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Rry F,gy A B Genera Description

\

The, foy E ™isa high performance 16-bit MCU, running up to 32MHz and provided with 96K FLASH and
total 6K SRAM for high performance process of audio algorithm, power control and motor control. It is the new
generation computational kernel for Flash DSP series2. It has initially aimed at the areas of controller and
multimedia digital signal processing (DSP) application to demonstrate its profession. TxP16E2 furnish with fast
MAC architecture, which allows multiplication+accumulation instructions to be issued with access memory
simultaneously during one cycles. The TR16F096A(B) is equipped with TxP16E2 and integrating input/output ports,
Audio PWM, Timer and Low Voltage Reset...etc on a chip. Built-in high-speed 12-bit ADC can apply to voice
recording application easily.

Furthermore, TR16F096A(B) extend its external device connection capability such as Serial ROM/Flash. The
internal memory capacity includes 96Kx16 program/data FLASH plus 6Kx16 working SRAM.
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\ Rfy F,;y A B Features
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€ Notice F{v-y F,ry A B do not support u tra deep s eep

€ Notice PortCe are forbidden to be connected with CC or pu up resistance

@ Notice , Ry F, B ony supports SOP \ pac_age PIN is PB PCe

€ Notice Rry F,ry A B does not support buzzer and spea_er wa e up so MISC bit MISC bit&’ and
MISC'l ‘ bit,l ‘ shou d be set to «

& Notice If Microphone is used OPA and OPA need to be disab e

€ High-performance RISC TxP16E2 CPU

high working performance 32MIPS@SRAM PM
Max speed 24MIPS in no branch condition (Turbo-Speed ON) @Flash PM
Max speed 16MIPS (Turbo-Speed OFF) @Flash PM
- wide working voltage 1.8Volt ~ 5.5Volt
Operation frequency is programmable by Software
Built-in 4096x16 SRAM + 2048 x16 SRAM
Embedded PC Stack Level 24
€ Rich DSP function
Hardware Circular Buffer support
MAC Computation power : 32 MIPS (max.)
Multi-Function Support: In MAC calculation, simultaneously access two operands from memory in one cycle
Extend Dynamic Range: A 40-bit accumulator to ensure in 512 successive multiple+additions no overflows
4 Embedded Flash 96Kx16
- Typical 2,0000 erase/program cycles
Greater than 10 years Data Retention
€ Software-based audio processing technical
- Voice recognition, Subband , ADPCM , Melody
Support 22+2(ICE PAD can be as 1/0) general purpose I/O port.
Stereo 16bit PWM and Mono 16bit DAC
151RQ & 1 FIRQ
FIRQ can interrupt IRQ immediately

L 2R 2R 4

- 2 external interrupt

SPI Master interface with 4 buffers

SPI Slaver

UART for IAP(In Application Programming)

12C interface

Three timers: Timer1, Timer2, RTC timer

Support Spread Spectrum clocking to reduce EMI.
Watch dog timer (WDT)

L 2R 2K 2K 2R 2R 2R 4
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€ Low voltage reset (LVR)

€ Low dropout regulator(LDO) supply 3.3V/2.4V/1.8V@20mA (voltage drop 0.1v)

4 PBO, PB1, PB2, PB3 support two edge modes for wake-up function are rising and falling edge trigger.

€ Three Comparators

€ 12bit SAR ADC 12bit / 8 channel

& 16bitX-A ADC

€  Microphone with AGC(Auto Gain Control)

& Crystal 32768

¢ Low voltage detector

€  Touch with BG Pre-Charge

¢ |R38K

¢ 1402 interface

¢ PIR/CDS/OPA

€ Four I/O pins support de-bounce input

€  PortA5 support high sink current 60mA@3.3V

¢ Notice Specia | O PortCe wi cause LED f ashing ight when power on

¢ Notice PortCe PortC __ PortC __PoriC. PortC Portg Portd are forbidden to be directy
connected to inductive co ponents Forexa pe otorsand cois etc

¢ Notice CC Decoup ing Cap <uF shou d be c ose to IC within «. ¢ in PCB ayout

¢ Notice CC Decoup ing Cap « UuF shou d be c ose to IC within«. ¢ in PCB ayout

4 Notice he widthof CCand SS power ine shou d be greater than'l « i inPCB ayout

4 Notice Rry F.«y A B does not support the function of deep s eep
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- MCU Application

- Electronic Dictionary

- Handheld Games

- Electronic Learning Aid (ELA)

- Electronics storybook
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Pin Assign ents Description

Pin Name |I/O | State FUNCTIONS
after
RESET
Chip Power
VCC I High [Chip Power Input
VSS I Low |Digital Ground
AVSS I Low |Analog Ground
VIO I High |PortA 10 Power input
V330 0] High [3.3V/2.4V/1.8V LDO Power Qutput
VPD I High |PWM IO PAD Power Input
VPS I Low |[PWM IO PAD Ground
General Purpose /O Port

PortA[5:0] I/0 Low |[PortAis programmable Input/Output port
PortB[7:0] I/0 Low |[PortB is programmable Input/Output port
PortC[7:0] I/0 Low [PortC is programmable Input/Output port

PortC[0] is programmable Input/Output port when not connected to ICE

ICE_VPP: PortC[0] 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: Portl[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: Portl[0] is embedded ICE data pin when connected to ICE Probe.

PWM Audio

PWMP O] Low |[Digital PWM output(+) / Analog DAC output(+)
PWMN 0 Low |[Digital PWM output(-) / Analog DAC output(-)

& Notice Specia 1 O PortCe wi cause LED f ashing ight when power on

€ Notice PortCe are forbidden to be connected with CC or pu up resistance
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As shown in the block diagram in Figure 4.1, the TXP16E2 is a 16-bit data width processing capability and all

instructions are operated in one cycle except parameter data ROM(PM) access. The TxP16E2 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.

\ N
L xPy E Registers

The TxP16E2 contains of register files are illustrated below:

DAG RM addressing on

MAG PM addressing ony AL
le | BP Pe P PC AR
e 1 \ e \ Py ¢
AX R‘ ‘
BX R
CcX R
DX Re
1% %
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B REGISTER FILES DEFINE:

\

AR: Accumulator Register MR2: MUL/MAC Result Register 2
10: Index 0 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
MACOP: MAC Operation Register R1: General R1 Register

MACNT: MAC Operation Loop Counter R2: General R2 Register

MX: MUL/MAC Input X Register R3: General R3 Register

MRO: MUL/MAC Result Register 0 CBL: Circular Buffer Length Register
MR1: MUL/MAC Result Register 1 PASR: Parser Register

SFTOP: Shifter Operation Register SR1: Shifter Result Register 1

SE: Shifter Exponent Register SRO: Shifter Result Register 0

Specia Registers

15 AR o
[ AH | AL | ACCUMUIETOrRSOISTET
Stack Pointer

PCH Program Counter Bank

PCH Program Counter High
19 o

PC | Program Counter

7 CBL o

Circular Buffer Length Register
Figure 5.2 TxP16E2 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 16 banks by PCB register (Program Counter Bank). From BANK8
to BANK14 are system reserved. From BANKO to BANK7 are implemented as Flash memory. The BANK15
is implemented as static RAM.

® Program Counter High
The instruction “LUMP” and “LCALL” will refer PCH and PCB registers to compose of 20-bit pointer provides
the 16x64K words PM addressing range.

® Program Counter
The 20-bit PC register provides 16x64K-word addressing capability. It is responsible for MCU fetch now
executing instruction.

® Circular Buffer Length Register

TEL: +86-0755-27595155 27595165 8
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Many algorithms such as convolution, correlation, and digital filter require the circular data buffers. The
TxP16E2 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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on | O Registers

