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There are 5 type CPU core: 900, 900/L, 900/H, 900/L1, and 900/H2 in TLCS-900 series and they
are different from following points.
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The TLCS-900/L1 series has an original Toshiba high-performance 16-bit CPU. Combining the
CPU with various 1/0 function blocks (such as timers, serial 1/0s, ADs) creates broad possibilities
in application fields.

The TLCS-900/L1 CPU, being 16-bit CPU, has a 32-bit/16-bit register bank configuration,
therefore it is suitable as an embedded controller.
The TLCS-900/L1 CPU features are as follows :
(1) TLCS-90 extended architecture
Upward compatibility on mnemonic and register set levels

(2) General-purpose registers
All 8 registers usable as accumulator

(3) Register bank system
four 32-bit register banks

(4) 16M-byte linear address space ; 9 types addressing modes
(5) Dynamic bus sizing system

Can consist 8-/16-bit external data bus together
(6) Orthogonal instruction sets

8-/16-/32-bit data transfer/arithmetic instructions

16-bit multiplication/division
16 16 to 32-bits (signed/unsigned)
32 16 to 16-bits: remainder 16-bits (signed/unsigned)

Bit processing including bit arithmetic

Supporting instruction for C compiler

Filter calculations: multiplication-addition arithmetic, modulo increment instruction
(7) High-speed processing

Pipeline system with 4-byte instruction queue buffer

32-bit ALU




TOSHIBA

-3 ., 9

The 900/L1 has only system mode.
In system mode, there are no restrictions on using instructions or registers.

The CPU resources effective in system mode are as follows:

(1) General-purpose registers
Four 32-bit general-purpose registers 4 banks
Four 32-bit general-purpose registers (including system stack pointer: XSP)
(2) Status register (SR)
(3) Program counter (PC): 32 bits
(4) Control register: parameter register for micro DMA, etc.
(5) All CPU instructions
(6) All built-in 1/O registers

(7) All built-in memories
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Figure 3.1.1 illustrates the format of registers.

Four 32-bit general-purpose registers 4 banks
Four 32-bit general-purpose registers
32-bit program counter

Status register

Register mode changing

The <MAX> bit in status register (SR) is initialized to 1 and set to Maximum mode by
resetting. The 900/L1 has only Maximum mode.

Stack Pointer

The stack pointer (SP) is provided for only System mode (XSP). The System stack pointer
(XSP) is set to 100H by resetting.
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In maximum mode, the following four 32-bit general-purpose registers consisting of 4
banks can be used. The register format in a bank is shown below.

Four 32-bit registers (XWA, < < - >
XBC, XDE, and XHL) are — I 7
general-purpose registers and 1<0 - =0 o
can be used as an accumulators 1= Z 5_’ 5
and index registers. They can 19 - S
also be used as 16-bit registers 1 : !6
(WA, BC, DE, and HL), in which 1
case, the lower 16 bits of the 32- - /#$ 8 56, %7

bit registers are assigned.

16-bit registers can be used as accumulators, index registers in index addressing mode,
and displacement registers. They can also be used as two 8-bit general-purpose registers
(W, A, B, C, D, E, H, and L) to function for example as accumulators.

, 3#3 ,
The TLCS-900 series has four 32-bit general-purpose registers (X1X, X1Y, X1Z, and XSP).
The register format is shown below.

These registers can also be

used as accumulators, index : ; >
f— . —

registers, and displacement

registers. They can be used H @
either as 16-bit, or 8-bit registers. 1(: &
Names when registers are used 1 @
as 8-bit registers are listed later.

Stack Pointer

The XSP register is utilized for stack pointer. It is used when the interrupt is occured or
CALL, RET instruction are executed. The stack pointer (XSP) is set to 100H by resetting.
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The status register contains flags indicating the status (operating mode, register format, etc.) of
the CPU and operation results. This register consists of two parts. The upper byte of the status
register (bits 8 to 15) indicates the CPU status. The lower byte (bits O to 7) are referred to as the
flag register (F). This indicates the status of the operation result. The TLCS-900 series has two
flag registers (F and F’). They can be switched using the EX instruction.

(1) Upper Byte of Status Register

B &

> (++ (++ (++ 01 /+ /+ /+

1. SYSM (System Mode)

Indicates the CPU operating mode, system or normal. 900/L1 has only system mode.

_ e o

* "t $ 5 % *% "t $ 6

2. IFF2 to IFFO (Interrupt mask Flip-Flop2 to 0)
Mask registers with interrupt levels from 1 to 7. Level 7 has the highest priority.

Initialized to 111 by reset.

9 #3 % 4 % % ]
9 #3% 4 % ,%

9 #3% 4 %%

9 #3% 4 %% :

9 #3004 & %%

9 #3 % 4 B %% :

9 #3 % 4 % ,%

9 #3 % 4 D *5 " 8 #36:

Any value can be set using the El instruction.

When an interrupt is received, the mask register sets a value higher by 1 than the
interrupt level received. When an interrupt with level 7 is received, 111 is set. Unlike with
the TLCS-90 series, the El instruction becomes effective immediately after execution.
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3. MAX (MINimum/ MAXimum)

Bit used to specify the register mode which determines the sizes of the register banks and
the program counter.

