


























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































TOSHIBA INTEGRATED CIRCUIT 
TMP8048PI, TMP8035PI 

(9) Reset 

TECHNICAL DATA 

Stack Pointer 
/ 

! C ! AC I Fa ! BS 11 is 2 Is 1 I so 

MSB I I! LSB 
1 _______ 11 

Saved in stack area Spare ("I" during Read) 
at the time of Sub-
routine Call. 

Bits 0 - 2 
Bit 3 

Stack Pointer Bits(SO, 51, 52) 
Kot used ("1" level when read.) 
Working Register Bank Switch Bit 
(BS) 

Bit 4 

Bit 5 

Bit 7 

Flag 0 (fO) 

Carry (C) flag which indicates that the ?re,"oous 
operation has resulted in the accumulator. 
(el 

The reset input provides a means for initialization or the processor. 
This Schmitt trigger input has an internal pullup registor which in 
combination with an external �l�~�F� capacitor provides an internal reset 
pulse sufficient length to guarantee that all internal logic 1S 

initialized. 

IHl 

r-'-O-...Jv'I/Y--lv-
F
---1

1
--......q RESET 
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TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA TMP8048PI, TMP8035PI 

If the pulse is generated externally the reset pin must be held at ground 
(~0.5V)for at least 50mS after the power supply is within tolerance . 

• Reset performs the following functions within the chip: 

( i) 
(ii) 
( iill 
(iv) 
(v) 

(vi) 
(vii) 
(viii) 
(ix) 
(x) 

(xi) 

Sets PC to Zero. 
Sets Stack Pointer to Zero. 
Selects Register Bank O. 
Selects Memory Bank O. 
Sets BUS (DBO - DB 7) to high impedance state. 
Sets Ports I and 2 to input mode. 
Disables interrupts (timer and external). 
Stops Timer. 
Clears Timer Flag. 
Clears FO and Fl. 
Disables clock output from TO. 

(10) Oscillator Circuit 

(Except when EA 

TI:?8J48 can be operated by the external clock input in additio:1 to 
crystal oscillator as shown belo~. 

+5\' 

2 T.J:/.J... 1 

.....-_..+-_...:3,. XTAL 2 3 XTAL 2 
~--~~--~---y 

20 pF l 

2. Basic Operation and Timing 

The following basic operations and timing are explained 
(1) Instruction Cycle 
(2) External Memory Access Timing 
(3) Interface with I/O Expander TMP8243P 
(4) Internal Program Verify (Read) Timing 
(5) Single Step Operation Timing 
(6) Low Power Stand-by Mode 

-715-
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TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA TMP8048PI, TMP8035PI 

(1) Instruction Cycle 

The instructions of TMP8048 are executed in one or two machine cycles, 
and one machine cycle contents of five states. 

Fig.4 illustrates its relationship with the clock input to CPU. 

62 clock shown in Fig.4 is derived to outside by ENTO CLK instruction. 

ALE can be also used as the clock to indicate the machine cycle as well 
as giving the external address latch timing. 

(2) External Memory Access Timing 

(i) Program Memory Access 

TMP8048 programs are excuted in the following three modes. 

(1) Execution of internal program only. 
(2) Execution of ~oth external and i~ternal ?rogra~s. 
(3) Execution of externa: progra~ o~iy. 

The external program memory is accessed (instructions are fetched) 
aG:or::atically whE::": ::he i::t€!'"~a: RO~: E~~!'"ess is ex(:ee~e~ i:l r:~::!~ (2' 

T~e contents of the 12-bit program counter will be output on BUS(DBO -
DB7) and the lower 4-bits of Port 2. 
Address Latch Enable (ALE) will indicate the time at which address is 
valid. The trailing edge of ALE is used to latch the address 
externally. 
Program Store Enable (PSEN) indicates that an external instruction 
fetch is in progress and serves to enable the external memory device. 
BUS (DBO - DB7) reverts to Input mode and the processor accepts its 
8-bit contents as an Instruction Word. 

Figure 5 illustrates the timing. 

(ii) Access of External Data Memory 

. In the extended data memory access operation during READ/WRITE cycle the 
following occurs 

The contents of RO Rl is output 
ALE indciates address is valid. 
latch the address externally. 

onto BUS (DBO - DB7). 
The trailing edge of ALE is used to 

A read RD or write WR pulse on the corresponding output pins indicates 
the type of data memory access in progress. Output data valid at trail­
ing edge of WR and input data must be valid at trailing edge of RD. 
Data (8-bits) is transferred over BUS. 
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TOSHIBA INTEGRATED CIRCUIT 
TMP8048PI, TMP8035PI 

Xl,\l.1 lnpn! 

(6MHz) 

¢1 
(2MHz) 

Generated 
internally cj>2 

State 

ALE 

(400KHz) 

P20-P23 

DBO - DB7 

ALE 

TECHNICAL DATA 

1 
Instruction 

Fetch 

(500ns) 

1 State 

2 

Decode 
3 

Execution 

(2.5)1 sec) 

Fig.4 Instruction Cycle Timing 

Address 

4 5 1 
Execution Execution 

r= Next Address Latch Timing 

Address Address 

Instruction 

~~I --~\~~I~I --~\~~II~~L 
Fig. 5 Timing of External Program Memory Access 
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TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA TMPB048PI, TMP8035PI 

Program Address Data Address Program Address 

DBO - DB7 

Instruction 

ALE 

RD (WR) 

\ I 
PSEN 

\ I \ r 
External Data Memory Access Instruction 

5ugg~st we have diagrans 

~\ 
Read n >.'rite 

Al.E A!..E 

BUS BUS 8--< Data )-
RD 

\ I 
WR 

\ I 

Fig.6 Timing of Accessing External Data Memory 
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TOSHIBA INTEGRATED CIRCUIT 
TMP8048PI, TMP8035PI TECHNICAL DATA 

Figure 6 illustrat~s the timing of accessing the external data memory 
during execution of external program. 

(3) Interface with I/O Expander (TMP8243P) 

EA 

The TMP8048 I/O can be easily expanded using the TMP8243 I/O Expander. 
THis device uSeS only the lower half 4-bits of Port 2 for commuication 
with the TMP8048. The TMP8243 contains four 4-bit I/O ports which serve 
as extensions of one chip I/O and are addressed as Ports (4-7). All 
communication takes place over the lower half of port 2 (P20 - P23) with 
timing provided by an output pulse on the PROG pin. Each transfer consists 
of two 4-bit nibbles the first containing the "OP Code" and port 
address and the second containing the actual 4-bits of data. 

+12V r-__________________________________________________ __ 

oJ 
/f -

RESET OV _______ '?'f-___ ~.lf 
DBO- DB7 

P20, P21 

Input of Internal 
PD~ Address 

Output of Internal 
R(,~ Dc.:a 

Input of Internal 
R'J~~ Acdress 

\/ i __ .... c: ~7'.te.Ll.al 

____ I_:-_.?_;J_t_c_-_~_:::_::_::_E_:::--_ .. _c._:_?_':_~_:_A_::_C_::_e_E_s _______ -JJ\;~;~-~ddress 

Fig.7 Timing of Rpadin~ Internal Program Hernor" 

sv 

SV 10K 
55 

10K R~ 
SV D 

S 
Q S5 

F-L 74 

T Q R 

ALE 

Fig.8 (a) Single Step Circuit 
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TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA TMPB048PI, TitPB035PI 

Reading of Internal Program Memory 

The processor is placed in the READ mode by applying +l2V to the EA pin and 
OV to the RESET pin. The address of the location to be read is then 
applied to BUS and the low order 2-bits of Port 2. The address is latched 
by a 0 to 1 transition on RESET and the high level causes the contents of 
program memory location addressed to appear on the eight lines of BUS. 

Figure 7 illustrates the timing diagram for this operation. 

(5) Single Step Operation. 

A single step feature useful for debug can be implemented by utilizing a 
circuit shown in Figure 8 (a) combined with the SSpin and ALE pin. 

A D-ty£E' flip flop with set and reset is used to generate S5. In the run 
mode 5S is held high by keeping the flip flop set. To enter single step, 
set is remo\( d allowing ALE to bring 55 low via reset input. The next 
instruction is started by clocking a "1" into the FF which will not appear 
on S5 unlp,,~ ,\LE is high removing reset. In response to SS going high 
the proce""o.· begins an instruction fetch which brings ALE low resetting 
~r a3d ca~~~~~ ~~e pr0cessor to again e~ter th~ stopped state. 

The timing diagt",[·. i" this case is as shown in Figure 8 (b). (EA 5V) • 

_;-.'i: .OJO-...·c:- :-.'""'=-3~-'S ;-',:"5 .)t't,.--. ,--;::ga7"~:2~,~ ... , & ... i.ov; p.)\oi2r to be rer. . .:n",·ed frot:'. a:l 
but the volatile, (lit x:; d"ta RAil array. In pO\~er (lawn mode the contents 
of data RAH can be ma''1tainE'd while drawing :.ypical1y 10 - 15% of normal 
operating power requ~1~mel1ls. 

vee serves as the 5V supply ior th" bulk of the TMP8CJ48 w~ile the VDD 
supplies only the RAM array. In standby mode vee is reduced to OV but VDD 
is kept at 5V. Applying a low level to reset inhi.bits any access to the 
RAJ>! by the processor and guarantees that RA}.j cannot be inadvertently 
a] t ered as power is rem:wed from vee. 

ss~ 

ALE 

DBO - DB7 

P20 -P23 

\ / L __________ J For two 

________ ~--~---,Instruction Inputr-________ ~--~-------i---nstruction 

Addres s (PC) >-0 ('--...:A.:.:d~d..:r..:e::..s s __ (:.:,P..;C_+_l )=--______ _ 

Address (PC) ~ ___ A_d_d_r_e_s_s __ (P_C_+_l_) ________ _ 

Port20 -23 
Data 

Fig.8(b) Single Step Operation Timing 
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TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA 

INSTRUCTION 
ACCLlf1ULATOR INSTRlICTlON 

1 . 

1 Mnemonic 

I ADD A, Rr 
1 

IADD A,@Rr 

! 
I ADD A,!!Data 
I 
IADDC A,Rr 
i 
IADDC A,@Rr 
I 

I 
IADDC A,d!Data 

I 
IANL A,Rr 
I 

IAl'llL A,@Rr 
I 
!ANL A,i:Data 

lORL A,Rr 
I 
IORL A,@Rr 

!XRL A,@Rr 

I 

IXRL A,#Data 
I 
I INC A 
iDEC A 
I CLR A 
I CPL A 
IDA A 
I 
I SI-IAP A 

I 
I 

1 Instruction Code 1 
!D7!D6!DSID4ID3!D2!DIIDOI Operation 

1 

IBytes 

0111 110111 rl rl rl(A)<-(A)+(Rr) I 1 
I I I I I 1 I I Ir= 0-7 I 
! 01 11 II O~ 01 01 01 rl(A)<-(A)+«Rr» I 
I I I I ! ! I I I r = 0, 1 I 
! o! 01 01 O! O! 01 II II(A)<-(A)+Data 
: d71 db 1 dSI d41 d3! dzl dIldO I 

I 2 

i 01 I! II II II rl rl rl(A)<-(A)+(Rr)+(C) 
I I I I I I I Ir= 0-7 

01 II 11 11010101 rl(A)<-(A)+«Rr»+ 
I I I I I I (C) 
I I I I I I r = 0, 1 

10: 01 O! 11 O! 01 II II(A)<-(A)+Data+(C) 
!d7!d6IdSld4Id3Id2Id1IdOI 

1 

I 

101 I! 01 11 11 rl rl rl(A)<-(A) and (Rr) 
I! I ! I I I I ir= 0-7 I 
I O[ 11 01 11 01 01 01- rl(A)<-(A)and «Rr» I 
! 1 I 1 I I I I r = 0, 1 
10: 110,110: 0: 11 1!(A)(-(A) and Data 
'd7 d6'd5 d~ d3'd:'c1'dO' 

o Ii 0 0, II r: r! rl(A)<-(A) or (Rr) 
I :! Ir=0-7 

10: 1: 0' 01 O! 0' 0' rl(A)(-(A) or «Rr»1 
r:;;;: '_'. 