The TxP16E2 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
STATUSL |00H | 00 |RW | INTEN AT 1A | an | AV | Ac | Az
— SPIS [SPIM System Status Flag
STATUSH [00H | 00 |RW | PA FA |IntVWR [Bank15 - - EN EN
INTENAL | O1H | 00 | R/W | ENA7 | ENA6 | ENA5 | ENA4 | ENA3 | ENA2 | ENAT | ENAO terrunt Enaby
INTENA.H | 01H | 00 | R/W | ENA15 | ENA14 | ENAT3 | ENAT2 | ENATI | ENATO | ENA9 | ENAg | errupt=navle
INTREQ.L 02H 00 R/W | Req7 | Req6 | Reg5 | Reg4 | Req3 | Reg2 | Reqt Req0 Interrunt Request
INTREQ.H | 02H | 00 | RW | Reqi5 | Reql4 | Reql3 | Reqi2 | Reqii | Req10 | Req9 | Reqs ptheq
IntVect 03H XX R/W IntVect[15:0] Interrupt Vector access Window
IOC_PA 04H | 00 | RW I0C_PA[5:0] “1”= out, “0” = in of related PA bit
IOC_PB 05H | 00 | RW IOC_PB[7:0] “1"= out, “0” = in of related PB bit
IOC PCLL | 06H | 00 | RW I0OC_PC[7:0] “”= out, “0” = in of related PC bit
IOC PCILH | 06H | 00 | RW | 10C PI[1:0] | [ 17= out, “0” = in of related PI bit
PortA 07H XX R/W PortA[5:0] Read: in port Write: out port
PortB 08H XX R/W PortB[7:0] Read: in port Write: out port
PortCI.L 09H XX R/W PortC[7:0] Read: in port Write: out port
PortCI.H 09H XX R/W Portl[1:0] Read: in port Write: out port
INTMASK.L | 0AH |00 | R/W | Mask | Maské | Maskb | Maské | Mask | Mask2 | Maski | Mask0 | "\
INTMASK.H | 0OAH | 00 | R/W |Mask15|Maski4 | Mask13|Mask12 | Mask11 | Mask10| Mask9 | Mask8 P
SPIS CTL | 0BH | XX | W SPIS_CFG [15:0] SPI Slaver Control
SPIS DAT | OCH | XX | XX SPIS_DAT [15:0] SPI Slaver Data
SPIM_CTL | ODH | XX | RW SPIM_CFG [15:0] SPI Master Control
SPIM DAT | OEH | XX | RW SPIM_DAT [15:0] SPI Master Data
Reserve OFH XX XX
Reserve 10H XX XX
Reserve 11H XX XX
UART CTL | 12H | XX | XX UART CTRL[15:0] UART Signal
UART DAT | 13H | XX | XX UART_DATA[15:0] UART Signal
Reserve 14H XX XX
DEB_ | DEB_ | DEB_ | DEB_ | OPA2_| OPA1_| LDO24
MISC6.L 15H | 00 | RW | \\inv | INTEN |wkeN| EN | EN | EN | en |PIREN . .
DEB_ | PIR_ | CDS_ System Miscellanea register #6
MISC6.H 155 | 00 | RW | SUF | owro | EN DEB_INSEL DEB_CLKSEL
f:g&i&"@- 16H | xx | w Audio-PWML / Audio-DAC[15:0] Audio PWM L / DAC Channel
Audio-PWMR| 17H | XX | W Audio-PWMR [15:0 Audio PWM R Channel
CMP2_|CMP1_|CMP2_[|CMP1_I| CMP2_| CMP1_
MISCS.L 18H | 00 | RW | THO | LVDO |q\\iERa|TIMERT |NT INV|NT INV|INT EN|INT EN|System Miscellanea register #5
MISC5.H 18H | 00 | RW InterPLY FREQ DIV
MISC4.L 19H | 00 | Rw |TOUCH TINT TIS SVT | THEN | PREC | CMP3
_REALT| EN EN . .
CY32K InterPL | Tone_ System Miscellanea register #4
MISC4.H 19H | 00 | RW |“sTag DAC_OG YV EN | Moge | 'MerPLY_FUN
SPIS_PI[ SPI_PI CY32K | LP32K
MISC3.L 1AH | 00 | RAW | D2ENB|LVDEN |’y o) N seL| O [ENHC | "EN | "EN  |system Miscellanea register #3
MISC3.H 1AH | 00 | R/W |CMPO3|CMPO2|CMPO1 LVD
CMP2 | CMP1 LDO33
MISC2.L 1BH Q R/WQ PGAEN 0 0 GBB EN EN ) EN [System Miscellanea register #2
MISC2.H 1BH | 00 | RW THR AGCEN GA
DAC | PWM | DAC_| RC
MISC1.L 1CH | 00 |RW | TCS | "oy | yute|muTes| met |EXRST| VR | wOT ystom Miscollanea register #1
CLR_ | DEB RTC IR PIN_| PWM
MISC1.H 1CH | 00 |RW | pow | wake| | wake| B-EN |sg EN | MODX
RealT 1DH | XX | R RealT[15:0] RealT register
CIrWDT DH | 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

Table 5.1 Common I/O registers

TEL: +86-0755-27595155 27595165
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& STATUS register

TR1 6F096A(B) 16-bit Multimedia Processor

S Basic Syste Registers

Symbol | Adr |Reset| RW b15/b7 | b14/b6 | b13/b5 | b12/b4 | b11/b3 [ B10/b2 | b9/b1 | b8/b0 Description
STATUS.L |00H [20  |RW | INTEN Ué\,\FfT AQ | AN | Av | Ac | Az
= SPIS ISP System Status Flag
STATUSH |0oH (00 |[RW | PA | FA |intvWR |Bankis - - | 5P BV

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

by the computational blocks of the TxP16E2, which used for program sequencer control. The second indicated that

special function of hardware module is enable or not.

For program flow control:

Syste F ag 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:

Syste F ag Definition

INTEN System global interrupt control bit

IntVWR Interrupt Vector Table access window control bit
UART_EN UART enable bit

SPIM_EN SPI master enable bit

SPIS_EN SPI slaver enable bit

BNAK15 1 = Current program is run in BNAK15

4 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~17H: 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

MISC1.L 1CH 00 RW | TCS "EN | MUTE |MUTEB| RST EXRST| LVR WDT ystem miscsllansa register #1
CLR_ | DEB RTC IR_PIN_| PWM

MISC1.H 1CH 00 R/W RealT | WAKE - WAKE IR_EN SEL EN MODX

lite Description

[[CIr_ RealT Set high to clear 32-bit RealT timer. (this bit only for TCS=1)

[DEB_WAKE Debounce Wake Up Flag (Read Only)

([RTC_WAKE RTC Wake Up Flag (Read Only)

IR_EN IR 38K Enable

[IR_PIN_SEL IR 38K PIN Select  0:PortA4  1:PortB4

([PWM_EN Audio PWM enable

TEL: +86-0755-27595155 27595165
FAX: +86-0755-27594792
WEB:Http://www.ChipSourceTek.com
E-mail: Sales@ChipSourceTek.com Tony.Wang@ChipSourceTek.com
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MODX=0 is chosen narrowband sound-effect filter. MODX =1 is chosen wideband sound-effect filter. Actual

MODX bandwidth is dependent on source signal sample-rate.
TCS Noté Enable RealT Timer

DAC_EN Audio DAC enable

PWM MUTE Audio PWM mute enable

.

[DAC MUTEB Audio DAC mute enable

[RC_RST Note System Reset from internal RC reset

[EXRST System Reset from external reset pin

[LvR System Reset from low voltage reset

wpT 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. Address 1DH: RealT register.

io[RealT]
ar

ar

=ar

; write to reset the state machine of 32-bit real timer.

= io[RealT] ;read low-word timer[15:0]
= 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/b0 |Description
CMP2 | CMP1 LDO33
MISC2.L 1BH 00 R/W | PGAEN 0 0 GBB EN EN ) EN |System miscellanea register #2
MISC2.H 1BH 00 R/W THR AGCEN GA
Ite Description
THR Default:0 , Threshold voltage control
AGCEN Default:0 , AGC enable
GA Default:0 , PGA gain adjust, from 16db to 46db
[PGAEN Default:0 , Programmable Gain Amplifier
[[GBB Default:0 , GBB=0 for PGA gain boost
[[cMP2EN Default:0 , Comparator 2 Enable
[CMP1EN Default:0 , Comparator 1 Enable
[CDO33EN Default:0, LDO 3.3V Output Enable

& 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
SPIS_PI| SPI_PI CY32K | LP32K
MISC3.L | 1AH | 00 | RMW | D2ENB|LVDEN Iy ‘g | N SEL| @ | ENHC | "N | TEN  |System miscellanea register #3
MISC3.H 1AH 00 R/W |CMPQO3|CMPQO2|CMPO1 LVD
lite Description
[[cmPO3 Comparator 3 Output (Read Only)
[cmPo2 Comparator 2 Output (Read Only)
[[cmMPO1 Comparator 1 Output (Read Only)
"LVD Default:0 , LVD voltage 1.8~ 2.98V for D2ENB=0(each step~ 40mV), 2.7V~4.47V for D2ENB=1(each step~
60mV)
[[D2ENB Default:0, VCC divide 2 for LVD input
LVDEN Default:0 , LVD Enable
SPIS_PIN_SEL SPI Slaver Pin Select 0:PortB[3:0] 1:PortA[3:0]
SPI_PIN_SEL SPI Master Pin Select 0:PortA[3:0] 1:PortB[3:0]

TEL: +86-0755-27595155 27595165
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[ENHC Fast start mode for external capacitor
[[CY32KEN Crystal 32768 enable, X32l/ X320 (PortC7 / PortC6)
[[LP32KEN Lower Power 32768 enable

& 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

MISC4L | 19H | 00 | Rw |TOUCH| TINT TIS SVT |THEN| PReC | CMP3
_REALT| _EN EN . .
CY32K InterPLY | Tone_ System miscellanea register #4

MISC4.H 19H 00 R/W STAB DAC_OG EN Mode InterPLY_FUN

lite Description

[[cY32K_STAB Crystal 32768 stable flag

[DAC_OG Default:0, DAC output gain = 1

InterPLY_EN 0:DAC Interpolation disable  1: DAC Interpolation enable

Tone_Mode 0:TONE disable  1:TONE enable

InterPLY_FUN

0:DAC Interpolation disable 1: DAC Interpolation 8 point
2:DAC Interpolation 16 point  3: DAC Interpolation 32 point

TOUCH_REALT

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

TINT_EN Touch INT Enable

TIS Touch 1/O Port input select , 00: NA, 01:PortA, 10: NA, 11:PortC
SVT Touch SVT, 0: 1/4*VCC, 1:1/2*VCC

THEN Touch Enable

PREC Touch Pre-charge 1.5V

([CMP3EN Default:0 , Comparator 3 Enable

& System Miscellanea register #5

Symbol | Adr [Reset| RW | b15/b7 [b14/b) b13/b5 | b12/b4 | b11/b3 [ B10/b2 | b9/b1 | b8/b0 (Description
6
CMP2_TI | CMP1_|CMP2_1|CMP1_I| CMP2_| CMP1_
MISC5.L | 18H | 00 | RW | THO |LVDO| "yiems | TIMERT|NT INV|NT INV|INT EN|INT EN|System Miscellanea register #5
MISC5.H | 18H | 00 | RW InterPLY_FREQ_DIV
ite Description

[interPLY FREQ DIV

System Frequency Divisor for DAC interpolation, Default:0

[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_TIMER1 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