Initialized to 1 (maximum mode) for 900/L1 by reset.

The minimum mode is not support for 900/L1. Therefore, do not write 0 to this bit.

4. RFP2 to RFPO (Register File Pointer2 to 0)

Indicates the number of register file (register bank) currently being used. Initialized to
000 by reset.

The values in these registers can be operated on using the following three instructions.
RFP2 is fixed to 0 in maximum mode. It remains O even if an attempt to change it to 1
using following instructions.

LDF imm ;RFP imm (0 to 3)
INCF ;RFP RFP 1
DECF ;RFP RFP 1

(2) Flag Register, F
D ’ B &

> 7 - /<

1. S (Sign flag)

1 is set when the operation result is negative, 0 when positive.

(The value of the most significant bit of the operation result is copied.)
2. Z (Zeroflag)

1 is set when the operation result is zero, otherwise 0.
3. H (Half carry flag)

1 is set when a carry or borrow from bit 3 to bit 4 occurs as a result of the operation,
otherwise 0. With a 32-bit operation instruction, an undefined value is set.

4. 'V (Parity/over-flow flag)
Indicates either parity or overflow, depending on the operation type.

Parity (P): 0 is set when the number of bits set to 1 is odd, 1 when even.
An undefined value is set with a 32-bit operation instruction.

Overflow (V): 0 is set if no overflow, if overflow 1.
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5. N (Negative)
ADD/SUB flag

0 is set after an addition instruction such as ADD is executed, 1 after a subtraction
instruction such as SUB.

Used when executing the DAA (decimal addition adjust accumulator) instruction.
6. C (Carry flag)

1 is set when a carry or borrow occurs, otherwise 0.

Read and write process of status register
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The program counter is a pointer indicating the memory address to be executed next.

In maximum mode, the program counter consists of 32 bits. The size of the program area
depends on the number of the address pins that the product has. With 24 address pins (AO
to A23), a maximum program area of 16 Mbytes can be accessed as a linear address space.
In this case, the upper 8 bits of the program counter (bits 24 to 31) are ignored.

PC after reset

The 900/L1 reads a value of a reset vector from a vector base address by reset and sets
the value into a program counter. Then, program after the vector specified by the program
counter are executed.

The vector base address is depending on products. They are given below.

7 = 0$$ ,
++++ 5DC 6 ++++
5 BC 6 e+ [4 # $$ J
5 ( 76 ++++
. B , 5 /6

The control registers consist of registers used to control micro DMA operation and an
interrupt nesting counter. Control registers can be accessed by using the LDC instruction.

Control registers are illustrated below.
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EFC , $ , "5 6 4 '

For micro DMA, refer to Chapter 4 TLCS-900/L1 LSI Devices.
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Register banks are classified into the following three types.
Current bank registers
Previous bank registers
Absolute bank registers
The current bank is indicated by the register file pointer, <RFP>, (status register bits 8 to 10).
The registers in the current bank are used as general-purpose registers, as described in the

previous section. By changing the contents of the <RFP>, another register bank becomes the
current register bank.

The previous bank is indicated by the value obtained by subtracting 1 from the <RFP>. For
example, if the current bank is bank 3, bank 2 is the previous bank. The names of registers in
the previous bank are indicated with a dash (WA', BC’, DE’, HL’). The EX instruction (EX A,A’)
is used to switch between current and previous banks.

All bank registers, including the current and previous ones, have a numerical value (absolute
bank number) to indicate the bank. With a register name which includes a numerical value
such as RWO0, RAQ, etc., all bank registers can be used. These registers (that is, all registers)
are called absolute bank registers.

The TLCS-900 series CPU is designed to perform optimally when the current bank registers
are operated as the working registers. In other words, if the CPU uses other bank registers, its
performance degrades somewhat. In order to obtain maximum CPU efficiency, the TLCS-900
series has a function which easily switches register banks.

The bank switching function provides the following advantages:
Optimum CPU operating efficiency
Reduced programming size (Object codes)

Higher response speed and reduced programming size when used as a context switch
for an interrupt service routine.

Bank switching is performed by the instructions listed below.
LDF imm : Sets the contents of the immediate value in <RFP>. imm: 0 to 3
INCF . Increments <RFP> by 1.
DECF . Decrements <RFP> by 1.

The immediate values used by the LDF instruction are from 0 to 3. If a carry or borrow occurs
when the INCF or DECF instruction is executed, it is ignored. The value of the <RFP> rotates.
For example, if the INCF instruction is executed with bank 3, the result is bank 0. If the DECF
instruction is executed with bank 0, the result is bank 3. Note that careless execution of the
INCF or DECF instruction may destroy the contents of the register bank.
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Example of Register Bank Usage

The TLCS-900 series registers are formatted in banks. Banks can be used for processing
objectives or interrupt levels. Two examples are given below.

<Example 1> When assigning register banks to interrupt processing routines.

Register bank 0 Used for the main program and interrupt processing other than
that shown below.

Register bank 1 Used for processing INTO .
Register bank 2 Used for processing timer 0.
Register bank 3  Used for processing timer 1.

