comes from fixed 32.768Mhz or External Clock Input, It contains 16-bit
write-only counter register. If Timer enable correspond with the INTENA bit is turned on then counting to time out,
an interrupt request will be generated. At the same time, TnC will be reloaded into Timer register and up-count

again. If the global interrupt enable, an interrupt signal is generated at the next clock.

I ——
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INTENA1 INTENA2
32.768Mhz » _\07Bit > INT1_Req 32.768Mhz— > LB > INT2_Req
Timer1 Timer2
A
RelLoad TnC RelLoad TnC

Int1_Req / Int2_Req = (32.768Mhz) / (TnC+1)

Figure 7.2 Timer1 & Timer2 Structure

7.1.3 RTC(Real Time Clock) Timer

The RTC Timer input frequency is Low power RC oscillator 32768Hz -5%@2.2V ~ +15%@5.5V (LP32K). It
contains 16-bit counter register. RTC generates interrupt request or wake-up MCU when in halt mode or interrupt in
normal mode. The wake-up function can be disabled by option.

The frequency of Int3_Req = 32768Hz / (RTC Timer TnC+1)

INTENA3
INT3_Req
LP32K RTC 16-bit| (WAKE UP)
(32768Hz) Timer g

L RTC Timer

Reload nC

Figure 7.3 RTC Timer Structure
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7.2 General Purpose I/O Ports
The TRSF16128A provides 4 1/0O ports for user application. There are four I/O port, PAO~PA3, PBO~PBS5,
PCO0~PC11 and PIO~PI1. The input/output bits programmable by IOC control register respectively. PAO~PA3,

PB0~PB5, PCO~PC11 wake-up function enable or disable by user program. PA1 and PA2 are external interrupt

pins. The Pull-Down 50K or 220K or 1M resistor of each pin can be programmed by user program. If I/O pin is set

to output pin, the Pull-Down 50K and Pull-Down 1M resistor will be disable.

The basic I/0O schematic is showed in Figure 7.5.

Common I/O registers

Symbol Adr |Reset| RW | B15/b7 | b14/b6 | b13/b5 | b12/b4 | B11/b3 | B10/b2 | b9/b1 | b8/b0 |Description

I0C_PA 04H 00 R/W I0C_PA[3:0] “1”"= out, “0” = in of related PA bit
I0C_PB 05H 00 R/W 10C_PB[5:0] “1”= out, “0” = in of related PB bit
I0C_PCI.L 06H 00 R/W I0C_PCJ[11:0] “1”"= out, “0” = in of related PC bit
I0C_PCILH 06H | 00 | RW IOC_PI[1:0] | | 1= out, “0” = in of related P! bit
PortA 07H XX R/W PortA[3:0] Read: in port Write: out port
PortB 08H XX R/W PortB[5:0] Read: in port Write: out port
PortCI.L 09H XX R/W PortC[11:0] Read: in port Write: out port
PortCI.H 09H | XX | RW Portl[1:0] | | Read: in port Write: out port

Virtual Programming 10 Port

Symbol Adr |Reset| RW | b15/b7 | b14/b6 | b13/b5 | B12/b4 | b11/b3 | B10/b2 | b9/b1 | b8/b0 |Description

PA_PD50K 05H 00 W PA_PD50K[3:0] PortA Pull Down 50K Enable
PB_PD50K 06H 00 W PB_PD50K][5:0] PortB Pull Down 50K Enable
PCI_PD50K.L 07H 00 W PC_PD50K][7:0] PortCl Pull Down 50K Enable
PCI_PD50K.H 07H 00 W |PI_PD50K[1:0] | - | PC_PD50K][11:9] PortCI Pull Down 50K Enable
PA_PD220K 08H 00 W PA_PD220K][3:0] PortA Pull Down 220K Enable
PB_PD220K 09H 00 w PB_PD220K]5:0] PortB Pull Down 220K Enable
PCI_PD220K.L | OAH 00 W PC_PD220K[7:0] PortCI Pull Down 220K Enable
PCI_PD220K.H | OAH 00 W [PI_PD220K[1:0] | - PC_PD220K[11:9] PortCl Pull Down 220K Enable
PA_PD1M 0BH 00 W PA_PD1M[3:0] PortA Pull Down 1M Enable
PB_PD1M 0CH 00 w PB_PD1M[5:0] PortB Pull Down 1M Enable
PCI_PD1M.L 0DH 00 W PC_PD1M[7:0] PortCI Pull Down 1M Enable
PCI_PD1M.H 0DH 00 W [PLPDIM[1:0] | - PC_PD1M[11:9] PortCI Pull Down 1M Enable
PA_4MA OEH 00 W PA_4MA[3:0] PortA Drive Current 4mA Enable
PB 4MA OFH 00 W PB_4MA[5:0] PortB Drive Current 4mA Enable
PCI_4MA.L 10H 00 W PC_4MA[7:0] PortClI Drive Current 4mA Enable
PCI_4MA.H 10H 00 W |PI_4MA[1:0] [ - PC_4MA[11:9] PortCI Drive Current 4mA Enable
PA_WLOW 11H 00 W PA_WLOWI3:0] PortA WLOW Enable
PB_WLOW 12H 00 W PB_WLOWI5:0] PortB WLOW Enable
PCI_WLOW.L 13H 00 W PC_WLOWI[7:0] PortCl WLOW Enable
PCI_WLOW.H 13H 00 W [PLWLOW[1:0] | - PC_WLOWI[11:9] PortCl WLOW Enable
WAKEN_PA 14H 00 W PortA_ WAKEN[3:0] PortA WAKE UP Enable
WAKEN_PB 15H 00 W PortB. WAKEN[5:0] PortB WAKE UP Enable
WAKEN_PC 16H 00 W PortC_WAKENJ[11:0] PortC WAKE UP Enable
WAKELV_PA 17H 00 W PortA_ WAKELV[3:0] PortA WAKE UP Edge