_ \ ...... ) -'!-.' __ lJ2t.:: 3. 

-- -- c..: __ 

I" r :- (.;.) :-'..;: :::::z '\:\.r/ 

III Ir= 0-7 I 
I I! 1101 I! 01 O! 01 rl(A)<-(A) EOR«Rr»I 
I I I I I I I I I r = 0, 1 I 
111 1101 II O! 0111 11(A)(-(A) EOR Data I 
!d7Id6IdS!d4!d31d2IdlldOI I 

010101 1101 1111 11(A)<-(A)+1 
010: 01 0: 01 11 1! 11(A)<'-(A)-1 
01 oi 110: 0: 1: 11 11(A)<-0 
O! 01 11 I' 01 11 11 l!(A)<-NOT (A) 

O! 110111011111 11Decimal Adjust 
I I I I I I I IAccumu1ator 

01 11010101 11 11 11(A4-7)->(AO-3) 
I I I I I I I I <-
I I 1 I I I I I 
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2 

2 

1 
1 

TMPB04BPI, TMPB035PI 

I . I Flag I 
I Cycles ICTAC 1 
I I I 0: 0 I 
I I I I 
I I 0 I 0 I 
I I I I 
I 2 0: 0 I 
I I! 
I 0 I 0 I 
I I I 
! 0 I o! 
I I I 
I I I 
1 2 0 I o! 
I I I 
I -I -I 

2 

2 

1 
1 
1 
1 

I I 
-I -I 

I I 

I _: _I 

i I 
I -I -! 

I 1 
-I -I 

I I 
-I -I 

1 I 
-I -I 
-I -I 
-I -I 
-! -I 
01 -I 

I I 
-I -I 

I 1 

I I 



TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA 

I Mnemonic I Instruction Code I Operation 
I ID7ID6iDS1D4ID3ID2!DIIDOI 
!RL A I 1 I 1 I 1 I 01 01 1 ! 1 I II(An+l)<-(An) 
I I I I I I I I I n ~ 0-6 

I I I i I I I I I (AO)<-(A7) 
: RLC A 1 1 ! 1 I 1 I 1 I 01 1 I 1 I 11 (An+1)<-(An) 
1 I I I 1 I I I n ~ 0-6 
I I I 1 I I(C)<-(A7) 

I I I I I (AO)<-(C) 
IRR A I O! 1 I 1 I 1 I 01 1 ! 1 I 11 (An)<-(An+1) 

I I I I I i ! n ~ o - 6 
I I I I I i I (A7)<-(AO) 
IRRC A O! 1 ! 1 ! 0: 01 1 : 1 1 11 (An)<-(An+)) 
I I I I I I I I n = 0-6 
1 I I I I I (C)<-(AO) 

I I I ! (A7)<-(C) 

Input/Output Instruction 
Instruc~i8~ Code 

jD7:D6;DS D4,D3iD2IDl,DO: C?era!:ion 

: Ir-; A ,Pp 1 0 I O! 0: O! 1 1 0 I pip! (A) < - (Pp) 
1 1 I I I I I P = 1, 2 

o I] 110'?' P'(?~)/-(A) 

I 1 
I 
I 
I 
I 
1 

, 
iBytes 

'ORL Pp,J'Data 1 1: 0' 0' 0: 1 i 01 pj pi (ppl<-(Pp)or Data 2 
! Id71d6idSid4id31d2idlidOI P = 1,2 
IINS A,BUS ! 01 0: 01 01 110101 OI(Al<-(BUS) 
loun BUS,A I 01 01 01 01 01 01 11 01 (BUS)<-(A) 
[ANL BUS,lIDatal 110101 11 110101 OI(BUS)<-(BUS) and 2 
1 Id7!d6IdS!d4Id3Id2!dlldO! Data 
IORL BUS,iiDatal 11010101 11 O! 01 01 (BL'S)<-(BUS) or 2 

Id7!d6!dS[d4!d3!d2Idl!dO:Data 
IHOVD A,Pp 10101 O[ 01 11 11 pi pl(AO-3)<-(Pp) 
I I I I I I I I I (A4-7) <-0 
1 Ii! I I I IIp=4-7 
IHOVD Pp,A 01 01 11 11 11 11 pip I (Pp)<-(AO-3) 
I I I I 1 I I IIp=4-7 
IANLD Pp,A 110101111111 pi p[(ppl<-(Ppland 
I I I I I I I I I (AO- 3) 
I I I I I I I IIp=4-7 I 
IORLD Pp,A 110101011111 pi pi (pp)<-(Pp)orCAO-3) I 
I I I I I 1 1 I Ip=4-7 I 
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TMP8048PI, TMP8035PI 

I I Flag 1 
I Cycles ICTACI 

I 1 1 -I -I 
I I I I 
! I I I 
I I - i -I 

1 I I 
I I 
I I 
1 -I -I 
I 1 I 
I I I 
I -I -I 
1 I 
I I 
I 1 

! Flag l 
C::c:les-CAc , 

2 I -I -I 
I I I 

2 

2 i - -I 
I I 

2 I -I -I 
2 ! -I -I 
2 I -I -I 

I I I 
2 I -I -I 

1 I 
2 -I -I 

I I 
I I 

2 -I -I 
I I 

2 -I -I 
I 1 

1 I 
2 -I -I 

I 1 



TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA 

RcgistPr Instruction 

Hnemonic I Instruction Codt' I Operation :Bytes ID7 i D6!DSID4!D3!D2!DIIDOI 
INC Rr I o i 0: 01 II I I rl rl rl (Rr)<--(Rr)+1 I I 

I I I I i I I I r = 0 - 7 I 
INC :ORr 0 0: 01 I I 01 01 01 r I ( (Rr ) ) < - ( (Rr ) ) + I I 

I I I I ! I r = 0, I I , 

DEC Rr I! I' 01 01 II rl r! rl (Rr)<--(Rr)-I I 
I I 

, 
I I I r = 0 - 7 I 

Branch Instruction 
! Mn~monic I InstructIon Code : Operation IBytes 

-:-:-::~--:-:-__ I D7'D6!DS!D4D3ID2!DI'DOI I 
!JM}' Address la10:a91a81 01 01 1101 01 (PCO-7)<--(aO-71 1 
I la7 la6 IaSla4Ia3!a2IallaO! (PC8-10)<--(a8-10) I 

i ! I 1 I : I I I I (pClll<--DBF 
I JHPP @A 
:DJ:--iZ Rr, 
!Addr-ess 

IJZ Address 

I 

IJNZ Address 

IJTO Address 

IJNTO Address I 
1 1 

I I 
I I 
IJTl Address I 
I I 
I I 
I I 
! JNTl Addres s I 

I I 
I I 
I I 

I I 0 I I I I I 0 I 0 I I I 1: (p CO-7) (-- ( (A) ) 
1 1 1 I I! 0 II! r I r I r 1 (Rr) < -- (Rr )-1 

a7:a6!a5'a4 Ia3 a21311a01if Rr not 0 
I i (PCO-7)<--(aO-7) 

l' l' o l' I' 0 (!'cO-il'--(an-71 

i l , ifC=1 
a7Ia6!aS!a4!a3'a2'allaO I (pC) = (PC)+2 

I I I if C = 0 
c l' 0 (!'CO-7)"-(20-7') 

l' Ii 0' O. 0: 1, 110 (PCO-71<,--(aO-7) 
a7ia6!aS 1 a4:a3Ia2IallaO!if (A) = 0 

! 1 ! il' 1 I (pC)<--(PC)+2 
I I I I if (A) .NEQ.O 

110101 110 1 I! 11 01 (PCO-7)<--(aO-71 
a7!a6iaSla4Ia3!a2!allaOlif (A) .NEQ.O 

I I I 1 I 1 (pC)<--(PC)+2 
1 lif (A) =0 

01 0 1 11 1; 01 11 11 O! (PCO-7)<--(aO-71 
a7Ia6!aS!a4Ia3Ia2Ial laO!if TO = 1 

I 1 I i I I I (pC)<--(PC)+2 
I I I I I I if TO = 0 

0101 110101 11 11 01 (PCO-71<--(aO-71 
a71a6la5 1 a41a31a21al laOlif TO = 0 
Ii! I I I I (pC)<--(PC)+2 
I I I ! I I i f TO = 1 

01 1101 1101 11 11 01 (PCO-71<--(aO-71 
a71a61aSla41a31a21aliaOlif Tl = 1 

I I I I I I I (pC)<--(PCl+2 
I I I I I I I lif Tl = 0 

0 1 1101010111 11 01 (PCO-71<--(aO-71 
a7la6laSla L.la3la2lallaOlif Tl = 0 

I I I I I I I I (PC)<--(PC)+2 
I I I I I I I lif Tl = I 
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2 

2 

2 

2 

2 

2 

2 

2 

2 

TMPJ048PI, TMP8035PI 

I I FlaQ.1 
I Cy cl e s I C I AC I 

I I ! -I 

I I 1 
-I -I 

I I 
-! -I 

I Cycles I Flag I 

I ClACI 
I 2 1 - - I 

I ! 
I 

2 
2 

2 

2 

2 

2 

2 

2 

I 

-I -I 
-I -I 

I I 
-I -I , 

- i - f 

I 
I 

I 
-I -I 

I I 
I 

I I 
-I -I 

I I 
I I 
I I 

-I -I 
I I 
I I 
I I 



TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA 1MP8048PI, 1MP8035PI 

Mnemonic InRtruction Cod", Operation iBytes I Cycles! Flagl 
D7'D6!D5:D41D3:D2IDl:DO' ! I ! CIAC! 

iJFO Address 1 : 01 I! 1 ! 01 1 I 1 ! 01 (PCo-7) < -- (aO-7) 2 I 2 -I -I 
I ! a7ia6Ia5!a41a3I a2IallaO'if FO - 1 I ! I 

I I ! 
, i (PC) (-- (PC)+2 I I I , 

! 
, , , 

! if FO = 0 I I I I 
iJFJ Address 0' 1 ' 1 i 1 ' o i 1 ! 1 : 01 (Pco-7)/--(aO-7) 2 2 I -1 -I 
I a7 'a6'a5'a4 I a31a2ial!aO!if Fl = 1 I I I 

, I (PC) <' -- (Pc)+2 I I I 
, 

iif Fl = 0 I I , 

I J IF ,'I.ddress 0 0: O! 1 : 01 1 ! 1 : 01 (Pco-7)(--(aO-7) 2 2 I -I -I , 
a7 'a6iaSia4la3ia2:allaOiif TF = 1 I ! 

