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32-bit RIS C Microprocessor - TX19 Famil y
TMP19A43FZXBG, FDXBG

1. Overview and Features

The TX19 family is a high-peformance32-bit RISC processor series & TOSHIBA originally dewloped by
integratingthe MIPS16™ASE (Apgication Specific Extensia), which is anextended instrction setof high code
efficiency.

TMP19A43 is a 2-bit RISC microprocesor with a TX19A processr core ad various peipheral functons
integratd into onepadkage. Itcan gerat atlow voltage with low power consumption.

Featuref TMP19A43 areas follows:

RESTRICTIONS ON PRODUCT USE 070122EBP

e The information contained herein is subject to change without notice. 021023_p

e TOSHIBA is continually working to improve the quality and reliability of its products. Nevertheless, semiconductor
devices in general can malfunction or fail due to their inherent electrical sensitivity and vulnerability to physical stress.
It is the responsibility of the buyer, when utilizing TOSHIBA products, to comply with the standards of safety in making
a safe design for the entire system, and to avoid situations in which a malfunction or failure of such TOSHIBA
products could cause loss of human life, bodily injury or damage to property.
In developing your designs, please ensure that TOSHIBA products are used within specified operating ranges as set
forth in the most recent TOSHIBA products specifications. Also, please keep in mind the precautions and conditions
set forth in the “Handling Guide for Semiconductor Devices,” or “TOSHIBA Semiconductor Reliability Handbook” etc.
021023_A

e The TOSHIBA products listed in this document are intended for usage in general electronics applications (computer,
personal equipment, office equipment, measuring equipment, industrial robotics, domestic appliances, etc.). These
TOSHIBA products are neither intended nor warranted for usage in equipment that requires extraordinarily high quality
and/or reliability or a malfunction or failure of which may cause loss of human life or bodily injury (“Unintended Usage”).
Unintended Usage include atomic energy control instruments, airplane or spaceship instruments, transportation
instruments, traffic signal instruments, combustion control instruments, medical instruments, all types of safety
devices, etc. Unintended Usage of TOSHIBA products listed in this document shall be made at the customer’s own
risk. 021023 B

e The products described in this document shall not be used or embedded to any downstream products of which
manufacture, use and/or sale are prohibited under any applicable laws and regulations. 060106_Q

e The information contained herein is presented only as a guide for the applications of our products. No responsibility is
assumed by TOSHIBA for any infringements of patents or other rights of the third parties which may result from its use.
No license is granted by implication or otherwise under any patents or other rights of TOSHIBA or the third parties.
070122_C

e The products described in this document are subject to foreign exchange and foreign trade control laws. 060925_E

e For a discussion of how the reliability of microcontrollers can be predicted, please refer to Section 1.3 of the chapter
entitled Quality and Reliability Assurance/Handling Precautions. 030619 _S
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(1) TX19Aprocesorcore

1) Improvel code efficiency and operating peformance hae beenreaized hrough te use ¢ two ISA
(Instruction S Architecture) modes -16- and 32-bit ISA modes.

e The 16-bit ISA mode instructims are cornpatible with the MIPS16™ASE instructions of superior
codeefficiency at theobject level.

e The 32-ht ISA mode instructims are caonpatible with the TX39 instructionsof superior operating
performance at thebject level.

2) Both high performance ad low power disspaion havebeen adieved.
® High performarce
e Almostall instuctons ca be exeautedwith oneclock.
e High performanceis possible via three-ograndoperationinstruction.
e 5-sige ppeline
e  Built-in high-speed nemory
e DSPfunction: A 32-bit multiplicaion and eccunulation qperaton can be exeatedwith oneclock.
® | ow power disspaion
e Optimized degin using a bw power disspaion library
o  Stardby function that sbps the operation ofthe procesar core
3) Highsped interruptregporsesuitable fo real-time contol
e Indeperdency of the entry address
e Automatic generation of factorspecific vecor addresses
o Automatic update @ interrug mask levels
(2) Intemal program memory anddata nemory

Produc t name Built-i n ROM Built-i n RAM
TMP19A43CZXBG 384Kpte 20Khyte
TMP19A43CDXBG * 512Khyte 24Khbyte
TMP19A43FZXBG * 384Khyte (Flash 20Kbyte
TMP19A43FDXBG 512Kpte (Flash 24Kbyte

The produet indicaied ly anaderisk * is undr development.

o ROM correctiorfunction: 1 ward x 8 blodks, 8 words x 4 blocks
(3) External memory expansion

o Expardable to 16 megabytes for both programs and dad)

e Exterral data ba:

Seprate bis/mutiplexed bus : Coexistenceof 8- ard 16-ht widths ispossilde.
Chip select/wait cotroller : 4 chanrels
(4) DMA cortroller : 8 chanrels (2 interrypt factors)

e Activatedby aninterrypt or sdtware

o Data tobe transferred tanterral memory, internal 10, external memory, andextenal I/O
(5) 16-bit timer : 16 chanrels

e 16-bit interval timer mode

e 16-bit event counter mode

e 16-bit PRG ouput (every 4 channes, synchronows ouputs are posible)

e Input cafure function

e 2-phasepulse irput counter furction (4 chanrels assyned to perform this function): Multiplication-
by-4 mode
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(6) 3-bit timer
e  32-bit input cafure regster : 4 chanrels
e  32-bit conpareregister : 8 channels
e 32-bit time base timer : 1 chanrel
(7) Clock timer : 1 chamel
(8) Gereral-purpose serial iterface : 3chanrels

e Selectable beteen thdJART mode anl the synchronizaion mode
(9) High-speedserial inerface : 3chanrels

e Selectable between th¢ART mode ad the hgh-speed gnchronization rode (maximum speed:
10 Mbps n the high-speel synchronizaion mode @40MHz)

(10) Serial busriterface : 1 channel

e Selectable bateen thd’C bus node ad the clock synchronizaion mode
(12) 10-bit A/D conwerter (withS/H) : 16 chanrels

e  Start by an exernal trigger, ard the internaltimer activated by arigger

e Fixedchanelscan node

e Singlefepeatmode

e High-priority conversionmode

e  Timer monitor function

e Conversiontime 115 psec(@ 40MHz)

(12) 8-bit D/A converter : 2 chamels
(13) Watchday timer 1 chanrel
(14) Interrupt function
e CPU: 2 facbrs......cco....... softwareinterupt instruction
e Internal:46 fadors........... The orde of precedene can be set over 7 levels

(except the wathdogtimer interrupt).

o External:48 fectors ......... The orde of precedene can be set over 7 levels.
Because32 factorsareas®ciated wth KWUP, the nunber of interrupt
factors isone

(15) Input andoutput ports............. 143 teminals
(16) Standoy function

e Threestandby mdes(IDLE, SLEER STOP)
(17) Clock generabr

e  Built-in PLL (multiplication by 4)
e Clock gearfunction: The high-speel clock can be dvided into 3/4, 1/2, 1/4 or 1/8.
e  Sub-clock: SLOW and SLEEP modes (2.768kHz)
(18) Endan Bi-endian (big-endan/little-erdian)
(19) Maximum operaing frequeng
e  40MHz (PLL multiplication)
(20) Opeating voltage ramge

e Core: 135Vto1.65V
e |/OandADC: 2.7Vt0o36V
e DAC: 23Vto27V

(21) Packge
P-FBGA193 (12 nm x 12 mm, 0.65mm pitch)
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v
Fig. 1-1 TMP19A43 Block Diagram
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2.

2.1

Pin Layout and Pi n Functions

This secton showsthe pin layout of TMP19A43 and descrbes he nanes andfunctionsof input and output pins

Pin Lay out (Top vie w)

Fig. 2-1 PinLayout Diagam (P-FBGA193) shows thepin layou of TMP19A43.

Al | A2 | AB | A4 | A5 | AG | A7 | A8 | AQ |A10| A1l |A12 | A13 |Al4 | A15| Al16 |AlY
Bl | B2 | B3 | B4 | B5 | B6 | B7 | B8 | B9 |B10|B11 |B12|B13|B14 | B15|B16 | B17
Cil]cC2 Cle | C17
D1 | D2 D4 | D5 | D6 | D7 | D8 | D9 |D10| D11 |D12|D13| D14 D16 | D17
El | E2 E4 | E5 | E6 | E7 | E8 | E9 |E10|E11 |E12 | E13 | E14 E16 | E17
F1 | F2 F4 | FS | F6 F13 | F14 F16 | F17
Gl | G2 G4 | G5 G13|G14 G16 | G17
H1 | H2 H4 | H5 H13 |H14 H16 | H17
Ji1 | J2 J4 | J5 J13 | J14 Ji6 | J17
K1 | K2 K4 | K5 K13 | K14 K16 | K17
L1 | L2 L4 | L5 L13 | L14 L16 | L17
M1 | M2 M4 | M5 M13 | M14 M16 | M17
N1 | N2 N4 | N5 | N6 | N7 | N8 | N9 |N10| N11 |N12|N13|N14 N16 | N17
P1 | P2 P4 | PS5 | P6 | P7 | P8 | P9 |P1O|P11|P12|P13|P14 P16 | P17
R1 | R2 R16 | R17
T1 | T2 | T3 | T4 |15 | T6 | T7 | T8 | T9 |T10|T11 | T12|T13|T14|T15|T16|T17
Ul | U2 | U3 U4 U5 U6 | U7 | U8 | U9 | UI0IUIL UI2|U13|UI4|U15|UL16|UL7

Fig. 2-1 Pin Layout Diagram (P-FBGA193)
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2.2

Pin Numbers and Names

Table 21 shows the pin numbersard nanes o TMP19A43.

Table 2-1 Pin numbers and names

::'(?_ Pin Name EI(? Pin Name Z': Pin Name :3'(? Pin Name EI(? Pin Name

Al DVSS D2 | PF3/KEY19/DACK4 | G2 P95/SCLK2/CTS2 | M1 PB5/HTXD1 R2 P33/WAIT/RDY
A2 P81/AN9/KEY05 D4 P71/AN1 G4 P94/RXD2 M2 |PB4/HSCLKO/HCTSO0| R16 P45/BUSMD

A3 P83/AN11/KEY07 D5 P73/AN3 G5 P93/TXD2 M4 PB3/HRXDO R17 P46/ENDIAN
Ad P85/AN13/INT7 D6 P74/AN4/KEY00 G13 | PH1/TPC1/TPD1 M5 TEST4 T1 P37/ALE/TC3IN
A5 P87/AN15/INT9 D7 P76/AN6/KEY02 G14 | PH7/TPC7/TPD7 | M13 FVCC3 T2 | P34/BUSRQ/TBEOUT
A6 DAO D8 PD5/TBDOUT G16 PCST4 M14 PG3/TPD3 T3 P30/RD

A7 CVREFO D9 PD3/TBBOUT G17 DCLK M16 PG4/TPD4 T4 P02/D2/AD2

A8 DAl D10 PDO/HTXD2 H1 PC1/TCOUTO M17 PG5/TPD2 T5 P06/D6/AD6

A9 CVREF1 D11 PEO/KEY8 H2 | PCO/TBTIN/KEY30 | N1 |PB7/HSCLK1/HCTS1| T6 | P12/D10/AD10/A10
A10 |PD2/HSCLK2/HCTS2| D12 PE3/KEY11 H4 P97/TBAOUT N2 PB6/HRXD1 T7 | P16/D14/AD14/A14
All PE2/KEY10 D13 | PA2/INT2/TB7INO H5 DVCC3 N4 P00/DO/ADO T8 | P21/A17/A1/TBOIN1
Al2 PE5/KEY13 D14 | PH4/TPC4/TPD4 | H13 | PH2/TPC2/TPD2 N5 P04/D4/AD4 T9 | P24/A20/A4/TB4INO
A13 PE7/KEY15 D16 | PA3/INT3/TB7IN1 | H14 TRST N6 P10/D8/AD8/A8 T10 | P26/A22/A6/TB5INO
Al4 X1 D17 XT1 H16 T™MS N7 | P14/D12/AD12/A12 | T11 P52/A2/INTE
Al5 X2 El |[PF6/KEY22/TCOUT6| H17 EJE N8 FvCC3 T12 |P56/A6/TB20UT/KEY28
Al6 CVCCH E2 |PF5/KEY21/TCOUT5| J1 PC4/TCOUT3 N9 DVSS T13 | P62/A10/SCLKO/CTSO
A17 CVSS E4 P70/ANO J2 PC3/TCOUT2 N10 DVCC15 T14 | P66/A14/TB4OUT
Bl | PFO/KEY16/DREQO | E5 P72/AN2 J4 PC2/TCOUT1 N11 P50/A0/INTC T15 P40/CSO/KEY?24
B2 P80/AN8S/KEY04 E6 VREFH J5 DVCC15 N12 P54/A4/TBOOUT T16 P42/CS2/KEY26
B3 P82/AN10/KEY06 E7 AVSS J13 PH3/TPC3/TPD3 | N13 P60/A8/TXDO T17 P44/SCOUT

B4 P84/AN12/INT6 E8 DAVCC Ji4 DINT N14 |P64/A12/RXD1/INTB| Ul TEST2

B5 P86/AN14/INT8 E9 DAVREF J16 TDO N16 PG6/TPD6 U2 | P35/BUSAK/TC1IN
B6 P75/AN5/KEYO01 E10 DAGND J17 DVSS N17 PG7/TPD7 u3 P31/WR

B7 P77/AN7/KEY03 E11 DVCC3 K1 PC7/SCK P1 BOOT U4 P03/D3/AD3

B8 | PD6/KEY31/AFTRG | E12 | PAO/INTO/TB6INO K2 PC6/SI/SCL P2 P32/HWR/TCOIN U5 P0O7/D7/AD7

B9 PD4/TBCOUT E13 | PAL/INT1/TB6IN1 K4 PC5/SO/SDA P4 P01/D1/AD1 U6 | P13/D11/AD11/A11
B10 PD1/HRXD2 E14 | PH5/TPC5/TPD5 K5 DVSS P5 P05/D5/AD5 U7 | P17/D15/AD15/A15
B11 PE1/KEY09 E16 PCSTO K13 DVCC15 P6 P11/D9/AD9/A9 U8 | P22/A18/A2/TB1INO
B12 PE4/KEY12 E17 PCST1 K14 TOVR/TSTA P7 | P15/D13/AD13/A13 | U9 | P25/A21/A5/TB4IN1
B13 PE6/KEY14 F1 |PF7/KEY23/TCOUT7| K16 TDI P8 | P20/A16/A0/TBOINO | U10 | P27/A23/A7/TB5IN1
B14 | PA5/INT5/TB8IN1 F2 P92/TB8BOUT K17 TCK P9 | P23/A19/A3/TB1IN1 | U1l P53/A3/INTF
B15 PA6/ TB2INO F4 P91/TB70OUT L1 PB2/HTXDO P10 TESTO U12 |P57/A7/TB30OUT/KEY29
B16 PA7/TB2IN1 F5 P90/TB6OUT L2 PB1/TB3IN1 P11 P51/A1/INTD u13 P63/A11/TXD1
B17 CVCCL F6 AVCC3 L4 PBO/TB3INO P12 P55/A5/TB1OUT Ul4 | P67/A15/TB50UT
Cl | PF2/KEY18/DREQ4 | F13 PHO/TPCO/TPDO L5 TEST1 P13 | P61/A9/RXDO/INTA | U15 P41/CS1/KEY25
C2 | PF1/KEY17/DACKO | F14 PH6/TPC6/TPD6 L13 DVSS P14 | P65/A13/SCLK1/CTS1 | U16 P43/CS3/KEY27
C16 | PA4/INT4/TB8INO | F16 PCST2 L14 PGO/TPDO P16 P47/TBFOUT u17 TEST3

C17 XT2 F17 PCST3 L16 PG1/TPD1 P17 RESET

D1 [PF4/KEY20/TCOUT4| G1 P96/TBOOUT L17 PG2/TPD2 R1 P36/RW/TC2IN
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2.3

Pin Names and Functions

Table 22 through Table 2-7 show the nanes ard functonsof input ard output pins.

Table 2-2 Pin Names and Functions (1 of 6)

: Number | Inputor .
Pin name of pins oEtp ut Function
P00-P0O7 8 Input/outpit | Port O: Input/outpt portt (with pull-up) that allows input/output to be set in units of bits
D0-D7 Input/outpit | Data (owen): Data bus 0 to 7sépaate busmode)
ADO-D7 Input/output | Address data (loer): Address data bs 0 to 7 (nultiplexed busmode)
P10-P17 8 Input/output | Pott 1: Input/outpt pott (with pull-up) that allows input/output to be set in units of bits
D8-D15 Input/output | Data (ippe): Data bus 8 to 15¢paate busnode)
AD8-AD15 Input/output | Addressdata(upper):Address datads 8to 15 (nultiplexed busmode)
A8-A15 Output Address:Addressbus8 to 15 (nultiplexed busmode)
P20-P27 8 Input/outpit | Portt 2: Input/outpt port (with pull-up) that allows input/output to be set in units of bits
A16-A23 Output Address:Addressbus15 to 23 ¢epaate busnode)
AO-A7 Output Address:Addressbus0 to 7 (nultiplexed busmode)
TBOINO, TBOIN1 Input 16-bit timer O input 0,1: For inputtinghe count/capture trigger of a 16-bingr 0
TB1INO,TB1IN1 Input 16-bit timer 1 input 0,1: For inputtinghe count/capture trigger of a 16-bingr 1
TB4INO,TB4IN1 Input 16-bit timer 4 input 0,1: For inputtinghe count/capture trigger of a 16-bingr 4
TB5INO, TB5IN1 Input 16-bit timer 5 input 0,1: For inputtinghe count/capture trigger of a 16-bingr 5
P30 1 Output Port 30: Pot usedexclusivelyfor output
RD Output Read: Stobe signal foreading externahemory
P31 1 Output Pott 31: Pot usedexclusivelyfor output
WR Output Write: Stobe sigml for writing dataof DO to D7 pins
P32 1 Input/output | Pott 32: Input/output port (with pull-up)
HWR Output Write upperpin data: Stobe signafor writing data of D8 to D15 pins
TCOIN Input For inputting the capte trigger for 2-bit timer
P33 1 Input/outpit | Port 33: Input/outpt port (with pull-up)
WAIT Input Wait: Pin for requesting CPU to put a bus in a waitest
‘RDY Input Ready Pin fornotifying CPU that a s is eady
P34 1 Input/output | Pott 34: Input/output port (with pull-up)
Bus request: Signal requesting \CRo allow an external master to teke the bus contt
BUSRQ Input authority
TBEOUT Output 16-bit timer E output: Pin foroutputtng 16bit timer E
P35 1 Input/output | Port 35: Input/outpit port (with pull-up)
BUSAK Output Bus acknowledge: Signal notifyg that CPU hareleased the bus coptrauthoity in response
to BUSRQ
TC1IN Input For inputting the capte trigger for 2-bit timer
P36 1 Input/output | Pott 36: Input/outpit port (with pull-up)
R/W Output Read/write!'1" shows a readycle or a dunmy g/cle. "0" shows a wri¢ g/cle.
TC2IN Input For inputting the capte trigger for 2-bit timer
P37 1 Input/output | Pott 37: Input/output port (with pull-up)
ALE Output S\Iii;e)ss latch enable (addresgchais enabled onlyfiaccess to externahemory is taking
TC3IN Input For inputting the capte trigger for 2-bit timer
P40 1 Input/output | Pott 40: Input/output port (with pull-up)
CSo Output Chip select 0:0" is output ifthe addess is in a designated adss aga.
KEY24 nput it Soit rigger - with Noise fter
P41 1 Input/outpit | Portt 41: Input/outpt port (with pull-up)
Cs1 Output Chip select 1:0" is output ifthe addess is in a designated adds aga.
KEY25 Input KEY on wake up input 250ynamic pull up is selectable)
Input with Scimitt trigger ~ with Noise filter
P42 1 Input/outpit | Portt 42: Input/outpit port (with pull-up)
CcSs2 Output Chip select 2:0" is output ifthe addess is in a designated adss aga.
KEY26 Input KEY on wake up input 263ynamic pull up is selectable)
Input with Scimitt trigger  with Noise filter
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Table 2-3 Pin Names and Functions (2 of 6)

. Number | Inputor .
Pin name of pins oEtp ut Function
P43 1 Input/outpit | Port 43: Input/outpit port (with pull-up)
Ccs3 Output Chip select 3:0" is output ifthe addess is in a designated adds aga.
KEY on wak input 27 0ynani lupi I |
KEY27 Input In?)ut with ggmim:igggy “with Noise filter cctanie
P44 1 Input/outpit | Portt 44: Input/output port (with pull-up)
SCOouUT Output Systam clock output: Selectable between higind lowspeed clock outpstas in the case of
CPU
P45 1 Input/outpit | Portt 45: Input/output port (with pull-up)
BUSMD Input Pin for setting an external busode: This pin functims as anultiplexed tus bysampling the
"H (DVCCDJ) level" at therise d areset sigal. It also functions as a sejpse bus bysanpling
"L" at therise ofareset signaWhenpeirforming a esetopestion, pull it up ordown
according to a bus adeto be ued. Input with Schnitt trigger.
(After a reset opegtion is peformed, it can be used a@spot.)
P46 1 Input/outpit | Portt 46: Input/output port (with pull-up)
ENDIAN Input This pin is used to setraode. t peforms a bigendianopemtion by sanpling the 'H
(DVCCR3) level atthe rise of aesetsignal,and performs a little-endanoperation by sapling
"L" at therise ofareset signalWhenpeirforming a esetopestion, pull it up ordown
according to the type @ndian to be used.
(After aresetoperation is perfore, it can beused as port.) Input with Schmitt trigger
P47 1 Input/outpit | Portt 47: Input/output port (with pull-up)
TBFOUT Output 16-bit timer F output: Pin fooutputthg a 16bit timer F
P50-P53 4 Input/outpit | Portt 5: Input/outpt port (with pull-up) that allows input/output to be set in units of bits
A0-A3 Output Address: Addessbuses 0 to 3sépaate busnode)
INTC-INTF Input Interrupt request ps C to F: Seleable béween "H" level, "L" levé rising edge, and falling
edge
gInput pin withSchmitt trigger ~ with Noise filter
P54,P55 2 Input/outpit | Pott 5: Input/outpt port (with pull-up) that allows input/output to be set in units of bits
A4,A5 Output Address:Addresshuses4 and 5 ¢epaate busnode)
TBOOUT Output 16-bit timer 0 output: Pin fooutputting a 16bit timer O
TB1OUT Output 16-bit timer 1 output: Pin fooutputthg a 16bit timer 1
P56,P57 2 Input/outpit | Pott 5: Input/outpt port (with pull-up) that allows input/output to be set in units of bits
AB6,A7 Output Address:Addressbusest and 7 ¢epaate busmode)
TB20OUT Output 16-bit timer 2 output: Pin fooutputthg a 16bit timer 2
TB30OUT Output 16-bit timer 3 output: Pin fooutputtng a 16bit timer 3
KEY28,KEY29 Input KEY on wake up input 28 and2(Dynarmic pull up is selectabldnput pin with Schitt
trigger  with Noise filter
P60 1 Input/outpit | Portt 60: Input/outpit port (with pull-up)
A8 Output Address: Addessbus 8 éepaate busmode)
TXDO Output Sending seal data 0: Open din output pin depating on the pogramused
P61 1 Input/outpit | Portt 61: Input/outpt port (with pull-up)
A9 Output Address: Addessbus 9 éepaate busnode)
RXDO Input Receiving serial da 0
INTA Input Interrupt request piA: Selecable betveen"H" level, "L" level, rising edge, falling edge, and
both iising and faihg edges.
Input pin withSchmitt trigger ~ with Noise filter
P62 1 Input/outpit | Porit 62: Input/outpit port (with pull-up)
A10 Output Address: Addessbus 10 ¢epaate busnode)
SCLKO Input/outpit | Setal clock input/output O
CTSO Input Handshake inputip
Open dain output pin depeling on the pogramused
P63 1 Input/outpit | Port 63: Input/output port (with pull-up)
All Output Address: Addessbus 11 ¢epaate busmode)
TXD1 Output Sending seal data 1: Open din output pin depating on the pogramused
P64 1 Input/outpit | Portt 64: Input/outpit port (with pull-up)
Al12 Output Address: Addessbus 12 ¢epaate busnode)
RXD1 Input Receiving serial da 1
INTB Input Interrupt request piB: Selectable beteen"H" level, "L" level, rising edge, falling edge, and|
both iising and faihg edges.
Input pin withSchmitt trigger ~ with Noise filter
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Table 2-4 Pin Names and Functions (3 of 6)