“1”= Pos-Edge, “0” = Neg-Edge of

related PA bit
WAKELV_PB 18H 00 w PortB_ WAKELV[5:0] PortB WAKE UP Edge

“1”= Pos-Edge, “0” = Neg-Edge of

related PB bit
WAKELV_PC 19H 00 w PortC_WAKELV[11:0] PortC WAKE UP Edge

“1"= Pos-Edge, ‘0" = Neg-Edge of
related PC bit

These totally 24 1/0O pins work not only just a general input/output port function but also can be configured as

SPI master, Analog input, IR 38K, External interrupt etc. For more detail please refer to relative section.
|
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AN

Data Out

Data Bus«

A

Latch

In/Out
Control

Pull Down 50K Enable

Pull Down 220K Enable
Pull Down 1M Enable

Virtual Programming 10 Port

<—110_PAD

50K 220K 1M

T Lt
I L

Figure 7.4 Basic I/O Configuration

Symbol Adr |Reset| RW | b15/b7 | b14/b6 | b13/b5 | B12/b4 | b11/b3 | B10/b2 | b9/b1 | b8/bO [Description
WAKEDLV_PB [ 1AH | 00 w PortB_WAKEDLV/[3:0] PortB Double-Edge WAKE UP
Enable

PBO, PB1, PB2 and PB3 support two edge mode which is rising and falling edge trigger for wake-up function. The

rising and falling edge trigger is selected by user program.

The PortC4, PortC5, PortC6, PortC7 also provides 2 comparators configuration for user application that each

comparator enable or disable by program. The output of comparator is bit14 and bit15 of system miscellanea

register #3.
PortC5 —» -
CMPO1
Comparatorl . . .
system miscellanea register #3 bit14
PortC4 —» T
PortC7 —» -
CMPO2
Comparator2 system miscellanea register #3 bit15
PortC6 —» ™
Figure 7.5 Comparator Configuration
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7.3 Extension Device
TRSF16128A built-in special hardwires for external device connection capability are listed below:
7.3.1 SPI Master Controller
In order to enable SPI Master Controller interface, user should set STATUS.b8 = 1 before SPI Master
Controller operation.
7.3.1.1 Features
» Serial clock rate: 16.384 MHz / 8.192 MHz / 4.096 MHz
* Support four standard SPI modes
+ Built in 1x16 bits data buffer

I/O Port SPl interface | Direction |Description
PortB.2 SO 1/0 Serial Data output
PortB.1 Sl 1/0 Serial Data input
PortB.0 SCK @) Serial Clock
PortB.5 CS (6] Chip Select(free assign by user)

7.3.1.2 Control/Data Registers

Symbol | Adr [Reset| RW | b15/b7 | B14/b6 | b13/b5 | b12/b4 | b11/b3 | B10/b2| b9/b1 b8/b0  |Description
CTRLWL|55H | o1 | w | - - | Rev | SEND | - - g‘;ttae' Send/Receive|\yite Control Register Low Byte
CTRL_W.H| 55H 00 W CPOL | CPHA CKSEL ICS - Which_INT Write Control Register High Byte
CTRL_R.L | 55H ot R DATOK 0 RCV | SEND 0 ;c;/ttzl Send/Receive Read Control Register Low Byte
CTRL_R.H | 55H 00 R CPOL | CPHA CKSEL ICS 0 Which_INT Read Control Register High Byte

Iltem Description

Total Send/Receive Byte Default:1 , Total byte number of sending or receiving
SEND Trigger sending data

RCV Trigger receiving data.