I I I i I (pC)<--(PC)+2 I I I 
I I 

, 
I lif TF = 0 I I , 

I J ,\I Address 1 : 0; 01 0' 01 1 I J I 01 (PCO-7)<--(aO-7) 2 2 -I -I 
a7ia6!a5!a4!a3ia2:al!aOlif INT = 0 ! I 

I I I I 1 I 1 (pC)<--(PC)+2 1 1 , 

1 
, 

!if INT = 1 1 1 , 
IJEb Address b2'bl!bO! 1 ' 01 01 1 : 01 (PCO-7)<--(aO-7) 2 2 -I -I 

27 a6:a5,a4 :a3'a2:al aOi if Bb = I 
I i (PC) <- (PC)+2 

if E~ = J 
i 1 (b = 0 - 7l 

: CALL Address 1 aJO'a9;aS: 1 I 0' 1 ! 01 o ( (SP ) ) <-- 2 2 
, -I -, 

a7'26 1 a5' af... I a 3 a2'a1'aOI (PC), (PS .... '4-7) I 
{5? ~ /- 'S? , .. < 
(?C9-2~! --: 28- ~j~,' 

-,r ~ _ - -- -~-

,pel 1)', --JEt 
, [I.El 1 ' 0 0 0 0: 0: 1 ! 1 ' (S P ) < -- ( s P ) - 1 2 
, 

i I I 1 (p C) < -- ( (SP ) ) I 

, RETR 1 ' 0: 0' 1 ! O! 0; 1 ! II (SP)<--(SP)-1 2 
I I I (p C) < -- ( ( SP ) ) 
1 I !(PSW4-7)<--«SP» 

Flag Manipulation Instruction 

Mnemonic Instruction Code O£eration iBytes iCy cles 1 Flagl 
D7 I D61 D5! D4 i D3 i D2! Dl: DO I 

, 
I ! CIACI I 

CLl{ C 1 : 01 01 1 ! 0 1 1 1 1 I 11 (C) <-- 0 1 I 01 -I 
CPL c 1 I O! 1 I 0; 01 1 I 1 1 11 (C)<--NOT(C) I I 01 -I 
CLR FO 1 I . 0] 01 0: Oi 1 ] 01 II (FO) <-- 0 I I -I -I 
CPL FO 1 I 01 0 1 1 ' oj 1 ! 01 II (FO)<'--NOT(FO) 1 I -I -I 
eLR Fl 1 I oj 1 I 01 Oi 1 I 01 II(Fl)<-- 0 I I -I -I 
CPL fl 1 I 01 1 I 1 : O! 1 1 01 II (Fl)<--NOT(Fl) I I -I -I 
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TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA TMP8048PI, TMP8035PI 

Ddta Tr311!:,ff'r Inst.ruction 

Nnemonjc Instruction Code ! Operation IBytes ICyclesl Flag 1 

, 
D71D61D51D41D31D21DI1DOI 1 I 1 CIACI 

~ ~10V A, Rr 1 1 1 1 1 1 1 1 1 ! rl r 1 r 1 (A)<-- (Rr) 1 1 1 -] -I 
! 1 I 1 1 

, 
1 I r = 0 - 7 1 1 1 -I -I , 

1 ~10V A, @Rr 1 1 1 1 1 1 1 i 0 1 01 01 rl(AJ<-- ( (Rr) ) I 1 1 -I -I 
I I i 

, 
1 r = 0, 1 1 I 1 ! , 

; ~10V A, ,IDa ta i 01 01 1 1 01 0) 01 1 1!(A)(--Data ! 2 1 2 1 -I 
, -, , 

I d7Id6'd5!d4 I d3!d2Idl dO! 1 1 1 1 i , 
; ~10V Rr, A 1 : 0, 1 ! 01 1 I 

, 
r r I (Rr )"--(A) 1 1 -I -I r, 

I 1 1 1 1 1 r = 0 - 7 I 
;NO\I@Rr,A j! 01 1 : 0; 01 01 0 rl ((Rr))(-(A) 1 1 - -I 
, 

1 1 
, 

1 1 1 1 r = 0, 1 1 1 , 

; ~10V Rr ,~';D8.ta 1 : 01 1 ! 1 1 1 1 rl r r 1 (Rr) <--Da ta 1 2 2 1 -] -! 
1 d7ld6!d5ld4ld3ld2ldlldOI r = 0 - 7 1 I 
iMOV@Rr,liData 1 1 01 1 1 1 1 01 01 01 r 1 ((Rr)) (--Data 2 2 1 -I -I 
, 

a7la6:aSla4la3ia2lallaO I r = 0, 1 I 1 1 , 
IHOV A,PS'-' 1 1 1 : 01 01 01 1 1 1 I II(A)<-- (pSW) 1 -I 

, -, 
: ~lOV PS~} , A 1 1 1 1 01 1 1 0' 1 I 1 1 I! (pSW)(-- (A) 
! XCH A, Rr 01 01 1 1 01 1 : r r' r ! (A) -- > (Rr) -i -

<--
i , i r = 0 - 7 

!XCH A,@Rr 01 0 1 1 I 01 01 0 01 r 1 (A)-->((Rr)) -I 
1 1 1 1 1 1 (--

r = O. 1 
:-:=::.::J .- G u r \Av-.);-- \ ' r..I" -

u -.:" 

r = :.), " 
,MOVX A,(CRr 1 I 0: 0: 0: O! 0 0: r!(A)<--((Rr)) 2 

1 1 i 1 1 1 1 r = 0, 1 : 
1 }10VX @Rr,A 1 1 0: 01 1 1 01 0 01 r 1 « Rr) <-- (A) 2 -I -, 

1 1 1 1 , r = 0, 1 1 
1 HOVP A, CoA 1 1 01 1 i 01 0 ' 0 1 ! 11 (pCo-71<--(A) 2 -! -
! 1 1 1 ! 1 1 1 (A) < -- ( (p C J ) i 
I MOVp 3 A,@A 1 ] 1 I 1 1 01 Or 0 1 I 11 (PCO-7J<-- (A) 2 1 -! -[ 
I ! (PC8-1j)(--OOll 1 
1 I (Al (-- «(PC» 
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TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA 

T,mer/Counter Instruction 

I Mnemonic 
I 
INOV A,T 
INOV T ,A 
I STH.T T 
I 
I 
I Sny CNT 

I 
I 
I 
I STOP TCNT 

Instruction Code I 
D7ID6!DS1D4!D3 IU2!DIIDOI 

01 110101010111 OI(A)<--(T) 
01 11 1101 O! 01 11 OI(T)<--(A) 
o I II 0 I 11 0 I 11 01 II Counting is 

I ! I I I I I Istarted In the 
I 1 I I I I I Itimer mode 

0 1 110101 O! 1101 llCounting is 
I I I I I I I Istarted in the 
I ! I I I I I levent counter 
I I I I I I I Imode 

o IIi 1 I 0 I 0 I 1 I 0 I 1 1St op bo t h time 
I i I I I I I I accumulation and 

I I I I I I I I I event count ing 
lEN TCNTI 0101 110101 1101 IITimer interrupt 
I I I I I I I I lis enabled 
IDIS TC1;'1'l 0101 11 1101 1101 IITimer interrupt 

IBytes 
I 

TMP8048PI, TMP8035PI 

I Cycles I Flagl 
! ICTACI 
I 1 I - i -I 
I 1 I -I -I 

1 I -! -I 
I I 
I I 
I -: -! 
I I I 
I -I -I 
I I I 
I -I -I 
I I I 
I I I 

! ______________________________ ~I~i~s~d~i~s~a~b~le~d~ ____ ~ __ 

I -I -I 
I I I 
I -I -I 
! I ! 

Control Instruction 

Xnemonic 

::5 

SEL RBO 
SEL RB 1 
SEL MBO 
SEL MBI 
ENTO eLK 

NOP 

Instruction Code pperation 
D7'D5'DS 1D4'D3:D2'Dl'DO! 

n' l' 

15 e:la':J:ec 
\; c 

, 1 0: iis disabled 
11 I! 01 ; 011101 11(BS)<-- 0 
1 I 1 I 0 I 1 I O! I! 0 I 1 I (B S ) < -- 1 
11 11 1: 01 0 I 1 I 0 I 11 (DBF) < -- 0 
Ii 11 1111011101 11 (DBF)<-- 1 
o I 1 I 1 I 1 I 0 I 1 I 0 I 1 ITO is e na bled to 

I I I I I I I lact as the clock 
I I I I I 1 I loutput 

01 O~ 01 01 01 01 01 O!No operation 
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!Bytes ICyclesi~i 

1 
1 
1 
1 

I ! C AC I 

1 I - -I 
1 I - -I 
1 I - -I 
1 I - -I 
1 I - -I 

I 
I 

-I 



TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA TMP8048PI, TMP8035PI 

ITXP8048PI/803SPI: INDUSTRIAL SPECIFICATlON"1 

ABSOLUTE MAXIMUM RATTINGS 
I SYMBOL I ITEM ! RATTING 
!VDD IVDD Supply Voltage (with respect to GND (VSS)) I-o.sv to + 7V 
!VCC iVCC Supply Voltage (with respect to GND (VSS)) I-o.sv to + 7V 
IVINA IInput Voltage (Except EA) I-a.sv to + 7V 
IVINB IInput Voltage (Only EA) I-O.5V to + 13V 
IpD IPower Dissipation (Ta - 70'C) ! 1. 5W 
jTSOLDER ISoldering Temperature (Solderin Time 10 sec) I 260' C 
ITSTG Storage Temperature -SS'C to lSO'C 
ITOPR !Operating Temperature 1-40'C to 8S'C 

DC CHARACTE=R~I~S'_r~IC~S~ __ ~~~ 
ITA=-40'C to 8s'cl, VCC=VDD=+SV±lOZ, VSS=OV, Unless Otherwise Noted. 

I SYMBOL I PARAMETER ! TEST CONDITIONS IMIN.iTYP. !MAX.IUNIT I 
IVIL IInput Low Voltage 1-0.51 0.71 V I 
1~~ ___ I~(~E~x~c~e~p~t_XT __ A~L~1~,~X_T~A~L~2~,R_E~S~E_T~) ____ ~ ______________ ~I~~----+-~~'~I--_ 
!VIL1 !Input Low Vol~ !-0.5' '0.6' \' 
!~~ __ ~:(~XT~A=L~1~'7X~T.~AL~2~,R~E~S~E~I~) __________ -, ______________ -+~~~ __ ~~~I~_ 
IVIH ilnput High Voltage 2.2: vcci V 
1~~ __ ~I(~E~x~c=eLP~t~XT~A~L~1~,~X~T~A=L=22,~R~E~SE~T~) ____ ~ ______________ +-~~I --~~~TI~-
v Ell i Irmut High Vo~ 3.S I - \'CC i \' 

-:--:::c:--_--:-'_X-_'" -_-.~:..: ~X: . .:..=-<:, R~S':: =- ' 
\'~=-- :>..:::~-..:.t ~='¥.- ':=<. ':EZ':-: f~'~":3' 

: \'C=-~ ':!'...l::;::.:~:"ov.~ ;:~: ta E-= 
i I(RD, WR, PSEN, ALE) I I 
IVOL2 iOutput Low Voltage (PROG) lOL - 0.8 mA 10.451 V 
IVOL3 IOutputLowVoltage !lOL 1.2mA I 10.451 V 
I I (For other output pins) I I I 
i :-Ov-:O-OHO:----'I"O'""u...::tc::.p-u-"-t -"-H::-':;::i g'--:h--:::..c\'-'/ o:":l'-"t=a-g-"-e=i-( B=-U':-S;:-c):------~;:-cI O-::C}C"""1 -_-_-:2:-::8c::0->-t"""CA----T-:2=-.-:4--;1-----T-1 --_--:c---:-V,----
IVOHI IOutput High Voltage IOH --80IlA 2.41 - I - I V 
I I(RD, WR, PSEN, ALE) I I I 
I:-:-V-:O-OH~2---I~O~u~t2p-u-t~H~1~·g~,h~V~o~1~t=a~g~e----------~~IO~H~---~3:-::0->-t~A-----,~2=-.-:~~!----+---~1 ~\~/-

1 ______ ~I,-(~F~o-r--o-th-e-r--c-)u-t~p-u-t-Lp-i-n-s-)-------71--------------~I--~I----+_---I~,---
I I I I I I 
IILl IInput Leak Current (T1, INT) Ivss ~ VIN ~ VCC! - I - ±lol IlA 

I I I I I I 
IILIl ! Input Leak Current 
I I(PlO-l7, P20-P27, EA, SS) 

IVSS+O.4S<VIN<vccl - I - 1-7001 IlA 
I = = I I I I 
Ivss+o .45<VIN<VCC i-I - I tlO I IlA 
I = = I I I I 

IILO IOutput Leak Current (BUS, TO) 
I I (High impedance condition) 
IIDD IVDD Supply Current I I - I - I 20 I rnA 
IlDD+ICCITotal Supply Current I I - I - I 1451 rnA 
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TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA TMPB048P1, TMP8035PI 

AC CHARACTERISTICS 
I=TA~-~-~4~0~·~C~to~8~S~·~CI, VCC=VDD=+SV±10%, VSS=OV, Unless Otherwise Noted. 

