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 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. 

 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. 

 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. 

 TOSHIBA does not take any responsibility for incidental damage (including loss of business profit, business
interruption, loss of business information, and other pecuniary damage) arising out of the use or disability to 
use the product. 

 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. 

 The products described in this document are subject to foreign exchange and foreign trade control laws.
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1. Overview 

These sample programs support the TLCS-870/C1 Series of microcontrollers. 
The sample programs are provided to perform various self-diagnostic tests. You can reuse any 
part of these programs to suit your testing needs.  

  
2. About the Sample Programs 

Each sample program is provided in C language and assembly language versions. 
  

- C language: 
A sample program written in C is comprised of two source files (tml.c and tml.h). Pick 
out and use desired functions and declaration statements to suit your needs.   
Please note that memory-related tests (0x55/0xAA RW test, March-c test) may not run 
as intended depending on the compiler to be used. Be sure to check the compiled 
assembler list.  

  
- Assembly language: 

A sample program written in assembly language is comprised of two source files 
(ml.asm and tml.h). Pick out and use desired modules and declaration statements to 
suit your needs.  
Modules written in assembly language were prepared with consideration given to 
interfacing with C programs. To call a module in assembly language from a source file in 
C, use the function type “__adcel”.  

  
2.1 RAM Memory Test (0x55,0xAA R/W Test) 

0x55 and 0xAA are written to and read from specified RAM addresses (excluding the stack 
area). 

  
2.2 RAM Memory Test (March-C Test) 

March-C test patterns are applied to specified RAM addresses (excluding the stack area). 
March-C test patterns are defined as follows: 

- Write 0 to all specified addresses. 
- Read 0 and write 1 over the entire address area by incrementing the target address.  
- Read 1 and write 0 over the entire address area by incrementing the target address.  
- Read 0 and write 1 over the entire address area by decrementing the target address. 
- Read 1 and write 0 over the entire address area by decrementing the target address. 
- Read 0 from specified addresses.  

  
2.3 Checksum Calculation 

A checksum is calculated by adding up the bytes in the specified memory area. A checksum 
value is represented in 16 bits.  
Checksum calculation can be used to check the integrity of RAM/ROM data and to detect 
errors in data transmission/reception.  
In case the order of bytes is altered, checksum calculation cannot detect this error as the 
checksum value will be the same. 
To achieve a higher degree of error detection accuracy, CRC or other method is 
recommended.  
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        *adr   = 0xaa;                              /* The writing in check of 0xaa, 0x55 */
        *(adr+1) = 0x55; 
        if ((*adr == 0xaa) && (*(adr+1) == 0x55)){ 
        }else{ 
            err = TML_ERROR;                        /* set error */ 
        } 
 
        *adr = data_backup[0];                      /* restore of the data */ 
        *(adr+1) = data_backup[1]; 
 
        adr+=2; 
    } 
 return (err); 
} 

     

  
  

Usage example 
1 
2 
3 
4 
5 

/******************************************************************** 
* Example : tml_ram_test_cb 
********************************************************************/ 
    /* 0x100 ~ 0x110 check! */ 
    error = tml_ram_test_cb((unsigned char *)0x0100, 0x0010); 
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Usage example 
1 
2 
3 
4 
5 
6 
7 

;******************************************************************** 
;* Example : .tml_ram_test_cb 
;******************************************************************** 
; 0x100 ~ 0x110 check!! 
 LD WA,0x0100 
 LD BC,0x0010 
 CALL .tml_ram_test_cb 
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    /* The W/R check of "0" from the address lower rank / the lower rank bit */ 
    for (i=0;i<byte;i++){ 
        if(TML_ERROR ==bitchk_r1_w0(stop_adr-i)){ 
            err = TML_ERROR;                         /* set error */ 
        } 
    } 
 
    /* The check area is the confirmation of ALL"0" */ 
    for (i=0;i<byte;i++){ 
        if (*adr != 0x00){ 
            err = TML_ERROR;                         /* set error */ 
        } 
        adr++; 
    } 
 
    return(err); 
} 

  -Internal functions- 
1 
2 
3 
4 
5 
6 
7 
8 
6 
7 
8 
9 
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11 
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18 
19 
20 
21 
22 
23 
24 
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28 
29 
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/*--------- static function (uses at tml_ram_test_marchc()) -----------*/ 
/* 
********************************************************************* 
* NAME  : bitchk_r0_w1 
*-------------------------------------------------------------------- 
* PARAMETER  : PARAMETER 1  address pointer 
* 
* RETURN VALUE : error (TML_ERROR:error / TML_NO_ERROR:no error) 
* DESCRIPTION  : W/R check of "1"  
* 
********************************************************************* 
*/ 
#pragma optimize_off bitchk_r0_w1       /* optimization restraint */ 
static BOOL bitchk_r0_w1(volatile unsigned char *adr) 
{ 
    BOOL err = TML_NO_ERROR;            /* set no error */ 
 
    if (*adr != 0x00){                  /* all "0" check */ 
        err = TML_ERROR;                /* set error */ 
    } 
     