. Number | Inputor .
Pin name of pins oEtp ut Function
P65 1 Input/outpit | Port 65: Input/outpt port (with pull-up)
A13 Output Address: Addessbus 13 ¢epaate busnode)
SCLK1 Input/outpit | Setal clock input/output 1
CTS1 Input Handshake inputip.
Open dain output pin depealing on the pogramused
P66,P67 2 Input/outpit | Pott 6: Input/outpt port (with pull-up) that allows input/output to be set in units of bits
Al4,A15 Output Address:Addresshbusesl4 and 5 (sepaate busmode)
TB4OUT Output 16-bit timer 4 output: Pin fooutputting a 16bit timer 4
TB50UT Output 16-bit timer 5 output: Pin fooutputthg a 16bit timer 5
P70-P73 4 Input Pott 7: Pot used exclusivelyor input (with pull-up)
AINO-AIN3 Input Analog input: hpu from A/D converter
P74-P77 4 Input Pott 7: Pot used exclusivelyor input (with pull-up)
AIN4-AIN7 Input Analog input: hpu from A/D converter
KEYO00-KEY03 Input KEY on wake up input 00 to3 (Dynanic pull up is selectable)
Input pin withSchmitt trigger ~ with Noise filter
P80-P83 4 Input Pott 8: Pot used exclusivelyor input (with pull-up)
AIN8-AIN11 Input Analog input: hpu from A/D converter
KEY04-KEY07 Input KEY on wake up input 04 to/ (Dynanic pull up is selectable)
Input pin withSchmitt trigger ~ with Noise filter
P84-P87 4 Input Pott 8: Pot used exclusivelyor input (with pull-up)
AIN12-AIN15 Input Analog input: hpu from A/D converter
INT6-9 Interrupt request pi 6 to 9: Selectabbetveen H" level, "L" level, rising edge, dlling edge,
and bothising anl falling edges.
Input pin withSchmitt trigger ~ with Noise filter
P90-P92 3 Input/outpit | Portt 9: Input/outpt port (with pull-up) that allows input/output to be set in units of bits
TB6OUT Output 16-bit timer 6 output: Pin fooutputthg a 16bit timer 6
TB70UT Output 16-bit timer 7 output: Pin fooutputtng a 16bit timer 7
TB8OUT Output 16-bit timer 8 output: Pin fooutputtng a 16bit timer 8
P93 1 Input/outpit | Port 93: Input/outpit port (with pull-up)
TXD2 Output Sending seal data 2: Open din output pin depading on the pogramused
P94 1 Input/outpit | Pott 94: Input/output port (with pull-up)
RXD2 Input Receiving serial da 2
P95 1 Input/outpit | Port 95: Input/output port (with pull-up)
SCLK2 Input/output | Seial clock input/output 2
CTS2 Input Handshake inputip
Open dain output pin depefing on the pogramused
P96,P97 2 Input/outpit | Poits 96 and 97:riput/ouput pot (with pull-up) that allows input/oytut © be set in units of
bits
TBOOUT Output 16-bit timer 9 output: Pin fooutputtng a 16bit timer 9
TBAOUT Output 16-bit timer A output: Pin foroutputting a 16bit timer A
PAO 1 Input/outpit | Port AO: Input/output pdr(with pull-up)
TB6INO Input 16-bit timer 6 input 0: For inputtig the capture triggeaf a 16-bit tmer 6
INTO Input Interrupt request pi0: Selectable beeen"H" level, "L" level, rising edge, falling edge, and
both tising and faihg edges.
Input pin with Schntt trigger ~ with Noise filter
PA1 1 Input/outpit | Poit ALl: Input/output pdr(with pull-up)
TB6IN1 Input 16-bit timer 6 input 1: For inputtig the capture triggef a 16-bit tmer 6
INT1 Input Interrupt request pil: Selectable beeen"H" level, "L" level, rising edge, falling edge, and
both iising and faihg edges
Input pin with Schritt trigger ~ with Noise filter
PA2 1 Input/outpit | Poit A2: Input/output pdr(with pull-up)
TB7INO Input 16-bit timer 7 input O: For inputtig the capture triggef a 16-bit tmer 7
INT2 Input Interrupt request pi0: SelectabléH" level, "L" level, risingedge, falling elge, and both
rising and falling dges.
Input pin with Schntt trigger  with Noise filter
PA3 1 Input/outpit | Port A3: Input/output pdr(with pull-up)
TB7IN1 Input 16-bit timer 7 input 1: For inputtig the capture triggef a 16-bit tmer 7
INT3 Input Interrupt request pil: Selectable beteen"H" level, "L" level, rising edge, falling edge, and
both iising and falhg edges.
Input pin with Schntt trigger ~ with Noise filter
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Table 2-5 Pin Names and Functions (4 of 6)

. Number | Inputor .
Pin name of pins oEtp ut Function
PA4 1 Input/outpit | Poit A4: Input/output pdr(with pull-up)
TB8INO Input 16-bit timer 8 input 0: For inputtig the capture triggef a 16-bit tmer 8
INT4 Input Interrupt request pi0: Selectable beeen"H" level, "L" level, rising edge, falling edge, and
both iising and falhg edges
Input pin with Schritt trigger ~ with Noise filter
PA5 1 Input/outpit | Port A5: Input/output pdr(with pull-up)
TB8IN1 Input 16-bit timer 8 input 1: For inputtig the capture triggef a 16-bit tmer 8
INT5 Input Interrupt request pil: Selectable beeen"H" level, "L" level, rising edge, falling edge, and
both iising and falhg edges
Input pin with Schntt trigger ~ with Noise filter
PA6 1 Input/outpit | Poit A6: Input/output pdr(with pull-up)
TB2INO Input 16-bit timer 2 input O: For inputtig the capture triggef a 16-bit tmer 2
PA7 Input/outpit | Port A7: Input/output pdr(with pull-up)
TB2IN1 Input 16-bit timer 2 input 1: For inputtig the capture triggef a 16-bit tmer 2
PBO 1 Input/outpit | Poit BO: Input/ouput pot (with pull-up)
TB3INO Input 16-bit timer 3 input 0: For inputtig the capture triggef a 16-bit tmer 3
PB1 1 Input/outpt | Port B1: Input/ouput pot (with pull-up)
TB3IN1 Input 16-bit timer 3 input 1: For inputtig the capture triggef a 16-bit tmer 3
PB2 1 Input/outpt | Port B2: Input/ouput pot (with pull-up)
HTXDO Output Sending seal data 0 at high speeds: €pdain outputpin dependig on he pogramused
PB3 1 Input/outpit | Port B3: Input/ouput pot (with pull-up)
HRXDO Input Receiving serial da 0 at high speeds
PB4 1 Input/outpit | Port B4: Input/ouput pot (with pull-up)
HSCLKO Input/outpt | High-speedsaial clockinput/ouputO
HCTSO0 Input Handshake inputip:
Open dain output pin depeling on the pogramused
PB5 1 Input/outpit | Port B5: Input/ouput pot (with pull-up)
HTXD1 Output Sending seal data 1 at high speeds: @pdain outputpin dependig on he pogramused
PB6 1 Input/outpt | Port B6: Input/ouput pot (with pull-up)
HRXD1 Input Receiving serial da 1 at high speeds
PB7 1 Input/outpit | Port B7: Input/ouput pot (with pull-up)
HSCLK1 Input/outpit | High-speedseial clockinput/ouput 1
HCTS1 Input Handshake inputip:
Open dain output pin depeling on the pogramused
PCO 1 Input/outpt | Port CO: Input/ouput pot (with pull-up)
TBTIN Input 32-bit time base tiner input: For inputting a 32-bitriie base tiner
KEY30 KEY on wake up input 300ynanic pull up is selectable)
Input with Scimitt trigger  with Noise filter
PC1-PC4 4 Input/outpit | Poits C1 to C4:mput/ouput pots (with pul-up) that allow input/oygut to be set in units of
bits
TCOUTO- Output Outputting 32-bit tiner if the result  a canparison is anatch
TCOUT3
PC5 1 Input/outpit | Port C5: Input/ouput pot (with pull-up)
SO Output Pin for sending datif the seriabus interice operatesiithe SIOmode
SDA Input/output | Pin for sending andeteiving data ithe serial bus intéace operates in ¢hl2Cmode
Open dain output pin depefing on the pogramused
Input with Scimitt trigger
PC6 1 Input/outpit | Poit C6: Input/ouput pot (with pull-up)
Sl Input Pin for receiving data if the satibus interface operatésthe SIOmode
SCL Input/output | Pin for inputting and outputting a clockftifie serial buinterface operatesithe I2Cmode
Open dain output pin depefing on the pogramused
Input with Scimitt trigger
PC7 1 Input/outpt | Porit C7: Input/ouput pot (with pull-up)
SCK Input/output | Pin for inputting and outputting a clockfifie serial buiterface operatesiithe SIOmode
Open dain outputpin dependig on he poogramused
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Table 2-6 Pin Names and Functions (5 of 6)

. Number | Inputor .
Pin name of pins oEtp ut Function
PDO 1 Input/outpit | Poit DO: Input/output pdr(with pull-up)
HTXD2 Output Sending seal data 2 at high speeds: @pdain outputpin dependig on he pogramused
PD1 1 Input/outpit | Poit D1: Input/output pdr(with pull-up)
HRXD2 Input Receiving serial da 2 at high speeds
PD2 1 Input/outpit | Port D2: Input/output pdr(with pull-up)
HSCLK2 Input/outpuit | High-speedseial clockinput/ouput2
HCTS2 Input Handshake inputip:
Open dain output pin depefing on the pogramused
PD3-PD5 3 Input/outpt | Ports D3 to D5:Input/ouput pots (with pul-up) that allow input/oyiutto be set in units of
bits
TBBOUT- Output 16-bit timers B, C and D outputsPin for outputting 16sit timers B, Cand D
TBDOUT
PD6 1 Input/outpt | Port D6: Input/output pdr(with pull-up) that allows input/output tbe set in units of bits
ADTRG Input Pin (with Schmitt trigger) for startingd/D trigger or AD converter fron an external source
KEY31 Input KEY on wake up input 310ynanic pull up is selectable)
Input with Scimitt trigger ~ with Noise filter
PEO-PE7 8 Input/outpit | Portt E: Input/outpit port (with pull-up) that allows input/output tbe set in units of bits
KEY08-KEY15 Input KEY on wake up input 08 to51 (Dynanic pull up is selectable)
Input with Scimitt trigger ~ with Noise filter
PFO,PF2 2 Input/outpit | Portt F: Input/outpit port (with pull-up) thatallows input/output to be set in units of bits
DREQO,4 Input DMA request signals 0 and 4: Fopirttingthe requesto transfer dataypDMA from an
external I/Odeviceto DMACO orDMAC4
KEY16,KEY18 Input KEY on wake up input 16 to91 (Dynanic pull up is selectable)
Input with Scimitt trigger ~ with Noise filter
PF1,PF3 2 Input/outpit | Portt F: Input/outpit port (with pull-up) thatallows input/output to be set in units of bits
DACKO,4 Output DMA acknowledge signals 0 andSignal showing tteDREQO and DREQ4 have
acknowledged a DM transferrequest
KEY17,KEY19 Input KEY on wake up input 16 to9l (Dynanic pull up is selectable)
Input with Scimitt trigger  with Noise filter
PF4-PF7 4 Input/outpit | Portt F: Input/output port (with pull-up) thatallows input/output to be set in units of bits
KEY20-KEY23 Input KEY on wake up input 20 to2 (Dynanic pull up is selectable)
TCOUT4- Input with Scimitt trigger
TCOUT7 Output Outputting 32-bit tiner if the result ® a canparison is anatch ~ with Noisefilter
PGO-PG7 8 Input/outpit | Port G: Input/output port (with pull-up) that allows input/output tbe set in units of bits
TPDO-TPD7 Output Outputting trace datadm the dah access address: Sigl for DSU{CE
PHO-PH7 8 Input/outpit | Porit H: Input/output port (with pull-up) that allows input/output tbe set in units of bits
TPCO-TPC7 Output Outputting trace data fro the program counter:Signal for DSU-ICE
TPDO-TPD7 Output Outputting trace datadm the da& access address: Sigl for DSU{CE
DCLK 1 Output Debug clock: Sigd for DSU-ICE
EJE 1 Input DSU-ICE enableSignal forDSU4CE (with Schmitt triggen (with pull-up)  with Noise
filter
PCST4-0 4 Output PC tracestatus: Sinal for DSU-IGE
DINT 1 Input Debug interupt: Signal forDSU4ICE
(input with Scimitt triggerand pullup)  with Noise filter
TOVR/TSR 1 Output Outputting the stas of PDdata oveffow status: Signal fobSU-ICE
TCK 1 Input Test clock input: Signal fotesting DSUFCE (with Schmitt triggerand pullup) with Noise
filter
T™MS 1 Input Testmode séect input: Signal for teting DSU-ICE (with Schmitt trigger ad pull-up)
TDI 1 Input Test data input ESignal forteging JTAG (with Schmitt triggerand pullup)
TDO 1 Output Test data outputSignal for testing DSU-IE
TRST 1 Input Test rest input: Sgnal for testingdSU-ICE (with Schitt trigger and pull-down)
with Noise filter
RESET 1 Input Reset:lnitia_lizing LSI (vyith pull—up) o
Input with Scimitt trigger ~ with Noise filter
X1/X2 2 Input/output | Pin for connecting high-speedscillator (X1:Input with Schmitt trigger)
XT1/XT2 2 Input/output | Pin for connecting low-speedscillator (XT1: Input wih Schmitt trigger)
TMP19A43 (rev2.0) 2-7 Pin Layout and Pin Functions
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Table 2-7 Pin Names and Functions (6 of 6)

. Number | Inputor .
Pin name of pins outp ut Function

BOOT 1 Input Pin for setting a single boatode: This pirgoes into sigle bootmode by senpling "L" at the
rise d a resesignal. It is usedto overwrite interral flash memory. By sampling "H (DVCC3)
level" at the ise ofa reset signaljt performs a nomal operation. This pinshould be plled up
under norral operating conditios Pull it up when resgéng.
(With pull-up)

VREFH 1 Input Pin (H) for supplyng the A/D onverterwith a ieference powesupply
Connect this pin t&\VCC3 if the A/D conveter is not used.

AVCC3 1 - Pin for supplying the A/D conveter with a powersupply. Connect it taa power supplyeven if
the A/D conveteris not used.

AVSS 1 - A/D conveter GND pin 0 V). Connect this pin t&ND even if the A/Dconveteris not used.
Pin (L) for supplying the A/D convertewith a ieference powesupply

TESTO 1 Input TEST pin: To be fiedto DVCC3 (wih Schmitt trigger)

TEST1 1 Input TEST pin: To be fixed to DVCC3

TEST2 1 Input TEST pin: Set tctOPEN.

TEST3 1 Input TEST pin: Set toOPEN.

TEST4 1 Input TEST pin: Set toOPEN.

CVCCH 1 - Pin for supplyng ahigh-frequencyoscillaor with power: 1.5 V power supp

CVCCL 1 — Pin for supplyng alow-frequencyosdllator with power:3 V power supply

CVSS 1 - Oscillator G\D pin (0 V)

DVCC15 3 _ Powersupplypin: 1.5 V powersupply

DVCC3 4 - Powersupplypin: 3 V powersupply

DVSS 5 - Power supplypin: GND pin (0V)

DAVCC 1 - Powersupplypin forthe D/A conveter. 2.5 V powerswpply
If the D/A converér is not usegdconnect (fix) this pin to GND.

CVREF 1 _ Refeence powersupply pin forthe D/A conveter
If the D/A converér is not usedconnect (fix) this pin to GND.

DAGND 1 — GND pin (0V) for the D/Aconverter
Connect this pin t&ND even iftheD/A conveter is rot used.

CVREFO 1 — Pin for connecting stabilizingcapacior to the D/Aconverter

CVREF1 1 _ Pin for connecting stabilizingcapacior to the D/Aconverter

DAO 1 Output D/A conveter 0 output pin

DAL 1 Output D/A conveter 1 output pin
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2.4 Pin Names and Pow er Suppl y Pins

Table 2-8 Pin Names and Power Supplies
Power Power
Pin name supply Pin name supply
PO DVCC3 PCST4-0 DVCC3
P1 DVCC3 DCLK DVCC3
P2 DVCC3 EJE DVCC3
P3 DVCC3 TRST DVCC3
P4 DVCC3 TDI DVCC3
P5 DvVCC3 TDO DVCC3
P6 DVCC3 TMS DVCC3
P7 AVCC3 TCK DVCC3
PS AVCC3 DINT DVCC3
P9 DVCC3 |TOVR/TSTA|] DVCC3
PA DVCC3 BUSMD DVCC3
PB DVCC3 BOOT DVCC3
PC DVCC3 X1, X2 CVCCH
PD DVCC3 XT1, XT2 CVCCL
PE DVCC3 RESET DVCC3
PF DVCC3 DAO,1 DAVCC
PG DVCC3
PH DVCC3

2.5 Pin Numbers and Pow er Supply Pins

Table 2-9 Pin Numbers and Power Supplies

Power

supply Pin number Voltage range
DVCC15 J5, K13, N10 1.35Vt01.65V
DVCC3 E11, H5 1.65Vto3.6V
AVCC3 F6 27Vto3.6V
FVCC3 M13, N8 27Vto3.6V
CVCCH Al6 1.35Vto1.65V
CvCCL B17 27Vto36V
DAVCC E8 23Vto27V
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3.  Flash Memory Operation

This secton describesthe hardware mnfiguration and operation of the flash memory. The featrre of this device
is that the interral ROM of TMP19A43CDXBG isredacedby aninternal flashmemory. Other configuraions
and funcions of the deice remain the sane as with TMP19A43CDXBG Please refe to the
TMP19A43CDXBG data sheetfor functionsnot descibed in this secton.

3.1 Flash Memory

3.1.1 Features

1) Memory size
The TMP19A43FDXBG device contains 4M bits (512 kB) of flash nemory. The nemory area
corsists of 4 indgpendent memory blocks(128kB x 4) to ermbe independent write access tead
block. When the CPU ito acess theriternalflash nemory, 32-bit datbuswidth is used.

2) Flash nemory access
Interleave accss is used irhts device.

3) Write/erase time
Writetime: 2 cChip (Typ) 0.5 secl28 Kbyte (Typ.)
Erase:04 secChip (Typ) 100 msec/L28 Kbyte (Typ.)

(Note) The @ovevalues ae theretical vdues na including data trarsfer time.
Thewrite time perchip depeands on the write method to beused by the use.
4) Programming method
The onbaard proggamning maode is awilalde for the user to program (rewrite) the @vice while it is
mountedon the use's board.

4-1) Userboat mode
The usé€s original rewriting method can besupporte.

4-2) Single bootmode
The rewriting nethodto use seriatiatatransfer (Toshbas uniquemethod) ca be sipported.

Rewriting method

The flash nemory included in this deviceis generally conpliant with the appicable JEDECstandrds
exceptfor some specificfunctions. Therefore, if the user is curertly using an exerral flash memory
device, it is easy tamplement the functions into this device. Furtlermore, the user isnot required to
build hisher own prograns to reaize ®mplicaid wite and erasefunctionsbecaiseswch funcions are
auomatically performed using the circuits alread built-in the flash memory chip.

This device s also implemenied with a rea-protect function © inhibit reading flash memory dat from
any external writer device. On the other hand, rewrite protecion is avalable mly through command-
basel sdtware programming; any hadware seting method b gpply +12VDC is not suppated. The
above descibed protecion function is aubmatically enalled when all the fourarea & configuredfor
protecion. When the use removes protedion, he internal datais autonatically erasedbefore the
protection is actally renoved.

TMP19A43 (rev2.0)3-1 Flash Memory Operation
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JEDEC compliant func tions Modified, added, or de leted func tions

o Automatic progranming

o Automatic chip erag <Modified> Block protect (onlysdtware protection is supported)

o Automatic block erase <Delged> Eras resume - suspend funciton

« Data polling/tggle kit Automatic multiple bock erase fupported tathe chip
levd)

3.1.2  Block Diagram of the Flash Memory  Section

< Internal address bus >

< Internal data bus

< Internal control bus >

!

| ROM controller/interleave control |

PAN
Control Address L Data
< Flash Memory

@ AN AN

>\/' N
Control | Address latch | | Data latch |
circuit
(includes ﬂ ﬂ ﬂ
automatic
sequence Column decoder/sense amplifier
control)
Command E
. 1] Flash me mory cell
register e
©
= 512 KB
[e]
14

s
:Dl Erase block decoder

Fig. 3-1 Block Diagram of the Flash Memory Section
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3.2 Operation Mode

This device has threeoperation modes ncluding the modenot to use he internal flash memory.

Table 3-1 Operation Modes

Operation mo de Operation de tails
Single chipmode After reset is teaed, it stats upfrom theinterral flash memory.
Normalmode In this ogerationmode, two dferent modes, i.ethemodeto exeaute ugr apgication programs

and tke modeto rewrite the flashmemoryonboad the user’s cardare dfined. The formeris
referredto as "rormal mode" ad the latter "useboot mode."

User boot mode The usercan umguely configure the ystem toswitchbeweenthese two modes.

For exanple, the user canfredy desgn the g/stem such thatthe nornal mode isselected when
the pot "00" is setto "1" and the user boomode is selectedhenit is set t0"0."

The usesshouldprepare a routine as parttbé application program to makéhe cecisionon tre
selection ofthe modes.

Single bod mode After reset is teaed, it stats upfrom theinterral Boot ROM (Mask ROM). In #aBoot ROM,
an algorithnmto enable flasimemoy rewriting onthe user'setthrough the serial gt of this
device isprogrammed. B connectingo anextanal host computer throughe serial port, th
interral flash memory can be programmed by transferring daa in accordne with predefired
protocols.

Among te flash memory operaton nodeslisted in the éove tble, he Use Boot mode ard the Shgle
Boot mode ae the programmable nodes. hese two modesthe Use Bootmode andhe Single Boot mode
are referredo as "Orboard Progammning” modes where onbaard rewritirg of interral flashmemory canbe
made on theiser's card.

TMP19A43 (rev2.0)3-3 Flash Memory Operation
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Either the Shgle Chip or Sinde Bod operatian mode canbe selectedby exterrally settng the level of the
BOOT input pin while the device is irreset statsi

After the lewe is set, te CPU start®peraton in the selectecperationmode when the reset corition is
renoved. Rgading the TES 0, TESTL, and BOOT pins be arre not to charge e levels duing opeation
oncethe nodeis selected.

The node setiig method and the nodetransition diagramare $iown below:

Table 3-2 Operation Mode Setting

Input pin
Operation mo de —
RESET BOOT
Singlechip moa Oto1l 1
Single bod mode Otol 0

Fig. 3-2 Mode Transition Diagram

Reset state

—rTTTOT STt eso

JSingIechip mode ST TN LTS

.
L.
Normal mode

User to set the
switch method

...... Single
. Boot mode

.................