I SYMBOL I PARAMETER ITEST CONDITIONS I MIN. I TYP. I MAX. I UNIT I 
I tLL IALE Pulse Width I 2001 I - I ns 
ItAL IAddress SetuE Time (ALE) I 1201 - I - I ns 
ItLA IAddress Hold time (ALE) I 801 - I I ns 
I I I I I I 
I tCC I Control Pulse Width(PSEN,RD,WR) I 400 I - I - I ns 
I I I I I I 
I tDW IData SetuE Time (WR) I 4201 - I - I n8 
I I I I I I 
I tWD IData Hold Time (wR:) I 80 I - I - I ns 
I tCY I Cycle Time I 2.sl - IlS.O I l.ls 
I I I ! I I 
ItDR IData Hold Time (PSEN ,RD) I CL 20 EF 01 - I 2001 ns 
I I I I I I 
I tRD IData InEut Read Time (PSEN, RD) I - I - I 4001 ns 
I I I I I I 
I tAW IAddress SetuE Time (WR) ! 230! - I - I ns 
I tAD IAddress SetuE Time {Data InEutl ! - I - I 600 ! ns 

I - --I tAFC IAddress Float Time (RD , PSEN) -40 ; - I ns I 

ItCA I Internal between Control Pulse 101 - I - ns 
I and ALE I 

: >w:' ? :.'!'"~ - ............ ,.. ..... Se~'.:::- _ l~-? (p "et,:; ~ 1:: ::-s: 
~?C :Port C:-~~:: :-:;1 Ho!~ Ti~-= (P~0G: ~5 r;.s 

:FR 'Pert 2 ~:l?U~ Data Set Time 86~\ ;::s 

I I (PROG) I 

ItDP 10utEut Data SetuE Time (PROG) 230 ! - - I ns 
I tPD IOutEut Data Hold Time (PROG) 2s1 - - I ns 
ItPF IPort 2 Input Data Hold Time 01 - 1601 ns 
I I (PROG) I I 
ItPP IPROG Pulse Width 920 I - - I ns 
ItPL IPort 2 I/O Data SetuE Time 3001 - - I ns 
ItLP IPort 2 I/O Data Hold Time 1201 - - I ns 

Note :tCY=2.S1.1s, Control Output:CL=80pF, BUS Output: CL=lSOpF, PORT20-23: 
CL=80pF. 
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TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA 

TIMING WAVEFORM 

A. I net ruct ion Fet ch from External Program Memory 
tcy 

ALE 

BUS 

f,. '(, .• " [rom External Data !1emory 

ALE -.l \ l ~-----------t-e-e-----_-~F~~eJA~I __ __ 

~,"---r_ _---:;1:z RD 

i tAre 

~~1<--: _Da_ta _~'-
Address~ ~ 

Bl:S 

C '.',. te into External Data Memory 
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TOSHIBA INTEGRATED CIRCUIT 
TMPBD48PI, TMPBD35PI 

! 
::t: 
o 

H 

,.. 
...: 

=>. 
'-' 

::t: 
0 

H 

TECHNICAL DATA 

D. Timing of Port 2 during Expander Instruction Execution 

ALE 

PORT20 
I PCH 

PORT23 
(Output Data) 
PORT20 

I PCH 
PORT23 
(Input Data) Port 

PROG 

* Input Lnabled State 

TYPICAL CHARACTERISTICS 

-50 

-30 

-10 
o 
o 

-500 

-300 

-100 

1) BUS:IOH - VOH 

VDn=VCc=5V 

TA=2soC 

"-
"'i'o..... 

........ t--
2 VOH (V) 4 

2) PI, P2:IOH -VOH 

VDD=VCC=5V 

TA=25°C 

-,... 
'-... 

2 4 

VOH (V) 

3) BUS, PI, P2: IOL - VOL 

50 

,.J 30 
c 

H 
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TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA TMP8048PI, TMP8035PI 

T'RllGRAM TAPE FORMAT 
TMP8048 programs are delivered in the form of paper tape with the following 

format and it is required to attach the tape list. The format of paper tape 
lS same as the Intel type object tape (hexadecimal tape output by Intel MDS 
system, PROMPT 48 Development Tool, etc.) 

11) [ape Format 

01 J Leader, 50 "NULL" characters or more 

CoT'iJTH?n t s 

CR) 
Cornnent (Record mark II: 11 is not inClUded)} 

f----':'-...---1- - - - - Record Mark 

Record Length (2 hexadecimal digits) 

Loading Address (4 hexadecimal digits) 

"00" Normal Record 

Option 

Record Type (2 Digits) "01" .•.. End of File Record 

Data 

~ Check S= (2 hexadecitr.al digits) 

C",) ~y cha racters (Ri.."'E:)l'"I. BLI;.!\'1:) befcre 2!1d after II (CR) (LF)" are 
(17~ c~ti~n2!. 

~
" 1"'-' 'eooc' ''co ',""oe'e' 'e(e') 

LF H }Trailer, 50 "!lULL" characters or more 

(2) Example of Tape List 
TOSHIBA MICRO COMPUTER TLCS-48 
:l00000000665C7D79CF50F3F951FED55A8FFI6E570 
:lOOOl00088884DDE67D31F5D8ABA6DF292FI13F5CI 
:l00020004FFIFB5DFFDAA96A99CF7DF94A346B7C09 
:I0003000197352F729F12F79AA9C057C5B851EED77 

:l003C0005DFDB5E556A67277F61A51C631CF9FOE80 
:l003DOOOBD2F6F20E8BB1977E3FB5ADIF41FDAA7E2 
:l003EOOOB53D42EOEC32546025B7308CDD52063DID 
:l003FOOOB4BE9E9E345B6138060B20VC372BF60BD6 
:OOOOOOOlFF 
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TOSHIBA INTEGRATED CIRCUIT 
TMP8048PI, TMP8035PI TECHNICAL DATA 

OUTLINE DRAWiNG 

40 2 I 

] ::2': 
N ..,. 

20 

Unit in mm 

I 1 5.24 ± 0 25 I 

I 
II \: 
,f\ I""; 

::,"'Il ~:" 
v J +0 1 ~I·.i'i '~' 

i'l 0.25_ 005 ~ 

Note: 1. This dimension is measured at the center of bending point of leads. 
2. Each lead pitch is 2.S4mm, and all the leads are located within 

±0.2Smm from their theoritical positions with respect to No.1 and 
No.40 leads. 
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TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA TMP8049PI-6, TMPB039PI-6 

8-BIT SINGLE-CHIP MI CROCOMPUTER 

GENERAL DESCRIPTION 

The TMP 8049PI -6, from here on referred to as the TMP 8049, is a single chip 
microcomputer fabricated in N-channel Silicon Gate MOS technology which 
provides internal 8-bit parallel architecture. 

The following basic architectural functions of a computer have been 
included in a single chip; an 8-bit CPU, 128 x 8 RAM data memory, 2K x 8 ROM 
program memory, 27 I/O lines and an 8-bit timer/event counter. 

The TMP8049 is particularly efficient as a controller. 
bit handing capability as well as facilities for both 
arithmetic. 

It- has extensive 
binary and BCD 

The TMP8039PI is the equivalent of a TMP8049 without ROM program memory on 
chip. By using this device with external EPROM Or RAJ1, software debugging 
becomes easy. 

FEATURES 

2.5 ~S Instruction Cycle 
All instruction 1 or 2 cycles 
Over 90 instructions; 70% single byte 
Easy expandable memory and I/O 
2K x 8 masked RO~ 

PIN CONNECTIONS (Top View) 

TO 
XTALI 
XTAL2 
RESET 

SS 
INT 

EA 
RD 

PSEN 
I·m 

ALE 
DBa 
DBI 
DB2 
DB3 
DB4 
DB) 
DB6 
DB7 

(ov/ss 

128 x 8 RAM 
27 I/O lines 
Interval Timer/Event Counter 
Single level interrupt 
Single SV supply 
-40·C to +85·C Operation 

VCC (+5\') 
Tl 
P27 
P26 
P2S 
P24 
P17 
P16 
PIS 
Pl4 
P13 
P12 
Pll 
PIa 
V1Jl)(+SV) 
PROG 
P23 
P22 
P21 
P20 
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TOSHIBA INTEGRATED CIRCUIT 

BLOCK DI AGRAM 

OscUla tion 
Frequency 

TECHNICAL DATA 

gister/ 

Decoder ~===;l 

XTAL 2 

Accumula tor 
Bit Test 

Control and Timing Circuit 

XTALj RESTr TIlT EA 55 ALE PSEN Ri5 WR FROG 

~ 

H 0 '" HH 0..", '" r"> "''0 '=' cnt11 
~ <fJ '" ~ ~ " x C'. '" 0.. '"' " '" ;:;.iJ "tJ n Ul "tJrt '" '"' ::1 ,",00 " 0 rt 
C ..... '" c ro Ul ro '" n ... o DO '" o '" rt I-' '"' '"''' Ul " 

I-' :Tro 
cr" " 

cr"::1 
CIl I-' ... " ro "' ro '" '" ro 00 

'" H C "'''' "'"' s '"' ro 
rt ::1 '" ro I-' '" ... " " 0 '" ... H rt ... 0 
.... c ro > ro 0 cr" 

'"' n 00 '" cr" '" '"' I '" Ul 
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Note 

Note 

1 ) 

2) 

2 

6 

The lower 

TMP8049PI-6, TMPB039PI-6 

Mask ROM 

lK x 8 

(Program 
Area) 

RAM 

64 x 8 

order 4 bits of 
port 2 output lat ch are 
used also for input/output 
operations wi th the I/O 
expander. 

The output latch of port a 
is also used for address 
output. 



INTEGRATED CIRCUIT 
TOSHIBA 

TECHNICAL DATA 

PIN NAMES AND PIN DESCRIPTION 

VSS (Power Supply) 
Circuit GND potential 

VDD (Power Supply) 
+5V during operation Low power standby pin for TMP8049 RAM 

vce (Main Power Supply) 
+5V during operation 

PROG(Outputl 
Output strobe for the TMP8243P I/O expander 

P10-P17 (Input/Output) Port 1 
8-bit quasi -bidirectional port (Internal Pullup=50k0). 

P20-P27 (Input/Output) Port 2 
8-bit quasi-bidirectional port (Internal Pullup=50k0). 

TMPB049PI-6, TMPB039PI-6 

P20-P23 Contain the four high order program counter bits during an 
external program memory fetch and serve as a 4-bit I/O expander bus for 
the TM?8243P. 

DBO-DB7 (Input/Output, 3 State) 
True bidirectional port which can be written or read synchronously using 
the RD, "1{ strobes. The port can also be statically latched. Contains 
the 8 low order program counter bits during an external progra~ mem~ 
fetch, and receives the addressed instruction under the control of PSEN. 
Also contains the address and data during a~external RAM data store 
instruction, under control of ALE, RD, and WR. 

TO (Input/Output) 
Input pin testable using the conditional transfer instructions JTO and 
JNTO. TO can be designated as a clock output using ENTO CLK instruction. 

Tl (Input) 
Input pin testable using the JTl and JNTl instruction. Can be designated 
the event counter input using the timer/STRT CNT instruction. 

INT (Input) 
External interrupt input. Initiates an interrupt if interrupt is, 
enabled. Interrupt is disabled after a reset. Also testable with 
conditional jump instruction. (Active Low) 

RD (Output) 
Output strobe activated during a Bus read. Can be used to enable data 
onto the Bus from an external device. Used as a Read Strobe to External 
Data Memory (Active Low). 

WR (Output) 
Output strobe during a Bus write (Active Low) Used as a Write Strobe to 
External Data Memory. 
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TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA TMP8049PI-8, TMPl039PI-8 

RESET (Input) 
Active Low signal which is used to initialize the Processor. Also used 
during Power down. 

ALE (Output) 
Address Latch Enable. This signal occurs once during each cycle and is 
useful as a clock output. The negative edge of ALE strobes address into 
external data and program memory. 

PSEN (Output) 
Program Store Enable. This output occurs only during a fetch to external 
program memory (Active Low). 

SS (Input) 
Single step input can be used in conjunction with ALE to "single step" 
processor through each instruction when SS is low the CPU is placed into 
a wait state after it has completed the instruction being excuted. 

EA (Input) 
External Access input which forces all program memory fetches to reference 
external memory. Useful for emulation and debug and essential for testing 
and program verification. (Active High). 

XTAL 1 (Input) 
One side of crystal input for internal oscillator. Also input for extern­
al source. 

1.."TAL 2 (Input) 
Other side of crystal input. 