    *adr |= 0x01;                       /* set of the 0th bit */ 
    if (*adr != 0x01){ 
        err = TML_ERROR;                /* set error */ 
    } 
    *adr |= 0x02;                       /* set of the 1st bit */ 
    if (*adr != 0x03){ 
        err = TML_ERROR;                /* set error */ 
    } 
    *adr |= 0x04;                       /* set of the 2nd bit */ 
    if (*adr != 0x07){ 
        err = TML_ERROR;                /* set error */ 
    } 
    *adr |= 0x08;                       /* set of the 3rd bit */ 
    if (*adr != 0x0F){ 
        err = TML_ERROR;                /* set error */ 
    } 
    *adr |= 0x10;                       /* set of the 4th bit */ 
    if (*adr != 0x1F){ 
        err = TML_ERROR;                /* set error */ 
    } 
    *adr |= 0x20;                       /* set of the 5th bit */ 
    if (*adr != 0x3F){ 
        err = TML_ERROR;                /* set error */ 
    } 
    *adr |= 0x40;                       /* set of the 6th bit */ 
    if (*adr != 0x7F){ 
        err = TML_ERROR;                /* set error */ 
    } 
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    *adr |= 0x80;                       /* set of the 7th bit */ 
    if (*adr != 0xFF){ 
        err = TML_ERROR;                /* set error */ 
    } 
 
    return(err); 
} 
 
 
/* 
********************************************************************* 
* NAME  : bitchk_r1_w0 
*-------------------------------------------------------------------- 
* PARAMETER  : PARAMETER 1  address pointer 
* 
* RETURN VALUE : error (TML_ERROR:error / TML_NO_ERROR:no error) 
* DESCRIPTION  : W/R check of "0"  
* 
********************************************************************* 
*/ 
#pragma optimize_off bitchk_r1_w0       /* optimization restraint */ 
static BOOL bitchk_r1_w0(volatile unsigned char *adr) 
{ 
    BOOL err = TML_NO_ERROR;            /* set no error */ 
 
    if (*adr != 0xFF){                  /* all "1" check */ 
        err = TML_ERROR;                /* set error */ 
    } 
 
    *adr &= 0xFE;                       /* clear of the 0th bit */ 
    if (*adr != 0xFE){ 
        err = TML_ERROR;                /* set error */ 
    } 
    *adr &= 0xFD;                       /* clear of the 1st bit */ 
    if (*adr != 0xFC){ 
        err = TML_ERROR;                /* set error */ 
    } 
    *adr &= 0xFB;                       /* clear of the 2nd bit */ 
    if (*adr != 0xF8){ 
        err = TML_ERROR;                /* set error */ 
    } 
    *adr &= 0xF7;                       /* clear of the 3rd bit */ 
    if (*adr != 0xF0){ 
        err = TML_ERROR;                /* set error */ 
    } 
    *adr &= 0xEF;                       /* clear of the 4th bit */ 
    if (*adr != 0xE0){ 
        err = TML_ERROR;                /* set error */ 
    } 
    *adr &= 0xDF;                       /* clear of the 5th bit */ 
    if (*adr != 0xC0){ 
        err = TML_ERROR;                /* set error */ 
    } 
    *adr &= 0xBF;                       /* clear of the 6th bit */ 
    if (*adr != 0x80){ 
        err = TML_ERROR;                /* set error */ 
    } 
    *adr &= 0x7F;                       /* clear of the 7th bit */ 
    if (*adr != 0x00){ 
        err = TML_ERROR;                /* set error */ 
    } 
 
    return(err); 
} 
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Usage example 
1 
2 
3 
4 
5 

/******************************************************************** 
* Example : tml_ram_test_marchc 
********************************************************************/ 
    /* 0x100 ~ 0x110 check!! */ 
    error = tml_ram_test_marchc ((unsigned char *)0x0100, 0x0010); 
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ram_mc_step_4:    ;  
 CAL .bitchk_r1_w0  ; 1-Read / 0-Write : error output is B 
 CMP HL,WA   ; End 
 J T,ram_mc_step_5  ; then jp 
 INC WA   ; Addess increment 
 J ram_mc_step_4 
 
;***** 1-write from upper address  ****** 
ram_mc_step_5: 
 PUSH DE 
 LD DE,HL   ; DE:End Adddress 
 POP HL   ; HL:Start Address 
 LD WA,DE   ; WA:End Address 
ram_mc_step_6: 
 CAL .bitchk_r0_w1  ; 0-Read / 1-Write : error output is B 
 