—-| Onboard
Programming mode

3.2.1  Reset Operation

To reset he device, ersure hat the pover sipply voltage is within the operatilg voltage range, that the
internal oscillata has been stallized, and hat the RESET input is held at 0" for aminimum duration
of 12 systemclocks (2.4 pswith 40MHz opeaation; the "1/8" clock gea mode & gpplied dter rese}.

(Note 1) Regarding p ower-on res et of dev ices with internal flash memor vy;

For devices with inter nal flash memo ry, it is necessar y to apply "0" to the RESET inputs
upon po wer on for a mi nimum dura tion of 500 microsecon ds regardless of the op erating
frequ ency.

(Note 2) While flas h programmin g or deletion is in prog ress, at least 0.5 micro seconds of reset
period is req uired regar dless of the system clock frequen cy.

TMP19A43 (rev2.0)3-4 Flash Memory Operation

Downloaded from Elcodis.com electronic components distributor



http://elcodis.com/parts/6146805/tmp19a43fd.html

TOSHIBA

X
TMP19A43 l& Rise"

3.2.2

DSU (EJTAG) - PROBE Interface

This interfaceis usedwhen he DSJ probeis used indebugging. Tlis is the dedicat interface for
connection to th®SU probe Please ifer to the ogeration marual for the DSU probe yau aregoing to
use br detil s of dehugging procedures b use he DSU probe. Here the function o erable/disable the
DSU probein the DSU (EJTAG) modeis described.

1

2)

3)

SEQMOD
(OXFFFF_E510)

Proectfunction

This device alows use of ontboard DSU probes for atbuggng. To facilitate this, the device is
implemented with a protection function to preven easyreadng of the interral flash menory by a
third party other than the auhorized user. By eraling the protection function, it becomes
impossble © read he internd flash nemory from a DSU probe Use his function ogether with
the prdection function of the internal flashmeamory itself asdescribed later

DSU probe enatle/disalie function

This device allows use d on-bard DSU probesfor debugging operatiors. To facilitate ths, the
device s implementd with the "DSU probe inhibit" function (hereafer referred to as he " DSU
inhibit" function) to prevent easy readingf the internal flash nemory by a hird party other than
the auhorized wser. By eralding the DSU inhibit function, use of any DSU probe bemmes
impossble.

DSU enable (Enabksuseof DSU probes for debugging)

In order b preventthe DSU inhibit function from being acidentlly removed by system runavay,
etc., he nethod to carcel the DSU inhibit function is in doube protection stricture soit is
necessy to set SEQMOD <DSUOFF> b "0" and ako write the proted code"0x0000 00C5" to
the DSU protea control register SEQCNT to cancel the funcion. Then, debuggng to use aDSU
probe canbe allowed. While power to the devce is still aplied, settimg SEQMOD <SEQDN> to
"1" and writing "0x0000_00CS5' to the SEQCNT regster will enalde the prdectionfunction again.

Table 3-3 DSU Protect Mode Register

7 | e | s | 4 | 3 | 2 | 1 0
Bit Symbol DSUOFF
Read/Write R R/W
After reset 0 1
Function Always reads "0." 1: DSU disable
0: DSU available
15 14 13 12 11 10 9 8
Bit Symbol
Read/Write R
After reset 0
Function Always reads "0."
23 22 21 20 19 18 17 16
Bit Symbol
Read/Write R
After reset 0
Function
31 30 29 28 27 26 25 24
Bit Symbol
Read/Write R
After reset 0
Function Always reads "0."

(Note) This register must be 32 -bit acce ssed.

(note)Thisregister isinitialized only by power-on reset. It isnot initialized in reset usually. (FLASH)

TMP19A43 (rev2.0)3-5 Flash Memory Operation

Downloaded from Elcodis.com electronic components distributor



http://elcodis.com/parts/6146805/tmp19a43fd.html

129
TOSHIBA TMP19A43 l& Risc”

Table 3-4 DSU Protect Control Register

7 6 5 4 3 2 1 0
SEQCNT Bit Symbol
(OXFFFF_E514) | Read/Write W
After reset
Function Write "0x0000_00C5."
15 14 13 12 11 10 9 8
Bit Symbol
Read/Write w
After reset
Function Write "0x0000_00C5."
23 22 21 20 19 18 17 16
Bit Symbol
Read/Write w
After reset
Function Write "0x0000_00C5."
31 30 29 28 27 26 25 24
Bit Symbol
Read/Write w
After reset | |
Function Write "0x0000_00C5."

(Note 1) This register must be 32 -bit acce ssed.

4) Exanple useby the user

An exanple touse a DSU probe together with this function is shavn as fdl ows:

Protection bit

set to 1111 [DSU-Probe available]

External ports DSU availability decision program
Data, etc. (to be prepared by the user)

DSU inhibit cleared?

lY

Clear ROM protection
(only for internal ROM/flash)

Clear DSU inhibit function by
[DSU-Probe disabled] writing to SEQMOD and SEQCN
DSU remains unavailable l

[DSU-Probe available]
DSU can be used until
power is turned off.

Figure 3-3 Example Use of DSU Inhibit Function

TMP19A43 (rev2.0)3-6 Flash Memory Operation
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UserBoot Mode

(1-A) Method1: Storing aProgramming Rautine in the Flash Memory

(1) Determine the canditions (e.g.pin statesyequiredfor the flash memory to ernter User Boot mode
and the 1/0 bus to be used b transfer new program code. Cret hadware and software
accadingly. Before irstalling the TMP19A43FDXBG on a printed circlit board, write the
following programroutnesinto anarbitrary flashblock using programming equipment
e Modejudgmentroutine: Codeto determine wheheror not to switch to User Boot mode

e Pragramming routine:  Codeto download new program codefrom a tost controller and re-
program the flash memory

e Copyroutine: Codeto copy the flashprogramming rautine from the
TMP19A43FDXBG flashmemory to either the TMP19A43FDXBG
onchip RAM or external memory device.

Host Controller New Application
Program Code

TMP19A43FDXBG o
Flash Memory

Old Application
Program Code

[Reset Procedure]

(a) Mode Judgment Routine
(b) Prog . g RAM
(c) Copy Routine

(2) After RESET is releasedthe reseprocedue determires whether to put the TMP1OA43FDXBG
flashmemory in UserBoot mode. f mode switching condtionsare met, the flashmemory entrs
User Bot mode. All interrupts including NMI must be gbbally disabkd while in User Boot

mode.)

Host Controller New Application
Program Code

TMP19A43FDXBG 1o

Flash Memory 0 — 1 RESET

Old Application J
Program Code —\—|

[Reset Procedure] Conditions for

(a) Mode Judgment Routine entering User Boot
mode (defined by

|(b) Programming Routine | Y the user)
[(c) Copy Routine |

)
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(3) OnceUserBoot mode s enered exeaute the wpy routine o copy the flashprogranming routine
to either he TMP19A43FDXBG on-chip RAM or an external memory device. (In the following
figure, theon-chip RAM is used)

Host Controller New Application
Program Code

TMP19A43FDXBG 10

Flash Memory

Old Application
Program Code

(b) Programming Routine

[Reset Procedure]

[ Mode Judgment Routine |

[(6) Programming Routine |

(c) Copy Routine

RAM

(4) Junp program exewtion o the flash programming routine in the on-chip RAM to erase a flag
block containing the old applicaion grogram code.

Host Controller New Application
Program Code

TMP19A43FDXBG 1’0

Flash Memory

[Reset Procedure]

(b) Programming Routine

[(@) Mode Judgment Routine |

[(b) Programming Routine |

RAM

[(c) Copy Routine |

TMP19A43 (rev2.0)3-8 Flash Memory Operation
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(5) Coninue &eating the flashprogranming rautine © download new program codefrom the hast
controller ard programit into the erasedlash Hock. Once prgrammirg is canplete, turnon the
protecion of that flash block.

Host Controller New Application
Program Code

TMP19A43FDXBG /o

Flash Memory

New Application
Program Code

[Reset Procedure]

(b) Programming Routine

[(2) Mode Judgment Routine|

[(b) Programming Routine |

RAM

|(c) Copy Routine |

(6) Drive RESET low to resetthe TMP19A43FDXBG. Upon reset the on-chip flagh memory is putin
Normal mode.After RESET is releasegdthe CPUwill start executing the new application program
code

Host Controller

TMP19A43FDXBG (o) e —
Flash Memory 0— 1 RESET
New Application (_J
Program Code e <——\—|
[Reset Procedure] Set to

(a) Mode Judgment Routine Normal mode

|(b) Programming Routine |
| RAM

|(c) Copy Routine

TMP19A43 (rev2.0)3-9 Flash Memory Operation
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(1-B) Method2: Transferring a Pogranming Routine from an Exterral Host

(1) Determine the conditions (e.g.pin statesyequiredfor the flash memory to erter User Baot mode
and the 1/0O bus to be used b transfer new program code. Cre hadware and software
accadingly. Before irstalling the TMP19A43FDXBG on a printed circut board, write tre
following programroutinesinto anamitrary flashblock using programming ecuipment

Modejudgmentroutine: Codeto determine wheheror not to switch to User Boot mode
Trander routine: Codeto download new program codefrom a Fost controller

Also, prepareaprogramming rautine on the hostcontroll er:

Pragranming routine:  Codeto download new program codefrom an eternal host
contoller andre-programthe flash nemory

Host Controller New Application
Program Code

lfe}
TMP19A43FEDXBG |(c) Programming Routine

Flash Memory

Old Application
Program Code

[Reset Procedure]

(a) Mode Judgment Routine
. RAM
(b) Transfer Routine

(2) After RESET is releaed, tereset procedurdeternines wrether to put the TMP19A43FDXBG
flash nemory in UserBoot mode If modeswitching condtions ae net, the flash nemory eners

User Bod mode. (All interrupts ircluding NMI must be globally disabledwhile in UserBoot
mode.)

Host Controller NPew Appli;::atcijon
rogram Code
110
|(c) Programming Routine
TMP19A43FDXBG
Flash Memory 0 1RESET

o
Old Application ‘__\—|
Program Code

Conditions for

[Reset Procedure] entering User Boot
: mode (defined by
(a) Mode Judgment Routine RAM the user)

|(b) Transfer Routine |

TMP19A43 (rev2.0)3-10 Flash Memory Operation
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(3) Once Wser Bod mode is ertered, ercue the transfer routine © download he flash programming
routine from the host cortroller to either the TMP1A43FDXBG on-chip RAM or an exerral
memory device. (In tte followingfigure, the orchip RAM is wsed)

Host Controller

New Application
Program Code

110
|(c) Programming Routine
TMP19A43FDXBG
Flash Memory
Old Application
Program Code

[Reset Procedure]

|(a) Mode Judgment Routine|

(b) Transfer Routine

RAM

(4) Junp program exewtion o the flash programming routine in the on-chip RAM to erase a flag
block containing the old applicaion program code.

Host Controller

New Application

Program Code

110
TMP19A43FDXBG [(c) Programming Routine]
Flash Memory
J i
(c) Programming Routine

[Reset Procedure]

|(a) Mode Judgment Routine |

|(b) Transfer Routine |

RAM

TMP19A43 (rev2.0)3-11
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(5) Coninue &eating the flashprogranming rautine © download new program codefrom the hast
controller ard programit into the erasedlash Hock. Once prgrammirg is canplete, turnon the
protecion of that flash block.

Host Controller New Application
Program Code
lle}
[(c) Programming Routine|
TMP19A43FDXBG
Flash Memory

New Application
Program Code (c) Programming Routine

[Reset Procedure]

[(2) Mode Judgment Routine|

RAM

|(b) Transfer Routine |

Drive RESET low toreset tle TMP1RA43FDXBG. Uponreset, e onchip flashmemory is pu in
Normal mode.After RESET is releasegdthe CPUwill start executing the new application program
code

1
Host Controller i
1

/o R ELEnErrE ,

TMP19A43FDXBG

Flash Memory

00—
J
New Application ‘_ﬁ
Program Code
Set to Normal mode|

[Reset Procedure]

(a) Mode Judgment Routine RAM

|(b) Transfer Routine |

TMP19A43 (rev2.0)3-12 Flash Memory Operation

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/6146805/tmp19a43fd.html

129
TOSHIBA TMP19A43 l& Risc”

3.3 Single Boot Mode

In Single Boat mode, he flash nemory can be re-programmed by using a program contained in the
TMP19A43FDXBG on-chip boot ROM. This boot ROM is a masked ROM. When Single Boot mode is
sekcid won reset the boot ROM is mapped b the aldress regpn including the interrupt vector tale whle
the flash memory is mappeal to an adlressregion different fromiit.

Single Boot modeallows for serial progranming d the flash memory. ChanneD of the SIO (SIO0) of the
TMP19A43FDXBG is comectedto an exerral host cortroller. Via this serial lirk, a pragrammirg routine is
downloaded fram the host cortroller to the TMP19A43FDXBG on-chip RAM. Then, the flashmemory is re
programmed by executing the programmig routine. The host send ou bath canmands and programmirg
data toreprogramthe flashmemory.

Communicaions betveenthe SIO0 ard the host must follow the protocol descibed later. To seare the
conents of the flash memory, the validity of the gplicaion’s password is cheded before aprogramming
routine is downloaded irto the on-chip RAM. If passwad matching fails, the transfer of a programming
routine itself is abaed

As in the caseof User Boot mode, al interrupts including the nonmaskale (NMI) interrupt must be
globally disabkd in Single Boot mode while the flash memory is being erasedor programmed. In Single
Boot mode, the boot-ROM programns are exeuted n Normal mode.

Oncere-progranming is conplete, it is recommendketo protect relevant fldsblocks from accidental
comruption during subsequent Single-Chip (Normal mode) opeations. For a deéiled description of the erase
andprogramsequeace,referto On-Board Programming ard Erasure.

TMP19A43 (rev2.0)3-13 Flash Memory Operation
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Boot Mode

(2-A) Geneal Procadure: Using the Poogramin the On-Chip Boot ROM

(1) The flash block containing the older version of the program code need not be erased before
execuing the programming routine. Since a pogramming routine and progranmming dat are
trangerred viathe SIO0,the SIO0 nust beconnected to &ost controller. Prepare a progamming

routine onthe host cortroller.

TMP19A43FDXBG

Host Controller

110

New Application
Program Code

| (a) Programming Routine |

_______________

Flash Memory

Old Application Program
Code (or Erased State)

RAM

(2) Reset tk TMP1OA43FDXBG with the node settilg pins held at appopriate I@ic values, sothat
the CPUre-boots from the onchip bod ROM. The 12byte mssword trasferredfrom the host
controller is first compared b the corents of special flash menory locations (If the flashblock
has alredy been easedthe password is OXFFFF)

TMP19A43FDXBG

Host Controller

110

New Application
Program Code

| (a) Programming Routine

Boot ROM

Flash Memory

0 — 1 RESET

P
P

Old Application Program
Code (or Erased State)

Conditions for

entering Single Boot
mode

RAM

TMP19A43 (rev2.0)3-14
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If the passvord was @rrect,the boot progna dowrloads, via theSI00,the progranming routine
from the hest cortroller into the onchip RAM of the TMP19M3FDXBG. The progammning
routine must be stored in the addessrangeOxFFFD_6000— OxFFFD_EFFF.

Host Controller New Application
Program Code

110

| (a) Programming routine

TMP19A43FDXBG

Boot ROM SI00
Flash Memory
(a) Programming Routine

Old Application Program
Code (or Erased State)

RAM

(3) The CPU jumps to the progamning routire in the on-chp RAM to erase he flash blodk
contining the old applicaion program code. The Block Eraseor Chip Eraseconmand nay be
usel.

Host Controller New Application
Program Code

110

| (a) Programming routine

TMP19A43FDXBG

Boot ROM SI00

Flash Memory

(a) Programming Routine
RAM

TMP19A43 (rev2.0)3-15 Flash Memory Operation
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Next, the programming routine downloads new gpplicaion program code from the hast controller
ard prograns it into the erased flasiblock. Once programming is conplete, prdection of that

flashblock is turned on.

It is na allowed to nove program control from the proganming routine backto the boa ROM.

In the exanple below,new programcode omes from the sane host contrdller via the sane SIO
chamel asfor the pogramming outine. However, once the pogramming routine hasbegun to
execute, it is free tohange ke tanger pah and the surceof the transfer. Create bad hardware
andaprogranming routine © suit your paticular needs

TMP19A43FDXBG

Host Controller New Application
Program Code

e}

|(a) Programming Routine

Boot ROM

Flash Memory

New Application

Program Code

(a) Programming Routine

RAM

(4) When programming of te flash memory is conplete, power off the boad ard disconnect the
calde leadng from the hast to the taget board Turn on the power agin so that the
TMP19A43FDXBG re-hodsin Single-Chip (Normal) mode b execue the nev program

TMP19A43FDXBG

Host Controller

[ BootROM |
Flash Memory

New Application

Program Code

RAM

Set to Single-Chip
(Normal) mode

TMP19A43 (rev2.0)3-16
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3.3.1  Configurin g for Single Boot Mode
For on-baard progamning, boot the TMP19M3FDXBG in Sinde Boa mode, as fdlows:
BOOT =0
RESET=0->1

Set the RESET inpu at logic 0, and the BWO, BW1 and BOOT inputs atthe logic values $iown
above, andhen releaseRESET (high).

3.3.2 Memory Map

Figure 31 shows a conparison of the memory maps in Normal and Sigle Boot modes. In single Boot
mode, he m-chip flash memory is mapped © physical addresgs (Ox4000_0000 through
0x4007_FFFF), \irtual addresses (0X000_0000through 0x0007_FFFF),and the onchip boat ROM is

mayped to physical adiresses 0k~C0_®OO0 through 0x1FCQ_1FFFE

Normal Mode Single Boot Mode
On-Chip Peripherals OXFFFF_FFFF On-Chip Peripherals OXFFFF_FFFF
On-Chip RAM (24 k) | OXFFFF_DFFF On-Chip RAM (24 k) | OXFFFF_DFFF
OxFFFF_8000 OxFFFF_8000
(Reserved) (Reserved)
- OXFF3F_FFFF OXFF3F_FFFF
Used for debugging Used for debugging
(Reserved) (Reserved)
OxFF20_0000 O0xFF20_0000
(Reserved) (Reserved)
OxFFO00_0000 O0xFF00_0000
0xC000_0000 0xC000_0000
(Reserved) 0XBFO0_0000 (Reserved) 0XBFOO0_0000
: 0x400F _FFFF 0x4007_FFFF
R On-Chip Flash ROM
Shadow
0x4000_0000 0x4000_0000
Inaccessible Inaccessible
(512 MB) (512 MB)
0x2000_0000 0x2000_0000
3
OX1FC7_FFFF
User Program Area
0x1FC0_0500
Internal Maskable Interrupt
ROM Area
Ox1FCO_1FFF
Exception Vector Boot ROM
Area (6 KB)
0x1FCO0_0000 Y, 0x1FCO0_0000

0x0000_0000

0x0000_0000

Figure 3.1 Memory Maps for Normal and Single Boot Modes (Physical Addresses)
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3.3.3

3.34

Interface Specification

In Single Boot mode, & SIO chawnel is used for communicaions with a pogramming @ntroller.
Both UART (asyrchronaus) am I/O Interface (sypchronows) modesare syppated. The communication
formats are showrbelow In the sibsectons tat follow, virtual aldresgs are indicatedunles
otherwise roted.

UART mode
Communication chamel  SIO Channel 0 (SIO0)
Trarsfer mode: UART (asynchronous mode,full-duplex
Data lengh: 8 bits
Parity hts: None
STOPR bits: 1
Baud rate: Arbitrary baud rate

1/0 Interface node

Conmmunicaion chamel: SIO Channel 0 (SIO0)
Transfermode: I/O Interface node,half-duplex
Synctronizaion clock (SCLKO): Input

Hardshaking sgnat P67 configured as & output
Baud rate: Arbitrary baud rate

Table 3.1 Required Pin Connections

i Interface
Pin
UART Mode I/O Interface Mode
Power Supply Pins DVCC15 Required Required
DVSS Required Required
Mode-Setting Pin BOOT Required Required
Reset Pin RESET Required Required
Communication TXDO Required Required
Pins RXDO Required Required
SCLKO Not Required Required (Input Mode)
P67 Not Required Required (OUTPUT
Mode)

Data Transfer Format

The host coriroller is to iss@ ore of the commaads listedin Table 3.2

to the target board. Table 3.3 to Table 35 illustrate tle segence of two-way communicatiors that
shoub occur n responsed each @mmand.