[Which_INT Default:0 , assign SPI interrupt to which interrupt vector, 00:int1  01:int2  10:int3  11:int5

[ics Internal SPI command select enable

[[CKSEL 00: N/A, 01: 16.384MHz , 10: 8.192 MHz , 11: 4.096 MHz

[[cPHA Clock Phase

[[cPoL Clock Polarity

[[DATOK Indicate transmit/receive data O.K

SPI Modes
SPI Mode Conditions Leading Edge Trailing eDge
0 CPOL=0, CPHA=0 Sample (Rising) Setup (Falling)
CPOL=0, CPHA=1 | Setup (Rising) | Sample (Falling)
CPOL=1, CPHA=0 Sample (Falling) Setup (Rising)
CPOL=1, CPHA=1 Setup (Falling) Sample (Rising)

I ——
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CPOL=0 MU
SCK  cpoL=1—vnunnrig

SS ! /m
Cycle # DI IZI AT Ie (710w

CPHA=0 MISOZI Y7341 ey 7IEmE
MOSI I (T3 S I s (718 0=

Cycle # AR R LS N N S R
CPHA=1 MISOZXI{ZYI({Z s 67 8=
MOSI DO I 2313y s (e 718 =

Symbol | Adr |[Reset| RW | b15/b7 | b14/b6 | b13/b5 | b12/b4 | b11/b3 | B10/b2 | b9/b1 | b8/bO |Description

DATA W 56H XX W DATA[15:0] Write Transmission Data Value
DATA_R 56H XX R DATA[15:0] Read Received Data Value

DATA [15:0]: Transmit/Receive Data Value
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7.3.2 PortA3 for IR 38KHz Modulation

I/O Port IR Direction |Description
PortA.3 IR 38K 0 IR 38K Output

PAS3 can provide 38 KHz modulation function. I/O port PA3 combine 38 KHz modulator with register DATA_PA bit 3,
this function is enabled by bit11 of system miscellanea register #1. If bit11 of system miscellanea register #1 is set
to high, I/O port PA3 will output 38 KHz clock signal when PA3 is configured as output port and DATA_PA bit3 = 1.
In contrast, PA3 output low when PA3 is configured as output port and DATA_PA bit3 = 0. The PAS3 output pad will

be forced to low state.
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7.3.3 Touch Controller

7.3.3.1 Features
* Touch controller with one dedicated comparator
» Use Real-T counter to count the output pulse width of comparator

* Provides an interrupt for efficient programming.

7.3.3.2 Control Registers
& System Miscellanea register #4

Symbol | Adr |Reset| RW | b15/b7 | b14/b6 | b13/b5 | b12/b4 | b11/b3 | B10/b2 | b9/b1 | b8/b0 |Description
TOUCH| TINT STMG | PDBST

MISC4L | 19H | 00 | RW | gepi7| EN TS SVT | THEN 1wk EN| MG |system miscellanea register #4
MISC4.H 19H 00 R/W - DAC_OG - -

Item Description

TOUCH_REALT Touch with Real-T function 0:disable & clear real-T stop flag  1:enable

TINT_EN Touch INT Enable

TIS Touch 1/0O Port input select , 00: NA, 01:PortA, 10:PortB, 11:PortC

SVT Touch SVT, 0: 1/4*VCC, 1: 1/2*VCC

THEN Touch Enable

& System Miscellanea register #5

Symbol | Adr |Reset| RW | b15/b7 | b14/b6 | b13/b5 | b12/b4 | b11/b3 | B10/b2 | b9/b1 | b8/b0 |Description

CMP2_| CMP1_|CMP2_I[CMP1_I| CMP2_| CMP1_
TIMER2| TIMERT [NT_INV|NT_INV|INT_EN|INT_EN

MISC5.L 18H 00 R/W | THO LVDO System Miscellanea register #5

[ltem Description
[THO Touch Comparator Output (Read Only)

Virtual Programming 10 Port

Symbol Adr |Reset| RW | b15/b7 | b14/b6 |b13/b5| B12/b4| b11/b3 | B10/b2| b9/b1 | b8/b0 Description

PA_4MA OEH 00 RW PA_Touch_EN[3:0] PortA touch enable bit
PB 4MA OFH 00 RW PB_Touch_ENI[5:0] PortB touch enable bit
PCI_4MA.L 10H 00 RW PC_Touch_EN[7:0] PortCO~ PortC7 touch enable bit

PortC8~ PortC11 touch enable bit
Portl0~ Portl1 touch enable bit

PCI_4MA.H 10H | 00 | RW |PI_Touch_EN[1:0]| - - PC_Touch_EN[11:8]

If THEN is set high, PA_4MA, PB_4MA and PCI_4MA registers are used to set the corresponding touch enable bit
of PortA, PortB, PortC and Portl.
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pcg —————— o————
PC_Touch_EN[8]

PCY ————
PC_Touch_EN[9]

PC1g—————— o—————
PC_Touch_EN[10]

PC11 ]
PC_Touch_EN[11]

PAO
PA_Touch_EN[0]

PA1
PA_Touch_EN[1]

PA2

PA_Touch_EN[2]

PA_Touch_EN[3]

PBO
PB_Touch_EN[0]