For example, if a timer 1 interrupt occurs during main program execution, processing
jumps to a subroutine as follows. PUSH/POP processing for the register is unnecessary.

LDF 3 ; Sets register bank to 3.

RETI ; Returns to previous status including <RFP>,

<Example 2> When assigning register banks to their appropriate interrupt level nesting.
( # ( #3 ( #3

79 ( 79 ( 79 (

- (% 4 1 "3 % #3 1 $ % #
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The register access code is formatted in a varied code length on byte basis. The current bank
registers can be accessed by the shortest code length. All general-purpose registers can be
accessed by an instruction code which is 1 byte longer. General-purpose registers are as
follows.

1. General-purpose registers in current bank

G< 56 <06 GO El <OF < 5< 06 0
G= 56 = 6 G E1 = F = 5= 6
G 56 96  G9 El 9F 5 9% 9
G 5G 6 G El F 5 6

56 C< $ , o8 6

EF C , $ B 6

2. General-purpose registers in previous bank

G<i 56 <O0i6 GOj El <OiF <i 5< Oib Oi
G=j 56 =16 G | El = (F =) 5= 6 j
G i 5G 906 G9i El 9iF i 5 9i6 9i
G i 5G i 6 G| E1l iF i 5 i6 i

G(1 56 (1 6 G(1 El (1F (1 5( 16 a
G(> 56 (> 6 G(> El (>F (> 5( >6 (>
G(? 5G (2 6 G(? El (?F (? 5( 26 (?
G 5G 6 G E1 F 5 6
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4. Absolute bank registers

G< 56<0 6 GO El<O F /< 5/<0 6 /0
G= 5G= 6 G El= F /= 5/= 6 /
G 5G9 6 G9 E1 9 F / 5/ 9 6 /9
G 5G 6 G E1l F / 5/ 6 /
G< 56<0 6 GO El<O F /< 5/<0 6 /0
G= 5G= 6 G El= F /= 5/= 6 /
G 5G9 6 G9 E1 9 F / 5/ 9 6 /9
G 5G 6 G E1l F / 5/ 6 /
G< 56<0 6 GO El<O F /< 5/<<0 6 /0
G= 5G= 6 G El= F /= 5/= 6 /
G 56 9 6 G9 E1 9 F / 5/ 9 6 /9
G 5G 6 G E1l F / 5/ 6 /
G< 5G<0 6 GO El<O F /< 5/<0 6 /0
G= 5G= 6 G El= F /= 5/= 6 /
G 5G 9 6 G9 E1 9 F / 5/ 9 6 /9
G 5G 6 G E1l F / 5/ 6 /
56 (< $ "5
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The TLCS-900/L1 series has nine addressing modes. These are combined with most instructions
to improve CPU processing capabilities.

TLCS-900/L1 series addressing modes are listed below. They cover the entire TLCS-90
addressing modes.

- 0$$ "8 3
/ ,
R
|/, $ 5 ,6
&: / , $ 5 6
3 § -
B: / , $ 5 6
3 .
($1 5, $6
5 , $°76
D / , $! 5, , 6
5 , 76
0 # 5 6
5 $$ $6 5 76
5 &6
/ 4 5 $6
5 $ 6

, . All 8-bit registers such as W, A, B, C, D, E, H, L, etc.
, . All 16-bit registers such as WA, BC, DE, HL, IX, 1Y, 1Z, SP, etc.
, . All 32-bit registers such as XWA, WBC, XDE, XHL, XIX, XIY, XIZ, XSP, etc.
,. All 32-bit registers such as XWA, WBC, XDE, XHL, XIX, XIY, XIZ, XSP, etc.
$ : 8-bit displacement ( 80H to 7FH)
$ ”: 16-bit displacement ( 8000H to 7FFFH)
: 8-bit constant (O0H to FFH)
”: 16-bit constant (0000H to FFFFH)
: 32-bit constant (00000000H to FFFFFFFFH)

- t/ 4 %3 8 *#E S % , # ¢
o/ 272/ 2-?2 $ 0O/
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(1) Register Addressing Mode
In this mode, the operand is the specified register.
Example: LD HL, IX

4]
o —

The IX register contents, 1234H, are loaded to the HL register.

(2) Immediate Addressing Mode
In this mode, the operand is in the instruction code.
Example: LD HL, 5678H

, 8
/\/
5 $ 6
B’D<T_D
B”
/\/

The immediate data, 5678H, is loaded to the HL register.
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(3) Register Indirect Addressing Mode
In this mode, the operand is the memory address specified by the contents of the register.
Example 1: LD, HL, (XIX)

TN
I“ O 0%$3% &B’D (—-;
]
10 PR - |""| L 0$$ &B’D i
| ]
i N i

Memory data, 2233H, at address 345678H is loaded to the HL register.

Example 2: LD HL, (XBC)

1= & B ° D |____

/\/
& & B Bie \ 4 BB 0$$ &B’D -
L &&
/\/

If a bank register (XWA, XBC, XDE, or XHL) is used for addressing, the values of bits 0 to 23
are output to the address bus.
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