Table 3.2 Single Boot Mode Commands

Code Command
10H RAM Transfer
20H Show Flash Memory Sum
30H Show Product Information

TMP19A43 (rev2.0)3-18
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Table 3.3 Transfer Format for the RAM Transfer Command
Data Transferred from the Controller Data Transferred from the
Byte Baud Rate
to the TMP19A43FDXBG TMP19A43FDXBG to the Controller
Boot ROM | 1st byte Serial operation mode and baud rate Desired baud —
For UART mode 86H | rate (Note 1)
For I/O Interface mode 30H
2nd byte — ACK for the serial operation mode byte
For UART mode
Normal acknowledge 86H
(The boot program aborts if the baud rate
is can not be set correctly.)
For I/O Interface mode
_________ Normal acknowledge 30H
3rd byte Command code (10H) —
4th byte — ACK for the command code byte (Note 2)
Normal acknowledge 30H
Negative acknowledge x1H
Communication error x8H
5th byte Password sequence (12 bytes) —
thru
16th byte (0x4000_0474 thru 0x4000_047F)
17th byte Checksum value for bytes 5-16 —
18th byte — ACK for the checksum byte (Note 2)
Normal acknowledge 10H
Negative acknowledge x1H
Communication error x8H
19th byte RAM storage start address (bits 31-24) —
20th byte RAM storage start address (bits 23—16) —
21st byte RAM storage start address (bits 15-8) —
22nd byte RAM storage start address (bits 7-0) —
23rd byte RAM storage byte count (bits 15-8) —
24th byte RAM storage byte count (bits 7-0) —
25th byte Checksum value for bytes 19-24 —
26th byte — ACK for the checksum byte (Note 2)
Normal acknowledge 10H
Negative acknowledge x1H
Communication error x8H
27th byte RAM storage data —
thru
mth byte
(m + 1)th byte | Checksum value for bytes 27-m —
(m + 2)th byte — ACK for the checksum byte (Note 2)
Normal acknowledge 10H
Non-acknowledge x1H
Communications error Xx8H
RAM (m + 3)th byte — Jump to RAM storage start address
Note 1: In I/O Interface mode, the baud rate for the transfers of the fir st and sec ond b ytes mu st be 1/ 16 of the de sired baud
rate.
Note 2: In case of any negative acknowledge, the b oot program returns to a s tate in which it waits for a co mmand co de
(3rd byte). In I/O Interface m ode, if a co mmunic ation error occ urs, a neg ative acknowledge doe s not occ ur.
Note 3: The 19th to 25th bytes must be within the R AM address ra nge OxFFFD_8000-0xFFFF_CFFF

TMP19A43 (rev2.0)3-19
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Table 3.4 Transfer Format for the Show Flash Memory Sum Command
Data Transferred from the Controller Data Transferred from the
Byte Baud Rate
to the TMP19A43FDXBG TMP19A43FDXBG to the Controller
Boot ROM | 1st byte Serial operation mode and baud rate Desired baud —
For UART mode 86H | rate (Note 1)
For I/O Interface mode 30H
2nd byte — ACK for the serial operation mode byte
For UART mode
Normal acknowledge 86H
(The boot program aborts if the baud rate
can not be set correctly.)
For I/O Interface mode
_________ Normal acknowledge 30H
3rd byte Command code (20H) —
4th byte — ACK for the command code byte (Note 2)
Normal acknowledge 20H
Negative acknowledge x1H
Communication error x8H
5th byte — SUM (upper byte)
6th byte — SUM (lower byte)
7th byte — Checksum value for bytes 5 and 6
8th byte (Wait for the next command code.) —
Note 1: In I/O Interface mode, the baud rate for the transfers of the first and second bytes must be 1/16 of the desired baud
rate.
Note 2: In case of any negative acknowledge, the boot program returns to a state in which it waits for a c ommand code (3rd
byte). In I/O Interface m ode, if a com municati on error occur s, a negative acknowledge does not occ ur.
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Table 3.5 Transfer Format for the Show Product Information Command (1/2)
Data Transferred from the Controller Data Transferred from the
Byte Baud Rate
to the TMP19A43FDXBG TMP19A43FDXBG to the Controller
Boot ROM | 1st byte Serial operation mode and baud rate Desired baud —
For UART mode 86H rate (Note 1)
For I/O Interface mode 30H
2nd byte — ACK for the serial operation mode byte
For UART mode
Normal acknowledge 86H
(The boot program aborts if the baud
rate can not be set correctly.)
For I/O Interface mode
__________ Normal acknowledge 30H
3rd byte Command code (30H) —
4th byte — ACK for the command code byte (Note 2)
Normal acknowledge 10H
Negative acknowledge x1H
Communication error x8H
5th byte — Flash memory data
(at address 0x4000_0470)
6th byte — Flash memory data
(at address 0x4000_0471)
7th byte — Flash memory data
(at address 0x4000_0472)
8th byte — Flash memory data
(at address 0x4000_0473)
9th byte — Product name (12-byte ASCII code)
thru “TX19A43FD” from the 9th byte
20th byte
21st byte — Password comparison start address (4 bytes)
thru 74H, 04H, 00H and 00H from the 21st byte
24th byte
25th byte — RAM start address (4 bytes)
thru 00H, 80H, FFH and FFH from the 25th byte
28th byte
29th byte — Dummy data (4 bytes)
thru FFH, 8FH, FFH and FFH from the 29th byte
32nd byte
33rd byte — RAM end address (4 bytes)
thru FFH, DFH, FFH and FFH from the 33rd byte
36th byte
37th byte — Dummy data (4 bytes)
thru 00H,90H, FFH and FFH from the 37th byte
40th byte
41st byte — Dummy data (4 bytes)
thru FFH, CFH, FFH and FFH from the 41st byte
44th byte
45th byte — Fuse information (2 bytes)
thru 00H and 00H from the 45th byte
46th byte
47th byte — Flash memory start address (4 bytes)
thru 00H, 00H, 00H and 00H from the 47th byte
50th byte
51st byte — Flash memory end address (4 bytes)
thru FFH, FFH, 07H and O0H from the 51st byte
54th byte
55th byte — Flash memory block count (2 bytes)
thru 00H and O0H from at the 55th byte
56th byte

TMP19A43 (rev2.0)3-21
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Table 3.5 Transfer Format for the Show Product Information Command (2/2)
Data Transferred from the Controller Data Transferred from the
Byte Baud Rate
to the TMP19A43FDXBG TMP19A43FDXBG to the Controller
57th byte — Start address of a group of the same-size
thru flash blocks (4 bytes)
60th byte 00H, 00H, 00H and 00H from the 57th byte
Boot ROM | 61st byte — Size (in halfwords) of the same-size flash
thru blocks (4 bytes)
64th byte 00H, 00H, 01H and O0H from the 61st byte
65th byte — Number of flash blocks of the same size
(1 byte) 04H
66th byte — Checksum value for bytes 5 to 65
67th byte (Wait for the next command code.) —
Note 1: In I/O Interface mode, the baud rate for the tra nsfers o f the fir st and s econd bytes must be 1/16 of the des ired baud
rate.
Note 2: In case of any negative acknowledge, the boot program returns to a state i n which it waits for a command code
(3rd byte). In I/O Interface m ode, if a co mmunic ation error occ urs, a neg ative acknowledge doe s not occ ur.

3.3.5

Overview of the Boot Program Commands

When Sinde Boot mode is selectedthe bod programis auomatically executed on startyp. The boat
program offers these hreecommands, he detail s of which areprovidedon the following subsectons.

RAM Transfercommand

The RAM Transfer command sbresprogram code tansferred from a tost controller to the on-
chip RAM and e&eautes he programonce thetransfer is successflly completed The
maximum programsize & 36 kbytes. The RAM storage strt address nust bewithin the range

The RAM Transfer command ca be usal to download a flash progranming routine of your
own; this provdes the altity to control on-board programmirg of the flash memory in a
unique manner. The prggrammirg routine must uilize the flash nemory command seaiences
descrbedin Section 3.617

Before intiating a trarsfer, the RM Transfer command checks a psswad seqience caning
from the cantroller against hat sbred in the flash memory. If they do not match, the RAM
Transfe command aborts.

Oncethe RAM Transfe command is omplete, thewholeon-chip RAM is accessible.

Show FlashMemory Sum command

The Stow Flash Mermry Sum commard adds te corerts of the 512 kbytes of the flash
memory togeher. The boat program does not provide aconmand © readout the contents of
the flash nremory. Instead, the Flash Menery Sumcommand can be usd for sdtware revision
managenent.

Show ProductInformation canmand

The Show Product Informaion command povides he product name, on-chip memory
configuration ard the like. This canmard also reals out the content®f the flahh mamory
locations at adiresses 0x@00_BFO tlrough 0x0000 03F3 In addition to the Show Flash
Memory Sumconmmand, he< locaions ca beusel for softwarerevision managenent.
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3.3.6 RAM Transfer Comma nd
See Bble3.3.

(5) The 1st byte specifies whch one of the two serial operaticn modes is used Fa a cktailed
description of how the serial peration mode is dtermned see Sectio.3.10. If it is determined
as LART mode, the bod program then checks if the SIO0 is progammalbe to the baud rate at
which the 1stbyte was transferredDuring the first-byte interval, the RXE bit in the SCOMOD
register is cleared.

e To communicae in UART mode

Send from the corroller to the targtboard, 86Hin UART dataformat & the desired kaud rate.
If the serial peration mode is determined asUART, thenthe bod progam checksfi the SIO0
can beprogrammed to the baud rate at which the first byte was trarsferred If that baud rate is
notpossble, the oot program alorts, disebling anysubsequentcommunicaions.

e To communicate in IO Interface mde

Send,from the contoller to the target board30H in I/O Interfacedata fornat & 1/16 of he
desied baud rate. Also send the 2ndbyte atthe sane baud rate. Then serd all subsequent bytes
at a rate eggl to the desired bad rate.

In 1/O Interfa@ mode, theCPU seesthe seaial receve pin asif it were a general inputport in
monitoring its logic trarsitions. If the baud rate of the incoming data is high or the chip’s
operating frequency ishigh, the CPU nay na be abe to keep upwith the speed of log
trarsitions. Topreven swch situations, the 1st and 2ndbytes nust ke trarsferred atl/16 of the
desied baud rate; then he boot program calcubtes 16 times hat as he desiredbaud rate.

When the serial opration male is determined as /O Interfacemode, theSIOO isconfigured
for SCLK Input mode. Begnning with the thrd byte, the cotroller must ersure hat its AC
timing restrictons are satisfiedat the selecte baud rate.In the caseof I/O Interfacemode, the
boot program does not ched the receve error flag; thus thee is no sud thing & error
acknowedge (x8H).

(6) The 2nd lyte, tramsmitted from the target board to tke coriroller, is anacknowledge respase
the 1stbyte. The oot program echoes backhe first byte: 86H for UART modeand 30H for I/O
Interface node

e UART mode
If the SIO0 can be programmed to the baud rate at which the 1stbyte was trasferred the boat
program programs the BRO@R ard sends back 86H to the contoller as @ adknowledge. If the
SIO0 is not progranmable at that baud rate, the boot program sinply abats with no error
indicaton.
Folowing the 1st byte, the catroller shoud allow for a ime-out period of five seconds. If it
does not receie 86H within tle alloted time-out péd, the contoller should give upthe
conmmunicaton.
The bod program sets tle RXEDhit in the SCAMOD regster to eabe recepion before loadng
the SIO transmit bffer with 86H.
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e |/O Interface node

The bod program prograns the SCAMODO ard SCQAR regsters to configre the SIO0in I/O
Interface node (clocked by the rising dge of SCLKO), writes 30H to th6sCOBUF. The, the
SI00 waits for the SCLKO signal to come from the caitroller. Fdlowing the trarsmission of
the 1st byte, the cotroller shalld send tle SCLK clock to the targt board after a certaiidle
time (severalmicrosecads). This must be dae at 1/16 the desie baid rate. If the 2nd byte,
which is from the target bard to the coriroller, is 30H then the corroller should take it as a
go-ahead. Tk controller must then dtlivers tre 3rd byte D the targeboard at aate eual to
the desred baud rate. The boot program ses the RXE bit in the SCOMOD register to endle
receptionbefore loadng theSIO transnit buffer with 30H.

(7) The3rd byte,which the target bad receives fronthe controllerjs a command. Theodefor the
RAM Transfer comnand is 10H.

(8) The 4h byte, trarsmitted from the target board to lhe conroller, is an ackowledge respose © the
3rd byte. Before swling badk the aknowledgeresponse, théoot programchecksfor areceive
error. If herewas areceve aror, thebootprogramtransnits x8H and returns ¢ the sta¢ inwhich
it waits for a command agai In thiscase, thaupper four bits of the adknowledge respnse are
undefined — they hold the same values asthe upper four bits of the previously issu@ command.
When the SIO0 is configured for I/O Interface node, he boot progran doesnot dieck for a
receive eror.

If the 3rd byte is equalto any of the command cales Isted in Table 32, the bt programechos it
back to thecontroller. Whenthe RAM Transfer commandwasreceved, thebootprogramechoes
back avalueof 10H and then branches b the RAM Tranger rodine. Once ths brarch is talen, a
passvord ched isdone Pasword checking is detiled in Secton3.311.

If the 3rd byte is not avalid command, the koot program sendsbadk x1H to the controller and
retuns tothe state inwhich it waits for a canmard again. In this case, e uppe four bits of he
acknowledge responseeaundefied — hey hold thesame values as the uepfour bits of the
previously issted @mmand.

(9) Theb5th b 16th bytes, whichthe target board reagisfrom the controlle, are al2-byte passord.
The 5th byte is canparedto the corierts of addessOx000_03F4 in the flashmemory; the &h
byte is conpared to the antentsof addess0x0000 03F5 in the flash memory; likewise, the 16h
byte is compared to he conents of adres 0x0000_@BFF in the flash memory. If the password
checkig fails,the RAM Transfer rattine se$ the pesswad eror flag.

[ ]

(10) The 17t byteis a checkumvalue for the password sejuence &th to 16th bytes). To cdculate the
checksunvalue for thel2-byte password,da the 12bytes togeter, drop the caries ad ke the
two’s camplemert of the total sum. Trarsmit this checksum value from the corroller to the target
boad. The chedksum cakulation is descibed in detilsin Secton 3.313.

TMP19A43 (rev2.0)3-24 Flash Memory Operation

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/6146805/tmp19a43fd.html

129
TOSHIBA TMP19A43 l& Risc”

(11) The 18th byte, trarsmitted from the targtboard tothe caitroller, is anackrowledge respamse to
the 5h to 17th bytes.

First, he RAM Transfer routine diedks for areceiveerror n the 5th to17th bytes. Ifthere wasa
receiveerror, he boot progran sendsbadk 18H and rairns b the state in which iwaits for a
command (i.e, the 3rd byte) agan. In this case, he upper four bits of the ackhowledge regponse
are the samas thosef thepreviously issué commard (i.e., all1s). Whenthe SIQ) is canfigured
for I/O Interface mode, the RM Tranger routinedoesnot ched for areceive error.

Next, the RAM Trarsferroutine performs the checksum operationto ensue dbta integrity. Adding
the serieof the &h to 17h bytes nust resit in zero (withthe cary dropped. If it is not zerg ore
or more bytes of dat hasbeen corrupted. In caseof achedsumerror, the RAM Transfer routine
send back 11H to the cantroller ard reurns tothe state inwhich it waits for a canmard (i.e., tre
3rd byte) again.

Finaly, the RAM Transferroutine examines tte resut of the password cleck. Tre fdlowing two
cases i treated aapassvord eror. In theg casesthe RAM Transfer routine send back 1H to
the cortroller ard reurns o the state irwhich it waits for acommard (i.e., the 3rd byte) agin.

e Irrespective of the resit of the mssword conparism, all of the 12bytes ¢ apassword in the
flash nmemory are thesane value oher tha FFH.

e Not all of the passvord bytes ransmitted from the controller matched hose ontained in the
flash mamory.

When dl the above cledks have been successul, the RAM Trarsfer routine returns a nomal
acknowledge respmse (1) to the cortroller.

(12) The 19th © 22nd bytes, whichthe targetboad receive from the controller, indicate the start
addessof the RAM region where sibsequent dag (e.g., a flashprogramming rautine) should be
stored. The 19th byte coreponds b bits 31-24 of the adiress, ad the 22ndbyte coresponds ©
bits 7—-0of the address

(13) The 23rd and 24th bytes, which the targdtoardreceivesrom the controller, indicatehe nunber
of bytes that will be trarsferred from the catroller to be stoed in the RAM. The 23rd byte
corregonds o bits 15-8 of the nunber d bytes  be tanderred, and the 24th byte correspands to
bits 7—0 of the nunber ofbytes.

(14) The25th byte is a che&sumvalue for the 19th to 24th bytes. To catulate the che&sum value, adi
all these lytes taether, drop the carries and takthe twd s canplement of the taal sum. Trarsmit
this checksum value from the controller to the taget board. Thehlecksum calculation is deslked
in details in Sectio 3.3.13.

(15) The 26h byte, trarsmitted from the target board to the cantroller, is an ackowledge resporse to
the19th to 25t bytesof data.First, lte RAM Transfer routine beds for arecee aror in the 19th
to 25th bytes.If therewas a receie erra, the RAM Trander routinesenddack 184 ard retunsto
the state inwvhich it waits for a canmard (i.e., the 3rd byte) agan. In this case, the uppe four bits
of the a&nowledgeregonseare the samas thoseof the previously issied conmand (ie., al 19.
When tte SIO0is canfigured fa 1/0 Interface node,the RAM Trarsfer routine does nothed for
a receiveerror

Next, the RAM Trarsferroutine performs the checksum operationto ensue data integrity. Adding
the serieof the 13h to 25th bytes nust resit in zero (withthe carrydropped). If it is nat zerg
one or more bytes of dad has been arrupted. In caseof a checksm error, the RAM Tranger
routine semls back 11H to the cotroller andreturns ¢ the state inwhich it waits for a canmand
(i.e.,the 3d byte) agan.

TMP19A43 (rev2.0)3-25 Flash Memory Operation

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/6146805/tmp19a43fd.html

129
TOSHIBA TMP19A43 l& Risc”

e The RAM storag start adekss nust be within the range OXFFFD_@00-0xFFFD_EFFF.

When the above bedks have bea succesful, the RAM Transfer rouine returnsa normal
acknowledge respmse (1) to the cortroller.

(16) The 2%h to mth bytes from the corroller are stoed in the on-cip RAM of the
TMP19A43FDXBG. Storage begins at the adiress spcified by the 19th—22nd bytes anl cantinues
for the number of bytes spedied bythe 23rd—24th bytes.

(17) The (m+21)th byte is aleecksum value. To elculate the checkum value, add the 27th to nth bytes
together, drop the carries and takthe twds canplement of the tatal sum. Trarsmit this checksum
vaue from the coriroller to the target board The checksum calcuation is described in details in
Secton 33.13.

(18) The (m+2)th byte is a ackowledge response tthe 27th to (m+1)th bytes.

First, he RAM Transfer routine diedks for areceiveerror n the 27th to (m+1)th bytes. If tere
was areceiveerror, the RAM Transfer routine endsback18H and returnsto the state in which it
waits for a commad (i.e., the 3rcbyte) agin. In this case, ta upger fou bits of the ackrowledge
response @ the sane as thoe of thepreviously issued command (i.e., all 1s). Whenthe SIOO0 is
configurel for I/O Inteface node,the RAM Transfer routinedoes notheck for areceve error.

(19) Next, he RAM Trander routine pe&forms the checksum operationto ersure data integrity. Adding
the serieof the 2Th to (m+1)th bytes nust resit in zero(with the carrydropped). If it is not zerq
one or nore bytes  data has ken corupted In caseof a cheksum error, the RAM Transfe
routine send back 11H to the corroller andretuns to the state invhich it waits fa a conmand
(i.e., he 3rdbyte) againWhen the hove deckshave been sucessful, he RAM Trander routine
retuns a nomal ackhowledge respnse (10H) to the cntroller. If the (m+2)th bytewasa nornal
acknowledge respase, abrarch is made to the addess specifiedby the 19th to 22ndbytes in32-
bit ISA mode.

3.3.7  Show Flash Memory Sum Command
See Bble3.4.

(20) Theprocesang of the 1stand 2nd bytes arethe sane as br the RAM Transferconmand.

(21) The 3rd byte,which the taget boad receives fronthe controlleris acommand. The adefor the
Show FlashMemory Sum conmand is 20H.

(22) The 4th byte, rarsmitted from the tagetboardto the coriroller, is anackrowledge respase tothe
3rd byte. Before swling badk the a&knowledgeresponse, théoot programchecksfor areceive
error. If there was areceiveerror, the bod progamtrarsmits x8H and retirns tothe state in wich
it waits for a command agai In thiscase, theaupper four bits of the adknowledge respnse are
undefined — they hold the same values asthe upper four bits of the previously issuel command.
When the SIOO0 is confgured for 1/O Interface node, he boot progran doesnot ceck for a
receive eror.

If the 3rd byte is equalto any of the mmmand odes isted in Table 32 on page 318, the oot
program ectloes it kack to thke corroller. When tte Stow Flash Memoy Sum commard was
receivel, theboot programechos ba& a value of 20H and hen branches to the Show Flds
Memory Sum routine.
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If the 3rd byte is not avalid command, the koot program sendsbad x1H to the controller and
retuns tothe state inwhich it waits for a canmard again. In this case, e uppe four bits of he
acknowledge responseeaundefied — hey hold thesame values as the uepfour bits of the
previously issted @mmand.

(23) The Show Flash Menory Sum routine aldsall the bytes of the flah memory togeher. The 5th and
6th bytes, ransnitted from the target board to the cntroller, indicak the uppe ard lower bytes of
this tatal sum, resgectively. For details onsumcdculation, see Sectio.3.12

(24) The 7th byte is a dhecksum value for the 5th end 6th bytes. To cakulate the checksumvalue, ald
the 5h ard 6th bytes ibgether, drop the cary and tke the two's mmplement of the sum. Transnit
this che&sum valuefrom thecontroller to the tagetboard.

(25) The 8th byte is the nextcommand ©de

3.3.8 Show Prod uct Information Command

See Bble 3.5.

(26) Theprocessig of the 1stand 2nd bytes arethe sane as br the RAM Transfer conmand.

(27) The 3rd byte,which the taget boad receives fronthe controlleris aconmmand. The adefor the
Show ProductInformation canmand is 30H.

(28) The 4th byte, rarsmitted from the tagetboard to the coriroller, is anackrowledge respase tothe
3rd byte. Before swling badk the a&knowledgeresponse, théoot programchecksfor areceive
error. If there was areceiveerror, the bod progamtrarsmts x8H and retirns tothe state in wich
it waits for a command agai In thiscase, thaupper four bits of the adkknowledge respnse are
undefined — they hold the same values asthe upper four bits of the previously issuel command.
When the SIOO0 is confyured for 1/0O Interface node, he boot progran doesnot check for a
receive eror.

If the 3rd byte is equalto ary of the ommand odes isted in Table 32 on page3-18, the bt
program ecloes it kack to the corroller. When tre Stow Flash Memoy Sum commard was
receival, theboot programechos ba& a value of 30H and hen branches to the Show Flds
Memory Sum routine.

If the 3rd byte is not avalid command, the boot program sendsbadk x1H to the controller and
retuns tothe state inwhich it waits for a canmard again. In this case, lte uppe four bits of he
acknowledge responseeaundefied — tey hold thesane values as the uppfour bits of the
previously issted @mmand.

(29) The 5th to 8th bytes, transiited from the target board to tke coriroller, are tle data readfrom
addressesOx0000 03F0-0x0000_03F3 in the flash nmemory. Software version management is
possible by storinga software idin these Ieations.

(30) The 9th to 20th bytes, trasmitted from the tagetboard to the cortroller, indicate tke product name,
which is “TX19A43FD_ _ _"in ASCII code (whee _is agpace).
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(31) The 23stto 24h bytes, trasmittedfrom the taget board to he cortroller, indicate tke start adbess
of theflash memory area cordining tre pasword,i.e., F4H,03H, 00H, O0H.

(32) The 25th to 28thbytes, trasmitied from the taget baardto the cantroller, indicate tle sart addess
of the m-chip RAM, i.e., OCH, 60H, FDH, FFH

(33) The 29%th to 32d bytes, trasmited from the taget board to e cntroller, are dimmy data (FFH
6FH, FDH, FFH).

(34) The 33d to 36thbytes, trasmitted from the tagetboad to the wntroller, indicate the ed address
of the on-tiip RAM, i.e., FFH, FFH, FDH, FFH.

(35) The 37th to 40thbytes, trasmitted from the taget baard b the coriroller, areO0H, 70H, FCH ard
FFH.
The 41stto 44h bytes, trasmittedfrom the targtboard to he cortroller, areFFH, EFH, FDH and
FFH.

(36) The 45th ard 46th bytes, ransmitted from the target boad to the cntroller, indicaie the presace
or abenceof the secrity andprotectbits and whetherthe flash nemory is divided into blocks. Bit
0 indicates tle preseme or atserce of the secuty bit; it is O if the secuty bit is availabe. Bit 1
indicates he presencer absence of the protect bitsit is 0 if the protectbits are ailable. If bt 2
is 0, it indicates hat the flash memory is dividedinto blocks. The remeaining bits are unddined.
The 45h and46th bytesare01H, 00H.

(37) The 47th to 50thbytes, trasmitied from the taget baardto the cantroller, indicate tle sart addess
of the on-chip flash nemory, i.e.,00H, 00H, 00H, OCOH.

(38) The 51st to54th bytes, trasmittedfrom the taget board to the coriroller, indicate tle endaddess
of theon-ahip flash nemory, i.e., FFH, FFH, OFH, O0H.

(39) The 55th to 56th bytes, tarsmitted from the taget boardto the coriroller, indicate tle number of
flashblocks available, i.e.,08H, OOH.

(40) The 57th to 92nd bytes, tarsmitted from the taget board to the corroller, contain information
abaut the flash blocks.
Flash bbdks of the samsizeare treated asgrop. Information alout the flashblocks indicaie te
start adress of agroup, the size of the Hocks in that grouy (in halfwords) ard the nunber of the
blocks in thatgroup.
The 57th to 65th bytes are he information abait the 128 kbyte blocks Block O to Block 7). See
Tale 3.5 for the values ofbytes trasmitted.

(41) The 66th byte, transritted from the taget board to the cortroller, is a checkum value for the 5th
to 65th bytes. The diedksum value is cakulated by adding all these bytes togeter, dropping the

carry am taking the twd s conplemert of the taal sum.

(42) The67th byte is the next conmand ©de
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3.3.9 Acknow ledge Responses

The boot program represats processing states wih specific codes. Table 3.6 to Bole 3.8 showthe
valuesof possible acknowHtige responsesotthe receved dataThe uppe four bits ofthe adknowledge
responsere@ gual b thoseof thecommand being exeded. Bit 3 of the codeindicatesa receiveerror.
Bit O indicates an invalid command errarchecksm erra or a pasword eror. Bit 1 ard bit 2 ae
always 0. Redee error diecking isnot dondn 1/O Interface mode.

Table 3.6 ACK Response to the Serial Operation Mode Byte

Return Value Meaning
86H The SIO can be configured to operate in UART mode. (SeeNote)
30H The SIO can be configured to operate in I/O Interface mode.