FUNCTIONAL DESCRIPTION 

1. System Configuration 

The 
(1) 
(2) 
(3) 
(4) 
(5) 

following system functions of the 
Program Memory 
Data Memory 
I/O Port 
Timer/Counter 
Interrupt Control Circuit 

TMP8049 are described in detail. 
(6) Stack (Stack Pointer) 
(7) Flag 0, Flag 1 
(8) Program Status Word (PSW) 
(9) Reset 
(10) Oscillator Circuit 

(1) Program Memory 
The maximum memory that can be directly addressed by the TMP8049 is 
4096 bytes. The first 2048 bytes from location 0 through 2047 can be 
internal resident mask ROM. The rest of the 2048 bytes of addressable 
memory are external to the chip. The TMP8039 has no internal resident 
memory; all memory must be external. 
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TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA TMP8049PI-6, TMP8039PI-6 

There are three locations in Program Memory of special importance. 

Location 0 

Address 
4095 

2048 
2047 

Memory Bank 1 

Memory Bank 0 

Program Memory Area 

Activating the Reset line of the processor causes the first instruc­
tion to be fetched from Location O. 

Location 3 
Activating the interrupt line of the processor (if interrupt enabled) 
causes a jump to subroutine defined by address held in Location 3. 

Location 7 
A timer/counter interrupt resulting from a timer/counter overflow 
(if enabled) causes a jump to a subroutine defined by address held in 
Location 7. 

Program address 0-2047 and 2048-4095 are called memory banks 0 and 1 
respectively switching of memory banks is achieved by changing the 
most significant bit of the program counter (PC) during execution of 
an unconditional jump instruction or call instruction executed after 
using SEL MBO or SEL MB1. 

Reset operation automatically selects Bank O. 

(2) Data Memory 

Resident Data Memory (volatile RAM) is organized as 128 words by 8-bits 
wide. 
The first 8 locations (0 -7) of the memory array are designated as 
working registers and are directly addressable by several 
instructions. By executing a Register Bank switch instruction (SEL 
RBI) locations 24 - 31 are designated as the working registers 1n 
place of 0 - 7. 
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TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA 

j,ddre ss ,---------, 
127 

Data Nemory 

32 
31 r-R-;;;i~~;;'-Ba-;:;kl-
24 REI 
23 ----------

8 Level Stack 

8 
(16 byte) 

7 Resister Bank 0 

O REO 
'-----------' 

Internal Data Memory Area 

TMP8049PI-6, TMPB039PI-6 

RAM locations 8 - 23 serve a dual role in that they contain the program 
counter stack which is a stack 2 bytes wide by 8 levels deep. These 
locations store returning addresses from subroutines. If the level of 
subroutine nesting is less than the perreitted 8, you free up 2 bytes of 
RAM for general use for every level of nesting not utilized. 

ALL 128 locations are indirectly addressable through either of two RAM 
Pointer Registers which reside at RO and Rl of the Register array. 

The TMP8049 architecture allows extension of the Data Memory to 256 words. 

(3)Input/Output Ports 

The TMP8049 has 27 I/O lines which can be used for either input or output. 
These I/O lines are grouped into 3 ports each having 8 bidirectional lines 
and 3 "test" inputs which can alter program sequences when tested by con­
ditional jump instructions. 

Ports 1 and 2 are each 8-bits wide and have identical characteristics. 
Data written to these ports is statically latched and remains unchanged 
until rewritten. As input ports these lines are non-latching, i.e., inputs 
must be present until read by an input instruction. 

All lines of Ports 1 and 2 are called quasi-bidirectional because of a 
special output circuit structure (illustrated in Figure 1). Each line is 
continously pulled to a +SV level through a high impedance resistive device 
(SOkQ ) which is sufficient to provide the source current for a TTL high 
level yet can be pulled low by a standard TTL gate thus allowing the same 
pin to be used for both input and output. In order to speed up the "0" 
to "1" transition a low impedance device (5k(l ) is switched in momentarily 
whenever a "1" is written to line. When a "0" is written to line a low 
impedance device overcomes the pullup and provides TTL current sinking 
capability. 
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TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA 

MiL. ORL 

Internal Bus--~""'--j D Q 

D-Type 
Hip-Flop 

+SV +SV 

CLK Q ~+------j 

"'ri t e Pulse---1--"-----------' 

Inter Buffer 

IN 

SOk[J 

Fig.l Input/Output Circuit of Port 1, Port 2 

Reset initializes all lines to a high impedance "1" state. 

TMPB049PI-6, TMPB039PI·6 

SOH2 I/O pins 
Portl or 2 

When external data memory area is not addressed during excution of an 
1nternal progra~, Port a (DBO - DB7) becomes a true bidirectional port 
(bus) with associated input and output strobes. If bidirectional feature 
not needed Bus can serve as either a statically latched output port or 
a non-latched input port. However, I/O lines of this port cannot be 
intermixed. 

As a static port data is written and latched using the OUTL instruction 
and inputted using the INS instruction these two commands generate 
pulses on the corresponding RD and WR strobe lines. 

As a bidirectional port the MOVX in~ructions are used to read and write 
the port which generate the RD and WR strobes. 

When not being written or read, the Bus lines are in a high impedance 
state. 

(4)Timer/Event Counter 

The 8-bit binary up counter can use either of the following frequency 
inputs 

(1) Internal clock (1/480 of OSC frequency) 
..•••....••. Timer mode 
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TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA TMPB049PI-8, TMPB039PI-8 

(2) External input clock form TI terminal 
(minimum cycle time 3 x ALE cycle) 

..•••.•••••.. Event Counter mode 

The counter is presettable and readable with two MOV instructions 
which transfer the content of the accumulator to the counter and vice 
versa. The counter content is not affected by a Reset and is initialized 
solely by the MOVT, A instruction. The counter is stopped by a Reset or 
STOP TCNT instruction and remains stopped until started by START T 
instruction or as an event counter by a START CNT. Once started the 
counter will increment to its maximum count (FF) and overflow to Zero 
continuing its count until stopped by a STOP TCNT instruction or RESET. 

The increment from maximum count to Zero (overflow) results in the setting 
of an overflow flag and the generation of an interrupt request. When 
interrupt acknowledged a subroutine call to Location 7 will be initiated. 
Location 7 should store the starting address of the timer or counter 
service routine. The state of the overflow flag is testable with the 
conditional JUMP (JTF). The flag is reset by excuting a JTF or by RESET. 
Figure 2 illustrates the concept of the timer circuit. 

XTAL/lS 
1/32 

Pre-scaler 

Cleared on Start Timer 

STOP TCNT 0 

Tl t------lEdge Detector 

8-Bit Timer/ 

Counter 

n 
Read/Write Enable 

Fig.2 Concept of Timer Circuit 
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TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA 

JTF 
Instruction 

S Conditional Jump Logic 
Timer 
Flag F-F 

>--+---1 R 
Reset--....--, 

Timer Overflo",' 
----~--ls Qf-------f 

Timer Interrupt 
Execution---~r-" 

Reset 

INT pin 

ALE 

Last cycle 
of Tnstructl0n 

EN I 
lnst ruct ion s ~ 0 

=--= .... ~ ... ~ 
~ ,!; 
.... r. ~ 

R ~ ~ ~ 

Timer 
Overflow 
R F-F 

Inter­
rupt 
F-F 

QI-------[ 

!..~~ T C:~T 1 S ~ Q 
Instruction E 

.... ... 
c:. c:. 
E.u~ 

R;:::":J.. 

Reset---+~----------~ 

Instruction DIS TCNTl 
Instruction 

RETR 
Instruc­
tion 

TMP8049PI-6, TMPl039PI-6 

r--C~L'-;K"". --,External inter­
rupt Recognized 

Q 
Timer interru?t 
Recognized 

Executio~ of Ir.ter­
rupt Call Instruction 

Fig.3 Concept of Interrupt Control Circuit 

(5) Interrupt Control Circuit 

There are two distinct types of Interrupts in the TMP8049. 

(1) External Interrupt from the INT terminal 

(2) Timer Interrupt caused by timer overflow 
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TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA TMP8049PI·6, TMPB039PI·6 

The interrupt system is single level in that once an interrupt is detected 
all further interrupt requests are ignored until execution of an RETR 
(which should occur at the end of an interrupt service routine) reenables 
the interrupt input logic. 

An interrupt sequence is initiated by applying a low level "0" to the INT 
pin. INT is level triggered and active low which allows "Wire Oring" of 
several interrupt sources. The interrupt level is sampled every machine 
cycle during ALE and when detected causes a "jump to subroutine" at Loca­
tion 3. As in any call to subroutine, the Program Counter and Program 
Status Word are saved in the stack. 

When an overflow occurs in the internal timer/event counter an interrupt 
request is generated which is reserviced a~ outlined in previous paragraph 
except that a jump to Location 7 is used instead of 3. If INT and times 
overflow occur simultaneously then external request INT takes precedence. 

If an extra external interrupt is needed in addition to INT this can be 
achieved by enabling the counter interrupt, loading FFH in the counter 
(one less than the terminal count), and enabling the event counter mode. 
A "1" to "0" transition on Tl will cause an interrupt vector to Location 7. 

The interrupt service routine pointed to be addresses in Location 3 or 7 
must reside in memory between 0 and 2047, i,e., Bank O. 

Figure 3 illustrates the concept of the interrupt control circuit. 

(6) Stack (stack Pointer) 

An interrupt or Call to subroutine causes the contents of the program 
counter to be stored in one of the 8 register pairs of the Program Counter 
Stack. The pair to be used is determined by a 3-bit stack pointer which is 
part of the Program Status Words (PSW explained in section (8)). Data RAM 
locations, 8 through 23 are available as stack registers and are used to 
store the program counter and 4-bits of PSW as shown in the figure. 

The stack pointer when initialized points to RAM location 8 and 9. The 
first subroutine jump or interrupt results in the program counter contents 
being transferred to Locations 8 and 9. Then the stack pointer is incre­
mented by one to point to Locations 10 and 11. Eight levels of subroutine 
are obviously possible. 

At the end of a subroutine signalled by a RET or RETR causes the stack 
pointer to be decremented by one and the contents of the resulting pair 
to be transferred to the Program Counter. 
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TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA 

7 

6 

5 

4 

3 

2 

1 

PS1~ PC8 ro 11 _______ .L ________ 
o 

PC4'\. 7 

Stack 
Pointer 

(7) Flag 0, Flag 1, (fG. Fl) 

I 
I PCO'\. 3 

23 

22 

21 

20 

19 

18 

17 

16 

15 

14 

13 

12 

11 

10 

9 

8 

RAM 
Address 

TMPB049PI-e, TMPB039PI-e 

The TMP8049 has two flags FO and Fl which are used for conditional jump. 
These flags can be set, reset and tested with the conditional jump 
instruction JFO. 

FO is a part of the program status word (PSW) and is saved in the stack 
area when a subroutine is called. 

(8) Program Status Word (PSW) 

An 8-bit status word which can be loaded to and from the accumlator exists 
called the Program Status Word (PSW). The PSW is read by a MOV A, PSW and 
written to by a MOV PSW, A. The information available in the PSW is shown 
in the diagram below. 
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TOSHIBA INTEGRATED CIRCUIT 
TMPB049PI-6, TMPl039PI-6 

(9) Reset 

TECHNICAL DATA 

Stack Pointer 
/ 

Ic lAC IFO IBS 11 IS2 lSI Iso 

MSB I II LSB 
1 _____ 11 

Saved in stack area Spare ("1" during Read) 
at the time of Sub-
routine Call. 

Bits 0 - 2 
Bit 3 

Stack Pointer Bits(SO, 51, 52) 
Not used ("1" level when read.) 
Working Register Bank Switch Bit 
(BS) 

Bit 4 

Bit 5 
Bit 6 

Bit 7 

o Bank a 
Bank 1 

Flag a (Fa) 
Auxiliary Carry (AC) carry bit generated by an ADD 
instruction and used by the decimal adjust instruction 
DA, A (AC) 

Carry (C) flag which indicates that the previous 
operation has resulted in the accumulator. 
(e) 

The reset input provides a means for initialization of the processor. 
This Schmitt trigger input has an internal pullup registor which in 
combination with an external l~F capacitor provides an internal reset 
pulse sufficient length to guarantee that all internal logic is 
initialized. 