& System Miscellanea register #6

Symbol | Adr |Reset| RW | b15/b7 | b14/b6 | b13/b5 | b12/b4 | b11/b3 | B10/b2 | b9/b1 | b8/b0 |Description
DEB_ | DEB_ | DEB_ | DEB_ | OPA2_| OPA1_| LDO24
MISC6.L | 15H | 00 | RW | v |INTEN| WKEN | EN | EN | EN | En |PIREN . .
DEB._ | PIR_ | CDS_ System Miscellanea register #6
MISC6.H 15H 00 R/W ouT | cMPO EN DEB_INSEL DEB_CLKSEL
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lite Description
([DEB_ouT Debounce Output (Read Only)
[PIR_CMPO PIR Comparator Output (Read Only)
[cbs_EN Default:0 , CDS Function Enable
([DEB_INSEL Debounce Input Select
[[DEB_CLKSEL Debounce Clock Select
[[DEB_ININV Default:0 , Debounce Input Inverse
([DEB_INTEN Default:0 , Debounce Interrupt Enable
[DEB_WKEN Default:0 , Debounce Wake Up Enable
([DEB_EN Default:0 , Debounce Function Enable
[[oPA2 EN Default:0 , OPA 2 Enable
[oPAT_EN Default:0, OPA 1 Enable
[CDO24EN Default:0, LDO 2.4V Output Enable
(PIR_EN Default:0 , PIR Function Enable
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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 10 port index then write data to
programming 10 port.
Virtual Programming 10 Port

s
=

Symbol Adr|Reset b15/b7 | b14/b6 | b13/b5 | B12/b4 | b11/b3 | B10/b2 | b9/b1 [ b8/bO |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_PDEN 05H| 00 W PA_PDENI5:0] PortA Pull Down Enable
PB_PDEN 06H| 00 W PB_PDEN][7:0] PortB Pull Down Enable
PCI_PDEN.L 07H| 00 W PC_PDEN[7:0] PortCl Pull Down Enable
PortCl Pull Down Enable
PCI_PDEN.H 07H| Co W |PI_PDEN[1:0] (Portl default : Enable PD100K)
PA_PUEN 08H| 00 W PA_PUENI5:0] PortA Pull Up Enable
PB_PUEN 09H| 00 W PB_PUEN][7:0] PortB Pull Up Enable
PCI_PUEN.L 0AH| 00 W PC_PUEN[7:0] PortCl Pull Up Enable
PCI_PUEN.H 0AH| 00 W [PLPUEN[1:0] [ - E - PortCl Pull Up Enable
PA_PDSEL 0BH| 00 W PA_PDSEL[5:0] PortA Pull Down Select
PB_PDSEL 0CH| 00 W PB_PDSEL[7:0] PortB Pull Down Select
PCI_PDSEL.L 0ODH| 00 W PC_PDSEL[7:0] PortCl Pull Down Select
PCI_PDSEL.H [0DH| 00 W [PLPDSEL[1:0] [ - [ - - PortCl Pull Down Select
PA_TOUCH OEH| 00 W PA_TOUCHI[5:0] PortA Touch Enable
PB_TOUCH OFH| 00 W PB_TOUCH]I7:0] PortB Touch Enable
PCI_ TOUCH.L 10H| 00 W PC_TOUCH][7:0] PortCl Touch Enable
PCI_ TOUCH.H [10H| 00 W [PLTOUCH[1:0] | - E - PortCl Touch Enable
PA_ODEN.L 11H| 00 W PA_ODEN[5:0] PortA Open Drain Enable
PA_ODEN.H i %0 W :égﬂ PortA5 High Current Enable
PB_ODEN 12H| 00 W PB_ODEN[7:0] PortB Open Drain Enable
PCI_ ODEN.L 13H| 00 W PC_ODENJ7:0] PortCl Open Drain Enable
PCI_ ODEN.H 13H| 00 W | - - PortCl Open Drain Enable
WAKEN_PA 14H| 00 W PortA_ WAKENJ5:0] PortA WAKE UP Enable
WAKEN_PB 15H| 00 W PortB_ WAKEN][7:0] PortB WAKE UP Enable
WAKEN_PC 16H| 00 w PortC_WAKEN][7:0] PortC WAKE UP Enable
PortA WAKE UP Edge
WAKELV_PA 17H| 00 W PortA_ WAKELV[5:0] “1”= Pos-Edge, “0” = Neg-Edge of

related PA bit

PortB WAKE UP Edge
PortB_ WAKELV[7:0] “1”= Pos-Edge, “0” = Neg-Edge of
related PB bit

WAKELV_PB 18H| 00

=

PortC WAKE UP Edge
WAKELV_PC 19H| 00 w PortC_WAKELV[7:0] “1”= Pos-Edge, “0” = Neg-Edge of
related PC bit

PortB  Double-Edge WAKE UP

WAKEDLV_PB 1AH| 00 w PortB_ WAKEDLV[3:0] Enable

Reserve 1BH - - -

Reserve 1CH - - -

Debounce_T1 1DH| 00 W Tdebounce[15:0] Debounce Time Register

Debounce_T2.L [1EH| 00 w Tdelay[7:0] Debounce Delay Time Register

Debounce_T2.H [1EH| 00 W Toff[7:0] Debounce OFF Time Register
TEL: +86-0755-27595155 27595165 15
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’ PC Stac__1

!
- The PC STACK is TxP16E2 special embedded memory used to save (PC+1) value, which is composed with

24-level.

Stack

23

VO

PC —+1

2

IwCcTo

| T

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.
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Interrupt

. Interrupt ector abe
The Interrupt Vector Table is TxP16E2 special embedded memory, which is composed with 16-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 20-bit address.

Addr0 Addr15

on—-12Z —

I
N
T
1

oz —

17



Interrupt Source Interrupt Vector Priority(default)
Audio PWM Timer OH INTO_IRQ
Timer1 1H INT1_IRQ
Timer2 2H INT2_IRQ
RTC Timer 3H INT3_IRQ
ExtINTO / CMP1 Note 4H INT4 IRQ
ExtINT1 / CMP2 Note 5H INT5_IRQ
SP| Master 6H INT6_IRQ
De-bounce 7H INT7_IRQ

18
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(. 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.
(38) 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.
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MAC L bit X L bit Mu tip ier and Accu u ator
A 16 bit x 16 bit MAC is provided for digital signal processing. The core of MAC operation is multiply MX&MY

with 2’'S complement operand and accumulation previous 40-bit MF then rounding store result in the 40-bit MR

register. The basic MAC architecture is shown as Figure 5.5.

Figure 5.5 MAC Architecture

Define MAC module registers:

MX: MAC input 16-bit X register

MR: Multiplier or MAC result 40-bit register
MACOP: MAC operation define register

Symbol Reset| RW | B7 B6 B5 B4 B3 B2 B1 BO Description
MACOP 00 [ RW [RND1 [RNDO [P0/P1_[POP:+/- [10/11 IOP:+/- [MY:SU(01)[MX:SU(01) [MAC Operation Setup

MACNT: MAC equation loop counter, max to 255

Basically, multiplier operates equation:

MR = MX*MY(SU) > MX: signed, MY: unsigned
Permission MY is AR or immediate value (-128~127), MX and MY are signed or unsigned assign by MACOP. So,
actual multiplier instruction likes this:

MR = MX*AR or MR = MX*56

The operation of MAC equation is:

MR = MR + ( MX*MY(SU) )<<RND, MX=RM[l0++], MY=PM[P1--]
The means of equation is signed MX multiply unsigned MY the result value shift left RND bits and add previous MR
then write back to MR.
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Simultaneously, load new value to MX fixed from RM[index operation]

MY fixed from PM[pointer operation]
Therefore, MAC array operation like this:
MR = MR + ( MX*MY(SS) ) << 1, MX=RM[l0++], MY=PM[P1--]
MR = MR + ( MX*MY(SS) ) << 1, MX=RM[l0++], MY=PM[P1--]

Successive 64 times

MR = MR + ( MX*MY(SS) ) << 1, MX=RM[l0++], MY=PM[P1--]
Actual just one line of instruction present in assembly coding like this:
MACNT = 63

This is very benefit for reducing code size. Of curse, we need setup MACOP register previous; at this example is
like this;

Symbol Reset| RW | B7 B6 B5 B4 B3 B2 B1 BO  [Description
MACOP 00 | RW [RND1 [RNDO [PO/P1 [POP:+/-[l0/l1  [IOP:+/- [MY:SU(01)[MX:SU(01) [MAC Operation Setup
0 1 1 1 0 0 0 0

Note: Successive MAC operation will cause MCU interrupt disable.
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.+ Barre Shifter

ﬁqe shifter accept a 16-bit input and can any place in a 32-bit output. The core of shifter include arithmetic shift,

logic shift, exponent detector and normalization. The basic shifter architecture is shown as Figure 5.6.