Note:

If the serial o peration mode is determined as UART, the boot progra m checks if th e SIO can
be programmed to the b aud rate at which the operation mode byte was transferred. If tha t
baud rate is not possi ble, the boot program aborts, without se ndin g back any respo nse.

Table 3.7 ACK Response to the Command Byte

Return Value

Meaning

x8H (See Note)

A receive error occurred while getting a command code.

x1H (See Note)

An undefined command code was received. (Reception was completed normally.)

10H

The RAM Transfer command was received.

20H

The Show Flash Memory Sum command was received.

30H

The Show Product Information command was received.

Note: The upper four bits of the ACK response are the same as those of the previous command

code.

Table 3.8 ACK Response to the Checksum Byte

Return Value

Meaning

18H A receive error occurred.
11H A checksum or password error occurred.
10H The checksum was correct.
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3.3.10 Determination of a Serial Operatio n Mode

The first byte from the @ntroller deternines the seral opaation mode. To use UART mode for
comnunicationsbetween the controllemd the taget board, he @ntroller must first send avalue of
86H at adesired bad rate ¢ the taget board.To usel/O Interface modethe ontroller must send a
value of 30H at 1/16 the desired baud rate. Figure 3.2 shows the waveforms for te first byte.

Start bitO bitl bit2 bit3 bit4 bit5 bit6é bit7 Stop

Point A Point B Point C Point D
1 1 1 1
UART (86H) I ! | | ! :

1 1 : :

1 1 1 1

1 1 1 1

| tAB | | tCD |

. 5 \ .

1 1

1 1

bit0 bitl bit2 bit3 bit4 bit5 bit6 hit7
Point A Point B Point C Point D
1/0 Interface : ! : ! |
(30H)

tCD

|

' '
1 1
, tAB ,
1 1
1 1

Figure 3.2 Serial Operation Mode Byte

After RESET is releasedthe boa program monitors the first serial kyte from the conroller, with the
SIO reception disabte andcdculatestheintervalsof tAB, tAC andtAD. Figure3.3 shows dowchart
describing the steps to determire the iervals oftAB, tAC andtAD. As shown in the flowchart, he
boot program captures timer counts fedéne a logc transition occurs n the first serial byte.
Consequently, the calclatedtAB, tAC andtAD intervalsare boud to have slight errors. If tle trarsfer
goes at ahigh baud rate, tle CPU might nat be alde to keep up with the sgeed of logc tramsitions at the
serial recaie pin. In paticular, /0O Interfae mode is nore proneto this problemsince its bad rate &
geneally much higher than that for UART mode. © awid such a situation, the controller should serd
the first seral byte at 1/16 the desied baud rate.

The flowchart in Figure 3.4 show how the boa program distinguishes letween UART ard 1/O
Interface nodes. If he lengh of tAB is equal to or lesshan he length of tCD, the aial opeaation
mode is determined asUART mode. If the legrih of tAB is greater han the lergth of tCD, the serial
opeation mode B deermined as 10 Interface mode. Beain mind that if the baud rate istoo high or the
timer operating frequency is too low, the timer resdution will be coarse,relative to the intervals
betweenlogic trarsitions. This becomes a protem due to inherert errors cased ly the way in which
timer cowunts are captred by sdtware; consequenty the boot program might not be able to determine
the seral operaion node orrecty.

For exanple, the serialopeation node may bedeternined to be I/O Interfface node when the
interded mode is UART mode. To avdd sucha sitwation, when UART mode is uilized, the corroller
shout allow for atime-out period within which it expectsto receve an eho-back (86H) fromthe taget
board. The cortroller shoud give up the canmunication if it fails to get that echo-bck within the
alloted time. When I/O Interface node is utilized, ornce the first serialbyte has been transmitted, the
contoller shoud send the SALK clock after a certin idle time to get anacknowledge respose. If the
receival aknowledgeresponse is n@&0H, the ontroller should gie up furher @mmunications.
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( Start )

Initialize 16-bit Timer 0
(¢T1 = 8/fc, counter cleared)
Set TBORGL1 to OxFFFF
Prescaler is on.

High-to-low transition

on serial receive pin?

| 16-bit Timer 0 starts counting up
I

Low-to-high transition
on serial receive pin?

| Software-capture and save timer value (tAB) |
I

High-to-low transition
on serial receive pin?

| Software-capture and save timer value (tAC) |
T

Low-to-high transition
on serial receive pin?

| Software-capture and save timer value (tAD) |

I

| 16-bit Timer 0 stops counting |

Yes

tAC > tAD?

Make backup copy of tAD value

( Done )

Stop operation
(infinite loop)

Figure 3.3 Serial Operation Mode Byte Reception Flow
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( Start )

tCD « tAD - tAC

tAB > tCD? Yes

( UART Mode ) ( 1/0 Interface Mode )

Figure 3.4 Serial Operation Mode Determination Flow

3.3.11 Password

The RAM Transfe command (10H) cawses he boot program to perform a password ched.
Following an echo-back of theanmand ©de the boot program checls te content of the 12-byte
password area(0x4000_044 to 0x4000_@17F) within the flash memory. If all these adrkess Ieatiors
contin the sane bytes of data other than FFH, a passvord areaerror occurs.In this case, th boot
program retuns an error ackowledge (11H) in respose b the checkumn byte (the 17th byte),
regadlessof whether the pasword sequencesentfrom the contoller is all FFHs.

The pasword sequencesceved from the @ntroller (5th b 16th bytes)s conpared to the passvord
stored in the flash nemory. Table 3.9 shows how they arecomparedbyte-by-byte. All of the 12 bytes
must match to pass he password check Otherwise, a passwaod error acurs, vhich cawsesthe boot
programto return anerra acknowledge in respase tothe checksum byte (the 17th byte).

Start

No
Are all bytes the same?
Yes
Are all bytes equal to Yes
FFH?
No
C Password area error ) C Password area is normal. )

Figure 3.5 Password Area Check Flow
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Table 3.9 Relationship between Received Bytes and Flash Memory Locations

Received Byte Compared Flash Memory Data ROM Protect
5th byte Address 0x0000_0474 Address 0x0000_0004
6th byte Address 0x0000_0475 Address 0x0000_0005
7th byte Address 0x0000_0476 Address 0x0000_0006
8th byte Address 0x0000_0477 Address 0x0000_0007
9th byte Address 0x0000_0478 Address 0x0000_0008
10th yte Address 0x0000_0479 Address 0x0000_0009
11th kyte Address 0x0000_047A Address 0x0000_000A
12th kyte Address 0x0000_047B Address 0x0000_000B
13th yte Address 0x0000_047C Address 0x0000_000C
14th byte Address 0x0000_047D Address 0x0000_000D
15th yte Address 0x0000_047E Address 0x0000_000E
16th yte Address 0x0000_047F Address 0x0000_000F

3.3.12 Calculation of the Show Flash Memory Sum Command

The S$ow Flash Menory Sum command adds all 512 kbytes of the flash nemory togeher and
provides the total sm as a hlfword quartity. The sun is ent to the coriroller, with the upper eight bits
first, followed by the lower eight bits.

Exanple:

For the interestof sinplicity, assune the depth of the flash

AtH memory is four lacatiors. Thenthe sum of the four bytes is
B2H calculated as:

Al1H + B2H + C3H+ D4H = 02EAH
C3H Hence, 02H isfirst sert to the coriroller, followed by EAH.
D4H

3.3.13 Checksum Calculation

The checksim byte for a seres ofbytes of data is calculated by adding the bytes together, dropping
the carries, iad taking thewo’s complement of the total sim. The ShowFlash Menory Sumcommand
and he Stow Praduct Information conmand peform the checksm cdculation. Theconroller must
peiform the sane checksim opeation in transmtting cheksumbytes.

Exanple:

Assume the Show Flash Memory Sumcommand provides the upper and lower bytes d the sumas
E5H and F6H.To calculate the chésum for a serieof E5SH and F6H:

(43) Add the bytes bgeter.
E5H + F6H =1DBH

(44) Drop thecarry

(45) Take the twd's complement of the sum, ard that is the checksum byte.
0 - DBH=25H
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3.3.14 General Boot Progra m Flowchart

Figure 3.6 shows an overal flowchart of the boot program

Single Boot
program starts

| Initialize |

Get SIO operation mode|
data

UART Cannot be set

SIO Operation Baud rate
Mode? setting?
1/0 Interface Can be set
Program UART mode and .
| Set I/O Interface Mode | | baud rate | Stop operation

ACK data « Received data
(30H)

ACK data < Received data
(86H)

(Send 30H) (Send 86H)
Normal response Normal response
[ 2

v
| Prepare to get a command |

ACK data
« ACK data & OxFO

Receive routine
Get a command

Recei > ACK data Transmission routine | |
ecelve error: <« ACK data 0x08 (Send x8H: Receive error)| |

No normally

Command error

Show Flash Show Product
?
RAM Transfer? Memory Sum? Information?
Yes (10h) Yes (20h) Yes (30h)
ACK data ACK data ACK data ACK data
<« Received data (10H) <« Received data (20H) <« Received data (30H) « ACK data | 0x01

Transmission routine
(Send x1H: Command error)

Transmission routine
(Send 20H: normal response)

Transmission routine
(Send 10H: normal response)

Transmission routine
Send 30H: normal response

Show Flash Memory Sum IShow Product Information|

RAM Transfer processing . .
processing processing

Processed
normally?

Yes normally

Jump to RAM

Figure 3.6 Overall Boot Program Flow
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3.4 On-board Programming of FI ash Memor y (Rewrite/E rase)

In on-board programmirg, the CPU is to exeda sdtware commards for rewriting or erasig the flashmemory.
The rewritelerase catrol program shaild be prepared by the user beforehand. Because he flah memory
conent cannot be readwhile it is being written or erased, it is necessa to run therewrite/erasegprogran from
the intenal RAM or from an eternal nemory device &er shifting to the use boot mode In this sedion, flash
memory addesses areepresenied in virtual addresesunless ohemwise noted.

3.4.1 Flash Memory

Except for some futions, writing anderasimg flashmemory data arein accadance with the standard
JEDEC canmards. Inwriting or easing, use te SW commad of the CPU to erter canmards to the
flash memory. Once the command is mtered, he actial wite or erase ogratin is auomatically
performed interrally.

Table 3-5 Flash Memory Functions

Major func tions Description

Automatic pageprogram Writes daa autamatically.

Automatic chipera Eraesthe entire area of the flash memory autonstically.

Automatic block erag Eraesaseededblock auomatically. (128kB at a tme)

Write protect The write orerag functioncanbe individually inhibited for eachblock (of 128 kB.
When allblocks are &t for protedion, theertire protedion function is auomaticaly
enabéd.

Protect function By writing a 4-hit protedion codk, the write or erase funtion canbe indvidudly inhibited
for each bock

Note that addressig of opeation commands § different from the caseof standad commandsdue to the
specific nterface arrangements with he CPU asddailed opeation of the use boot mode and RAM
trarsfer node is described later. Alsonote that the flashmeamory is written in 32-bit blocks. Sq 32-bit
(word) data trasfer canmands must be usedin writing the flash nemory.

_ _ 128 words
(1) Blockconfiguration /
0XBFCO_0000 128 kB I x256
128 k3 \ 128 words
128 kB
OXBFC7_FFFF 128 kB

Fig. 3-4 Block Configuration of Flash Memory
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(2) Bast opeation
Geneally spe&ing, this flah memory device haghe following two operation nodes:
e The node bread memory dai (Readmode)
e  The node to auomatically erase orewrite menory data (Automatic operation)

Trarsition to the adomatic mode is mede by execuing a canmand seaience while it is in the
memory readmode. h the automatic operdion node,flash nemory dat camot be read and any
commands stred in the fladh memory camot be exeated. In the aubmatic operaiton mode, any
interrupt or excepton generdion camot setthe device b the rea mode exceptvhen a hadware
resetis generated. During automatic operaion, be sure not to cause ay excepions other han
debug excepions ard reset wite a DSU proke iscomected Any interrugt or excefion generation
cannot sethe device b the read node except when ahadware reet is geerated.

1) Read

Whendata is tobe read the flashmemory must be set tothe readmode. The flashmemory will be

set to tle readmode immedately afterpower is gplied, when CPU resetis renoved, or wtren an
aubmatic opestion is normally terminated.In order to return to the read mode fom other modes
or dter an atomatic operatdon hasbeen anormally terminated, eithethe Readéset ommand (a
software @mmand  be described later) or ahardware resetis usal. The device nust also be in

the readmode whenary commard written on the flashmemory is to be execued

e Read/reset command and Read command (software reset)

When an atiomatic gerationis abrormally teminated the flashmemory camat return to the
read node by itself (WhenFLCS<RDY/BSY> =0, dat readfrom the flash memory is
unddined.) In this case, th®ead/reset commaraian beused ¢ return the flash emory to
the readmode. Also, when a conmand that hes nd been completely written has to be
canceled, theRead/reset commandust be usedto return to the rea mode. TheRead
command isused ¢ return b the read node after execuing the SWcommauw to write tre
data "0x(00 00FQ' to anarktrary adiress of tk flashmemory.

e With the Read/reset command, the device is returned to the read mode after completing
thethird buswrite cycle.

2) Commandwrite

This flahh memory uses thecommand controlmethod. Commands are exeted by exewting a
command sguenceto the flash memory. The flah memory exeates atomatic operatdn
commands acording to the addressand data conrbinationsaplied (referto Command Squence).

If it is desired tocarcel a canmard write operdion alread/ in progressor when any incorrect
commandsequence has beeentere, the Read/resetommand is ¢ be executd. Then, the flash
memory will terminate tte commad execution andreturn tothe readmode.

While conmands & genealy comprised ¢ several bus cyles, he opeation to apply the SV
commard to the flash memory is called"bus write cyck." Thebuswrite cycles are to benia Pecific
sequertial order andthe flash memory will perform an autoratic operationwhen he squence of the
bus write cycle data and addres§ a command vite opeation is in accordae with a prdefined
specificsequace. If aty bus write cycledoes not follow a predefined command write seqerce, the
flash memory will terminatethe canmand execution and return to the readmode. The address[31:21]
in eachbus write cycle shold be the virtual address [3121] of commard exection. It will be explained
later for be addess lits [20:8].
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(Notel) Command sguencs areexecutedfrom outside te flash memory area.

(Note2) The nterval between busrite cycles forthis device nmust be 15 system clock cycles @
longer. The @mmand sequencer ihd flagr memory device requires ceatain time period to
recognize @uswrite cycle. If more than onebuswrite cycles areexecutd within this time
period, normal opeation cannot be expeced. For adjusting the appicable bis write cycle
interval usinga sdtware timer b be operatedat the opeating frequency, use he section10)
"ID-Read"to check for the ppropriateness

(Note3) Between theébuswrite cycles, neer useany lcad command (such as W, LH, or LB) to the
flash nemory or peform a DMA transmission by secifying the flak area a the source
address Also, dont exeate a Imp command to the flash memory. While a ommand
sequerce is leing execued dorit generateary interrug swch as naskable irterrupts (except
debugexceptons whe a DSU probeés connected).

If such an opeation is nade, it canresult h an unexpectel read acces © the flash memory
and the ommand sequeer may not beableto correctly recognize¢he command. Wie it
could cause & almormal terminaton d the command squence, it is also possble that the
written command is incorrectly recogized

(Note4) The SYNC canmand nust be eecuted immediately after the SWommand for eeh bus
write cycle.

(Note5) For the mmmand seqiencerto remgnize acommand, he device nust be in the read mode
prior to execuing the canmard. Be sure tacheck before the first bis write cycle ttat the
FLCS[( RDY/BSY hit is set to"1." It is recomnendedto subsequatly exeate a Rad
commard.

(Note 6) Uponissung a canmard, if any address odata is ircorrectly written, be sure to perform a
systen reset oprationor isste areset conmard to retirn to the readmode again.

3) Reset
Hardware reset

The flash nemory has a rsetinpu as he memory block and it is conneced to the CPU reset
signal Therdore, when the RESET input pin of this device is setto V,_ or when the CPU isreset
due to ary overflow of te watch dogtimer, the flash memory will returnto the readmode
termimating any adomatic operation that may ke in progress. Tle CPUreset is alsaused in
returning to the read rade when an atomatic operation is abnomally temminated or when ary
mode sety a command is to be cancekd It should also be noted that gpplying a hardware reset
during an atiomatic @eration canresut in incorrect rewiting of data. In sich a casepe sure to
perform the rewriting again.

Refer toSection24.2.1 "Reset Qeratin” for CPU reset opratiors. After a gven reset iput, the
CPU will read tre resetvecta data from the flash memory ard starts opration after hie reset is
renoved.

4) Automatic Page Rsgramming

Writing to aflashmemory device is b make "1" data cells t0"0" data cells.Any "0" data cell
cannotbe changed to a 1" daa cell. For naking "0" data cells t0"1" data cells, it isnecessary to
performan erae operation.

The aitomatic pageprogramming funcion of this device writes dat in 128 word blocks. A 128
word block is definedby a same [31:9] address ad it starts from the aldress[8:0] = 0 and ends at
the adiress[8:0] = Ox1FF. This progranming unit is herefter rderred toas a page"
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Writing to data cells is atomaticaly performed by an nternal sequencearnd no external control
by the CPU is requred. The state b auomatic page progamning (whether it is in writing
opeaation or nat) canbecheded by the FLCS [0] <RDY/BSY> register.

Also, any new comnand sguenceis not acceped wtile it is in the auomatic @ge programming
mode. If it is desiredto interrypt the adomatic page programming, use lte hadwarereset functon.
If the operaton is soopped by a hardware resetoperaton, it is necessy to onceerae te page ad
then perform the adomatic page programmilg again becase writing to the page has nd been
normelly teminated.

The attomatic pageprogranming opeaation is allowed only once for a pege ateadyerasedNo
programmirg canbe performed twice or nore times irrespectie o the data cell slue whether it is
"1" or "0." Note that rewriting to apage that has beenonce written requires excttion of the
autonatic block eraseor automatic chip @aseconmand befre exeauting the aitomatic page
programmirg commard again. Note that an attenpt to rewrite a @ge two or nore times vithout
erasing theontent carrausedaneges b the device.

No auomatic verify operation is performed interrally to the device. Sg be sure toreadthe data
programmedto corfirm that it hes been correctly written.

Theaubmatic pageprogramming opeation starts when the fourth bus write cycle of the conmand
cycle is canpleted On ard after he fifth bus write cycle, dta will be written seaientially starting
from the nextaddres®f theaddess pecified in he fourh buswrite cycle (inthe fourth bus write
cycle, the page top addesswill be command written) (2 bits o data is inut at a tine). Be sve ©
use he SV command in writing commandson and dter the fourth bus cycle.In this, aly SW
command all not be placed acros word boundary. On ard after tte fifth bus write cycle, d@ta is
commard written to the same pge area. Een if it is desired to write the @ye only partially, it is
requred to perform the adomatic age programming for the entire page In this casethe aldress
input for the fourth bis write cycle shll be set tahe op addres of the page. Besure to pefform
commard write operatian with the input data set b "1" for the data cellsiot to be seto "0." For
example, if the tqp addressof a page is no to be written, set tle input data of the fouth bus write
cycle to OXFIFFFFHR- to conmandwrite thedata.

Once tefourthbus cycle isexecued it is in the adomatic programmirg operation This cordition
can be beded by monitoring the register bit FLCS 0] <RDY/BSY> (See Tble 24.6). Any new
commard segierce is no accepedwhile it is in automatic page progranming mode. If it is desired
to stop operatin, usethe hardwee resetfunction. Be ceeful in doing © becauselata cannobe
written normally if the operation is interruged When a single page has been command written
normally terminating the atomatic @ge writing process, te FLCS [ <RDY/BSY> hit is set o
"1" and it returrs 1 the readmode.

When multiple pages are tabe written it is necessary to ecue the page programmig command
for eachpage because tb number d pages to be written by a sinde exection of the auomatic
page program conmand & limited to only one page It is not allowed for automatic page
programming o processnput dat acoss pages.

Data camot be written to a prdected block. When auomatic programmning is finished it
auomatically retuns to tke read node. This comlition canbe checked by monitoring FLCS [Q
<RDY/BSY> (See ®hle 246). If auomatic programmirg has failed, tke flash memory is lockedin
the node ard will not returnto the readmode. Far returring to the readmode, it is necessary toise
the resetcommand or hardwareresetto resetthe flah memory or the device. In this case while
writing to the addresshas failed, it is recommeded not to use the device or na to use the dock
that includestte failed adres.
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Note: Software reset becomes i neffective in bus write cycles on an d after the fourth
bus write cy cle of the a utomatic p age programming command.

5) Automatic chip gase

The aubmatic chip erae opeation sarts when te skth bus write cycle of the @mmand cycle is
completed

This candition canbe checked by monitoring FLCS [ <RDY/BSY> (See &ble 246). While no
auomatic verify operation isperformed interrally to the device,be sure to read th data tocorfirm
thatdata has beecorrectly erased. Any ng command squence isnot accepted while it is in an
auomatic chip erase ogration If it is desiredto stopoperation, use the hardware reset fumtion. If
the opeation & forced to sbp, it isnecesary to performthe aitomatic chip eraseoperation agai
because thdat erasingoperadion has noteen nornally terminated.

Also, any proteced bbcks cannot be eraed. If all the blocks are proteded, the aubmatic chip
eraseoperation will not be performed ard it retuns to the readmode aftercompleting the sixh bus
read cycle of the anmand squence When an auomatic clip erase opratimn is namally
terminated it auomatically returns to te read mode. If an aubmatic chip erae opeaation has
failed, the flash memory is locked inthe node ard will not return tothe readmode.

For returring to the readmode, it is recessary taise theeset conmand or hadwarerest to reset
theflash memory or the device.In this casethefailed block cannotbe detecied. It is recommended
not to use he device anymore or b identify the faied block by using the block erag function for

notto use he idenified block anymore.

6) Automatic block ease(128kB at a tine)

The auomatic block erase operatiostartswhen the sixth bus write cycle otie mmmand cycle is
completed

This status of the aitomatic block erase operaton can be deckal by monitoring FLCS [0]
<RDY/BSY> (See ®ble 246). While no auomatic verify operationis performed internally tothe
device,be aire to readthe dat to confirm that dat hasbeen correcty erased. Any new command
sequences not accepte while it isin an automatic block erasepeation. If it is desired ¢ stop
operation, use the hardware reset faction. In this case, it imecessaryto perform the auomatic
block eraseoperation agaibecausehe data erasg operabn hasnot bea normally terminated.

Also, any protecied blocks @nnot be erasé. If an automatic block erase goeraton has faied, the
flash memory is lockedin the node ard will not return to he readmode. In this case, use éresé
command or hardwareresetto resetthe flash memory or the device.

7) Automatic programming of protecion bits

This deviceis implemerted with four protection bits. The protection bits can ke individually set n
the adomatic programmirg. The appicable praection bit is specified n the seenth bus write
cycle. By aubmaticaly programming the protecion bits, write andfor erasefunctions can be
inhibited (for protecion) individualy for each block. The protection status of eat block can be
checkel by the FLCS <BIPRO 30> register  be descibed Eter. This status of the aubmatic
programming opeation to se protecion bits canbe decked by monitoring FLCS <RDY/BSY>
(See Bble 24.6). Anynew ®mmand squence isnot accetedwhile aubmatic progranming is in
progressto program the protedion bits. If it is desred to stop the programming geraton, usethe
hardware resetfunction. In this case, it istecessary t@erfam the progammning operatian agin
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becausehe protectionbits may nohavebeencorrectly programred. If all the protection bits hee
been programmed, thHkash memory cannot be rehfrom any areautside the flashmemory such
as tte internal RAM. In this condition, the FLCS <BLPRO 3:0> bits are set t6'0 x F" indicating
that it is inthe protectedstate(SeeTable 246). After this, nocommard writing can beperformed.