IHI r -L-o--tvVv----r---d RESET 

lllF J. 
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TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA TMP8049PI-6, TMP8039PI-6 

If the pulse is generated externally the reset pin must be held at ground 
(£O.SVlfor at least sOms after the power supply is within tolerance • 

• Reset performs the following functions within the chip: 

(i) 
(ii) 
(iii) 
(iv) 
(v) 
(vi) 
(vii) 
(vi ii) 
(ix) 
(x) 

(xi) 

Sets PC to Zero. 
Sels Stack Pointer to Zero. 
Selects Register Bank 0. 
Selects Memory Bank 0. 
Sets BUS (DBO - DB 7) to high impedance state. 
Sets Ports 1 and 2 to input mode. 
Disables interrupts (timer and external). 
Stops Timer. 
Clears Timer Flag. 
Clears FO and Fl. 
Disables clock output from TO. 

(10) Oscillator Circuit 

(Except when EA 

TMP8049 can be operated by the external clock input in addition to 
crystal oscillator as shown below. 

2 XTAL 1 
,----?---i-' 

+5\' 

2 XTAL 1 

.--_--+-_--=3:..r XTAL 2 3 XTAl 2 
--JWr--~--V 

+5V 
10pF I 

2. Basic Operation and Timing 

The following basic operations and timing are explained 
(1) Instruction Cycle 
(2) External Memory Access Timing 
(3) Interface with I/O Expander TMP8243P 
(4) Internal Program Verify (Read) Timing 
(5) Single Step Operation Timing 
(6) Low Power Stand-by Mode 
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TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA TMPB049PI-6, TMP8039PI-6 

(1) Instruction Cycle 

The instructions of TMP8049 are executed in one or two machine cycles, 
and one machine cycle contents of five states. 

Fig.4 illustrates its relationship with the clock input to CPU. 

62 clock shown in Fig.4 is derived to outside by ENTO CLK instruction. 

ALE can be also used as the clock to indicate the machine cycle as well 
as giving the external address latch timing. 

(2) External Memory Access Timing 

(i) Program Memory Access 

TMP8049 programs are excuted in the following three modes. 

(1) Execution of internal program only. 
(2) Execution of both external and internal programs. 
(3) Execution of external program only. 

The external program memory is accessed (instructions are fetched) 
automatically when the internal ROM address is exceeded in mode (2) 
and from initial start address 0 in mode (3). 

In the external program memory access operation, the following will occur 

The contents of the 12-bit program counter will be output on BUS(DBO -
DB7) and the lower 4-bits of Port 2. 
Address Latch Enable (ALE) will indicate the time at which address is 
valid. The trailing edge of ALE is used to latch the address 
externally. 
Program Store Enable (PSEN) indicates that an external instruction 
fetch is in progress and serves to enable the external memory device. 
BUS (DBO - DB7) reverts to Input mode and the processor accepts its 
8-bit contents as an Instruction Word. 

Figure 5 illustrates the timing. 

(ii) Access of External Data Memory 

. In the extended data memory access operation during READ/WRITE cycle the 
following occurs 
The contents of RO Rl is output 
ALE indciates address is valid. 
latch the address externally. 

onto BUS (DBO - DB7). 
The trailing edge of ALE is used to 

A read RD or write WR pulse on the corresponding output pins indicates 
the type of data memory access in progress. Output data valid at trail­
ing edge of WR and input data must be valid at trailing edge of RD. 
Data (8-bits) is transferred over BUS. 
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TOSHIBA INTEGRATED CIRCUIT 

XTALl Input 
(6NHz) 

~'1 
(2}!Hz) 

Generated 
internally ¢2 

State 

TECHNICAL DATA 

n __ ---...InL-_----' 
I 1 2 

n 
3 

I 
Inst ruct ion 

Fetch 
Decode Execution 

1 State 1 

ALE 
(400kHZ')----------------------~ 

CyclE' 

Fig.4 Instruction Cycle Timing 

P20 - P23 Address 

DBO - DB7 

ALE 

j I PSEN ~ \ 

TMPB049PI-6, TMPl039PI-6 

n n 
4 5 1 

Execution Execution 

r Next Address Latch Timing 

Address Address 

Instruction 

\ j I L 

Fig. 5 Timing of External Program Memory Access 
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TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA TMP8049PI-6, TMP8039PI-6 

Pr()~ram Address Data Address Pro~ram Address 
,.-----,. 

DBG - DB7 

ln~tructioll Inslruction 

ALE ~ ______ .....J 

RD (~R) ------------------------------, 

\L------J! 
psn; 

\'-----J/ 
External Data Me~orv Access Instruction 

Suggest we have diagrams 

rI Read 

ALE ~ \-----------------

Write 

ALE -----" 

BUS 
BUS ----0-< Data >-

L-J 

Fig. 6 Timing of Accessing External Data Memory 
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TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA TMP0049PI-6, TMP8039PI-6 

Figure 6 illustrates the t~m~ng of accessing the external data memory 
during execution of external program. 

(3) Interface with I/O Expander (TMP8243P) 

The TMP8049 I/O can be easily expanded using the TMP8243 I/O Expander. 
THis device uses only the lower half 4-bits of Port 2 for cornmuication 
with the TMP8049. The TMP8243 contains four 4-bit I/O ports which serve 
as extensions of one chip I/O and are addressed as Ports (4-7). All 
communication takes place over the lower half of port 2 (P20 - P23) with 
timing provided by an output pulse on the PROG pin. Each transfer consists 
of two 4-bit nibbles the first containing the "OP Code" and port 
address and the second containing the actual 4-bits of data. 

+12V r-________________________________________________ _ 

oJ EA 

RESET O"":..'------1f-----1'-' 

ALE 

DBO - DB7 

P20, P21 Input of Internal RON Address 

Fig.7 Timing of Reading Internal Program Memory 

Fig.8 (a) Single Step Circuit 
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TOSHIBA INTEGRATED CIRCUIT 
1MP8049PI-6, 1MP8039PI-6 TECHNICAL DATA 

Reading of Internal Program Memory 

The processor is placed in the READ mode by applying +12V to the EA pin and 
OV to the RESET pin. The address of the location to be read is then 
applied to BUS and the low order 2-bits of Port 2. The address is latched 
by a 0 to 1 transition on RESET and the high level causes the contents of 
program memory location addressed to appear on the eight lines of BUS. 

Figure 7 illustrates the timing diagram for this operation. 

(5) Single Step Operation. 

A single step feature useful for debug can be implemented by utilizing a 
circuit shown in Figure 8 (a) combined with the SS pin and ALE pin. 

A D-tYEe flip flop with set and reset is used to generate SS. In the run 
mode SS is held high by keeping the flip flop set. To enter single step, 
set is removed allowing ALE to bring SS low via reset input. The next 
instruction is started by clocking a "1" into the FF which will not appear 
on SS unless ALE is high removing reset. In response to SS going high 
the processor begins an instruction fetch which brings ALE low resetting 
FF and causing the processor to again enter the stopped state. 

The timing diagram in this case is as shown in Figure 8 (b). (EA 5V). 

(6) Lower Power Stand-by Mode. 

The Lower TMP8049 has been organized to allow power to be removed from all 
but the volatile, 128 x 8 data RAM array. In power down mode the contents 
of data RAM can be maintained while drawing typically 10 - 15% of normal 
operating power requirements. 

VCC serves as the 5V supply for the bulk of the TMP8049 while the VDD 
supplies only the RAM array. In standby mode VCC is reduced to OV but VDD 
is kept at 5V. Applying a low level to reset inhibits any access to the 
RAM by the processor and guarantees that RAM cannot be inadvertently 
altered as power is removed from VCC. 

ALE 

DBO - DB7 

P20-P23 

\~--------------------------
\ / : : For two ~ ________ ~ L __________ ~ 

Instruction Inputr-______________________ ~1~·n~s~truction 
--A-d-d-r-e-s-s--(-P-C-)-----~~----~(~ __ A_d_d_r_e_s_s~(_P_C+ __ I) __________ _ 

Add re s S (p C) X X\.. __ A_d_d_r_e_s_s __ (_P_C+ __ l:...) ________ __ 

Port20-23 
Data 

Fig.8(b) Single Step Operation Timing 

-750-



TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA 

INSTRUCTION 
ACCUMULATOR INSTRUCTION 
I . I Instruction Code I 
I Mnemon1c ID71D61DSID41D31D21DI1DOI Operation 
IADD A,Rr 101 11 1101 11 rl rl rl(A)<-(A)+(Rr) 
I I I I I I I I I Ir= 0-7 
IADD A,@Rr 101111101010101 rl(A)<-(A)+«Rr» 
I I I I I I I I I I r = 0, 1 
IADD A,ifData 010 01010101 11 II(A)<-(A)+Data 
I d71d6 dSld41d31d21dlidOI 
!ADDC A,Rr 01 1 11 11 11 rl rl rl(A)<-(A)+(Rr)+(C) 
I I I I I I I Ir= 0-7 
IADDC A,@Rr 01 11 11 11010101 rl(A)<-(A)+«Rr)+ 
I I I I I I I I I (C) 
I I I I I I I I I r = 0, 1 
IADDCA,l/Data I 01 01 0111 01 0111 II(A)<-(A)+Data+(C) 
I Id71d61dSld41d31d21dlidOI 
IANL A,Rr 1011101 11 11 rl rl rl(A)<-(A) and (Rr) 
I I I I I I I I I Ir= 0-7 I 
IANL A,@Rr 101 1101 11010101 rl(A)<-(A)and «Rr)) I 
I I I I I I I I I I r = 0, 1 I 
IANL A,l/Data 101110111010111 II(A)<-(A) and Data I 
I Id71d6idSld41d31d21dlidOI I 
IORL A,Rr 101 110101 11 rl rl rl(A)<-(A) or (Rr) I 
I 1IIIIIIIIr=0-7 I 
IORL A,@Rr I 01 11 01 01 01 01 01 rl (A)<-(A) or «Rr»1 
I I i I I I I I I I r = 0, 1 I 
IORL A,l/Data 101 II 01 01 01 01 Ii 11 (A)<-(A) or Data I 
I id7id6ldS!d4id3ld2ldlidOI I 
IXRL A, Rr I 11 1101 11 11 rl rl rl(A)<-(A) EOR (Rr) I 
I I I I I I I I I Ir= 0-7 I 
IXRL A,@Rr 111110111010101 rl(A)<-(A) EOR«Rr»I 
I I I I I I I I I I r = 0, 1 I 
IXRL A,l/Data I 11 11 01 11 01 01 11 11 (A)<-(A) EOR Data I 
I Id71d61dSld41d31d21dlidOI I 
IINC A I 01 01 01 11 01 11 11 11 (A)<-(A)+1 I 
IDEC A 10101010101 11 11 II(A)<-CA)-1 I 
I CLR A I 0 I 0 I 11 0 I 0 I 11 11 11 CA) <-0 I 
I CPL A I 0 I 0 I 11 11 0 I 11 11 11 (A) <-NOT CA) I 
IDA A 101110111011111 1 I Decimal Adjust I 
I I I I I I I I I IAccumulator I 
ISWAP A 101110101011111 II(A4-n-)CAO-3) I 
I I I I I I I I I I <- I 
I I I I I I I I I I I 
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TMP8049PI-6, TMPB039PI-6 