PBY ———— oy

PB_Touch_EN[1] PortA
1
PB2 — ]
PB_Touch_ENI[2] Analog Multiplexer Al
4

NA —H0

M
pB3————o o———| PortB 2 32-bit
PB_Touch_EN[3] Comparator Counter
PB4 —o o | 114 VCC——H 0 Co:'n‘:’“:rgtor (Real-T)
PB_Touch_EN[4] PortC 3 Output (THO)
4%
PB5 112 VCC——H| 1
PB_Touch_EN(5]
pop ——o o 32.768M Hz
PI_Touch_EN[0]
pH——o o | TIS[1:0] svT
PI_Touch_EN[1]

pCO —————— o—————
PC_Touch_EN[0]

pCl ——————
PC_Touch_EN[1]

PC2
PC_Touch_EN[2]

i ee—
PC_Touch_EN[3]

PC4
PC_Touch_EN[4]

PC5 ———— oy
PC_Touch_EN[5]

Rl e—
PC_Touch_EN[6]

PC7
PC_Touch_EN[7]

Touch
Comparator
Output (THO ha
uipu ( ) Touch Interrupt

e Rk A
32bit Real-T Counter Qoeeeeeoee ”””””””” @@@@Q@oe

N : pulse width length of touch comparator output(THO)

Figure 7.6 Touch Controller Structure
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7.4 Audio Output

7.4.1 Mono 16-bit PWM Output
One 16-bit of audio PWM is built-in TRSF16128A for mono audio application. Mono output pin PWMP and

PWMN are connected to speaker directly. This amplifier can be used to direct drive 8 ohm speaker without any

external circuit.

Common I/O registers
Symbol |Adr|Reset| RW | b15/b7 [ b14/b6 | B13/b5 | b12/b4 | b11/b3 [ b10/b2 | b9/b1 | b8/b0 |Description
Audio-PWM [16H] XX | W PWM[15:0] 16-bit PWM Channel

7.4.2 Mono 14-bit DAC Output
One 14-bit of digital-to-analog converter (DAC) is built-in TRSF16128A for mono audio application. In order to

get more output power driving, which require external amplifier is need.

Common I/O registers

Symbol Adr |Reset| RW | b15/b7 | b14/b6 | B13/b5 | b12/b4 | B11/b3 | b10/b2 | b9/b1 | b8/bO Description
Audio-PWM.L 16H| XX DACI7:2] - - 14-bit DAC Audio Channel

2|z

Audio-PWM.H 16H | XX DACI15:8] 14-bit DAC Audio Channel

7.5 Auto-FIFO

The Auto-FIFO allows user transfer base on 4-level of data to Audio-PWM. In some case of frame base
applications that data transfer is more efficient than sample base. It is advantageous to decrease number of context

switch between main program and interrupt service routine (ISR). The FIFO structure reveal as below:

4-Level FIFO

DAC

Port —» > > D/A

Sample Period
Figure 7.7 Auto FIFO Structure
An interrupt is generated when an entire 4-level FIFO is transfer completed (D\A FIFO buffer is empty), then
interrupt service routine should re-load 4-level data to FIFO at ones during 32K or 64K sample period. The FIFO

will automatically shift-out data to Audio-PWM at each sample period.

Note: Auto-FIFO is enable/disable by option setup.
I ——
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8. Flash Control

8.1 Flash Structure

TRSF16128A is built in 128Kx16 program/data FLASH memory. This Flash is offered with sector endurance
of more than 1,000 cycles, Data retention is rated at greater than 10 years. It is suited for convenient and
economical updating of program, configuration, or data memory.

The sector architecture is base on sector size of 256 words/512 bytes. The sector erase operation allows the

system to erase the device on a sector. The sector architecture is shown as Figure 8.1.

Sector Select{(255 sectors) Word Select(256 words)
als|aa|az|az]|an|aw]| ao| as | a7 as [ as| a4 | a3 ] a2 | a1 | ao
Figure 8.1 The sector architecture

8.2 Flash Sector Erase
The Sector Erase instruction needs to assign erasing sector number to AR register. When “PE = AR”

instruction is executed, select of sector will be erased.

Example: Erase 16th sector (0x1000 — 0x10FF)

AR =0x0010 // assign erasing sector number

PE =AR /Il sector erasing

Note: Erasing time of one sector is 2.6ms.

Note: Max value of sector is 0x01ff(128K). If sector number is set to 0x0200, physical sector number will be
0x0000.

Note: If physical sector number 0x0000 is erased, program code will be destroyed.

8.3 Flash Word Programming
TRSF16128A provide one word programming instruction. The Word Programming instruction needs to
assign programming data to AR register and assign programming address to PO/P1 register. When “PM[P0/P1] =

AR” instruction is executed, select of flash address will be programmed.

Example: Program 16th word address (0x0010)
P0.hh = 0x0000
PO = 0x0010 /I assign programming address
AR =0x5678 /[ assign programming data
PM[PO] = AR /I word programming

Note: Programming time of one word is 31us.
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Note: Max value of PO is Ox1FFFF(128K). If PO is set to 0x20000, physical program address will be 0x00000.

Note: If code data of physical address 0x00000 is programmed, program code will be destroyed.