Note: Software reset is ineffe ctive in the sev enth bus w rite cycle of the au tomatic
prote ction b it programm ing command. The FLCS <RDY/BSY> bit turns to "0"
after entering the sev enth bus write cycle.

8) Automatic erasng of protectiorbits
Differert resuts will be obtained when the adomatic protection bit erase conmard is execued
depending on the shtus of the protecion bits. It deperds on the status of FLCS <BLPRO 3:0>
before the conmand &eaution wheter it is setto "0 x F" or to any other values. Be sure to check
the valie of FLCS <BLPRO3:0> bdore exeauting the auomatic gotectionbit erase conmand.

e When FLCS<BLPRO 3:0>issetto"0x F" (all the protection bits are programmed):

When the adomatic potectionbit erase commad is canmard written, the flashmemory is
auomatically initialized within the device.Whenthe seenth bus write cycle is copleted the
entire aea of the flash memory datacellsis erasd and then te protedion bits are erased.
This operation carbe checked by monitoring FLCS <RDYBSY>. If the auomatic operation
to erase priection bits is normally teminated FLCS will be set to "0x01." While no
auomatic verify operationis performed internally to the device, k& sure toreadthe data to
confirm that it has been corredly erased For returning to the readmode while the adomatc
operation after the seveth bus cycle is irprogress, it is Bcessary taise the hardvare reset to
reset be flash memory or the device. If this isdore, it is necessaryto cleck tre statis of
protecion bits by FLCS <BLPRO 3:0> &fter retuning to the rea mode and perform eitherthe
auomatic protection bit erase, atomatic chip erase or auitomatic block eraseopeation, as
appropriate.

e When FLCS<BLPRO 3:0> isother than"0x F" (not all the protection bitsare

programmed):

The protection candition can te carceledby the auomatic protection bit erase peration. With
this device, protecion bits can be easel hardling two bits at a tine. The taget bts are
specified n the severtit buswrite cycle and wanthe commad is canpleted the device is n
a condtion the twobits areerased.The protection stats of eachblock canbe checkedby
FLCS <BLPRO 3:0> to be descrbed later. This status of the programming opeation for
aubmatic protecion bits can be cheked by monitoring FLCS <RDYBSY>. When the
auomatic operation to eraseprotection hits is normally termirated the o praectionbits of
FLCS <BLPRO 3:0>selectedor erasure & set to 0."

In any case, ay new ®mmand squenceis not accpted while it is in an aitomatic operation to
eraseprotecion bits. If it is desred to stop the operation use the hardware reset fuction. When
the adomatic operationto erase prectionbits is nornally termirated it returns to tk readmode.

The FLCS <RDY/BSY > bit is "0" while in automatic opera tion and it turns to "1"
when the automatic oper ation is term inated.
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9) Flash ontrol/ status rayister
This resster is used ¢ monitor the satus of the flash nemory and  indicaie the block protecion

status.
Table 3-6 Flash Control Register
7 6 5 4 3 2 1 0
FLCS Bit Symbol BLPRO3 BLPRO2 BLPRO1 BLPROO ROMTYPE RDY/BSY
(OXxFFFF_E520) |Read/Write R R R R R
After reset 0 o | o | o 0 0 0 1
Function Protection area setting (for each 128 kB) Always ROM ID bit | Always Ready/Busy
0000: No blocks are protected reads "0." reads "0." |0:In
xxx1: Block 0 is protected 0: Flash . Operat.lon
xx1x: Block 1 is protected 1: MROM v glr)r?]risg?gd
x1xx: Block 2 is protected
1xxx: Block 3 is protected
15 14 13 12 11 10 9 8
Bit Symbol
Read/Write R
After reset 0 0 0 0 0 0 0 0
Function
23 22 21 20 19 18 17 16
Bit Symbol
Read/Write R
After reset 0 0 0 0 0 0 0 0
Function
31 30 29 28 27 26 25 24
Bit Symbol
Read/Write R
After reset o [ o [ o | o 0 0 0 0
Function
Fig. 3-5

Bit 0: Read/Busy flagbit
The RDY/BSYoutput isprovided as a meas monitorthe staus of autonatic operaton. This bitisa
functionbit for the CPU to monitor the functioVhen the flashmemory is in auomatic operdion, it outpus
"0" to indicae thatit is buy. When tle autonatic opeation is terminated,it retums to tre ready gateand
outputs "1" toacceptthe next command. If theautomatic opegtion has éiled, this bit maintainsthe "0"
output. By applying a hardwarreset, it returns td1."

(note)Rease issue it afterconfirming the conmand isue isalways a ead/ sate.
A normal command not onig snt whenthe command is issedto abusy inside butalsothere is gossibility
that the command afténat canot beinput. Inthatcase, pleasreturn |y system eset orthe resetcommand.

Bit 2: ROM type identification hit
This bit is readafter reset to idertify whether theROM isa lahh ROM or a nask ROM.
Flash ROM: "0"
Mask ROM: "1"

Bits [7:4]. Protectionstaus bits ¢anbe set to ancombination of bloks)
Eachof the protecion bits (4 bits) repregnrts theprotedion gatusof the correponding black. When a fit
is setto "1," it indicates that the ock corresponding tthe bit isprotected. Whetthe black is protected,
data cannotdwrittento it.

TMP19A43 (rev2.0)3-41 Flash Memory Operation
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10) ID-Read

Using the ID-Read ommard, you can obtain the type and other information on the flashmemory
contained in the device. Tre data tobe loadedwill be differert depending on the addres§l5:14] of
the fourth and subsajuent bus write cycles (any input data other than OxF can be used) On ard
after te fourth buswrite cycle, wha an LW comnmand (b read an arbitry flash memory areg is
execued after an SWcommard, the ID vaue will be loaded (execute a SYNC commard
immediately ater the W command) Oncethe fourth bus write cycle ofan ID-Real command has
passed the device will not auomatically return to the readmode. In this candition, the sebf the
fourth bus write cycle ad LW/SYNC canmands canbe repetitively execued Forreturring to the
read node, reet the systenor use theReador Read/resetommand.

TheID-Rea command can be usal when it is necessg for an gpplicaion  identify whether the
device n the product hasn internal flas mamory or an internal ROM This is efective because
maskROM doesrt have a commad seqiencer soit interprets ap ID-Readcommand written as
simply a par of SW and LW commands appéd to the mask ROM. If an ID-Rea command is to
be eecukd on a devicewith an nterral mask ROM, it is necessaryo séect an addresat which
the rtvalue © a normal LW command idifferert from the ID-Readexecuion resut (ID) from a
devicewith aninternal flashmemory, alsotaking into accout ary apgicable praectionconditions.

(Important) The "intervalbetwe@ buswrite cycle$ between duccessive conmand squences
must be 15 sgem clock cycles or bnger irrespectve of the opeating frequencyused This device
doesrit have ary function to auomatically adust the interval betweenbus write cycles regrding
execution of multiple SW conmarts to the flashmemory. Therdore, F an nadeuat interval is
used betweentwo sets of bawrite cycles, the flasimemory camaot be written as eyecied Prior to
settirg the device towork in the onbaard programmirg mode, adust the bis write cycle inerval
using asoftwae timer, etc., toverify that the ID-Read ommand carbe succesiully executel at
the qperating frequency of the applicaion program In the onbaard programming mode,use he kbus
write cycle inerval atwhich the ID-Rea command canbeopeaated nornally to executeommand
sequerces torewrite the flashmemory.

TMP19A43 (rev2.0)3-42 Flash Memory Operation
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(4) Listof CommandSejuences

Table 3-7 Flash Memory Access from the Internal CPU

First bus Second bus | Third bus Fourth bus Fifth bus Sixth bus |Seventh bus
Command cycle cycle cycle cycle cycle cycle cycle
sequence Addr. Addr. Addr. Addr. Addr. Addr. Addr.
Data Data Data Data Data Data Data
Read O0xXX RA
O0xFO RD
Read/est 0x55XX OXAAXX 0x55XX RA
OxAA 0x55 OxFO RD
ID-Read 0x55XX OXAAXX 0x55XX 1A OxXX
OxAA 0x55 0x90 0x00 ID

Automatic page 0x55XX OXAAXX 0x55XX PA PA PA PA

programming (note OxAA 0x55 0xAO0 PDO PD1 PD2 PD3

Automatic chip 0x55XX OXAAXX 0x55XX 0x55XX OXAAXX 0x55XX -

erag OXAA 0x55 0x80 OXAA 0x55 0x10 -

Auto 0x55XX OXAAXX 0x55XX 0x55XX OXAAXX BA -

Block erasgnote) OXAA 0x55 0x80 OXAA 0x55 0x30 -

Protectionbit 0x55XX OXAAXX 0x55XX 0x55XX OXAAXX 0x55XX PBA

programming OxAA 0x55 Ox9A OxAA 0x55 Ox9A Ox9A

Protectionbit 0x55XX OXAAXX 0x55XX 0x55XX OXAAXX 0x55XX PBA

erag OxAA 0x55 Ox6A OxAA 0x55 Ox6A Ox6A

Fig. 3-6
(5) Supplerentaryexplanation
e RA: Readaddress
e RD: Readdata
e |A: ID address
e |ID: IDdata
e PA: Progranpage address
e PD: Programdata (R-bit data)
After the fourth bus cycle, enter da in the orderof the aldressfor a page.
e BA: Blockaddress
e PBA: Pradection bit address

(Note 1)  Always set " 0" to the address bi ts [1:0] in the entire bu s cycle. (Settin g values to bits [7:2] are undefined.)

(Note 2)  Bus cycles are "bus write cycles" exce pt for the sec ond bus cycle of the Read command, the fourth b us cycle of
the Read/reset command, and the fifth bus cycle of the ID-Read command. Bus write cycles are executed by SW
commands. Use "Data" in the table for the rt register [7:0] of SW commands. The address [31:16] in each bus write
cycle should b e the target flash memor y addre ss [31:16 ] of the comm and se quence. Use " Addr." in the t able for th e
address [15 :0].

(Note 3) In executin g the bus write cycles, the i nterval between each b us write cycle shall be 15 s ystem clocks or more.

(Note 4) The "Sync command" m ust be executed i mmediatel y after co mpleting each bus write cycle.

(Note 5) Execute the "Sync command" imme diately following the "L W command" after the fourth bus write cycle of the ID-
Read command.

TMP19A43 (rev2.0)3-43 Flash Memory Operation
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(5) Addressbit configuration for bus write cycles

Table 20.5.1.3 Address Bit Configuration for Bus Write Cycles

Add Addr Addr Addr Addr Addr Addr Addr Addr Addr Addr Addr
res [31:21] [20] [19] [18:17] | [16] [15] [14] [13] [12:9] [8] [7:0]
Normal b us write cycle address co nfiguration
Normal Flash aea Addr [L0O]=0 (fixed),
commands "0" is recommended Conmmand Others: 0
(recommended)
BA: Block address (Set th e sixth bus write cycle address for block eras e operatio n)
Block aas Flash aea Block
"0" is recommended sdlection Addr[1:0]=0 (fixed), Others: O (recommendel)
Auto PA: Program page address (Set the fourth bus write cycle ad dress for page programmin g operatio n)
page -
. Flashaea | Block Addr[1:0]=0 (fixed), Others: 0
Pr;%ggram 0" is reommended |  geection Page sacion (recommended)
ID-READ IA: ID address (Set the fourth bus write cycle ad dress for ID-Read operatio n)
Flash aea | "0" is recommended | ID addess | Addr[L:0]=0 (fixed), Othess: 0 (recommendel)
PBA: Protection bit ad dress (Set th e seventh bus write cycle ad dress for protection bit programming)
P_rdedion Praedion kit write
bit 00: Block 0
progran- Flash aea "0" is recommended 01 Block 1 Addr[1:0]=0 (fixed), Others: 0 (recommendel)
ming
10 Block 2
11 Block 3
PBA: Protection bit ad dress (Set th e seventh bus write cycle ad dress for protection bit erasure)
Praedion Erase proteion
bit erase Flash aea "0" is recommended for Addr[1:0]=0 (fixed), Others: 0 (recommendel)
0: Blocks0, 1 . !
1: Blocks 2,3
(Note) Table 20.5.1.2 "Flash Me mory Acces s from the In ternal CPU" can also be used.
(Note) Address setting can be performed according to the " Normal bus write cycle address
configur ation" from the first bus ¢ ycle.
(Note) ™0"isreco mmended" c an be chan ged as nec essary.
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Table 3-8 Block Erase Address Table

Addres s Range .
BA Size
Flash Memory Address When applied to the projected area
Block 0 0xBFCO_0000-0xBFC1_FFFF 0x0000_0000-0x0001_FFFF 128 kB
Block 1 0xBFC2_0000-0xBFC3_FFFF 0x0002_0000-0x0003_FFFF 128 kB
Block 2 OxBFC4_0000-0xBFC5_FFFF 0x0004_0000-0x0005_FFFF 128 kB
Block 3 0xBFC6_0000-0xBFC7_FFFF 0x0006_0000-0x0007_FFFF 128 kB

Example: When BAQ is to be selected, any single addre ss in the ra nge OxBF C0O_0000 to
0xBFC1_FFFF may be entered.

Table 3-9 Protection Bit Programming Address Table

OPBA The seventh bus write cycle address [15: 14]

Address [15] Address [14]
Block O 0 0
Block 1 0 1
Block 2 1 0
Block 3 1 1

Table 3-10 Protection Bit Erase Address Table
The seventh bus write cycle address [15: 14]

OPBA

Address [15] Address [14]
Block 0 0 X
Block 1 0 X
Block 2 1 X
Block 3 1 X

The protectionbit erase commard will erasebits 0 andl together.
Thebits 2 andB ae also erasktogethe.

Table 3-11 The ID-Read command's fourth bus write cycle ID address (IA) and
the data to be read by the following LW command (ID)

1A [15:14] ID [7: O] Code
00b 0x98 Manufactuer code
01b O0x5A Devicecode
10b Reserved
11b 0x05 Macrococe
TMP19A43 (rev2.0)3-45 Flash Memory Operation
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4. Various protecting functions

4.1 Overview

The ROM protect function for desgnating the internal ROM (flash) areaas aread-potected areand theDSU
protect function for prahibiting the use of DSU (DSU-Prte) arebuilt into the TMP19A43. The read protect
functions speciffically include the fdlowing:

e Flash protectfuncion
¢ ROM datprotectfunction
e DSU protectfunction

4.2 Features

42.1 Flash Protect Function
<FLASH>

A built-in flash canprohibit the operatian of writing and the deletion at eery the Hock of every 128
Kbyte. Thisfunctionis caled the block protecing.

To make the block protecing functon dfective, it protecss it coresmnding to the block where it wants
to put protecting

Thebit is made "1". The block protecing an be rekasé by making the protecing bit "0". (Please see
the chater of the Flash opeation eplanaton about the program method )The proteding bit canbe
monitoredby FLCS register < BLPRO3:0 > bit.

The state to pufprotectingon all blocks is calledthe FLASH protecting. lis necesary to noteit
because all th@rotectingbits beome "0" after aitomatically deletingall data of theflash whe the
protecting releaseoperates after iputs it into the sate of the LASH protecing of 1°Hopeation that
makesthe piotecing bt "0").

<Mask>

FLASH is always being protected in the mask version, and the FLASH protecting cannot be
released. This function doesn't influence usual operation in the mask version.

<FLASH/MASK>

It is necessaryto be protecing FLASH to make "ROM data protecing" ard "DSU protecing" that
will explain in the future efective.

TMP19A43 (rev2.0) 4-1 Various protecting functions
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4.2.2 ROM data Protect

As for ROM data potecting the execuion of the canmard to the flashis prohibited in the function it,
and the flash version that limits reathg data tobulding FLASH/ROM into. When ROM protecting
register OMSEC1<RSEON > bit is "1", ROM data potecting becomes efective with FLASH
protected.

If instructionsin the ROM areahave been replacal with instructions in the RAM area in aPC by
using the ROM correcion funcion, a PC showns the instructons asredding in the flash FOM area
Because thewctually residdn the RAM aea,datacannot beead in aBROM proteced state. @ read
databy using nstructionsheld n the ovewritten RAM area, it isnecessary to write tlato RAM by
using a programavailabe inthe ROM area orto use obher means.

If the ROM area s put in gprotected statehé following operations canna be performed:

Using instructionplaced in eeasothe than theROM areato loal or store thedata take from
the ROM aea

Storeto DMAC register (NMI by the bus eror is generated. )

Loading or storing the data takenfrom the ROM areain acordancewith EJTAG
Using BOOT-ROM to load or storehte data takenfrom the ROM area ELASH only)
Exeauting flash writer to load or storehe daa takenfrom the ROM aredFLASH only)

Using instructbnsplacel in aeas dher hanthe ROM aredo access #registers (RMSECL1,
ROMSEC?2) hat concen theprotection of he ROM area

Exeating the command o unprotect aubmatic blocking in writer mode, peforming the flash
command sejuences other than the aubmatic blocking unprotect command sejuence, ard
performing te flash ommand segence n single a boot mode byspeciying an address n
the ROM aea(FLASHonly)

The folowing opeationscan be peformed evenif the ROM area isn aprotected state:

Using nstructionsplacel in the ROM areato loa the datatakenfrom theROM area

Using nstructionsplaced inall areas @ load the data t&en from areasother han the ROM
area

Using instructionsplacel in dl areasa make instructions brarch off to the ROM area

Performing PC trace (tlre are regictions) orbre& on the ROM ara in accordace with
EJTAG

Data traasfer of ROM areaby DMAC

TMP19A43 (rev2.0) 4-2 Various protecting functions
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4.2.3 DSU Protect

The DSU prdecting function is a furetion for invalidating the conrectionof DSU-probe toerahe third
partiesother thanthe userd readthe dbta ofa bult-in flasheasily

When SEQMOD register< DSUOFF >bit is "1", the DSU protecting becoea effective with FLASH
protected.

In the DSUOFF i, the flash wersion the maskversion, and he stateof the first stage ae "1. "It enters
the state of th®SU protecting asdng & the FLASHprotecting is alrays efective in he mask vesion,
ard the DSUOFFbit is na set t0"0" by the user pragram

It doesrit erter the state bthe DSU preecing if protectingis nd put on all Hocks of FLASH in the
flash version An initial state eters he sta¢ of the DSU potecting as wellasthe mask version when
FLASH is being protecied putting protecing on all blocks of FLASH.

(note)

The DSUOFFbit canbe accesseanly with the instruction pu on built-in ROM in the state bROM
data protectinglt is necesary to note it becase it isnecessy to put the progran of the DSU
protecting release obuilt-in ROM.

TMP19A43 (rev2.0) 4-3 Various protecting functions
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4.3 Protect Configuratio n and Protect S tatuses

CS_DMAC

19A43F ROMSEC1<RSECON> A bus error exception occurs

ROM Data protect

)

During a write of data from
areas other than internal

. If the bit is "1111"
Chip \  DSU prote ct ROM to the DMAC
Flash d protect func tion register
SEQMOD <DSUOFF> —/
Protect bit
FLCS<BLPRO3:0>
Fig. 4-1 Various Protect Statuses
Table 4-1 Protect Statuses in Each Mode

Protect bit settig FLCS<BLPRO 3:0> 1111 #1111
ROM protecterablebit ROMSEC1<RSECON> 1 0 Dont Care
DSU protect enableittSEQMOD <DSUOFF> 1 ] o 1 ] o Dont Care
Flash reagrotect status ON OFF
ROM protect status ON OFF OFF
DSU protect status ON OFF ON OFF OFF
Read offlash fran internal ROM ®) ©) ©) ©) ©)
Read offlash from areasotherthan irternd ROM x *1 x *1 ©) ©) ©)
Cleaing of ROM protecienable status (from R®) ®) ®) ©)
Cleaing of ROM protectenable status (fromreas %2 %2 o
other tharROM)
Cleaing of DSU protect endb status (from ROM) ®) ©) ®)

Single Cleaing of DSU protect endb status (from aas %3 o o

/single boot other tharROM)

mode Issuing of the cmmand to erasprotect bits x *4 x *4 O *8 O *8 )
Issuing of commands oth#tan the command to
erag potect bits x "5 x "5 x x A*9
Writing of datato the DMAC settingegister(from o o o o o
ROM)
Writing of datato the DMAC settingegister(from
areasotherthan ROM) x*6 x*6 O O O

*1: The dita ofaddess "OxBFCO_000" or "OxBFCO_0002" cabe read.

*2 . Stored data is masked.wiite to registers canhbe excuted (dtain registerscannot be clead).

*3: Stored data is masked.wite to registers canhbe executed (dtain registerscannot be clead).

*4 . A command adekss is masked, ancalh memaor does not recogre commands.

*5: A command adekss is masked, anchih memor does not recogre commands.

*6 : A bus errorexception ocurs (wken makingthe DMAC registesetting)

*7 . Becausearead d flash nemory is prohibited, canmands are notecognzed

*8 . Becausaread d flash memory is prohibited, issued conrmandsare conerted tothe command for erasng the whok flash
memory areaand theconmand for eragng al proted bits.

TMP19A43 (rev2.0) 4-4 Various protecting functions
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4.4 Register

Flashcortrol/statws regster
Thisregister shows the shtus of fladh memory being monitored and the block protectstatusof flagh memory.
Table 4-2 Flash Control Register

7 6 5 4 3 2 1 0
FLCS Bit Symbol BLPRO3 | BLPRO2 | BLPRO1 [ BLPROO ROMTYPE RDY/BSY
(OxFFFF_E520) | Read/Write R R R R R
After reset 0 0 0 0 0 0 0 1
by power-on 1) 1) 1) 1) 1)
Function Protect area setting (in units of 128 KB) "0" is ROM "0"is Ready/Busy
0000: All blocks unprotected read. identification bit | read. 0: In auto
xxx1: Block O protected operation
xx1x: Block 1 protected 0: Flash 1: Auto
x1xx: Block 2 protected 1: MROM operation
1xxx: Block 3 protected completed
(MASK : "1111") (MASK:"1")
15 14 13 12 11 10 9 8
Bit Symbol
Read/Write R
After reset 0 0 0 0 0 0 0 0
by power-on
Function
23 22 21 20 19 18 17 16
Bit Symbol
Read/Write R
After reset 0 0 0 0 0 0 0 0
by power-on
Function
31 30 29 28 27 26 25 24
Bit Symbol
Read/Write R
After reset 0 0 0 0 0 0 0 0
by power-on
Function

Bit 0: Reag/Busy flaghit
The RDY/BSY output is provided to identify the statis of auto operaton. This hit is afunctional
bit for monitoring this function by communicating with tle CPU. Ifflash memory is in auo
operation, "0" is output to show that flash memory is busy. As flash memory completes ato
opeation and goes into arealy state, 1" is output and thenext commandwill be acceted. If he

resut of auo operation is faulty, this bit cortinues  output "0." It returns to "1' upona hardware
reset.

(Note) Before issui ng a comma nd, make su re that flash memory isin a read y state.
If a command is issued w hen flash memory is busy, a right command ¢ annot
be generated and there is the possi bility that subsequent commands may not
be able to be input. In this cas e, you must r eturn to a norm al func tional state
by executing a system re set or issuin g a reset c ommand.

Bit 2: ROM type idertification bit
This bit is used to idertify the type of flash ROM or the type d mask ROM basel on the value

after areset.
Flash FOM: "0"
Mask ROM: "1"

Bit [7:4]: Pratect hit (x: A combination settirg can e made for eachblock)
The protect bit (4-bit) value comegponds © the protect status of ead block. If this bit is "1," the
correspndng block is in aprotectedstate A protectedblock cannad be overwritten.