I 1 I 0 I 0 I 
I I I I 
I I 0 I 0 I 
I I I I 

2 I 2 I 0 I 0 I 
I I I I 
I I 0 I 0 I 
I I I I 
I I 0 I 0 I 
I I I I 
I I I I 

2 I 2 I 0 I 0 I 
I I I I 
I I -I -I 
I I I I 
I I -I -I 
I I I I 

2 I 2 I -I -I 
I I I I 
I I -I -I 
I I I I 
I I -I -I 

2 I 
I 
I 
I 
I 
I 

2 I 
I 

1 I 
1 I 

I 
1 I 
1 I 

I 
I 
I 
I 

I I 
2 I -I -I 

I I 
I -I -I 
I I I 
I -I -I 
I I I 

2 I -I -I 
I I I 
I -I -I 
I -I -I 
I -I -I 
I -I -I 
I 01 -I 
I I I 
1.-1 -I 
I I I 
I I I 



TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA TMPB049PI-6, TMPB039PI-6 

1 M , I Instruction Code I IBytes I I~I 
I nemon1C ID710610sl041031021011001 Operation ICyclesl CIACI 

I RL A I 11 11 11 0 I 0 I 11 11 11 (An+l)<- (An) 1 I 1 I -I -I 
I 1IIIIIIIIn=0-6 I III 
I I I I I I I I I (AO)<-(An I I I I 
IRLC A 111 11 11 1101 11 11 1 (An+l)<-(An) I -I -
I I I I I I I I I n= 0-6 I I 
I I I I I I I I I (C)<-(An I I 
I I I I I I I I I I (AO) < - ( C) I I 
IRR A 101111111011111 II(An)<-(An+l) 1 I -I -I 
I 1IIIIIIIIn=0-6 I II 
I I I I I I I I I I (A7)<-(AO) I I I I 
IRRC A 101111101011111 II(An)<-(An+]) 1 I I -I -I 
I 1IIIIIIIIn=0-6 1 III 
I I I I 1 I I I I 1 (C) <- (AO) I I I I 
� ________ ~I~I~I~I~I~I~I~I~~I(~A7~)~<-~(~C~) _______ ~ __ ~1 __ ~I~I __ I 

Input/Outpu~ Instruction 
1 M , I Instruction Code I . I 
I nemomc 10710610SlD41031021011001 OperatlOn IBytes 
lIN A,Pp 101010101 1101 pi pi (A)<-(Pp) I 1 1 2 I -I -I 
I I I I I I I I I I P = 1, 2 I I I I I 
10UTL Pp,A 101011111 I! 01 P P:(Pp)<-(A) I 1 1 2 I -I -I 
I I I I ! ! 1 1 I P = 1, 2 I 
IANL Pp,#Oata I 11 01 01 11 11 01 P P (Pp)<-(Pp)and Oatal 
I Id71d6 dSld41d31d21dl dO P = 1, 2 I 
10RL Pp,#Oata I 11 0 01 0 11 01 P P (Pp)<-(Pp)or Data I 
I Id71d6 dsld4 d31d21dl dO P = 1, 2 I 
IINS A,BUS I 01 0 01 0 11 01 a a (A)<-(BUS) I 
10UTL BUS,A I 01 01 01 0 0 01 1 0 (BUS)<-(A) I 
IANL BUS,#Oatal 11 01 01 11 1 01 0 01 (BUS)<-(BUS) and I 
I Id71d61dSld41d3 d21dl dol Data 1 

10RL BUS,#Oatal 11 01 01 01 1 01 0 01 (BUS)<-(BUS) or I 
I Id71d61dSld41d3 d21dl dOIData I 

I I I I 
2 I 2 I -I -I 

1 I I I 
2 I 2 -I-

I I 
1 I 2 -I-
1 I 2 -1-
2 1 2 -I-I 

I I I 
2 1 2 -I-I 

1 I I 
IMOVO A,Pp 1010101011 11 P pi (AO-3)<-(Pp) I 1 I 2 -I-
I I I I I I I I (A4-n<-0 I 1 I 

I I I I I 1 I P=4-7 1 I I 
IMOVO Pp,A 1010111111 11 pi P (Pp)<-(AO-3) I 
I I I I I I I I P=4-7 I 

I 2 -I-
1 . I I 

IANLD Pp,A 1110101111 11 pi P (pp)<-(Pp)and I 1 
I I I I I I I I (AO-3) I 

I 2 -I-I 
1 I I 

I I I I I I I I Ip=4-7 I I 1 I 
10RLD Pp,A 1110101011 11 pi pi (pp)<-(Pp)or(AO-3) I 1 I 2 -I-I 
I I I I I I I I Ip=4-7 I I I I 

-752-



TOSHIBA INTEGRATED CIRCUIT 
TMP8049PI-6, TMPB039PI·6 TECHNICAL DATA 

Register Instruction 
I I Instruction Code I 
I Mnemonic ID71D61D51D41D31D21DI1DOI Operation 

I IBytes I I~I 
I Cy cl e sic I AC I 

I INC Rr 10101011111 rl rl rl(Rr)<--(Rr)+1 I 1 I 1 I -I -I 
I I I I I I I I I Ir= 0-7 I I I I I 
I INC @Rr I 01 01 01 11 01 01 01 rl «Rr))<-«Rr))+] I I I -I -I 
I I I I I I I I I I r = 0, 1 I I I I I 
I DEC Rr I 11 110101 11 rl rl rl(Rr)<--(Rr)-1 I I I -I -I 
I I I I I I I I I Ir= 0-7 I I I I I 

Branch Instruction 
I Mnemonic I Instruction Code I Operation IBytes I Cyc1esl~1 
I I D71D61DSID41D31D21DI1DOI I I I ci AC! 
IJMP Address lal0la91a81 01 01 1101 OI(pCO-7)<--(aO-7) I 2 I 2 I -I -I 
I la7 la61a51a41a31a21aliaOI (PC8-10)<--(a8-10) I I I I I 
i 
IJMPP @A 
!DJNZRr, 
IAddress 
I 
IJC Address 
I 
I 
I 
IJNC Address 
I 
I 

iJZ Address 
I 
i 
I 
IJNZ Address 
I 
I 
I 
IJTO Address 
I 
I 
I 
IJNTO Addressl 

I I I I I I I I (PCll)<--DBF I i I 
1101 11 110101 11 Ii (pcO-7l<--«A)) I 2 I -I-I 
11 11 1 I 0 I 11 r I r! r I (Rr) < -- (Rr) -1 2 I 2 -I-I 

a71a61a51a41a31a2ialiaOlif Rr not 0 I I I 
I I I I I I I I (PCO-7)<--(aO-7) I I I 

1 I 1 I 1 I 1 I O! 11 11 0 1 (p CO-l) < -- (aO -7) 2 I 2 - I -I 
I I I I I I I I if C = 1 I I I 

a7!a6IaSla4Ia3Ia2IallaOICPC) = (PC)+2 I I I 
I I I I I I I I if C = o· I I I 

11111101011\ 11 OI(pcO-7l<-(aO-7) 2 I 2 -I-I 
a7ia6IaSla4Ia3 f aZ!al!aOlif C = 0 I I i 

I ! Iii I (pC)<--(PC)+2 I I 
I I I ! I I if C = 1 I i I I 

11 11 01 01 01 I! 11 01 (PCO-7l<--(aO-7) 2 I 2 I -I -I 
a71a61a51a41a31aZlal1aOiif CA) = 0 I I I I 

I I I I I I I I (p C) < -- (p C) + 2 I I I 
I I I I I I I I if CA) . NEQ. 0 I I 

110101 1101 ]1 11 oICrco-7)<--(aO-n 2 2 I -I -I 
a71a61a51a41a31aZIaliaOlif (A) .NEQ.O I I I 

I I I I I I I I (p C) < -- (p C) -t 2 I I I 
I I I I ! I I I if CA) = 0 I I 

o I 0 I 11 1 I 0 I 1 I 1 I 0 I (p cO-7) < -- (aO--7) 2 2 I - I -I 
a71a61a51a41a31aZlaliaOlif TO = 1 I I 

I I I I I I I ! (pC)<---(PC)+2 I I 
I I I I I I I I if TO = 0 I I I 

0101 110101 11 11 OI(pco-7)<--(aO-l) 2 i 2 1--1-1 
I a71a61aSla41a31a21aliaOlif TO = 0 I I I I 
I I I I I I I I I I (p C) < -- (p C) + 2 I 1 I I 
I I I I I I I I I I if TO = 1 I I I I 
IJTl Address I 01110111011111 OI(pcO-7)<--(aO-l) 2 I 2 I -I-I 
I I a7la6laSla4la3la2lal!aOlif Tl = 1 I I I I 
I I I I I I I I I I (p C) <-- (p C) +2 I I I I 
I I I I I I I I I I if Tl = 0 I I I I 
IJNTI Address I 01 11010101 11 11 oICpcO-7)<--(aO-l) 2 I 2 I -I -I 
I I a71a61a51a41a31aZIaliaOlif Tl = 0 I I I I 
I I I I I I I I I I (p C) < -- (p C) + 2 I I I I 
� ________ ~I~~I~I~~I ~1~1~1~1~I~i~f~T~I_=~l ______ ~ __ ~I ____ ~I~I __ 1 
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TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA TMPBD49PI-6, TMPBD39PI-6 

I Mnemonic Instruction Code I Operation IBytes ICyc1esl~1 
I 071061051041031021011001 I 
IJFO Address 1101 11 11 01 11 1 OI(pco-7)<--(aO-7) I 
I a71a61a51a41a31a21al aOlif FO = 1 I 
I I I I I I I I (pC)<--(PC)+2 I 
I I I I I I I I if FO = 0 I 
IJFl Address 01 11 11 1101 11 1 OI(pcO-7)<--(aO-7) I 
I a71a61a51a41a31a21al aOlif Fl = 1 I 
I I I I I I I I (pC)<--(PC)+2 II 
I I I I I I I I if Fl = 0 
IJTF Address 01 01 01 11 01 11 1 01 (PCO-7)<--(aO-7) I 
I a71a61a51a41a31a21al aOlif TF = 1 I 
I I I I I I I I (pC)<--(PC)+2 I 
I I I I I I I I if TF = 0 I 
IJNI Address 110101010111 1 ol(pco-7)<--(aO-7) I 
I a71a61a51a41a31a21al aOlif INT = 0 I 
I I I I I I I I (pC)<--(PC)+2 I 
I I I I I I I I I if INT = 1 I 

I I CIACI 
2 I 2 I -I -I 

I I I I 
I I I I 
I I I I 

2 I 2 I -I -I 
I I I I 

I I I I 
2 I 2 I -I -/ 

I I I I 
/ / I I 
I I I I 

2 I 2 I -I -I 
I I I 
/ I I 
I I I 

IJBb Address b21blibOI 11 01 01 11 01(PCO-7)<--(aO-7) I 2 2 I -I -
I I I a71a61aSla41a31a21aliaOlif Bb = 1 I 

I I I I I I I I I (p C) < - (p C) + 2 I 
I I I I I I I I I if Bb = 0 I 
I I I I I I I I I I (b =. 0 - 7) I 
I CALL Addresslal0la91a81 11 01 11 01 Ol«sp»<-- I 2 
I I a71a61a51a41a31a21aliaOI (PC),(PSW4-7) I 
I I I I I I I I I I (SP)<-(SP)+1 I 
I I I I I I I I I I (PC8-10)<--(a8-10) I 
I I I I I I I I I I (PCO-7) <--(aO-7) I 
I I I I I I I I I I (PCll)<--OBF I 
I RET I 110101010101 11 II(SP)<--(SP)-1 I 1 
I I I I I I I I I I (p C) < -- ( ( SP ) ) I 
IRETR I 11 01 01 11 01 01 11 11 (SP)<--(SP)-1 I 
I I I I I I I I I I (PC)<--«SP» I 
I I I I I I I I I I (PSW4-7)<--( (SP» I 

Flag Manipulation Instruction 

Mnemonic 

CLR C 
CPL C 
CLR FO 
CPL FO 
CLR Fl 
CPL Fl 

Instruction Code I 0 eration 
071061051041031021011001 
1101011101 11 11 11 (C)<-- 0 
1 I 0 I 1 I 0 I 0 I 1/ 11 1 I (C ) <--NOT ( C) 
1/ 0/ 01 01 0/ 11 0/ 11 (FO)<-- 0 
11 01 01 11 01 1/ 01 11(FO)<--NOT(FO) 
1101 1/0101 1101 11 (Fl)<-- 0 
11 01 11 11 01 11 0/ 11 (Fl)<--NOT(Fl) 
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TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA TMPB049PI-6, TMPB039PI-6 