8.4 Flash Word Read
TRSF16128A provide word read instruction. The Word Read instruction needs to assign reading address to

PO/P1 register. When “AR = PM[PO/P1] ” instruction is executed, select of word will be read out to AR register.

Example: Read 16th word address (0x0010)
P0.hh = 0x0000
PO = 0x0010 /I assign reading address
AR = PM[PO] // read word data

Note: Readng time of one word is two cycles of System Clock.
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9. Others

9.1 Dynamic System Clock
Operation frequency can be adjusted by software dynamically. User can adjust operation frequency in order

to reduce power consumption.

Write Data CPU Operation frequency
2 4 MHz
3 6 MHz
4 8 MHz

Example:  Change CPU Operation frequency to 4MHz.

SPEED EQU 67H

ar = 0x0002;
io[SPEED] =ar;

9.2 Low Voltage Detector
The voltage detect range of LVD is 1.8V ~ 2.98V for D2ENB =0 or 2.7V~4.47V for D2ENB=1.
When VCC/2 or VCC/3 < VBGI, LVDO=1, otherwise LVDO=0.

LVDEN

VBGI 0.9V ~ 1.49V
From Bandgap LVD[40]

+

LVDO y

- Deglitch |

Comparator

VCC/2
or
VCC/3

f

D2ENB

Fig 9.2-1 Function diagram of LVD
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Register MISC3.b6 | MISC3.b7 | MISC3.b8~12 | MISC5.b6
Control signal LVDEN D2ENB LVD[4:0] LVDO

LVD D2ENB=0 D2ENB=1 LVD D2ENB=0 D2ENB=1
[4:0] Ideal : Real Ideal i Real [4:0] Ideal : Real Ideal @ Real
0x00 1.80 1.79 2.10 2.68 0x10 2.44 240 3.66 3.59
0x01 1.84 1.83 2.76 2.74 Ox11 2.48 244 3.72 3.65
0x02 1.88 1.87 2.82 2.79 0x12 2.52 2.48 378 3.70
0x03 1.92 1.91 2.88 2.85 0x13 2.56 2.52 3.84 3.76
0x04 1.96 1.95 2.94 291 Ox14 2.60 2.56 3.90 3.82
0x05 2.00 1.98 3.00 2.96 0x15 2.64 2.59 3.96 3.87
0x06 2.04 2.02 3.06 3.02 0x16 2.68 2.63 4.02 393
0x07 2.08 2.06 3.12 3.08 0x17 272 1 261 4,08 3.99
0x08 2.12 2.10 3.18 3.13 0x18 2.76 2.71 4.14 4.05
0x09 2.16 2.14 3.24 3.19 0x19 280 275 420 4.10
0x0A 2.20 2.18 3.30 3.25 Ox1A 2.84 279 4,26 4.16
0x0B 2.24 221 3.36 3.30 0x1B 2.88 1 2.82 4,32 4.22
0x0C 2.28 2.25 3.42 3.36 0x1C 2.92 2.86 4.38 4.27
0x0D 2.32 2.29 3.48 3.42 0x1D 2.96 2.90 4.44 4.33
0xOE 2.36 2.33 3.54 348 Ox1E 3.00 2.94 4,50 4.39
0xOF 2.40 2.37 3.60 3.53 0x1F 3.04 2.98 4.56 444

It’s a COB test result for reference only.

9.3 2 channel comparators and a two stage OPA with class AB output

Register MISC2.b10 | MISC2.b13 | MISC2.b6 | MISC2.b7 | MISC3.b14/b15
Control signal OPEN PGAEN CMPIEN | CMP2EN | CMPO1/2
One-PGA_One-CMP | 0 1 1 0
One-OP_One-CMP 1 0 1 0
Two CMPs 0 0 1 1
**One PGA one comparator mode
PC6 PC5
O———in- 00— Ci1-
OPA CMP1 CMPO1
PC7
In- out Cily
R1=5 /
| R2
PGAEN  OFT_SEL[1:0]
Register Control signal
MISC2.b4 OFT_SELO 0 1 0 1
MISC2.b5 OFT_SELL1 0 0 1 1
Gain (V/V) 50 100 150 200
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**0One OPA one comparator mode

PC6 PCS
O—n+ O—jc
CMPO1
OPA CMP1
PC7 PC4
D In- out m Ci14
/ -

**Two comparators mode

PC7
D Cl2-
CMP2 CMPO2
PC6

D _Ci2+
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9.4 Microphone with AGC(Auto Gain Control)