 CMP WA,HL   ; End 
 J T,ram_mc_step_7  ; then JP 
 DEC WA   ; Addess decrement 
 J ram_mc_step_6  ; 
 
;***** 0-write from lower upper  ****** 
ram_mc_step_7:    ; 
 LD WA,DE   ; WA:End Address 
 
ram_mc_step_8:    ;  
 CAL .bitchk_r1_w0  ; 1-Read / 0-Write : error output is B 
 CMP WA,HL   ; End 
 J T,ram_mc_step_9  ; then JP 
 DEC WA   ; Addess decrement 
 J ram_mc_step_8 
 
;***** All 0 check  ****** 
ram_mc_step_9: 
 
 LD WA,DE   ; WA:End Address 
ram_mc_step_10: 
 CMP (HL),0   ; data == 0  
 J T,ram_mc_step_11 ;  then JP 
 LD B,TML_ERROR  ; Error 
ram_mc_step_11: 
 CMP WA,HL   ; finish ? 
 J T,ram_mc_step_12 ;  then JP 
 INC HL   ; Addess increment 
 J ram_mc_step_10 
 
ram_mc_step_12: 
 LD A,B   ; Areg:return 
 
 POP DE   ; Restore DE 
 POP HL   ; Restore HL 
 RET 

           -Internal functions - 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 

;/*--------- static function (uses at tml_ram_test_marchc()) -----------*/\ 
;*************************************************** 
;* NAME  : bitchk_r0_w1 
;*-------------------------------------------------- 
;* PARAMETER    : WAreg.  address pointer 
;* RETURN VALUE : Breg. error infomation(TML_ERROR:error / TML_NO_ERROR:no error) 
;*************************************************** 
.bitchk_r0_w1: 
 LD IY,WA 
 CMP (IY),0y00000000  ;all "0" check 
 J T,W1_1 
 LD B,TML_ERROR  ;set error 
W1_1: 
 SET (IY).0   ;set of the 0th bit 
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 CMP (IY),0y00000001 
 J T,W1_2 
 LD B,TML_ERROR  ;set error 
W1_2: 
 SET (IY).1   ;set of the 1st bit 
 CMP (IY),0y00000011 
 J T,W1_3 
 LD B,TML_ERROR  ;set error 
W1_3: 
 SET (IY).2   ;set of the 2nd bit 
 CMP (IY),0y00000111 
 J T,W1_4 
 LD B,TML_ERROR  ;set error 
W1_4: 
 SET (IY).3   ;set of the 3rd bit 
 CMP (IY),0y00001111 
 J T,W1_5 
 LD B,TML_ERROR  ;set error 
W1_5: 
 SET (IY).4   ;set of the 4th bit 
 CMP (IY),0y00011111 
 J T,W1_6 
 LD B,TML_ERROR  ;set error 
W1_6: 
 SET (IY).5   ;set of the 5th bit 
 CMP (IY),0y00111111 
 J T,W1_7 
 LD B,TML_ERROR  ;set error 
W1_7: 
 SET (IY).6   ;set of the 6th bit 
 CMP (IY),0y01111111 
 J T,W1_8 
 LD B,TML_ERROR  ;set error 
W1_8: 
 SET (IY).7   ;set of the 7th bit 
 CMP (IY),0y11111111 
 J T,W1_END 
 LD B,TML_ERROR  ;set error 
W1_END: 
 RET 
 
 
 
 
;*************************************************** 
;* NAME  : bitchk_r1_w0 
;*-------------------------------------------------- 
;* PARAMETER    : WAreg.  address pointer 
;* RETURN VALUE : Breg. error (TML_ERROR:error / TML_NO_ERROR:no error) 
;*************************************************** 
.bitchk_r1_w0: 
 LD IY,WA 
 CMP (IY),0y11111111  ;all "1" check 
 J T,W0_1 
 LD B,TML_ERROR  ;set error 
W0_1: 
 CLR (IY).0   ;clear of the 0th bit 
 CMP (IY),0y11111110 
 J T,W0_2 
 LD B,TML_ERROR  ;set error 
W0_2: 
 CLR (IY).1   ;clear of the 1st bit 
 CMP (IY),0y11111100 
 J T,W0_3 
 LD B,TML_ERROR  ;set error 
W0_3: 
 CLR (IY).2   ;clear of the 2nd bit 
 CMP (IY),0y11111000 
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 J T,W0_4 
 LD B,TML_ERROR  ;set error 
W0_4: 
 CLR (IY).3   ;clear of the 3rd bit 
 CMP (IY),0y11110000 
 J T,W0_5 
 LD B,TML_ERROR  ;set error 
W0_5: 
 CLR (IY).4   ;clear of the 4th bit 
 CMP (IY),0y11100000 
 J T,W0_6 
 LD B,TML_ERROR  ;set error 
W0_6: 
 CLR (IY).5   ;clear of the 5th bit 
 CMP (IY),0y11000000 
 J T,W0_7 
 LD B,TML_ERROR  ;set error 
W0_7: 
 CLR (IY).6   ;clear of the 6th bit 
 CMP (IY),0y10000000 
 J T,W0_8 
 LD B,TML_ERROR  ;set error 
W0_8: 
 CLR (IY).7   ;clear of the 7th bit 
 CMP (IY),0y00000000 
 J T,W0_END 
 LD B,TML_ERROR  ;set error 
W0_END: 
 RET 