5 6 & ,
y
5
) v
7 .
7> 2
//
/ // /
A
A7
\ 4
4

Figure 5.6 Barrel Shifter Architecture
Define Barrel Shifter module registers:
EXP: The EXP (Exponent Detector) register determines the number of leading sign bits and produces output
number which indicates to eliminate redundant sign bits during the normalize operation.
SE: The shifting of input is determined by SE register. Positive SE value indicates a left shift and negative SE value
indicate a right shift. SE register is set from TxP16E bus or EXP register.
SR1, SRO: barrel shifter result 32-bit register
SFTOP: shifter operation define register

Symbol Reset| RW | B7 B6 B5 B4 B3 B2 B1 BO  [Description

SFTOP 00 W Arith./Logic |[PASS/OR |Shifter Operation Setup

SFTOP[1]: O(arithmetic shifter, default), 1(logic shifter).
SFTOPIO0]: O(the shifter array output is passed through and load to SR register), 1(shifter array output may be OR

logic with SR register, and then OR logic result is loaded into SR register).
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Lo Rfy F.,fy A B Me ory Configuration
Interna Progra Para eter Me ory by DFFOFF DFFON instruction
TxP16E2 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 16 banks. Each bank
has 64 K space. The 16 x 64K space is addressed by memory address generator unit (MAG). In TR16F096A(B),
BANKO is implemented as Flash memory. From BANK2 to BANK14 are system reserved. The BANK15 is

implemented as static RAM. When TxP16E2 executed an DFFON instruction, the DFF register starts at the last
location of BANKO (OFFFOh~OFFFFH), and user can dynamically update PM data for MAC operation. When

TxP16E2 executed an DFFOFF instruction, the DFF register will be cancelled. More details control will describe

«eeeehl Reset Entry
h a_e pEntry
P ' Reserved
FFh
BAN/Kj L L3
BANK .

as follows:
i PM Space
:::;T:h Syste Reserv;l
. F ash
MAG nit Me ory
PC ]
M X >
Pe | P i  FFFh
FQQQQh
SRAM
Me ory
F4 FFh

Figure 6.1 PM block diagram by DFFOFF instruction

When TxP16E2 executed an instruction, the PM address is generated from PC register. Similarity, when it

access a word data, the PM address is composed with 20-bit from PO or P1. System will auto adjust execute target

space when program context switch between BANKO and BANK15.
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PM Space

e ...h

Syste Reservel

<FEFFh
aFFach

«FFEFh
«FFFeh

«FFFFh

!QQQh

F ash
Me ory

nused

DFF

F ash

" FFFh

FQQQQh

Fd FFh

Me ory

> BANK

SRAM
Me ory

%

BANK .

Figure 6.2 PM block diagram by DFFON instruction

Interna Data or_ing SRAM

QQQQQh

Reset Entry

eeeFFh

a e pEntry

' Reserved

The internal datalworking ram space is totally 6Kx16-bit that named as RM. Addressing ranged from 0x0000
through 0x17FF, 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 6Kx16-bit. If PM(BANK15 / 2Kx16-bit) is used, RM will be 4Kx16-bit. If PM(BANK15)

is no used, RM will be 6Kx16-bit. SARM configuration is set by option code.

Immed

10

1 BP
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by Data Stac _
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 Ox17FF.

-

POP regs

4— Index by BP

Bottom of RM

Figure 6.4 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”.

TEL: +86-0755-27595155 27595165 25
FAX: +86-0755-27594792

WEB:Http://www.ChipSourceTek.com

E-mail: Sales@ChipSourceTek.com Tony.Wang@ChipSourceTek.com



M, Rfy F,,y A B Periphera s

I Progra abe i ers
Common I/O registers
Symbol Adr [Reset| RW | B7 B6 B5 B4 B3 B2 B1 BO [Description
STATUS.L 00H | 00 | RW | INTEN UART | aq | AN | AV | Ac | Az
EN
System Status Flag
STATUS.H 00H 00 RW PA FA  IntvWR
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INTENA1 INTENA2
32.768Mhz » _\07Bit > INT1_Req  32.768Mhz— > LB > INT2_Req
Timer1 Timer2
A
RelLoad TnC RelLoad TnC

Int1_#& / Int2_Req = (32.768Mhz) / (TnC+1)

Figure 7.2 Timer1 & Timer2 Structure

T ‘ﬂ CRea i eCoc_ i er

—

The RTC Timer input frequency can select Crystal 32K (32768Hz) or Low power RC oscillator 32768Hz
-10%@1.8V ~ +10%@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)

CYT(EN INTENA3
0
—o0 INT3_Req
> .| (WAKE UP
Crystal 32K i s RTC 16-bit | ¢ )
(32768Hz) — | Timer
LP32K —| 1
(32768Hz)
RTC Timer
Reload TnC
LP32KEN
Figure 7.3 RTC Timer Structure
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I\ Genera Purpose | O Ports
The TR16F096A(B) provides 4 1/0O ports for user application. There are four 1/O port, PAO~PA5, PBO~PB?7,

PCO~PC7 and PIO~PI1. The input/output bits programmable by IOC control register respectively. PAO~PAS5,
PB0O~PB7, PCO~PC7 wake-up function enable or disable by user program. PortB3 / PortCO and PortC3 / PortB1

are external interrupt pins. The pull-up 200K or The Pull-Down 100K or 200K or 500K resistor of each pin can be

programmed by user program.

The basic I/0 schematic is showed in Figure 7.4.

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[5:0] “1”= out, “0” = in of related PA bit
I0C_PB 05H 00 R/W 10C_PB[7:0] “1”= out, “0” = in of related PB bit
I0C_PCI.L 06H 00 R/W I0C_PCJ[7:0] “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[5:0] Read: in port Write: out port
PortB 08H XX R/W PortB[7:0] Read: in port Write: out port
PortCI.L 09H XX R/W PortC[7:0] 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
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These totally 24 I/0O pins work not only just a general input/output port function but also can be configured as

UART, SPI master/slaver, ADC analog input, 12C master/slaver, Microphone, External Crystal, External interrupt etc.
For more detail please refer to relative section.

. he pu down resistor and the pu up resistor of each pin can be se ected by progra If pu down <K
resistor is enab ed and input vo tage is ogica high the pu down M oh resistor is se ected otherwise

the pu down <<Koh resistoris se ected

44

.t ‘ KR ‘ <
44 744 44

B

AN

A
#
R0

Figure 7.4 Basic I/O Configuration

PDEN < and PDSEL « Disab e Pu Down R
Pu Down POLY R' «.K
PDEN < and PDSEL Resistance va ue is not affected by high or ow vo tage
Pu Down MOSR ««K
PDEN and PRSELSRY Resistance va ue is affected by high or ow vo tage
Pu Down MOSR. ««K
PDEN agFPDSER Resistance va ue is affected by high or ow vo tage
P EN « DisabePu pR
P EN Pu P POLY R‘\ qu
Resistance va ue is not affected by high or ow vo tage
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Symbol

Adr

Reset

RW

b15/b7 | b14/b6 | b13/b5 | B12/b4 | b11/b3 | B10/b2 | b9/b1 | b8/b0

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 PortB0, PortB1, PortCO, PortC1, PortB4, PortB5 also provides 3 comparators configuration for user application

that each comparator enable or disable by program. The output of comparator is bit13 and bit14 and bit15 of

system miscellanea register #3.

—>

Comparatorl

Comparator2

Comparator3

Figure 7.5 Comparator Configuration

1#

TEL: +86-0755-27595155 27595165
FAX: +86-0755-27594792
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I . Extension Device
TR16F096A(B) built-in special hardwires for external device connection capability are listed below:

r . SPIMaster Contro er
In order to enable SPI Master Controller interface, user should set STATUS.b8 = 1 before SPI Master
Controller operation.
r . Features
» Serial clock rate: 16.384 MHz / 8.192 MHz / 4.096 MHz
* Support four standard SPI modes
+ Built in 4x16 bits data buffer

I/O Port SPl interface | Direction |Description
PortA.3/PortB.3 |SO | Serial Flash Data output
PortA.1/PortB.1  |SI 6] Serial Flash Data input
PortA.0 / PortB.0 SCK (0] Serial Clock

31
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Symbol | Adr |Reset| RW | b15/b7 | b14/b6 | b13/b5 | b12/b4 | b11/b3 | B10/b2 | b9/b1 | b8/bO |Description
DATA W 0EH XX W DATA[15:0] Write Transmission Data Value
DATA_R 0EH XX R DATA[15:0] Read Received Data Value

DATA [15:0]: Transmit/Receive Data Value

TEL: +86-0755-27595155 27595165 32
FAX: +86-0755-27594792
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r '. ,“ SPI S aver Contro er
In order to enable SPI Slave Controller interface, user should set STATUS.b9 = 1 before SPI Slave Controller
operation.
I '. ,“ Features
* Support Input Serial clock rate (Max): 8.192 MHz

« Built in ping-pong data buffer to improve transfer efficiency

1/O Port SPl interface | Direction |Description

PortB.3/ PortA.3 |SO ®) Serial Data output

PortB.1/PortA.1 |SI Serial Data input

I
PortB.0 / PortA.0  |SCK | Serial Clock input
I

PortB.2 / PortA.2 |CS Chip Select

l—l '\ Contro Data Registers

SYmbo| Adr [Reset| RW [ b15/b7 | B14/b6 | b13/b5 | b12/b4 | b11/b3 | B10/b2 | b9/b1 | b8/b0 |Description
CTRL_W.L | 0BH 00 W Overrun Write Control Register Low Byte
NEW_ Error .
- - MODE - -~ |Check MODE_SEL[1:0]
Enable
CTRL_R.L | 0BH 00 R o Overrun Read Control Register Low Byte
NEW_ verrun Error .
- - MODE CS Error_ Check MODE_SEL[1:0]
Enable
lite Description
[MODE_SEL[1:0] Word/Byte Mode Select (10: Word Mode Enable , 01:Byte Mode Enable)
[Overrun Error Check Enable Enable Check RX buffer Overrun Error
[[Overrun Error RX buffer Overrun Error happen
[lcs user program can read CS status through this bit
(NEw_ MODE Default:0, CS falling will reset TX / RX state machine.