Register MISC2.b10 | MISC2.b13 | MISC2.b11 | MISC2.b6
Control signal OPEN PGAEN RECEN CMPI1EN
Mic-pre-amp_PGA | 0 1 1 1
Mic-pre-amp_OP 1 0 1 1
**Mic-preamplifier PGA
VcC
VCC
MICENB —
MICENB —
. 3.6k Off chi
,,,,,,,, Qﬁ,G,h!E,,,E{,,,,,,,,, . C'p pos S 60K
i V(PC6) adjust to ~0.4VCC i
| 47U J 3 f E
| | 680pF
{ I 1 it
1 = CMP1 "\ CMPO1
i 4{1U out City
| R2
PGAEN  SEL[1:0]
Register Control signal
MISC2.b4 OFT_SELO 0 1 0 1
MISC2.b5 OFT_SELI1 0 0 1 1
Gain (V/V) 50 100 150 200
Recommend value for R1/R2
VCC R1 R2
2 cell battery | 2K N/A
3 cell battery | 2K 7.5K
**Mic-preamplifier OP
VCcC
T vee
MICENB —
MICENB —
. 3.6k
1 Off chip R1 PC6 i"(;;fir;r;i;w PC5 60K
: V(PC8) adjust to ~0.4VCC |
T -
3 i 680pF
[+ I il Cit®
| il oPa L ompt \L CMPO1
m n- out = 1
I LJ Lt
Rgain Gain= Rgain/5K
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**AGC function (CAGC=4.7nF)

Register MISC2.b0/1 | MISC2.b2/3 | MISC2.b8

Control signal HH_THR HH_ATT AGCEN

1. Threshold voltage, detect OPA_OUT voltage level > (VDD-VTH) or < (VSS+VTH)

HH_THR[1:0] 00 01 10 11%*
VTH -1.2V -1V -0.8V -0.6V
1.2V 1V 0.8V 0.6V

*Recommend setting: HH_THR[1:0]=11
2. Attach time

HH_ATTI[1:0] 00* 01 10 11

Attach time fastest fast medium slow

*Recommend setting: HH_ATT[1:0]=00

3. Decaytime: 3.2mV/ms

vCcC
VCC

MICENB —

,,,,,,,, Offchip 3% 60K

. | off chip | FC5

V(PCB8) adjust to ~0.4VCC 3

= CMP1 CMPO1

out

4{ }7 Cily
| R2
SEL[1:0]
acceN —» AGCA1
ATT[1:0] — P
THR[1:0] — |
PC2
10nF 2Meg

AGC function can work on PGA mode only.
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9.5 Buzzer and speaker wake up

Register MISC2.b10 | MISC2.b13 | MISC2.b12 | MISC2.b7
Function OPEN PGAEN HHEN CMP2EN
Buzzer/SPK_PGA | 0 1 1 1
Buzzer/SPK_OP |1 0 1 1

Register MISC2.b14

Function BUZEN

Speaker (PWMN) 0

Buzzer (PAO) 1

**Buzzer/Speaker wake up circuit PGA

PWMN [}
VREFBI
pa0 [ e oD
cMp2 \ CMPO2
IMeg OPA
In- out Ci2+
| R1=5K ‘
| R2
PGAEN  OFT_SEL[1:0]
Register Control signal
MISC2.b4 OFT_SELO 0 1 0 1
MISC2.b5 OFT_SELI 0 0 1 1
Gain (V/V) 50 100 150 200
**Buzzer/Speaker wake up circuit OP
VREFBI
Ci2-
Ci24

Gain= Rgain/5K
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10. System Control
10.1 Halt Mode & Wake up

TRSF16128A is changed into HALT mode (system clock stop, RTC stop by Option setup) when HALT
instruction executed. It provides a power saving mode for those applications requiring a very low stand-by current.
The RTC timer, PAO~PA3, PB0O~PB5 and PCO~PC11 are supporting the wake-up MCU function when related 1/0
port raising/falling edge which selects by program. The program counter will be 04H when HALT instruction
executed immediately; in addition, when wake up condition is occurred, MCU will release HALT state and program
counter go-to next address after difference stable clock is delayed by option. During the Halt mode period, the

SRAM will keep their previous data without changing.

10.2 Watch Dog Timer Reset (WDT)
Symbol | Adr |Reset| RW | b15/b7 | b14/b6 | b13/b5 | b12/b4 | B11/b3 | b10/b2 | b9/b1 | b8/bO |Description
CIrWDT IDH] XX | W Clear WDT

The watch dog timer (WDT) is used to reset whole chip when detect unexpected execution sequence of

instructions caused by accident condition, avoiding dead lock of MCU program. Software shall run an "clear watch
dog timer"( CLRWDT ) instruction before this timer time out. It will generate a reset signal to reset whole system
when WDT overflow.

WDT will be reset when wake-up from halt or after power on or software clear. In test mode, watch dog timer
will be disabled no matter watch-dog-timer is time-out or not.

The reset watch dog timer code syntax is strongly recommended as: “CLRWDT = AR”.

10.3 Low Voltage Reset
When VCC power is applied to the chip, the low voltage reset is initially enabled by default, it will be disabled
when in halt mode. The internal system reset will be generated if VCC power below the voltage of LVR(option

setup). The normal operation of LVR is always enable expect disable in HALT mode.