TMP19A43 (rev2.0) 4-5 Various protecting functions
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Table 4-3 ROM Protect Register

7 6 5 4 3 2 1 0
ROMSEC1 Bit Symbol RSECON
(OXFFFF_E518) | Read/Write R R/IW
After reset by 0 1
power-on
Function "0" is always read. ROM protect
1: ON
0: OFF (see note)
15 14 13 12 11 10 9 8
Bit Symbol
Read/Write R
After reset by 0
power-on
Function "0" is always read.
23 22 21 20 19 18 17 16
Bit Symbol
Read/Write R
After reset by
power-on
Function
31 30 29 28 27 26 25 24
Bit Symbol
Read/Write R
After reset by 0
power-on
Function "0" is always read.

(Note)  This register is initializ ed only by power-on r eset in the FL ASH version.
The mask v ersion is usu ally initialized at eac h reset.

(Note) To access this registe r, 32-bit access is required.

TMP19A43 (rev2.0) 4-6 Various protecting functions
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Table 4-4 ROM Protect Lock Register
7 6 5 4 3 2 1 0
ROMSEC2 Bit Symbol
(OXFFFF_E51C) | Read/Write W

After reset Undefined
Function See note.

15 14 13 12 11 10 9 8
Bit Symbol
Read/Write W
After reset Undefined
Function See note.

23 22 21 20 19 18 17 16
Bit Symbol
Read/Write W
After reset Undefined
Function See note.

31 30 29 28 27 26 25 24
Bit Symbol
Read/Write W
After reset Undefined
Function See note.

(Note)

(Note)

(Note)
(Note)

If this re gister is se t to "0x0000_003D" after ROMSEC1<RSECON> is set, appropria te bit
values are a utomatically setin RO MSEC1<RSECON>.

If the ROM area is protec ted, the regi sters ROMSEC1 and ROMSEC2 can be acces sed only
by using the instruc tions residing in the ROM a rea.

To access this registe r, 32-bit access is required.

This registeris a write-only register . If itis r ead, values will be undefined.
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Table 4-5 DSU Protect Mode Register

7 6 5 4 3 2 1 0
SEQMOD Bit Symbol DSUOFF
(OXFFFF_E510) | Read/Write R R/IW
After reset 0 1
Function "0" is always read. 1: DSU disabled
0: DSU enabled
15 14 13 12 11 10 9 8
Bit Symbol
Read/Write R
After reset 0
Function "0" is always read.
23 22 21 20 19 18 17 16
Bit Symbol
Read/Write R
After reset 0
Function
31 30 29 28 27 26 25 24
Bit Symbol
Read/Write R
After reset 0
Function "0" is always read.

(Note) This register is initializ ed only by power-on r eset in the FL ASH version.

(Note) The mask version is usually initialized at each re set. To access this regis ter, 32-bit ac cess is

required.
Table 4-6 DSU Protect Control Register
7 6 5 4 3 2 1 0
SEQCNT Bit Symbol DSECODEO7 | DSECODEO6 | DSECODEO5 | DSECODE04 [ DSECODE03 | DSECODE02 | DSECODEO1 | DSECODEOO
(OXFFFF_E514) |Read/Write w

After reset 0
Function Write "0x0000_00C5."

15 14 13 12 11 10 9 8
Bit Symbol DSECODE15 | DSECODE14 | DSECODE13 | DSECODE12 [ DSECODE11 | DSECODE10 | DSECODEOQ9 | DSECODE08
Read/Write W
After reset 0
Function Write "0x0000_00C5."

23 22 21 20 19 18 17 16
Bit Symbol DSECODE23 | DSECODE?22 | DSECODE?21 | DSECODE20 [ DSECODE19 | DSECODE18 | DSECODE17 | DSECODE16
Read/Write W
After reset 0
Function Write "0x0000 00C5."

31 30 29 28 27 26 25 24
Bit Symbol DSECODE31 | DSECODE30 | DSECODE29 | DSECODE28 | DSECODE27 | DSECODE26 | DSECODE25 | DSECODE24
Read/Write W
After reset 0
Function Write "0x0000 00C5."

(Note) To access this registe r, 32-bit access is required.

(Note) Thisregisterisa write-only register . If itis r ead, values will be undefined.

TMP19A43 (rev2.0) 4-8 Various protecting functions
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4.5 Proted-related / Release Settings
If it is necessy to overwrite flash nemory or protect bits in a piotecied siate, "aubmatic protect bit dektion”
must be exeatedor the ROM protectfunction must bedisabled. DSU camotbeusd if it isin aprotecied sate.

Flash nemory may go inb aread-protectd state after thauomatic protect bt programis executed. In this case,
it is necessarya setDSU-PROBE to "eable" before the auomatic protect bt programis execued

(The mesk versionis possilde orly the release of R®I secuity, andthe protectingbit camot be rewritten)

If "aubbmatic protect bit deketion"” is exeaited when flah memory is in a real-protectel state, flah memory is
auomatically initialized inside ths device. Therefae, exra cation must be usedwhen switcling from one state
to aread-protectedtate. (FIASH only)

45.1 Flash Protect Function

The flashprotecting function cannot be releasaklivays efectively in themask vesion.
It beomes efecive byputting the block protecing on all of the four blocks in the flash version.

The flash memory command sguence ad protectbit progam commards areused to emabe or
disabk te flash read protect function. For further information, refer to the command segence
explained in the chater descibing the operdionsof flash memory.

(notes ®ncening FLASH version)

The protecting hit is cleared after all #n data 6 the flash is deleted when the prdecting bit release
command is xecutedwith the flash protectedand theflash protecting iseleased.

In the stateof ROM data protecting, &plains asfollows, the canmard execttion to the flashis
disregarded. It is ne@ssaryto release ®M dat protecing first clearng the RSECON bit of ROM
protecing register when the flashprotecting is releagbwith ROM proteced.

TMP19A43 (rev2.0) 4-9 Various protecting functions
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452 ROM data Protect

ROM data protecting is efective the flashprotecting ad becones dfective at ROM protecting
register ROMEC1<RSEON>="1",

After releasing reset, (hRSECONbit is initialized by "1". The flash protecting is sure © erter the
state & ROM data prdecting in the mask version afterreleasiny resebecatse it is always déctive.

It decideswhether to entethe stateof ROM dataprotecting by the sta¢ of the flashprotecting in the
flash vesion.

When ROM protecting regster is rewritterwith ROM data protected rewriting canbe execued only
from the progran put on built-in ROM. Therebre, it is necessary t@reparethe rele@e programof
ROM data protecting on built-in ROM.

ROMSEC1<RSECON>READ data
ROMSEC1<RSECON>wr ite data

D @ D 0 ROM protection
ROMSEC1<RSECON>wr i te: }
SD

CLK SD

O

Powon reset (FLASH)
reset (MASK)

reset

ROMSEG2 = 0x0000_003D

It is not possible to access it excluding built-in
ROM at the time of ROM data

ROM data protecting is rekased B settig ROM protecting regster ROMSECERSECON>"(0
when protecing is releasd, ard writing protecing mde “0x0000_00®" in ROM protecing lock
register ROMSEC2. Moreover, ROM dat protecing funcion can be setagan by similarly seting
ROM protectig regster FOMSECIKRSECON>“1" when ROM protecting is set, and writing
protecing code “0x0000_00®" in ROM protecing lock register ROMSEC2.

It is necessario note the ROMSEC?2 gister becase the readng data is dfferent from original write
data beauseof the register only for writing.

The initialization of ROM protecting regster isdifferert in the flashversion andthe maesk version.

It provides with the power-on resetircuit in the flashversion, ROM protecting regster isinitialized
by power-on reset ard the value doesnt usudly changen reset

It is usually intialized by reskin the nask version because powen resets not provided.

It is necessaryto note it in thanask verson because it isisually initialized at eab reset.

TMP19A43 (rev2.0) 4-10 Various protecting functions
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453 DSU Protec t

DSU data protecing is effective the flashprotecing and becomes efective atDSU proteding register
SEQMOD<RECON>="1"

After releasing reset, HDSUOFFhit is initialized by "1". The flash protecting is sue to erter the
state & DSU data prdecting in the mesk version after releasimgy resebecatse it is always déctive.

It decideswhether to entethe stateof ROM dataprotecting by the staé of the flashprotecting in the
flash vesion.

When DSUprotecting regdster is rewritterwith ROM data protected rewriting can beexecued ory
from the progran put on built-in ROM. Therebre it is necessary t@reparethe releae programof
DSU data prdecting on built-in ROM.

SEQMOD<DSUOFF>READ data
SEQMOD<DSUOFF>write data

D Q@ D @ DSU protection
SEQMOD<DSUOFF>wr i te } }
SD
CLK > SD

O
reset
Powon reset (FLASH)

reset (MASK)

SEQCNT = 0x0000_00C5 FLASH protedion

It is not possible to access it excluding built-in
ROM at the time of ROM data

DSU potecting is releasedby settig DSU potecting regster SEQMOD<DSUOFF>"0 when
protecting is releasedandwriting protecing coce “0x0000_00C5" in ROM protecing lock register
SEQONT. Moreover, DSU protecing function canbe setagan by similarly seting ROM protecing
register SEQMOD<DSUOFF>“1" when DSU proteding is set and writing potecing cale
“Ox0000_0@5" in DSU proteding lock register SEQCNT.

It is necessy to note theSEQCNT register becas the readng data is diferert from original write
dat beauseof the register only for writing.

The initialization of DSU protectirg regster is dfferert in the flashversion ard the mesk version

It provides with the paver-on resetcircuit in the flash version, DSU prdecting regster is initialized
by power-on reset ard the value doesnt usudly changen reset

It is usually intialized by resein the nask version because powen resets not provied.

It is necessaryto note it in themask verson because it isisually initialized at eab reset.

TMP19A43 (rev2.0) 4-11 Various protecting functions
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45.4 ROM Prote ct Register: ROMSEC1 <RSECON>

The ROM protect register is equipped with a paver-on reset circuit. Caution nmust be eercised aglat
read from the ROMSECX¥RSECON> it is dfferert from the actwally written data. How data is

processed is siwn below. The mask version is usualy initialized by reset thagh FLASH goads are
initialized by powveronreset.

Read data from ROMSEC1<RSECON>

Write data to ROMSEC1<RSECON>
D Q D Q ROM protect
ROMSEC1<RSECON>
write
CLK SD sb
O

O
Reset Power-on reset

ROMSEC2 = 0x0000_003D Flash read protect function

If the ROM is in a protected state, access from
areas other than the internal ROM is disabled.

455 DSU Protect Mode Reg ister: SEQMOD <DSUOFF>

The DSU protectmode rgister is equpped with a ppwer-on resetcircuit. Caution must be execised &
data readfrom the SEQMOD <DSUOFF*it is differert from the actually writtendata. Howv data is
processed is siwn below. The mesk version is usualy initialized by reset thagh FLASH goads are
initialized by poweronreset.

Read data from SEQMOD<DSUOFF>

Write data to SEQMOD<DSUOFF>
D Q D Q DSU protect
SEQMOD<DSUOFF>
write
CLK Sb SD
O

O
Reset Power-on reset

DSUSEC?2 = 0x0000_00C5 Flash read protect function

If the ROM is in a protected state, access from
areas other than the internal ROM is disabled.

TMP19A43 (rev2.0) 4-12 Various protecting functions
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5. Electrical Characteristics

The letter x in equations presented in this chapter represents the cycle period of the fsys clock selected
through the programming of the SYSCR1.SYSCK bit. The fsys clock may be derived from either the
high-speed or low-speed crystal oscillator. The programming of the clock gear function also affects the
fsys frequency. All relevant values in this chapter are calculated with the high-speed (fc) system clock
(SYSCR1.SYSCK = 0) and a clock gear factor of 1/fc (SYSCR1.GEAR[2:0] = 000).

5.1  Absolute Maximum Ratings

Parameter Symbol Rating Unit
Supply voltage Veeis (Core) - 0.3t03.0
Vee3  (1/0) -0.3t03.9
AVCC3 (A/D) -0.3t03.9 \
DAVCC  (D/A) -0.3to3.5
DVCC3 -0.3t03.9
Supply voltage V|N —0.3toVcc + 0.3 \
Low-level | per pin loL 5
output
current Total ZloL 50
. - mA
High-level |Per pin lon -5
output
current Total ZIOH 50
Power dissipation (Ta = 85° () PD 600 mw
Soldering temperature (10 8) |71 e 260 °C
Storage temperature TstG -40t0125 °C
Operating Exceptduring Flash W/E T -20 to 85 oc
Temperature | During Flash W/E OPR 0to 70
Write/erase cycles NEw 100 cycle

Vce15=DVCC15=CVCC15=CVCCH. Vcc3=DVCC3=CVCCL.
Vss=DVSS=AVSS=CVSS=DAGND

Note: Absolute maximum ratin gs are limiti ng values of operating and environ mental conditions which
should not be exceeded under the worst possible conditions. The equipment manufacturer
should design so that n o Absolute maximum ratin g value is exceeded with respect to current,
voltage, power dissipa tion, temperature, etc. Expos ure to co nditi ons beyond those listed above
may cause permanent damage to the device or affect de vice reliabili ty, which could increase
pote ntial risks o f personal i njury due to IC blowup and/or burning.

TMP19A43 5-1
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5.2 DC ELECTRICAL CHARACTERISTICS (1/3)
Ta=—20 to 85°C

Symbol Rating Min. Typ. Max. |Unit
Parameter
(Note 1)
DVCC15
1.35 1.65
AVCC3 = 3.3V CVCCH
Suppl CVCCH=DVCC15 DAVCC fosc = 8to10MHz 23 27
PPy DVCC3=CVCCL fs = 30kHzto34kHz
voltage \%
fsys = 15KHzto34KHz
_ _ DVCC3
CVSS=DVSS= 4MHzto40MHz 27 3.6
AVSS=DAGND=0V cveeL
P7to P8 ViL1 2.7V=AVCC3=3.6V 0.3 AVCC3
(Used as a port)
g Normal port ViLz 2.7V=DVCC3=3.6V 0.3 DVCC3
T
<
ol
=1 o -0.3 \%
S hmitt-T
g  |Schmit-Triggered Vi3 2.7V=DVCC3<3.6V 0.2 DVCC3
s port
5
«Q
@
X1 ViL4 1.35V<CVCCH £1.65V 0.1 CVCCH
XT1 ViLs 2.7V=CVCCL =3.6V 0.1 cvcCL

Note 1: Ta = 25°C, DVCC 15=1.5V,DVCC3= AVCC3=3.3V,DVCC=2.5V, unless otherwise noted

TMP19A43 5-2
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Ta=—20 to 85°C

Symbol Rating Min. Typ. Max. Unit
Parameter
(Note 1)
P7to P8
(Used as a port) ViH1 2.7V=XAVCC3=3.6V 0.7 AVCC3
Normal port
= DVCC3 +
T | Normal port ViH2 2.7V=DVCC3=3.6V 0.7 DVCC3 0.3
z .
3 DVCC15+
5 . 02 v
S [Schmit-Triggered Vinz 2.7VEDVCC3<3.6V 0.8 DVCC3 CvCCH+
S port 0.2
& CVCCL+0.3
X1 ViH4 1.35V=CVCCH=1.65V 0.9 CVCCH
XT2 ViH4 2.7VSCVCCL=3.6V 0.9 cvceL
Low-level output voltage VOL IOL =2mA DVCC3=22.7V 0.4 v
High-level output voltage VoH loH =—2mA DVCC3=2.7V 2.4

Note 1: Ta = 25°C, DVCC 15=1.5V,DVCC3= AVCC3=3.3V,DVCC=2.5V, unless otherwise noted
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5.3 DC ELECTRICAL CHARACTERISTICS (2/3)

Ta=—20 to 85°C

Parameter Symbol Rating Min. Typ. | Max. |Unit
(Note 1)
I 0.0 < V| =DVCC15
0.0 = vy =DVCC3
Input leakage current 0.0 < N <AVCC3 0.02 +5
0.0 = V| SDAvVCC
Lo 02 =V = DVCC15-0.2 hA

0.2 £ V) SDVCC3-0.2

Output leakage current 02 < Vi SAVCC3-0.2 0.05 +10
0.2 < V) SDAVCC-0.2

Pull-up resister at Reset RRST DVCC3=2.7Vt03.6V 20 50 150 | kQ
Schmitt-Triggered port VTH 2.7V=DVCC3=3.6V 0.3 0.6 \%
Programmable pull-up/
pull-down resistor PKH DVCC3 = 2.7V t03.6V 20 50 150 | kQ
Pin capacitance c fc = 1MHz

p 10 10 | pF

(Except power supply pins)

Note 1: Ta = 25°C, DVCC 15=1.5V,DVCC3= AVCC3=3.3V,DVCC=2.5V, unless otherwise noted

TMP19A43 5-4
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5.4 DC ELECTRICAL CHARACTERISTICS (3/3)

DVCC15=CVCCH=1.35Vt01.65V, CVCCL=DVCC3=AVCC3=2.7Vt03.6V,
DAVCC=2.3Vto2.7V

Ta=—20to 85°C

Parameter Symbol Rating Min. Typ. Max. [Unit
(Note 1)

NORMAL(Note 2): Gear = 1/1 fsys —40 MHz 50 74
IDLE(Doze) (Note 3) ( foee = 10 MHz) 20 29 mA
IDLE(Halt) (Note 3) 18 28
SLOW (Note 4) lcc fs = 32.768kHz 140 995 | pA
SLEEP (Note 4) fs = 32.768kHz 30 985 pA
STOP 27 980 pA

Note 1: Ta = 25°C, DVCC 15=1.5V,DVCC3= AVCC3=3.3V,DVCC=2.5V, unless otherwise noted

(notel) Icc NORMAL:

Measured with the CPU dhrystone operating ( DSU is excluded.), RAM, FLASH.

All functions operating. D/A and A/D excluded.

(note2) Icc IDLE:

Measured with all functions stoping.

(note3) Icc SLOW, SLEEP:

Measured with RTC on low-speed

Icc : The current where flows is included.

(DVCC15, DVCC3. CVCCH. CVCCL, AVCC3, DAVCC)

TMP19A43 5-5
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5.5 10-bit ADC Electrical Characteristics

DVCC15=CVCCH=1.35Vt01.65V, CVCCL=DVCC3=AVCC3=VREFH=2.7Vt03.6V,
DAVCC=2.3Vt02.7V,AVSS = DVSS ,Ta=—20t0 85C
AVCC3 load capacitanc= 3.3uF, VREFH load capacitanc= 3.3uF

Parameter Symbol Rating Min Typ Max Unit
Analog reference voltage (+) VREFH 2.7 3.3 3.6 \%
Analog reference voltage (-) VREFL AVSS AVSS AVSS \%
Analog input voltage VAIN VREFL VREFH \%
A/D conversion DVSS = AVSS = VREFL 4.5 5.5 mA
Analog supply IREF
Non-A/D DVSS = AVSS = VREFL
current ] +0.02 +5 uA
conversion
supply current {A/D conversion J— Non-IREF 3 mA
INL error AIN resistance =600Q 2 +3
AIN load capacitance < 30pF
DNL error Conversion time=1.15 ¢ s +1 +2
Offset error +2 +4
Fullscale error +2 +4
INL error AIN resistance =600Q +2 +3
AlIN load capacitance=0.1 u F
DNL error Conversion time=1.15u s +1 +2
Offset error +2 +4
Fullscale error +2 +4 LSB
INL error AIN resistance =1.3kQ +2 +3
AIN load capacitance=0.1 u F
DNL error Conversion time=1.15 s +1 +2
Offset error +2 +4
Fullscale error +2 +4
INL error AIN resistance =10kQ +2 +3
AIN load capacitance=0.1 i F
DNL error Conversion time=2.30 (1 s *1 +2
Offset error +2 +4
Fullscale error +2 +4
(Note 1) 1LSB = (VREFH - VREFL) / 1024[V]

TMP19A43 5-6
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5.6 8bit D/A Electrical Characteristics

DVCC15=CVCCH=1.35V to 1.65V,

CVCCL=DVCC3=AVCC3=2.7V to 3.6V,

DAVCC=2.3V to 2.7V
Parameter Symbol Rating Min Typ Max Unit

Analog reference voltage (+) DAVREF 2.3 25 2.7 Y,

<REFONn>=1
Analog 1 2 mA
supply n=0,1 IDREF

<REFONnN>=0
current +0.02 +5 pHA

n=0,1

supply current Icc 5 mA
Output current IDAO, IDA1 +1 mA
Range of output voltage DAO, DAl DAGND+0.3 DAVCC—0.3 \%
Fullscale error — +2 +3 LSB

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

1LSB = (DAVREF — DAGND) / 256[V]

IDREF current valu is in the Dual channel operation .

Load Maximum capacitance of each DAx pin is 100pF.