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

DATA W 0CH XX W DATA[15:0] Write Transmission Data Value

DATA_R 0CH XX R DATA[15:0] Read Received Data Value

DATA [15:0]: Transmit/Receive Data Value

TEL: +86-0755-27595155 27595165 33
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r “High Speecl"g'hanne ' bits SAR ADC
V', Features
« 8 external I/O input Channels
* 12-bit SAR ADC
* Up to 200K samples per second (@ACQT = 2*TAD, ADC clock = 4Mhz)
* Programmable acquisition time
» ADC start conversion by S/W, Timer, RTC or External 1/0 pin
ADHl_SW[7]
PortB[5] Analog
MUX
ADH_SWI[6]
|

PortB[4] Ah;]ﬂ;g

ADH_SW[5]
I
PortB[3] Analog ADH_EN VREFI (PortC2)

e 'y

' ADC |
PortB[2] Analog
MUX l

ADH_SW[3
SWE] | ADH_DO[11:0]|

I
PortB[1] '?/rl‘@d)o(g
-

ADH_SW[2]
|

PortB[0] Ah;llﬂ;.(g

ADH_SW[1]

I
PortC[1] '?;I‘@J)O(g

ADH_SW[0]

|
PortC[0] Analog
MUX

Figure 7.6 High speed 8-Channels / 12-bits ADC Structure Diagram

Note: If user need more precise ADC for application, user can set “ADC vref input” to enable VREFI at option. If ADC Verf input is

enabled, PortC2 must be connected 20~100o0hm resistor to VCC and 47uF capacitor to AVSS.

Note: Enable ADC verf input at option, PortC2 is as ADC voltage-reference input (VREFI), not as 1/O pin.
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I | Contro Data Registers

[

Symbol |Adr|Reset| RW | b15/b7 | b14/b6 | b13/b5 | b12/b4 | b11/b3 [ b10/b2 | b9/b1 | b8/HO |Description
ADH_CFGO.L |40H| 00 R/W - ACQT[2:0] - ADCS|[2:0] High Speed 12-bit ADC control0
ADH_CFGO.H [40H| o | oy AIIEDI\|J_|_ ) . . - TRGSRC [2:0]
Ite Description
High speed 12-bit signed ADC enable bit
ADH_EN Note: When ADC is used, ADH_EN must always be set. It can avoid PortC2 leakage current at halt]
mode.
. High speed ADC clock select bit
ADCS[2:0] 000 =512K 001 =1M 010=2M 011 =4M others = N/A
Select trigger source
TRGSRC[2:0] 000 = software trigger 001 = PWM 010 = Timer1 011 = Timer2 100 = RTC Timer
101 = PortC[6] 110 = PortB[0]
A/D acquisition time select bits
ACQT[2:0] 000 = N/A 001 =2 TAD 010 = 4 TAD(default) 011 =8 TAD
100 = 16 TAD 101 = 32 TAD 110 = 64 TAD 111 = 128 TAD
Symbol | Adr [Reset| RW | b15/b7 [ b14/b6 [ b13/b5 | b12/b4 | b11/b3 [ b10/b2 [ b9/b1 | b8M0 [Description
ADH_CFG1.L| 41H 00 R/W ADH_SWI[7:0] . i
ADL CFGT.H| #iH | 00 | RAW |SWTRG] ADH_SW[14:8] High Speed 12-bit ADC controlt

SWTRG : Software Trigger

1 = Setting this bit starts the A/D conversion cycle.

This bit is automatically cleared by hardware when A/D conversion has completed.

0 = A/D conversion is completed

ADH_SWI[14:0] : These PortC[0] - PortC[1] and PortB[5:0] pins associated with the 12-bit A/D Converter can individually be configured as an

analog input or digital I/O using the ADH_SW][7:0] registers.

Ite Description

ADH_SW[14] N/A

ADH_SWJ[13] N/A

ADH_SWJ[12] N/A

ADH_SW[11] N/A

ADH_SWI[10] N/A

ADH_SWI9] VBGO (Band Gap 0.8V)

ADH_SWI8] Microphone channel

ADH_SWI7] 1 = PortB[5] is channel 7 analog input, 0 = PortBJ[5] is digital 1/0
ADH_SWI6] 1 = PortB[4] is channel 6 analog input, 0 = PortB[4] is digital /O
ADH_SWI5] 1 = PortB[3] is channel 5 analog input, 0 = PortBJ[3] is digital 1/0
ADH_SW[4] 1 = PortB[2] is channel 4 analog input, 0 = PortB[2] is digital I/O
ADH_SWI3] 1 = PortB[1] is channel 3 analog input, 0 = PortB[1] is digital I/0
ADH_SWI[2] 1 = PortB[0] is channel 2 analog input, 0 = PortBJ[0] is digital I/O
ADH_SWI1] 1 = PortC[1] is channel 1 analog input, 0 = PortC[1] is digital I/O
ADH_SWI0] 1 = PortC[0] is channel 0 analog input, 0 = PortC[0] is digital I/O

Note: If user need to enable more A/D channels than one, user should enable ADC interrupt in order to read A/D conversion data of

more channels. When someone channel is converted completely, it will generate an interrupt to CPU. Every active channel is

converted sequentially.

TEL: +86-0755-27595155 27595165
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Symbol [Adr|Reset| RW b15/b7 | b14/b6 | b13/b5 | b12/b4 | b11/b3 | b10/b2 | b9/b1 | b8/b0 Description

ADH_CFG2.L |42H| 00 | RW - - - SIGN | SHIFT4 - - - . n
ADH CFG2.H |42H| 00 | RW " - High Speed 12-bit ADC result

Ite Description
Shift ADC data 4 bits
SHIFT4 0: ADH_DO[15:0] = {0000,ADC data[11:0]}
1: ADH_DOJ[15:0] = {ADC data[11:0],0000}
SIGN Sign ADC data

Symbol | Adr [Reset| RW | b15/b7 | b14/b6 | b13/b5 | b12/b4 | b11/b3 [ b10/b2 [ b9/b1 | b8HO [Description

ADH_DO.L | 44H | 00 R ADH_DO[7:0]

ADH DOH | 44H | 00 | R ADH_DO[15:8] ARg result

ADH_DO (Only read): ADC Data Output

Ite Description

SHIFT4 =0 ADH_DO[15:0] = {0000,12bit ADC data[11:0]}
SHIFT4 = 1 ADH_DO[15:0] = {12bit ADC data[11:0],0000}
TEL: +86-0755-27595155 27595165 36
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_|"_‘_  AR Contro er

In order to enable UART Controller interface, user should set STATUS.b5 = 1 for UART Controller before

UART controller operation.

_I—_‘_ Features

» Baud Rate up to 921600

» Even, odd, or no-parity bit generation and detection

* 1-stop bit generation

* Built in TX 4x8 bits data buffer and RX 4x8 bits data buffer

UART I/O Port  [UART Direction |Description
interface
PortA.4 / PortB.4 SIN(RX) | UART Data input. Which RX IO is selected by IDE option.
PortA.5 / PortB.5 SOUT(TX) ®) UART Data output. Which TX 1O is selected by IDE option.

| Contro Data Registers

|Symbo| | Adr |Reset| RW [ b15/b7 [ b14/b6 b13/b5 bi2/b4 bi1/b3 B10b2 b9bl b8bO Description
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Symbol | Adr |Reset| RW

b15/b7 | b14/b6 | b13/b5 | b12/b4 | b11/b3 | B10/b2 | b9/b1 | b8/b0

Description

DATA W.L | 13H XX

Write_DATA_Buffer[7:0]

Write Data Buffer Low Byte

DATA W.H| 13H XX

Write_DATA_Buffer[15:8]

Write Data Buffer High Byte

DATA_R.L | 13H 00

RX_DATA[7:0]

Read Received Data Low Byte

D|DEZ

DATA R.H | 13H 00

Read Received Data High Byte

OPTION

Write DATA Buffer[15:0]

b9 [b8 [b7 [ b6 [ b5 | b4][b3 |b2 | bt

| b0

b15
Set Baud Rate =1 -

b13

b12

b11

b10

Divisor[9:0]

Set Baud Rate =0

TX_DATA[7:0]

llte

Description

[TX_DATA[7:0]

Transmit Data Value

[RX_DATA[7:0]

Receive Data Value

Baud Rate Table:

Baud Rate

Divisor Deci

a

1200

768

2400

384

4800

192

9600

96

19200

48

38400

24

57600

16

115200

8

230400

460800

4
2
]

921600

TEL: +86-0755-27595155 27595165
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r'.f | ¢ Contro er

The 12C controller provides master read/write transfer, slave read/write transfer and 7-bit address mode. The
multi-master mode, 10-bit address and Hi-speed mode are not supported. Pull-up resistors are required on both
SCL and SDA of 12C lines. Typically external 2k~10K Ohm resisters based on he capacitance load are used to pull
the signals up to VCC. In order to enable 12C controller, user should set 12C_EN bit in the 12C_CTL register before

12C controller operation. The following diagram shows 12C bus read/write timing.

r - - %]
=\ 0 XX /X A
| M3B acknowledgement acknowledgement | Sr

signal from slave signal from receiver |

e avaval - 1
or 1 2 -n 7 g g 1 2 3-8 9 or

5 P

|— rJ ACK ACK |— —J
START or STOP or

repeated START repeated START
eondition condition

Data transfer on the 12C
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Symbol | Adr [Reset| RW | b7 | b6 | b5 | b4 b3 b2 | bl | b0 [Description
12C_DAT.L 49H XX W TXR[7:0] Transmit Data/Address register
12C_DATH 49H 00 R RXR[7:0] Receiver Data/Address register
(Ite Description
[TXR[7:0] Transmit Data/Address register
[[RXR[7:0] Receiver Data/Address register
Symbol | Adr |Reset| RW | b7 b6 b5 b4 b3 b2 b1 b0 |Description
I2C_CMD.L | 4AH XX W STA STO RD WR ACK [I2C command register
12C_CMD Command register generates the related 12C control signal in the master mode only.
lte Description
STA generate (repeated) start condition timing
STO generate stop condition timing
RD read from slave device
WR write to slave device
After master device receives the data of slave device, master will generate an ACK signal to slaver device.
ACK 1 = generate an NACK signal at 9th SCL.
0 = generate an ACK signal at 9th SCL.
Symbol | Adr |Reset| RW | b7 b6 b5 b4 b3 b2 b1 b0  |Description
I2C_SR.L 4AH 00 R RW |MATCH| TYPE | ACK | BUSY |I2C status register
(Ite Description
This R/W bit information is valid only from the address match to the next start bit or stop bit.
RW 1 = Read status
0 = Write status
Slave Address Match.
MATCH 1 =match
0 = not match
Data/Address type.
TYPE 1 = indicate the last byte received or transmitted was ADDRESS.
0 = indicate the last byte received or transmitted was DATA.
In master mode, acknowledge is received from slave device. In slaver mode, acknowledge is received from
ACK master. _
1 = No acknowledge received
0 = Acknowledge received
Transfer in progress.
BUSY 1 = transmit/receive in progress

0 = transmit/receive complete

TEL: +86-0755-27595155 27595165
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f - IR rﬁ-lz Modu ation

1/O Port

IR

Direction

Description

PortB.4 / PortA.4 |IR 38K

)

IR 38K Output. Which IR 10 is selected by bit10 of system miscellanea register #1.