10.4 Reset System

TRSF16128A reset is come from four signals which are power on reset, low voltage reset(LVR), external 1O
PC3 or PB3 pin (by option) and WDT overflow reset, as shown in Figure 10.1. A dedicated external resetb input
pin (by option) is provided to reset this chip, which has 30K ohm pull up resistor. The operation frequency of MCU

will go back to BANKO mode when reset occurred.
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I
| 30K
RSTBIN |

(PB3orPC3) 2 I
| Power on
| reset ckt.
| SYSTEM
| LR > RESETB
I
| WDT
I

Figure 10.1 Reset system block diagram

10.5 Clock System Architecture
TRSF16128A clcok system supports internal ROSC(65.536MHz) for System Clock, and Low power RC
oscillator(32768Hz -5%@2.2V ~ +15%@5.5V) for RTC function.

Internal

ROSC —> System Clock
Lower

Power —3 RTC 32K

RC

Figure 10.2 Clock System Diagram
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11. Electrical Characteristics
11.1 Absolute Maximum Rating

Parameters Symbol |Value Unit
DC Supply Voltage VCC <5.5 V
Input Voltage Vin -0.5to VCC+0.5 V
Operating Temperature Range Ta 0to 75 C
Storage Temperature Range Tstg -50t0 150 T

11.2 DC/AC Characteristics
VCC=3.0V, Ta=25C unless otherwise noted

Parameters Symbol | Minimum | Typical | Maximum Test Condition
Operating voltage VCC 22V - 55V
Operating frequency Fbank0 [4.096MHz 8.192MHz
(BANKO) +3% +3%
Operating frequency Fbank7 32.768MHz
(BANK?) +39,
RC oscillator Frc1 65.536MHz
frequency +30,
Low power RC Frc2 32768Hz 32768Hz
oscillator frequency -59% +15%
Halt Current Ihalt1 10uA All function off
Operating Current lop 5mA no load
input high voltage VIH Without schmitt trigger
(PortA, PortB, PortC) 0.6 VCC
input low voltage VIL Without schmitt trigger
(PortA, PortB, PortC) 0.5 VCC
input high voltage VIH 0.7 VCC With schmitt trigger
(Portl)
input low voltage VIL 0.3 VCC With schmitt trigger
(Portl) '
output high voltage Voh 0.95 VCC no load
output low voltage Vol 0.05V |noload
loh Vout=VCC-0.4V,
, PortA, B, C, |
output high current 16 mA select strength driving
option
lol Vout=0.4V
PortA, B, C, |
output low current -16 mA select strength driving
option
pull-down resistance |Rpd 50K/220K/ pins with pull-down,
1M ohm Port A,B,C, |
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12. Application Circuit

Application Circuit: Mono16-bit PWM output

Notice:

1. VCC Decoupling Cap 33uF should be close to IC within 0.5cm.

2. Power Path of VCC and VSS must pass through Decoupling Cap 33uF into IC.
3. Power Path of VPD and VCC must pass through Resistor 33Q into IC.

/) DC 2.2V ~ 5.5V
N 330

L.
!

VPD VCC
LChP
RChN
— KeyPad
el 4X4 Array
VSS

.”_
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13. Appendix:

Appendix 1: PORT A PIN MAP RELATE TO FUNCTION
PORT A[3:0]

2 Ch Comparator

SPI (Master)

ICE

IR 38K IR_38KO

EXT-RESETB

EXT-INT EXT_INT1 EXT_INTO

Appendix 2: PORT B PIN MAP RELATE TO FUNCTION

PORT B[5:0]
5 4 3 2 1 0

2 Ch Comparator

SPI (Master) CS SO(in) SI{out) CLK

ICE

IR 38K

EXT-RESETB EXT-RSTB()

EXT-INT
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Appendix 3: PORT C PIN MAP RELATE TO FUNCTION

PORT C[7:0]

2 Ch Comparator CAP2- CAP2+ CAP1- CAPl+ AGC

SPI (Master)

ICE

IR 38K

EXT-RESETB EXT-RSTB(1)

EXT-INT

PORT C[11:8]

11 10 9 8

2 Ch Comparator

SPI (Master)

ICE

IR 38K

EXT-RESETB

EXT-INT

Appendix 4: PORT | PIN MAP RELATE TO FUNCTION
PORT I1:0]

2 Ch Comparator

SPI (Master)

ICE ICE SCLK(I) ICE SD{/C)

IR 38K

EXT-RESETB

EXT-INT
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14. Power Line PCB Layout Guide

Notice:

1. VCC Decoupling Cap 33uF should be close to IC within 0.5cm.

2. Power Path of VCC and VSS must pass through Decoupling Cap 33uF into IC.
3. Power Path of VPD and VCC must pass through Resistor 33Q into IC.