 

Usage example 
1 
2 
3 
4 
5 

;******************************************************************** 
;* Example : .tml_ram_test_marchc 
;******************************************************************** 
; 0x100 ~ 0x110 check!! 
 LD WA,0x0100 
 LD BC,0x0010 
     CALL .tml_ram_test_marchc  ; Areg=0 then OK: 
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 POP DE   ; Restore DE 
 POP HL   ; Restore HL 
 RET 

*) The initial value and polynomial can be modified by rewriting lines 19 and 40, respectively. 
 
 

Usage example 
1 
2 
3 
4 
5 
6 
7 

;******************************************************************** 
;* Example : .tml_crc 
;******************************************************************** 
; 0x100 ~ 0x110 
 LD WA,0x0100 
 LD BC,0x0010 
 CALL .tml_crc 
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* 
********************************************************************* 
*/ 
unsigned int tml_crc_fast(const unsigned char *s,unsigned int byte) 
{ 
  unsigned int crc=0xffff;  /* first value */ 
     while(byte-- > 0){ 
        crc = crc_table[((crc>>8) ^ *s++) & 0xff] ^ (crc<<8); 
     } 
     return crc; 
} 

*) The initial value can be modified by rewriting line 54.  
 

Usage example 
1 
2 
3 
4 
5 

/******************************************************************** 
* Example : tml_crc_fast 
********************************************************************/ 
    /* 0x100 ~ 0x110 */ 
    crc = tml_crc_fast((unsigned char *)0x0100, 0x0010);    
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 PUSH HL   ; Stack on HL 
 PUSH DE   ; Stack on DE 
 LD IX,WA   ; IXreg. = Address 
 LD WA,0xffff  ; first data 
 CMP BC,0x0   ; if length=0 
 J T,tml_crc_f4  ; then JP 
 DEC BC   ; length decrement 
 LD IY,BC   ;  
tml_crc_f1: 
 LD E,(IX) 
 LD D,0 
 INC IX   ; Address increment. 
 LD HL,WA   ; HLreg = CRC 
 LD B,8   ; shift 8 times. 
tml_crc_f2: 
 SHRC H   ; right shift 
 RORC L   ; 
 DEC B   ; shift end ? 
 J ne,tml_crc_f2  ; else JP 
 XOR HL,DE 
 AND HL,0x00FF 
 SHLCA HL   ; Table data size adj. 
 ADD HL,crc_table   
 
 LD B,0x8   ; shift 8 times. 
tml_crc_f3: 
 SHLCA WA   ; reft shift 
 DEC B   ; shift end ? 
 J ne,tml_crc_f3  ; else JP 
 
 XOR WA,(HL)   ; WAreg = CRC 
 
 CMP IY,0   ; finish ? 
 J T,tml_crc_f4  ;  then JP 
 DEC IY   ; length decrement 
 J tml_crc_f1  ;  
tml_crc_f4: 
 POP DE   ; Restore DE 
 POP HL   ; Restore HL 
 RET 

 

Usage example 
1 
2 
3 
4 
5 
6 
7 

;******************************************************************** 
;* Example : .tml_crc_fast 
;******************************************************************** 
; 0x100 ~ 0x110 
 LD WA,0x0100 
 LD BC,0x0010 
 CALL .tml_crc_fast 
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5. Supplementary Information 
 
5.1 Numeric Representation 

The numeric representation used in this document is based on UNIX as shown below. 
- A binary number is represented as a string of 0s and 1s starting with 0y or 0Y.   
- A hexadecimal number is represented as an alphanumeric string starting with 0x or 0X and comprising 
0-9, A-F and a-f.  

- A decimal number is represented as a numeric string not starting with 0, 0x, 0X, 0y, or 0Y and 
comprising 0-9.   

 
5.2 Glossary 
 

CRC  : Cyclic Redundancy Check. An error detection method capable of detecting consecutive 
errors (burst errors). Various types of CRC are available, including CRC(8), CRC(16) and 
CRC(32). The sample programs use CRC-CCITT.  

 
Checksum : An error detection method for data transmission/reception. A checksum is calculated by 

adding up all the bytes in each specified block of data. It is used to check the integrity of 
memory data. 