1. IR function is enabled by bit11 of system miscellanea register #1.

2. Which IR 10 is selected by bit10 of system miscellanea register #1.
3. PortB4 combine 38 KHz modulator with register DATA_PB bit 4. PortB4 will output 38 KHz clock signal

when PortB4 is configured as output port and DATA_PB bit4 = 1. In contrast, PortB4 output low when

PortB4 is configured as output port and DATA_PB bit4 = 0. The PortB4 output pad will be forced to low

state.

4. PortA4 combine 38 KHz modulator with register DATA_PA bit 4. PortA4 will output 38 KHz clock signal

when PortA4 is configured as output port and DATA_PA bit4 = 1. In contrast, PortA4 output low when

PortA4 is configured as output port and DATA_PA bit4 = 0. The PortA4 output pad will be forced to low

state.

TEL: +86-0755-27595155 27595165
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I | ouchContro er

I | 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.

T '. I\ Contro Registers

# System Miscellanea register #4

42
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T '.., Features

TR1 6F096A(B) 16-bit Multimedia Processor

« Built-in 2-stage Operational Amplifier

« Built-in Window Comparator for Two Independent Voltage Monitors

« Built-in Internal Reference Voltages for OP amps and Comparators

« Provide Adjustable Turn on Delay Timer and Stable Timer

* Support PIR motion sensor and CDS night sensor

* Support two OPAs mode

« Built-in de-bounce Circuit

» Can work in sleep mode and wake up

" " Contro Registers

& System Miscellanea register #6

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

DEB DEB DEB DEB OPA2_ | OPA1_ | LDO24

MISCe.L | 15H | 00 | RW | \ynv |INTEN| WKEN | EN | EN | EN | EN |PIREN . .
DEB PR CDS System Miscellanea register #6

MISC6.H 15H 00 R/W ouT | cmPO EN DEB_INSEL DEB_CLKSEL

lite Description

([DEB_ouT Debounce Output (Read Only)

[PIR_CMPO PIR Comparator Output (Read Only)

[[cbs_EN Default:0 , CDS Function Enable

[[DEB_INSEL Debounce Input Select, See Figure7.8 Debounce Input Source

[[DEB_CLKSEL Debounce Clock Select  00: LP1000Hz , 01: LP32768Hz, 10: System Clock , 11: 32.768 MHz

([DEB_ININV Default:0 , Debounce Input Inverse

[DEB_INTEN Default:0 , Debounce Interrupt Enable

[DEB_WKEN Default:0 , Debounce Wake Up Enable

([DEB_EN Default:0 , Debounce Function Enable

[oPA2 EN Default:0 , OPA 2 Enable

[oPAT_EN Default:0 , OPA 1 Enable

[CDO24EN Default:0 , LDO 2.4V Output Enable

(PIR_EN Default:0 , PIR Function Enable

TEL: +86-0755-27595155 27595165
FAX: +86-0755-27594792
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PB2 0——

PBl O——

0.5VREF

PB4 O—

OPAIl

OPA2

7 VCC

Regulator

0.67VREF

CMPR2

CMPOI1
|

CMPO2
—————————|

Tdebounce Tdelay Toff pepounce Clock

L[]

debounce

L Debpunce out/
interrupt

PBO
—0
——{]
PB3 0.33VREF
PBS O——| +
CDS EN CMP3

0.25VRE
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VREF

0.67VREF
Signal input / 0.5VREF
0.33VREF
VSS
>
Tl T2 T4

Debounce out

T3

Figure 7.10 De-bounce for PIR Timing Diagram

T1: When the signal voltage is less than 0.33VREF or greater than 0.67VREF, if the length of time is less
than Tdebounce, the system is unresponsive.

T2: When the signal voltage is less than 0.33VREF or greater than 0.67VREF, if the length of time is greater
than Tdebounce, the system outputs high.

T3: The system outputs high during Tdelay time.

T4: When the system output is turned off, no input signals is accepted during Toff time

PB2 0— +

OPAL PBO
PBlO— —
PB5 o——| +

OPA2 PB3
PB4 C——] —

Figure 7.11 Two OPAs mode
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| (- High qua ity i\ bit 8 9 ADC
¢ . Features
« High quality 16-bit - ADC

* Up to 32K samples per second

« Differential input for microphone channel

Note: PortB6(SDAVMID) must be connected 0.1uF capacitor to AVSS and as close as possible to the IC.

Note: AVCC must be connected 0.1uF capacitor to AVSS and as close as possible to the IC.

V. | Contro Data Registers

SYmbo| Adr|Reset| RW | b15/b7 | b14/b6 | b13/b5 |b12/b4| b11/b3 | b10/b2 | b9/b1 | b8/b0 |Description

ADH2_CFGO.L |4BH DSM_ | ADH2_ | ADH2_

00 R/W - - - ; UNSIGN SEL IEN EN 16-bit ADC control0

ADH2_CFGO.H|4BH| 00 R/W |START - - - - - s =

Ite Description

ADH2_EN 16bit ADC enable bit

ADH2_IEN 16bit ADC interrupt enable bit (IRQ13)

DSM_SEL Delta-Sigma module output select 0 : DSNO 1: DSPO
[[UNSIGN 0:SIGN ADC data 1:UNSIGN ADC data
[[START Setting this bit starts the ADC conversion cycle

Symbol |[Adr|Reset| RW | b15/b7 | b14/b6 | b13/b5 | b12/b4 | b11/b3 [ b10/b2 [ b9/b1 | b8MO  [Description

ADH2 CFG1.L|4CH| 00 | RW ADH2_SW[7:0] .
ADH2 CFGIH[4CH| 00 [RW | - [ - [ - | - | - | - | - [AbDr2 swig o PtADC controli
Ite Description

ADH2_SW[8] Microphone channel

ADH2 SW[7] N/A

ADH2_SW([6] N/A

ADH2_SW[5] N/A

ADH2 SW[4] N/A

ADH2_SW[3] N/A

ADH2 SW[2] N/A

ADH2_SW[1] N/A

ADH2_SW([0] N/A

Note: Only someone A/D channels can be select to convert. When someone channel is converted completely, it will generate an

interrupt to CPU.

TEL: +86-0755-27595155 27595165 48
FAX: +86-0755-27594792

WEB:Http://www.ChipSourceTek.com

E-mail: Sales@ChipSourceTek.com Tony.Wang@ChipSourceTek.com



I T8 RAFABAR R 4]

ShenZhen ChipSourceTek Technology Co.,Ltd.

TR1 6F096A(B) 16-bit Multimedia Processor

Symbol |Adr|[Reset| RW | b15/b7 [ b14/b6 | b13/b5 | b12/b4 | b11/b3 | b10/b2 | b/b1 | b8/bO0 |Description
ADH2_CFG2.L[4DH] 00 [ RW ADH2_FREQ_DIV "

ADH2 CFG2.H[4DH| 00 [RW| - [ - [ - [ - [ - [ - [ - [ - |'¢btADCcontroi
lite Description

[ADH2_FREQ DIV

16bit ADC Frequency Divisor. Minimum value 15 (0xF)

16bit ADC clock frequency = 65536K Hz / (ADC_FREQ_DIV + 1)

ADC interrupt frequency = 16bit ADC clock frequency / 128

Example: ADC_FREQ_DIV = 15 (0xOF)
16bit ADC clock frequency = 65536K Hz / (15 + 1) = 4096 K Hz
ADC interrupt frequency = 4096 K Hz / 128 = 32 K Hz
Symbol | Adr [Reset| RW | b15/b7 | b14/b6 [ b13/b5 | b12/b4 | b11/b3 [ b10/b2 | b9/b1 | b8/b0 [Description
ADH2_DO.L | 4FH | 00 R ADH2_DQ[7:0] N
ADH2 DOH | 4FH | 00 | R ADH2_DO[15:8] 1Pt ADGregy
ADH2_DO (Only read):

16bit ADC Data Output

TEL: +86-0755-27595155 27595165
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Interface

register before TRA1402 controller operation.

| (. Features
» SCLK pin can set as floating status by setting CKF bit in the TRA_CFG register

In order to enable Tritan TRA1402 Audio Recording interface, user should set TRA_EN bit in the TRA_CFG

* The bit number of parallel-to-serial / serial-to-parallel converter is up to 16 for the TRA1402 write/read data.