COB PCB layout Diagram:

SOP28 PCB layout Diagram:

+ 33R

(o] - VCC

3

33uF POWER

A LU

-
0

N
o |11
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SOP16 PCB layout Diagram:

3uF <= 33R

POWER

SOP16

SOP8 PCB layout Diagram:

33uF+
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15. Package: SOP8 / SOP16 / SSOP24 / SSOP28 / SOP16-2

PC7 O 1 ~ 16 [J PWMN
PC6 ] 2 15[ vcC
PC5 ] 3 14 PWMP
U PC4 ] 4 131 VSS
PWMN ] 1 8 O VPD pPc2 5 123 VPD
vce 2 7 O vss PH O 6 113 PAO
PC2 3 6 O PWMP PIO 7 100 PBO
PHM ] 4 5 [ PI0 PB2 ] 8 9 P PB1
SOP8 SOP16
pPc7 O 1 ~ 280 PWMN
PC6 ] 2 27 vece U
PC5 O 3 261 VPD Pc7 1 24P PWMN
PC4 ] 4 251 PWMP PC6 ] 2 23 vcce
pPc3 O 5 240 VSS PC5 O 3 220 VPD
PC2 O 6 23 PC8 PC4 4 210 PWMP
PC1 O 7 220 PC9 pc3 O5 200 vss
PCO ] 8 212 Pc10 PC2 6 190 PC8
PH O 9 203 PAO PC1 O 7 180 PAO
PI0O C]10 190 PA1 PCO ] 8 172 PA1
PB5 ] 11 180 PA2 PM ]9 160 PA2
PB4 C]12 1780 PA3 PIO 10 150 PA3
PB3 13 162 PBO PB5 ] 11 140 PBO
PB2 14 15 PB1 PB2 12 130 PB1
SSOP28 SSOP24
PC7 O 1 ~ 16 0 PWMN
PC6 ] 2 15[ vVCcC
PC5 ] 3 14 P PWMP
PC4 ] 4 130 VSS
PCc2 O 5 122 VPD
PM e 113 PAO + PA1
PI0O 7 10 [0 PBO
PB2 ] 8 9 O PB1
SOP16-2
(TRSF16128B)
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16. SPI Operation Sequence:

A1.0 Initial Process

set io[lOC_PB].b5 // set output port

set io[STATUS].b8 // Enable SPI Control
set io[PortB].b5 /I CS=1

ar = io[SPI_CTRL]

set arbil1 // set ICS =1

io[SPI_CTRL] = ar

A1.1 Sending Data Process

clr io[PortB].b5 /I CS =0
ar = io[SPI_CTRL]
clr ar.bi1 /I1CS =0

io[SPI_CTRL] = ar

SPI_write_data:

ar = data
io[SPI_DATA] = ar; // write data
ar = 0x12; // set total byte number & send data
ah = 0x10; // speed 16M
io[SPI_CTRL] = ar; //set SEND = 1;
call Check _Tran_OK
set io[PortB].b5 /I CS =1
ar = io[SPI_CTRL]
set ar.bl1 /I'1CS =1

io[SPI_CTRL] = ar

Check_Tran_OK:
ar = io[SPI_CTRL]
test arb7
if eq jmp Check_Tran_OK
Check_Tran_OK_End:
rets
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A1.2 Receiving Data Process

clr io[PortB].b5 /I CS =0
ar = io[SPI_CTRL]
clr ar.bi1 //1CS =0

io[SPI_CTRL] = ar

SPI_read data:

ar = 0x22; // set total byte number & receive data
ah = 0x10; // speed 16M

io[SPI_CTRL] = ar; //lset RCV = 1;

call Check _Tran_OK
ar = io[SPI_DATA]; // read data

set io[PortB].b5 /I CS =1

ar = io[SPI_CTRL]

set ar.bl1 /I'1CS =1

io[SPI_CTRL] = ar

Check_Tran_OK:
ar = io[SPI_CTRL]
test ar.b7

if eq jmp Check_Tran_OK
Check_Tran_OK_End:

rets
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17. Revision history

REVISION DESCRIPTION PAGE DATE
V1.0 New establish 2018/6/20
V1.1 Add 9-2 ~ 9-5 sector 28~33 2018/6/28
V1.2 Add Power Line PCB Layout Guide 40~41 2018/9/26
V1.3 Modify Fbank2 to Fbank7 36 2018/10/30
Modify Microphone Circuit 31~32
Add DAC mode 25
Change working voltage 2.2Volt ~ 5.5Volt 36
At DAC mode, the working frequency range of BANKO (Flash 3,36
memory) is from 4MHz to 8MHz.
At PWM mode, the working frequency range of BANKO (Flash 3,36
memory) is only up to 4MHz.
At DAC mode, resistor 33Q can be removed and VPD is directly 3, 37,40
shorted to VCC.
At PWM mode, resistor 33Q must be needed and VPD connects 3, 37,40
the resistor 33Q to VCC.
V2.0 Modify SOP16 Package 42 2018/12/18
Modify Microphone Circuit 31~32
Add SPI Operation Sequence 43~44
Modify Notice 3,36,37,40, 41
Remove SPI Clock 32.768M 22
Add Dynamic System Clock 28
V2.1 Add SSOP24 Package 44 2019/5/2
Modify GPIO VIH/VIL 38
Add Touch Controller 25, 26
V2.2 Add TRSF16128B(only one package : SOP16-2) 44 2019/7/25
Remove RXEN 8,10
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