No guarantee about Relative accuracy in the Dual channel operation
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5.7 AC Electrical Characteristics

5.7.1 Multiplex Bus mode

(1) DVCC15=CVCC15=1.35Vt01.65V, AVCC3= 2.7V103.6V
DVCC3= 2.7Vto3.6V, DAVCC = 2.3Vto2.7V,Ta =—20t085°C

@ ALE width =1 clock cycle, 2programmed wait state

Equation 40 MHz
No. Parameter Symbol (fsys)(Note) | Unit
Min Max Min Max
1 | System clock period (x) tsys 25 ns
2 | AO-A15 VALID TO ALE LOW tAL x-11 14.0 ns
3| A0-A15 HOLD AFTER ALE LOW tLa X—8 17.0 ns
4 | ALE pulse width high L X—6 19.0 ns
5| ALElowto RD, WR or HWR tLc x—8 17.0 ns
asserted
6| RD, WR or HWR negated to ALE | tc_ x-8 17.0 ns
high
7 | AD-A15 valid to RD, WR or HWR | tacL 2x - 11 39.0 ns
asserted
8 | A16-A23 valid to RD, WR or HWR | tacH 2x - 11 39.0 ns
asserted
9| A16-A23 hold after RD , WR or | tcar x—11 14.0 ns
HWR negated
10 | AO-A15 valid to DO-D15 Data in tADL X (2 + TW+ALE) — 43 82.0 ns
11 | A16-A23 valid to DO-D15 Data in tADH X (2 + TW+ALE) — 43 82.0 ns
12 | RD asserted to DO-D15 data in tRD x (1+TW)-40 35.0 ns
13| rRo  width low tRR X (1+TW) -6 69 ns
14 | DO-D15 hold after RD negated tHR 0 0 ns
15 | RD negated to next AO-A15 output tRAE x- 6 19.0 ns
16 | WR/HWR  width low tww X(1+TW)-6 69.0 ns
17 | DO-D15 validto WR or HWR tpw X(1+TW)-11 64.0 ns
negated
18 [DO-D15 hold after WR or HWR | twp x-11 14.0 ns
negated
1g | AL6-A23 valid to WAIT input tAWH X+ X (ALE)+ x (TW- 3.0 o
1)—32
50 | A0-A15 valid to WAIT input tawL X+ X (ALE)+ x (TW- 3.0 -
1)—32
o1 WAIT hold after RD, WR or HWR | tcw x (TW - 3)-16 x (TW-1) - 29 90 26.0 ns
asserted

Note 1: No. 1to 21:
Internal 2 wait insertion , ALE “1” Clock, @40MHz
TW =W + 2N ,

W : Number of Auto wait insertion , 2N : Number of external wait insertion

TW=2+2*1=4

AC measurement conditions:

Output levels: High = 0.8DVCC3 V/Low 0.2DVCC3 V, CL = 30 pF

Input levels: High = 0.7DVCC3 V/Low 0.3DVCC3 V

TMP19A43 5-8
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@ ALE width = 1 clock cycles, 2 programmed wait state

Equation 40 MHz
Symb f Not .
No. Parameter e (fsys)(Note)  |unit
Min Max Min Max
1 | System clock period (x) tsys 25 ns
2 | A0-A15 VALID TO ALE LOW taL x-11 14.0 ns
3| A0-A15 HOLD AFTER ALE LOW tLa X—8 17.0 ns
4 | ALE pulse width high L X—6 19.0 ns
5| ALElowto RD, WR or HWR tLc X—8 17.0 ns
asserted
6| RD, WR or HWR negated to ALE | tc_ x—8 17.0 ns
high
7 | A0-A15 valid to RD, WR or HWR | tacL 2x - 11 39.0 ns
asserted
8 | A16-A23 valid to RD, WR or HWR | tacH 2x - 11 39.0 ns
asserted
9| A16-A23 hold after RD , WR or | tcar x-11 14.0 ns
HWR negated
10 | A0-A15 valid to DO-D15 Data in tADL X (2 + TW+ALE) — 43 82.0 ns
11 [ A16-A23 valid to DO-D15 Data in tADH X (2 + TW+ALE) - 43 82.0 ns
12 | R asserted to DO-D15 data in tRD X (1+TW) -40 35.0 ns
13 | rRo  width low {RR X (1+TW) -6 69 ns
14 | D0-D15 hold after RD negated tHR 0 0 ns
15 | RD negated to next AO-A15 output tRAE Xx—6 19.0 ns
16 | WR/HWR  width low tww X(1+TW) -6 69.0 ns
17 | DO-D15valid to WR or HWR tow X (1+TwW)-11 64.0 ns
negated
18 |D0-D15 hold after WR or HWR | twp x—11 14.0 ns
negated
- i i X+ X (ALE)+ x (TW-
19 A16-A23 valid to WAIT input tAWH (ALE)+ x ( 430 ns
1)—32
- i i X+ X (ALE)+ x (TW-
20 A0-A15 valid to WAIT input tAWL (ALE)+ x ( 430 ns
1)—32
WAIT hold after RD, WR or HWR | tcw x (TW - 3)-16 x (TW—1) - 29
21 9.0 46.0 ns
asserted

Note 1: No. 1to 21:
Internal 2 wait insertion , ALE “1” Clock, @40MHz

TW=W + 2N ,

W : Number of Auto wait insertion

TW=2+2*1=4

AC measurement conditions:

Output levels:

Input levels:

High = 0.7DVCC3 V/Low 0.3DVCC3 V

, 2N : Number of external wait insertion

High = 0.8DVCC3 V/Low 0.2DVCC3V, CL = 30 pF
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(1) Read cycle timingALE width =1 clock cycle, 1programmedwait state

5CLK/1BUS Cycle

InternalCLK /_\_
S1i S1 Sw S2 SO S1li

tLL
1T AL tcL /
ALE / S _/
LA
— - _'_ _‘_
ADO~15 = = = = -{ - A0~15 t— ------ -——— <\_ DO~15 _) ————— -
tADL
tADH tHR
— |
Al6~23 ) et
~ [7. Yo
g
fLc RR tcArR
tRAE
== 1 trRD '8
RD
X [
CS0-3 \ /
— _‘_
J— N _‘_
RIW / \
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(2) Read cycle timingALE width =1 clock cycle, 2programmedwait state

6CLK/1BUS Cycle

L

y tAL tcL
ALE ’ /_
LA
ADO-15 = = = o = A0-15 f-——————————— ----o Do P-=-=--- -
tADL
tADH tHR
|
A16~23 T
~ Yo
-
fLc RR fcAR
tRAE
— 1 trD A
RD \
I

(9]
%]
o
T
wl
|/|
~

RIW
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(3) Read cycle timingALE width =1 clock cycle, 4programmedwait state

8CLK/1BUS Cycle

InternalCL\ _\ \ \ \ \ \ \
we T\
wooss T | s Rrmmmmmmbommmm b mm e (ol )--m-- ]

™

> A

fow

RIW \

WAIT )
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(4) Read cycle timingALE width =2 clock cycle, 1programmedwait state

6CLK/1BUS Cycle

InternalCLK /_\_ /
sti Six s1 Sw s2 S0 sii

fLL

. TAL - fcL /
ALE _/ \
LA
— - — .‘_
ADO-15 = == = A0~15 )= ————— - ===~ Dou1p J==—==—- -
tADL
tADH tHR
N |
A16~23 ACH
~ IaC|
o
tLc tRR
tRAE
_ tRD v
RD /
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(5) Read cycle timingALE width =2 clock cycle, 4programmedwait state

9CLK/1BUS Cycle

Imerna\C& Six \ s1 \ Sw \ Sw \ SwEx\ Sw sz \ S0 Six
ALE \

ao0-15 | JPUTL A VN ISR N N R < ook > _____ -
AD16~232

\l

> A

fow
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(6) Write cycle timing, AL E width =2 clock cycles, z® wait state

5CLK/1BUS Cycle

\ L
|
taL - tcL
ALE j /
LA
|
ADO~15 = —-- ‘< A0~15 “_ D0~15 K
tbw twp
fACH v
AD16~23 taCl
fLc tww tcaR
'WR, HWR 3 ; I
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(7)  Write cycle timing, ALE width =1 clock cycles? wait state

6CLK/1BUS Cycle
Internal CLK /_\_ ’ \ \ \ \ /_\_
f
1 T Y - '
ALE j \ A
A
I
ADO-15 === -{ A5 i DO-15 K
tow two
tACH Y
AD16~23 Tac x
fLc | haw tead
VR AR i
|
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(8) Write cycle timing,ALE width =2 clock cycles4 wait state

9CLK/1BUS Cycle

fLL
y taL ¥ oL B
ALE
LA
|
ADO-15 - 14 A0-15 D0-15 K
|
I tow twp
T TACH
AD16~23 tac
Iic fww fcArR
WR, HWR 'N
fow
CS0-~3 _\ ’
RIW ’
TAWL/H
WAIT \( l
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5.7.2 Separate Bus mode

1)

DVCC15=CVCCH=1.35Vt01.65V, DVCC3=AVCC3=2.7Vt03.6V,
DAVCC =2.3 Vto2.7V, Ta= —20to 85°C

@ SYSCR3<ALESEL> =

“0”, 2 programmed wait state

Equation 40 MHz
No. Parameter S):)rlnb (fsys)(Note) | Unit
Min Max Min Max

1 |System clock period (x) tsys 25 ns

2 |A0-A23 valid to RD, WR or HWR | tac X(1+ALE) -11 39.0 ns
asserted

3 |A0-A23 hold after RD, WR or HWR | tcar x-11 14.0 ns
negated

4 |A0-A23 valid to DO-D15 Data in tAD X (2 + TW+ALE) - 43 82.0 ns

5 |RD asserted to D0-D15 data in tRD X (1+TW)-40 35.0 ns

6 |[RD  width low tRR X (1 +TW) —6 69.0 ns

7 |D0O-D15 hold after RD negated tHR 0 0 ns

8 |RD negated to next A0-A23 output tRAE x—6 19.0 ns

9 | WR/HWR  width low tww X (1 +TW) -6 69.0 ns

10 |WR or HWR asserted to DO-D15 valid| tpo 9.7 9.7 ns

11 [DO-D15 hold after WR or HWR | tpw X (1+TwW)-11 64.0 ns
negated

12 [D0-D15 hold after WR or HWR | twp x-11 14.0 ns
negated

13 [A0-A23 valid to WAIT input tAw X+X(A1L)E_):2X (Tw- 43.0 ns

14 WAIT hold after RD, WR or HWR | tcw x (TW - 3)-16 x(TW-1)-29 9.0 46.0 ns
asserted

Note 1: No. 1to 14:
Internal 2 wait insertion , ALE “1” Clock, @40MHz

TW =W + 2N

W : Number of Auto wait insertion

TW=2+2*%1=4

AC measurement conditions:

Output levels:

Input levels:

, 2N : Number of external wait insertion

High = 0.8DVCC3 V/Low 0.2DVCC3V, CL = 30 pF

High = 0.7DVCC3 V/Low 0.3DVCC3 V
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(M Read cycle timingSYSCR3ALESEL>= 0, 1programned wait state)

4CLK/1BUS Cycle

InternalCLK /_\_/_\_ / \ /
—_— S1 Sw S2 SO S1

tAD
_‘
A0~23 E Ul .
tHR
_'_ -
DO,__lS -—e s o s o e e = - o o e e s o o e . < D0~15 t ————— — e | —
tRR )I {CAR
IRAE
— 1 RD i
RD \
|
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(2) Read cycle timingSYSCR3ALESEL>= 1, 1programned wait state)

5CLK/1BUS Cycle

InternalCLK
- S1i S1 Sw S2 S0 Sli

X 4
tAD
’.
A16~23 E tAC 3
X - g
taD tHR
DO~l5 =+ =t = m m e m e e e — —— — e = - == < DO-15 }- ————— - =
RR tCAR
{RAE
== RD i
RD /
_\_ -
_'. _‘_
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(3)Read cycle tinmg SYSCR3<ALEEL> = 1, 4 exerrally generated wait states witN = 1)

8CLK/1BUS Cycle

DO~15 = | == = o - - - e - ——— - DO~15 >. _____ b

few

RIW

tAw

AT \ [
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(4)  Write cycle timing (SYSCRXALESEL> =1, zero wait sate)

4CLK/1BUS Cycle

r N 3
A0~23 AL K
A £
tow twp
_‘_
DO~15 == =% =g === —mdmmm—————— < DO~15 _}v---------
tbo
tww tcAr
— - -
WR, HWR |\ |
[
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(5)  Write cycle tming (SYSCR3<ALESEL> =1, 4 wait sate)

4CLK/1BUS Cycle
>

!
)

CS0-3 _\

X
tac
A0~23
tbw twb
_‘_
D0~15'--“-----'< D0~15 _)r ------------------------------- -———
fpo -—
ww tEAR
WR, HWR '\ 7
R/W _\ /
_\_ _‘.
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(6)  Write cycle timing (SYSCR3<ALESEL> = 1, 5wait state

4CLK/1BUS Cycle
—

X
tac
'.
A0~23
tbw twp
DO~15 r==+=—-=-—+ < D0~15 { ---------------------------- -—-——
tbo
Bww tcArR
WR, HWR '\ 7"
- .‘_
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5.8 Transfe

r with DMA Request

Thefollowing showsan exarple of atransfer betveen the on-chip RAM ard an exerral device in multiplex
busmode.

The

16-bit data buswidth, nonrecvery time

Level data transfermode

Trarsfer size d 16 bits, device port siz€d DPS)of 16 bits

Sourcedestindion: on-chp RAM/external device

fdlowing shows trarsfer ogeration timing of the a-chip RAM to an eternal bus during write

opeation (menory-to-menory trarsfer).

merel AN Hlyﬂlﬂl

DREQn

ADI[15:0]

ALE
HWR
LWR
CS

RIW

(2) Indicates
(2) Indicates

tDREQ; tDREQ.
e 2R

L T =

. 2DtDREQ_r
¥ orea RRARAR
—i Add Data: ) (Add Data ): Add ¥ iDataj | B
i '(N:-lltran:sfer: i EN:Ttra sfef | | i (N+Dtransfe | |

the condition under which Nth transfer is performed successfully.
the condition under which (N + 1)th transfer is not performed.
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DVCC15=CVCCH=1.35Vt01.65V, DVCC3=AVCC3=2.7Vt03.6V,

DAVCC =2.3 Vto2.7V, Ta = —20to85°C

Equation

40 MHz (fsys)

(on-chip RAM to external device transfer)

Unit
Parameter Symbol
DMin (@Max Min Max
RD asserted to DREQn negated tDREQ_r (W+1)x (2W+ALE+8)x 50 224 | ns
(external device to on-chip RAM transfer) —51
WR /HWR risingto DREQn negated tDREQ_w -(W+2)x | (5+WAIT)x—51.8 -75 982 | ns
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5.9 Serial Channel Timing

(1) /O Interface mode (DVCC3=2. 7Vto03. 6V)

In the table below, the letter x represents the fsys cycle period, which varies depending on the
programming of the clock gear function.

@ SCLK input mode (S100 to S102)

Svm Equation 40 MHz .
Parameter by | - a - Unit
0 Min Max | Min | Max
SCLK period tSCY [12x 300 ns
SCLK Clock High width(input) TscH [6x 150 ns
SCLK Clock Low width (input) TscL  [6x 150 ns
TxD data to SCLK rise or fall* tOSS [2x-30 20 ns
TxD data hold after SCLK rise or fall* tOHS [8x-15 185 ns
RxD data valid to SCLK rise or fall* tSRD (30 30 ns
RxD data hold after SCLK rise or fall* tHSR [2x+30 80 ns
* SCLK rise or fall: Measured relative to the programmed active edge of SCLK.
@ SALK output mode (SI00 to SI02
Svm Equation 40 MHz .
Parameter by | g Unit
0 Min Max Min Max
SCLK period tSCY [8x 200 ns
TxD data to SCLK rise or fall* tOSS [4x-10 90 ns
TxD data hold after SCLK rise or fall* tOHS [4x-10 90 ns
RxD data valid to SCLK rise or fall* tSRD (45 45 ns
RxD data hold after SCLK rise or fall* tHSR |0 0 ns
le tscy N
SCL N ~
SCK Output Mode
Active-Hig
SCL Input M
SCLK \
Active-Low SCK
Input Mode |
toss toHs
OUTPUT DATA X X X
TXD 0 1 2 3
) tHSR
> < —)—T(—
INPUT DATA X X X X X X X
RxD 0 1 2 3
VALID VALID VALID VALID
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5.10 High Speed Serial Channel Timing

(1) /O Interface mode (DVGC3=2.7V to 3.6V)

In the table below, the letter x represents the fsys cycle period, which varies depending on the
programming of the clock gear function.

D HSCLK input mode (HSI00 to HS102)

Svm Equation 40 MHz .
Parameter by | - a - Unit
0 Min Max | Min | Max
HSCLK period tSCY [12(x/2) 150 ns
HSCLK Clock High width(input) TscH [3x 75 ns
HSCLK Clock Low width (input) TscL  [3x 75 ns
TxD data to HSCLK rise or fall* tOSS  [2(x/2)-30 -5 ns
TxD data hold after HSCLK rise or fall* tOHS [8(x/2)-15 85 ns
RxD data valid to HSCLK rise or fall* tSRD (30 30 ns
RxD data hold after HSCLK rise or fall* tHSR [2(x/2)+30 55 ns
* HSCLK rise or fall: Measured relative to the programmed active edge of HSCLK.
® HSOLK output mode (HSIOO0 to HSI02)
Svm Equation 40 MHz .
Parameter by | - a - Unit
n ax n ax
Y M M M M
HSCLK period tSCY [8(x/2) 100 ns
TxD data to HSCLK rise or fall* tOSS [4(x/2)-10 40 ns
TxD data hold after HSCLK rise or fall* tOHS [4(x/2)-10 40 ns
RxD data valid to HSCLK rise or fall* tSRD (45 45 ns
RxD data hold after HSCLK rise or fall* tHSR |0 0 ns
le tscy N
SCL N -
SCK Output Mode
Active-Hig
SCL Input M
SCLK \
Active-Low SCK
Input Mode |
\togs ’ toHs
OUTPUT DATA X X X
T*D 0 1 2 3
tsSrRD tHsR
> < —>
INPUT DATA X X X X X X X
RxD 0 1 2 3
VALID VALID VALID VALID
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5.11  SBI Timing
(1) 12C mode

In the table below, the letters x represent the fsys periods, respectively.
n denotes the value of n programmed into the SCK (SCL output frequency select) field in the

SBIOCR.
Parameter Symbol Er_quanon St_andard mode Fe_tst mode Unit
Min Max Min Max Min Max
SCL clock frequency tSCL 0 0 100 0 400 kHz
Hold time for START condition tHD:STA 4.0 0.6 Ls
SCL clock low width (Input) (Note 1)  tLOW 4.7 1.3 s
SCL clock high width (Output) (Note 2) [tHIGH 4.0 0.6 Ls
Setup time for a repeated START|
" tSU;STA |(Note 5) 4.7 0.6 us
condition
Data hold time (Input) (Note 3, 4) tHD;DAT 0.0 0.0 s
Data setup time tSU;DAT 250 100 ns
Setup time for STOP condition tSU;STO 4.0 0.6 us
Bus free time between STOP and
" tBUF (Note 5) 4.7 1.3 S
START conditions
Note 1: SCL clock low width (output) is calculated with: (2™ +58)/(fsys/2)
Note 2: SCL clock high width (output) is calculated with (2" +12)/(fsys/2)

Notice: On I°C-bus specification, Maximum Speed of Standard Mode is 100KHz ,Fast mode is
400Khz. Internal SCL clock Frequency setting should be shown above Notel & Note2.

Note 3: The output data hold time is equal to 12x

Note 4: The Philips I°C-bus specification states that a device must internally provide a hold time of at least
300 ns for the SDA signal to bridge the undefined region of the fall edge of SCL. However, this
SBI does not satisfy this requirement. Also, the output buffer for SCL does not incorporate slope
control of the falling edges; therefore, the equipment manufacturer should design so that the input
data hold time shown in the table is satisfied, including tr/tf of the SCL and SDA lines.

Note 5: Software-dependent

< tscL N

rT g ttow tr  tHIGH reen re=
o l———>

v ! !
R { - .
scL 1 / _/ P\ fi '\
i 1 1 1 - N 1
i HD;STA  ISU;DA tHD;DAT isu;STA tsu;gt0 1 tBUF
s N !

SDA 1\ i Ea L
1 1 1 1 1 1
L o

..S h.s_r. ..F_,.

S: START condition

Sr: Repeated START condition
P: STOP condition

TMP19A43 5-29

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/6146805/tmp19a43fd.html

12
TOSHIBA TMP19A43 m%éfcem

(2) Clock-Synchronous 8-Bit SIO mode

In the tables below, the letters x represent the fsys cycle periods, respectively. The letter n
denotes the value of n programmed into the SCK (SCL output frequency select) field in the
SBIOCR1.

The electrical specifications below are for an SCK signal with a 50% duty cycle.

@ SCK Input mode

Svymb Equation 40 MHz )
Parameter y | - - Unit
0 Min Max | Min | Max
SCK period tSCY  |16x 400 ns
SCK Clock High width(input) TscH  [8x 200 ns
SCKClock Low width(input) TscH  [8x 200 ns
SO data to SCK rise tOSS  |(tSCY/2) — (6x + 20) 30 ns
SO data hold after SCK rise tOHS  |(tSCY/2) + 4x 300 ns
Sl data valid to SCK rise tSRD |0 0 ns
Sl data hold after SCK rise tHSR  |4x + 10 110 ns
@ SCK Output mode
Svymb Equation 40 MHz )
Parameter y | .q . Unit
0 Min Max | Min | Max
SCK period (programmable) tscy 2" T 800 ns
SO data to SCK rise toss (tscy/2) - 20 380 ns
SO data hold after SCK rise toHS (tscy/2) - 20 T380 ns
Sl data valid to SCK rise tSRD 2x + 30 55 ns
Sl data hold after SCK rise tHSR 0 0 ns

\ Iscy | t
t
scL \ % _

foss toHs
OUTPUT DATA X X X
S 0 1 2 3
tSrRD tHSR
— —)—1(—
INPUT DATA X X X X X X X
A 0 1 2 3
VALID VALID VALID VALID
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512 Event Counter

In the table below, the letter x represents the fsys cycle period.

Equation 40 MHz .
Parameter Symbol - - Unit
Min Max Min Max
Clock low pulse width tvVCKL 2X +100 150 ns
Clock high pulse width tVCKH 2X +100 150 ns
5.13 Timer Capture
In the table below, the letter x represents the fsys cycle period.
Equation 40 MHz .
Parameter Symbol . . Unit
Min Max Min Max
Low pulse width tcpL 2X + 100 150 ns
High pulse width tcpH 2X + 100 150 ns
5.14  General Interrupts
In the table below, the letter x represents the fsys cycle period.
Equation 40 MHz i
Parameter Symbol . . Unit
Min Max Min Max
Low pulse width for INTO-INTA tINTAL X + 100 125 ns
High pulse width for INTO-INTA {INTAH X + 100 125 ns
5.15 STOP /SLEEP/SLOW Wake-up Interrupts
Equation 40 MHz .
Parameter Symbol . . Unit
Min Max Min Max
Low pulse width for INTO-INTB tINTBL 100 100 ns
High pulse width for INTO-INTB tNTBH 100 100 ns
5.16  SCOUT Pin
Equation 40 MHz )
Parameter Symbol . - Unit
Min Max Min Max
Clock high pulse width tscH 0.5T -5 7.5 ns
Clock low pulse width tscL 05T- 5 7.5 ns

Note: In the above table, the letter T represents the cycle period of the SCOUT output clock.

SCOuUT

tscH

tscL
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5.17 Bus Request and Bus Acknowledge Signals

BUSRQ \

/

(Notel)

BUSAK

|

2

{C

ADO~AD15

2

- 1
_
AO~A23, 7 X____
5. WR =

(Note2)

tBAA

Cs0-Cs3, e i ~
R/W, HWR \

ALE

£C

[\

T

Equation 40 MHz )
Parameter Symbol . - Unit
Min Max Min Max
Bus float to BUSAK asserted tABA 0 80 0 80 ns
Bus float after BUSAK negated tBAA 0 80 0 80 ns

Note 1: If the current bus cycle has not terminated due to wait-state insertion, the
TMP19A43FDXBG does not respond to BUSRQ until the wait state ends.

Note 2: This broken line indicates that output buffers are disabled, not that the signals
are at indeterminate states. The pin holds the last logic value present at that pin
before the bus is relinquished. This is dynamically accomplished through external
load capacitances. The equipment manufacturer may maintain the bus at a
predefined state by means of off-chip restores, but he or she should design,
considering the time (determined by the CR constant) it takes for a signal to
reach a desired state. The on-chip, integrated programmable pullup/pulldown

resistors remain active, depending on internal signal states.
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5.18 KWUP Input

Equation 40 MHz .
Parameter Symbol - . Unit
Min Max Min Max
Low pulse width for KEY tkyta 100 100 ns
High pulse width for KEY tkyrgy 100 100 ns
5.19 Dual Pulse Input
Equation 40 MHz .
Parameter Symbol - . Unit
Min Max Min Max
Dual input pulse period Tdcyc 8Y 400 ns
Dual input pulse setup Tabs Y+20 70 ns
Dual inpu pulse had Tabh Y+20 70 ns
Y : fsys/ 2
A
Tabs
B ||: >
Tabh
Tdeyc
5.20 ADTRG input
Equation 40 MHz .
Parameter Symbol . . Unit
Min Max Min Max
Low pulse width for ADTRG tad, fsyz/02+ 325 ns
High pulse width for ADTRG Tadh fsyz/02+ 325 ns
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5.21 DSU
Equation 40 MHz )
Parameter Symbol . . Unit
Min Max Min Max
PCST valid to DCLK negated Tsetup 11 1 ns
PCST hold after DCLK negated Thold 0.5 0.5 ns
TPC valid to DCLK negated Tsetup 11 1 ns
TPC hold after DCLK negated Thold 0.5 0.5 ns
TPD valid to DCLK negated Tsetup 11 1" ns
TPD hold after DCLK negated Thold 0.5 0.5 ns
\ Ttclk |
L\ [\ [
Tsetu (Th+ld#
OUTPUT DATA
PCST,TPC,TPD 0 X ! X 2 X 3
5.22 EJTAG
Equation 10 MHz (3¢) .
Parameter Symbo | . . Unit
Min Max Min Max

TCK valid to TMS/TDI Data in Ttsetup 40 40 ns
TMS/TDI hold after TCK negated Tthold 50 50 ns
TDO hold after TCK asserted Tt&t 10 10 ns

¥ Operating Frequency of TCK is 10MHz Only

\ Ttelk |
t setup 5 {Thold
INPUT DATA X X X X X X X
TMS, TDI 0 L 2 3
VALID VALID VALID VALID
OUTPUT DATA X X
TDO.
[(—
trouT
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