I/O Port TRA1402 |Direction |[Description
interface
PortB[2] SYNC @) TRA1402 32K(32000Hz) SYNC output
PortB[1] DIO 1/0 TRA1402 data input and output
PortB[0] SCLK | TRA1402 clock input

| x <\ Contro Data Registers

Symbol | Adr |Reset| RW | b15/b7 | b14/b6 | b13/b5 b12/b4|b11/b3|b10/b2| b9/b1 | b8/b0 |Description
TRA_CFG.L | 46H 00 | W/R SYE'\II\]07 cKSEL | cKF BitNum{4:0]

TRA_CFGH 46H

50
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Auto_Polling: Enable Auto-Polling mode. (See Figure 7.13)

Continuously polling tra1402 status bit FEP DRDYEN by hardware and generate interrupt when
reading tra1402 status bit FEP DRDYEN is high
FIFO_MODE:
1: Auto Polling tra1402 status bit FEP on tra1402 FIFO mode.
0: Auto Polling tra1402 status bit DRDYEN on tra1402 Non-FIFO mode.

Auto_Polling FIFO_MODE | Function Description
0 X Disable Auto-Polling mode
1 0 Auto Polling tra1402 status bit DRDYEN on tra1402 Non-FIFO mode

1

1

Auto Polling tra1402 status bit FEP  on tra1402 FIFO mode

Note: It not necessary for generating interrupt at Auto-Polling mode that TRA INT EN is set to high .

Status Bit= |

Send Command 0
(Read Status Bit)

Receive Stams Hit
Status Bit = 0

Check Status Bit
(DRDYEN/FEPT)

1

Receive ADC Data

Generate Interrupt

Figure 7.12  Auto-Polling Mode
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7.4 Audio Output

. Stereo ;, bitP M Output
One 16-bit of audiokﬁk\NM is built-in TR16F096A(B) for audio application. Audio 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

set
Audio-PWML  16H XX

‘ Symbol ‘ Adr Re‘ RW | b15/b7 | b14/b6 ‘ B13/b5|b12/b4 | b11/b3 ‘ b10/b2| b9/b1 ‘ b8/b0 ‘Description
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& System Miscellanea register #5

Symbol | Adr |Reset| RW b15/b7 |b14/b| b13/b5 | b12/b4 | b11/b3 [ B10/b2 | b9/b1 | b8/b0 Description
6
CMP2_TI | CMP1_ |CMP2_I|CMP1_l| CMP2_ | CMP1_
MISC5L | 18H | 00 | RW | THO |LVDO| "yieRs | TIMERT|NT INV|NT INV|INT EN|INT _EN|System Miscellanea register #5
MISC5.H 18H 00 R/W InterPLY_FREQ_DIV
lite Description
||InterPLY_FREO_DIV System Frequency Divisor for DAC interpolation, Default:0

Setting this value defines how many System Clocks will produce a smooth interpolated value that will be output directly to the DAC. If the

system generates a 32-point interpolation operation, and the DAC value is updated every 32 points. Sampling Rate is set by IDE option.
Example1:

Sampling Rate = 32k Hz, 16-point interpolation

D[7:0](InterPLY_FREQ_DIV) = 65536k Hz / (16 x 32k) = 128(Dec.) / 0x80(Hex.)

Example2:
Sampling Rate = 64k Hz, 32-point interpolation

D[7:0](InterPLY_FREQ_DIV) = 65536k Hz / (32 x 64k) = 32(Dec.) / 0x20(Hex.)
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I . 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 7.13 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.
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I F{fy F,,fy A B F ash Contro

I"‘l F ash Structure
TR16F096A(B) is built in 64Kx16 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 based 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

N ’\ F ash 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 /I sector erasing

Note: Erasing time of one sector is 2.6ms.

N ‘ Fash ord Progra ing
TR16¥(\)96A(B) 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 41us.

TEL: +86-0755-27595155 27595165 55
FAX: +86-0755-27594792

WEB:Http://www.ChipSourceTek.com

E-mail: Sales@ChipSourceTek.com Tony.Wang@ChipSourceTek.com



R T B AT A RN 8]
ShenZhen ChipSourceTek Technology Co.,Ltd.
TR1 6F096A(B) 16-bit Multimedia Processor

| F ash ord Read

TR16F596A(B) 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.

I4 F ash un oc_ oc_for Progra ing Erase instruction
Flash unlock ins;iructi(;h need to be executed before flash programming/erase instruction will be executed.
This flash unlock instruction is to ensure the safety of the flash operation in order to prevent flash data from being
modified by mistake. After the Flash program/erase instruction is executed, the Flash lock instruction needs to be
executed to ensure the flash security.
Example1: Flash unlock

ENC_DAT EQU 54H

ar = Oxdb3f
io[ENC_DAT] = ar

ar = 0x8al7
io[ENC_DAT] = ar

Example2: Flash lock
ENC_DAT EQU 54H

ar = 0x1234
io[ENC_DAT] = ar

ar = 0x5678
io[ENC_DAT] = ar
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- F{ry F.,fy A B Others

- Dyna icSyste Coc_
Operation frequency can be adjusted by software dynamically. User can adjust operation frequency in order

to reduce power consumption.

Write Data CPU Operation frequency
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-~ . AGC (Auto Gain Control)

Register MISC6.b2 | MISC2.b7 | MISC2.b12

Control signal OPAl EN | PGAEN | AGCEN
Mic-pre-amp_PGA | 0 1 1

GBB (MISC2.b4) 1 0

PGA GAIN RANGE 17dB~47dB 23dB~53dB

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

THR[2:0] 000 001 |0l0 |oil |100 |101 |110 |11l
(MISC2.b15~b13)
VTH 03V |04V |045V |05V |06V |07V |08V |09V

**Mic-preamplifier PGA

Off chip vee

2.2~10K Q)

e
4 U

ADC

PC5

GA[3:0] 0
PGAEN

AGC function can work on PGA mode only.
Conditions: OPA1_EN=0, PAGEN=1, AGCEN=1, PC5 with capacitor 1nF.
or OPA1_EN=0, PAGEN=1, AGCEN=0, Change GA[3:0] (MISC2.b11~b8) to adjust gain.
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Microphone

Notice: If Microphone is used, OPA1 and OPA2 need to be disable.

Note: PC3 is microphone pre-amplifier input

Note: PC4 is the bias (VMID) for microphone pre-amplifier

Note: User must use AVCC as power input of 16bit ADC for microphone application.

Note: User must use PC2 (Enable the option of ADC VREF input) as power input of 12bit ADC for microphone
application.

Note: Port Cx(Any IO portC pin) must be set to low at sleep mode in order to save power in Fig 9.2.

The standard version (Fig 9.2) is used in the design.

*1 VSS and AVSS can only
one wire(0R) for connection
C6

R4 - H0.1u+
A A CC A SS. [ ‘ R2 RL
c4 IZ\ PCa Pd =
10u O ,l PB P Cﬁ Y
T Pe t - = Analog part use
E :qu EC MP \ ;P o o T AVSS for grounding
E:\i— : |q h‘C e 1 @ @ l
Gl g T
. Y T 47 Jeatery Digital part use
W SOP,, VSS for grounding

Fig 9.2.1 Microphone recorder application circuit (Standard version with 16bit ADC)

*1 VSS and AVSS can only
one wire(0R) for connection

T
R4 U/ EI-OJ 1
O A CC A SS. -
A ﬁ,\’ Port Cx
ca 0\ PCe PC . [
10u l: ‘ PB Pc‘ :'J
0. PB PC. My c7 Anal
- i B nalog part use
. PBe PC .J Jroo T AVSS for grounding
0, Pl P MP [
OF Ple ‘qc . l
ss Pk MN H o Lt
b Al au T Battery D|g|tal part use
NN SOP,, | VSSforgrounding

Fig 9.2.2 Microphone recorder application circuit (Standard version with 12bit ADC)
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The optimum version (Fig 9.3) is used in the design. The voltage of PC4 must be checked for different
microphone impedance, it must be below (1/2 VCC-0.1V) at highest operating voltage that can adjust by
R2 (2.2K ~ 10K).

R-option (parallel with microphone) can help to adjust PC4 voltage below (1/2 VCC-0.1V), when R2
adjustment can’t do it.

A CC A SS, He =
c4 0\ PCe Pc m
o0 O PB PC m I 64 mK, =
Cl R PB p(;ﬁ 0! I 47K |
' | ! optlonl
| 0. PBe PC \\ :l‘ L____. 10u T
o, Pl P MP D
off_ple kc .p . l
SS Pk MN [ l o ¥
“ A\ T 4n Teatery Digital part use
W SOP,, ] VSSforgrounding
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e Rfy F,fy A B Syste Contro
10.1 Halt Mode & Wake up
TR16F096A(B) 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~PA5, PB0O~PB5 and PCO~PC7 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 1DH | 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: “CLP\ D AR’

\

A

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

TR16F096A(B) reset is come from four signals which are power on reset, low voltage reset(LVR), external 10
PB5 or PC7 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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TR1 6F096A(B) 16-bit Multimedia Processor

I
| 30K
RSTBIN |
(PB5or PC7) |
| Power on
| reset ckt.
I
SYSTEM
| LVR > RESETB
I
| WDT
I
Figure 10.1 Reset system block diagram

10.5 Clock System Architecture
TR16F096A(B) clcok system supports internal ROSC(65.536MHz) for System Clock, and Low power RC
oscillator(32768Hz -10%@1.8V ~ +10%@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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‘ R«y F.,ry A B E ectrica Characteristics
Abso ute Maxi u Rating
Para eters Sy bo aue nit
DC Supply Voltage VCC <5.5 \
Input Voltage Vin -0.5 to VCC+0.5 \
Operating Temperature Range Ta -20to 75 C
Storage Temperature Range Tstg -50 10 150 C
| DC AC Characteristics
VCC=3.0V, Ta=25C unless otherwise noted
Para eters Sy bo [Mini u ypica Maxi u est Condition
Operating voltage VCC 1.8V - 55V
Operating frequency BANKO |8.192MHz 16.384MHz
(BANKO) +3% +3%
Operating frequency BANK15 32.768MHz
(BANK15) +39
RC oscillator Frct 65.536MHz
frequency +30,
Low power RC Frc2 32768Hz 32768Hz
oscillator frequency -10% +10%
(l\:lormal Sleep Halt Ihalt1 5UA 9UA All function off
urrent
Operating Current lop 5mA no load
input high voltage VIH Without schmitt trigger
(PortA, PortB, PortC) §6 VCC
input low voltage VIL Without schmitt trigger
(PortA, PortB, PortC) 0.5VCC
input high voltage VIH 0.7 VCC With schmitt trigger
(Portl)
I(r;%;:ll)ow voltage VIL 0.3 VCC With schmitt trigger
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 100K/200 pins with pull-down,
/500K Port A,B,C, |
ohm
pull-up resistance Rpu pins with pull-up,
200K ohm Port AB,C, |
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Vo R, Fa, AB App ication Circuit

Application Circuit: Mono16-bit PWM output
Notice:
1. VCC Decoupling Cap 10uF should be close to IC within 0.5cm in PCB layout.
2. VCC Decoupling Cap 0.1uF should be close to IC within 0.5cm in PCB layout.
3. The width of VCC and VSS power line should be greater than 30 mil in PCB layout.
4

VSS and AVSS are as close as possible.

- BN, W KeyPad
TR 4% Array
vss
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‘ Rry F,ry A B Appendix

Appendix 1: PORT A PIN MAP RELATE TO FUNCTION

IR 38K

IR_3BKOWM)

EXT-RESETB

EXTINTO

EXTINT1

Microphone

AUDIO PWM

BUZZER

PIR

CDS

OPA

Debounce

Debounce(d)

Debounce(3)

High-Current

High-Current

Appendix 2: PORT B PIN MAP RELATE TO FUNCTION

PORT B[7:0] (I/0 Power : VCC)

6

5

4

3

2

1

0

8 CH ADC

ADC Ch7

ADC Chb

ADC Chd

ADC Ch4

ADC Ch3

ADC Ch2

8 CH ADC2

SDAVMID

ADC Ch7

ADC Ché

ADC Chd

ADC Ch4

ADC Ch3

ADC Ch2

3 CH Comparator

CAP3+

CAP3-

CAPI+

CAPI-

SPI (Master)

SOM) <=

C3() >

SI{1) >

CLE(D) >

SPI (Slaver)

SOM) >

C3(0) <-

SI{0) <=

CLE(0) <-

ICE

Crystal

12C

SCL{O)

SDA(D)

UART

TX({)

RX(1)

TRA1402

SYNC

DIO

SCLK

IR 38K

IR_38KO(1)

EXT-RESETB

EXT-RSTB(®)

EXTINTO

Trigger(0)

EXTINT1

Trigger(l)

Microphone

AUDIOC PWM

PWM_B5 (TYPE 1)

PWM_B4 (TYPE 1)

BUZZER

BUZZER(0)

PIR

VINNZ

OPOUT2

VINP1

VINN1

OPOUT1

CDS

CAP3+

OPA

VINP2

VINNZ

OPOUT2

VINP1

VINN1

OPOUT1

Debounce

High-Current
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Appendix 3: PORT C PIN MAP RELATE TO FUNCTION

PORT C[7:0] (I/O Power : VCC)

4

3

1

0

8 CH ADC

VREFI

ADC Chl

ADC ChO

8 CH ADC2

ADC Chl

ADC ChQ

3 CH Comparator

CAP2+

CAP2-

SPI (Master)

SPI (Slaver)

ICE

Crystal

X32KI

X32K0

12C

UART

TRA1402

Appendix 4: PORT | PIN MAP RELATE TO FUNCTION

PORT I[1:0] (I/O Power : VCC)

1

0

8 CH ADC

8 CH ADC2

3 CH Comparator

SPI (Master)

SPI (Slaver)

ICE

ICE_SCLK(])

ICE_SD(I/0)

Crystal

12C

UART

TRA1402

IR 38K

EXT-RESETB

EXTINT

Microphone

AUDIC PWM

BUZZER

PIR

CDS

OPA

Debounce

High-Current
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Ry Fa, AB Pac_age SOP,_ SOP,_| SSOB ssopn ¥
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A CC O . P ASS U
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PB O 0 PC PB  PC.d]' . B pc

T K '
PB [ B pc PB of - PC.
PB. O. "E pe PB O WZI PC
Pl O 0 P MN PBe H. '[P PC
Ple CIf b ‘qc = | P‘GMN
ssE[f . PP owmp Pl OV -F ®&C
A, ss E[f . PP MP
SOP, ‘ SOP, N
Ry, Fe A R Fe: B
N\
ccO w P‘SMP
\ ‘o U/

P¥2"NE ‘rj ‘So = ' BP MP
* N e cc o' = P\ N
PC L - p 10 PS SSC B No o
pc_ O '\ B PAe I \ £
PC. O ' P PA Pe— | PA
PC éi" \\\'"j PA PC. .- '« PA

LY ‘
pd h<" \ P PA gq’ Et’i’ - AL E:‘

A ccO. '« PA ng ‘ I"EIPBS
PC O « - L] PBq A CC [ . 1 PB
PCe [ PB v K
quD\ L oB PI.E‘ 1 PB

, | . I |
PB [ ' " B Pl [ P
—ssom % SSOB
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TR1 6F096A(B) 16-bit Multimedia Processor
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TR1 6F096A(B) 16-bit Multimedia Processor
‘ Rfy F,,fy A B SPI Operation Sequence

A < Initia Process

set io[lOC_PA].b2 /I set output port
set io[STATUS].b8 // Enable SPI Control
set io[PortA].b2 // CS=1

set io[SPI_CTRL].b11 // setICS =1

A  Sending Data Process

clr io[PortA].b2 /I CS =0

clr io[SPI_CTRL].b11 //'1CS=0
/I page write 256 bytes

cx = 0x1f;

i0 = Data_Buf.n0

i0.n = Data_Buf.n1
SPI_write_data_loop:
IO[Spl_DATA] = rm[iO++]; Write Data Buffer x 4 N
io[SPI_DATA] = rm[i0++]; 1
io[SPI_DATA] = rm[i0++];
io[SPI_DATA] = rm[i0++];

Set SEND=1 & Total byte number

push ar; J
/1 set total byte number & send data ccr B & Torat bye number
ar = 0x18;

ah = 0x00; /I speed
io[SPI_CTRL] = ar; /lset SEND = 1; AT L
clr io[SPI_CTRL].b4 // set SEND = 0; i

call Check_Tran_OK
loop SPI_write_data_loop

set io[PortA].b2 /I CS =1
set io[SPI_CTRL].b11  //1CS=1

Check_Tran_OK:
test io[SPI_CTRL].b7
if eq jmp Check_Tran_OK
Check_Tran_OK_End:
rets

Write Data Completely
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A Receiving Data Process

clr io[PortA].b2 /I CS =0
clr io[SPI_CTRL].b11 //1CS=0
i0 = Data_Buf.n0 J.
i0.n = Data_Buf.n1
. Set RCV = 1 & Total byte number
// receive data(256 bytes)
cx = Ox1f; Il
SPI_read_data_loop:
Set RCV = 0 & Total byte number
ar = 0x28;
ah = 0x00; // speed

io[SPI_CTRL] = ar; // Set RCV = 1;
clr io[SPI_CTRL].b5 // Set RCV = 0;
call Check Tran_OK
rm[i0++] = io[SPI_DATA];
rm[i0++] = io[SPI_DATA];
rm[i0++] = io[SPI_DATA];
rm[i0++] = io[SPI_DATA];
loop SPI_read_data_loop
set io[PortA].b2 /I CS =1
set io[SPI_CTRL].b11  //1CS=1

DATOK =1

Check DATOK Il

DATOK =0

Read Data Buffer x 4

Check_Tran_OK:
Read Data Completely
test io[SPI_CTRL].b7

if eq jmp Check_Tran_OK
Check_Tran_OK_End:

rets
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Rry F,;y A B Revision history

o
REVISION DESCRIPTION PAGE DATE
V1.0 New establish 2022/1/27
V1.1 Add TR16F096B(only one package : SOP16-2) 68 2022/5/11
the capacitance value of C6 is changed to 0.1uF in Fig9.2 60
and Fig9.3
V1.2 TR16F096A(B) do not support ultra-deep sleep 3 2022/11/8
Por_tCO are forbidden to be connected with pull-up 3,6
resistance
Low power RC modify to 32768Hz +/- 10% 27,63, 64
Modify two OPAs mode 47
Modify SOP16, SOP16-2 package, change PWMP to pin 9, | 68
change PWMN to pin 11
V1.3 Remove Buzzer and speaker wake up. 10, 11, 12 2022/12/28
8M)ISC2 bit5, MISC2 bit 6 and MISC3 bit3 should be set to
V1.4 Add TR16F096A comment to package chapter 67 2023/1/16
V1.5 Add SSOP24 to package chapter 67 2023732
V1.6 Por_tCO are forbidden to be connected with VCC or pull-up 3,6 2023/4/17
resistance.
Address 1DH: RealT register 10, 12
Add the description of these signals of CLR_TX_INT, 37
CLR_INT and CLR_RxOverrunErr
If Microphone is used, OPA1 and OPA2 need to be disable. | 3, 60
Add microphone channel 8 of 12-bit SAR ADC 35, 60, 61
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