Data Transfer Instruction 

I Mnemonic Instruction Code I Operation IBytes I Cycles I Flag I 
I D7ID6/DSID4ID3ID2IDIIDOI I I I CIACI 
IMOV A, Rr 11 11 11 11 1 I r I r I r I (A) < -- (Rr) I I I - I - I 
I I I I I I I I I r = a - 7 I I I - I -I 
IMOV A, @Rr 1 1 1 I 11 01 01 01 rl (A)<-- «Rr)) I I I - I - I 
I I I I I I I r = 0, 1 I I I I I 
IMOV A, 41Data 0 a 1 I a I a I 0 I 11 11(A)<--Data I 2 I 2 I - I - I 
I d7 d6 dSld41d31d21dlidOI I I I I I 
IMOV Rr, . A I 1 I a I 1 I a I 11 rl rl rl (Rr)<--(A) I I I -I -I 
I I I I I I I I I I r = 0 - 7 I I I I I 
IMOV@Rr,A I 1 I 0 I 1 I a I 0 I a I 0 I r I «Rr)) <- (A) I I I - I - I 
I I I I I I I I I I r = 0, 1 I I I I I 
IMOV Rr,41Datal 1 I a I 11 11 11 rl rl rl (Rr)<--Data I 2 I 2 I - I - I 
I I d71d61dSld41d31d21dlidOI r = 0 - 7 I I I I I 
IMOV@Rr,lIDatal 1 I 0 I 11 11 01 01 01 rl «Rr))<--Data I 2 I 2 I -I -I 
I I a71a61aSla41a31a21aliaOI r = 0, 1 I I I I I 
IMOV A,PSW I 1111010101 11 11 11(A)<-- (PSW) I I I - I - I 
IMOV PSW, A I 11 1 I 0 I 1 I 0 I 1 I 11 1 I (pSW)<--(A) I I 1 I -I -I 
IXCH A, Rr 01 01 11 01 11 rl rl rl(A)-->(Rr) I I 1 I -I - I 
I I I I I I I I I <-- I I I I I 
I I I I I I I I I r = a - 7 I I I I I 
IXCH A,@Rr 01 01 11 01 01 01 01 rl(A)-->(Rr)) I I / -/ -/ 
I 1 / / I ! 1 / <-- / / 1 
I I I I I I / r = 0, 1 I I I , I I 

/ XCHD A,@Rr 01 at I! 11 0/ 0: at r! (AO-3)-->«RrO-3))I -/ -/ 
/ / / / I I I I I <-- I I I 
I I I I I I I I I r = 0, 1 I I I I 
IMOVX A,@Rr 11 01 01 01 01 01 01 rl (A)<--(Rr)) I 1 2 I - I - I 
I I I I I I I I I r = 0, 1 I I I I 
IMOVX @Rr,A 11 01 01 11 01 01 01 rl «Rr))<--(A) I 2 I -I -I 
I I I I I I I I I r = 0, 1 I I I I 
IMOVP A, @A 11 01 11 01 01 01 11 1 I (pco-7)<--(A) I 2 I -I -I 
I I I I I I I I I (A)<--( (PC)) I I I I 
IMOVP3 A,@A 11 11 11 01 01 01 11 1 I (pCO-7)<--(A) I 2 I -I -I 
I I I / I / I / I (PC8-11)<--001l I I I I 
I I I / / I I / I (A)<--«PC)) I I / I 
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TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA TMPB049PI-6, TMP8039PI-6 

Timer/Counter Instruction 

I Mnemonic Instruction Code I IBytes I Cycles I Flag I 
I D71D61DSID41D31D21DI1DOI I I I clAcl 
IMOV A,T 01 11 01 01 01 01 1! 01 (A)<--(T) 1 1 1 -I -I 
IMOV T ,A 01 11 11 01 01 01 11 01 (T)<--(A) I I I -I -I 
I STRT T 01 11 01 11 01 11 0 11Counting is I I I -I -I 
I I I I I I I !started in the I I 
I I I I I timer mode I I 
I STRT CNT 01 11 0 I 0 0 11 0 1 Counting is I -I -
I I I I I started in the I I 
I I I I I event counter I -I -I 
I I I I I I I I Imode I I I 
I STOP TCNT 01 11 11 01 01 11 01 11Stop both time I -I -I 
I I I I I I I I laccumulation and I I I 
I I I I I I I I levent counting I I I 
lEN TCNTl 01 01 11 01 01 11 01 l!Timer interrupt I -I -I 
I I I I I I I I lis enabled I I I 
IDIS TCNTl 01 01 11 11 01 11 01 IITimer interrupt I -I -I 
I lis disabled I I I 

Control Instruction 

Mnemonic Instruction Code I Operation IBytes ICyclesl~1 
D7!D6!DS!D4 I D3!D2ID1\Dol I ! I C AC! 

EN I O! 0; 01 0\ 01 Ii 0; liExternal interrupti I - -i 
I I ! I I I I lis enabled ! I I 

I I I 

DIS I 01 0 1 0 1 I! 01 I! 01 1!Externa1 interrupt! 1 I - -I 
I I I 0 1 I I I lis disabled I I I 

SEL RBO 11 11 01 I 01 11 01 11 (BS)<-- 0 I 1 I - -I 
SEL RBI 11 11 01 11 01 11 01 11 (BS)<-- 1 I 1 I - -I 
SEL MBO 11 11 11 01 01 11 01 11 (DBF)<-- 0 I 1 I - -I 
SEL MBI 11 11 11 11 01 11 01 11 (DBF)<-- 1 I 1 I - -I 
ENTO CLK 01 11 11 11 01 11 01 liTO is enabled to I 1 I - -I 

I 1 1 I 1 1 1 lact as the clock 1 I 1 
1 I 1 1 1 1 1 1 output 1 I I 

NOP 01 01 01 01 01 01 01 OINo oEeration 1 1 1 I - -I 
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TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA 

ITMP8049PI!8039PI: INDUSTRIAL SPECIFICATION I 

ABSOLUTE MAXIMUM RATTINGS 
I SYMBOL I ITEM 
IVDD IVDD Supply Voltage (with respect to GND (VSS)) 
Ivcc Ivcc Supply Voltage (with respect to GND (VSS)) 
IVINA IInput Voltage (Except EA) 
IVINB IInput Voltage (Only EA) 
IPD IPower Dissi ation (Ta - 70'C) 
ITSOLDER ISolderin Tem erature (Solderin Time 10 sec 
ITSTG IStorage Temperature 
ITOPR 10perating Temperature 

TMP8049PI-&, TMPB039PI-& 

I RATTING 
I-o.sv to + 7V 
I-O.SV to + 7V 
I-o.sv to + 7V 
I-o.sv to + 13V 
I 1.SW 

260' C 
-5S'C to IS0'C 

1-40'C to 8S'C 

DC CHARACTE=R~I~S~T~IC~S~ __ ~77_ 
ITA=-40'C to 8S'cl, VCC=VDD=+5V±10%, VSS=OV, Unless Otherwise Noted. 

I SYMBOL I PARAMETER ITEST CONDITIONS IMIN.ITYP.IMAX.IUNITI 
I VIL IInput Low Voltage I 1-0.51 - 0.71 V 
I I (Except XIALI,XTAL2,RESET) I I I I 
IVILI IInput Low Vol~ I I-o.si - 0.61 V 
I I (XTALI,XTAL2,RESET) I I I I 
IVIH IInput High Voltage I I 2.21 - vcci V 

! (Except XTALl,XTAL2,RESET) I i I 
i \'IH 1 IInput High Voltage I 3.8! - vcci V 
i i (XIALl,XTAL2.RESET) I I I 
IVOL lOut ut Low Volta e (BUS) I IOL 1.6 rnA I I 0.451 V I 

IVOLI 10utpu~Low Voltage I IOL - 1.6 rnA I - I - 0.45 V 
I I (RD, WR, PSEN, ALE) I I I I 
IVOL2 !Output Low Voltage (PROG) I IOL 0.8 rnA I - I - 0.4SI V 
IVOL3 10utput Low Voltage I IOL 1.2 rnA I - I - 0.451 V 
I I (For other output pins) I I I I 
IVOH 10utput High Voltage (BUS) I IOH =-28011A I 2.41 - - I V 
IVOHI 10utpu~High Voltage I IOH =-8011A I 2.41 - - I V 
I I (RD, WR, PSEN, ALE) I I I I 
IVOH2 10utput High Voltage I IOH --3011A I 2.41 - I V 
I I (For other output pins) I I I I 
I I I I I I 
I ILl IInput Leak Current (Tl , INT) Ivss ~ VIN ~ VCC I - I - ±lol llA 
I I I I I I 1 
IILl 1 IInput Leak Current IVSS+0.4S~VIN~Vccl - I - 1-7001 llA 
I I (PlO-17, P20-P27, EA, SS) I I I I I 
IILO 10utput Leak Current (BUS, TO) IVSS+O.4S~VIN~vccl - I - I ±lol llA 
I I (Hi h im edance condition) I I I I I 
IIDD VDD Su I Current I I - I - I 501 rnA 
IIDD+ICCITotal Supply Current I I 170, rnA 
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TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA TMPB049PI-a, TMPB039PI-a 

AC CHARA CTE::R.,:..I ,,-S T:..;I;-;C""S,-=-_-::-::-:-
ITA=-40·C to 8s·cl, VCC=VDD=+sV±lO%, VSS=OV, Unless Otherwise Noted. 

I SYMBOL I PARAMETER ITEST CONDITIONS IMIN.ITYP.IMAX. UNITI 
ItLL IALE Pulse Width I I 2001 - I - ns I 
ItAL IAddress Setup Time (ALE) I I 1201 - I - ns I 
ItLA IAddress Hold time (ALE) I I 801 - I - ns I 
I I I I I I I 
I tCC I Control Pulse Width(PSEN,RD,WR) I I 4001 - I - ns I 
I I I I I I I 
I tDW IData Setup Time (WR) I I 420 I - I - ns I 
I I I I I I I 
ItWD IData Hold Time (WR) I I 801 - 1- ns I 
ItCY ICycle Time I 12.51 115.0 Ils I 
I I I I I I I 
ItDR IData Hold Time (PSEN,RD) I CL - 20 pF I 01 12001 ns I 
I I I I I I I I 
ItRD IData Input Read Time (PSEN, RD)I - I - 14001 ns I 
I I I I I I I 
I tAW I Address Setup Time (WR) I 230 I - I - I ns I 
I tAD I Address Setup Time (Data Input) I - I - I 600 I ns 1 
I I __ I I I I 1 
ItAFC IAddress Float Time (RD, PSEN) 1 -401 - 1 - I ns 1 
I tCA I Internal between Control Pulse I 10 I - I - I ns I 
1~~ __ ~!a~n=d~A~L~E~~~ ____ ~ __ ~~~I~ __________ ~~~I __ ~I __ ~I ____ 1 
i tCP :?ort Control Setup Time (PROG) I 1151 i 1 ns 1 
ItPC :Port Control Hold Time (PROG) 65\ - 1 - I ns I 
ItPR IPort 2 Input Data Set Time - 1 - I 8601 ns I 
� ____ -+�~(P~R=OG=)~ ______ ~~~--~_+------------~~I--_+I--_+I---I 
I tDP 10utput Data Setup Time (PROG) 230 I - 1 - 1 ns I 
I tPD 10utput Data Hold Time (PROG) 251 - I - I ns I 
I tPF IPort 2 Input Data Hold Time 01 - I 160 I ns I 
I-= __ -+I~(P~R~OG~)~~~ ____________ +-__________ ~~~I __ ~I---+I---I 
I tPP I PROG Pulse Width 920 I - I - 1 ns I 
ItPL IPort 2 I/O Data Setup Time 3001 - I - I ns I 
ItLP IPort 2 I/O Data Hold Time 1201 - I - I ns I 

Note :tCY=2.slls, Control Output:CL=80pF, BUS Output: CL=lsOpF, PORT20-23: 
CL=80pF. 
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TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA 

TIMING WAVEFORM 

A. Instruction Fetch from External Program Memory 
tCl' 

ALE 

BUS 

B. fi.e£d from External Data Memory 

\'--____ ~if 
tc 

ALE 

RD 

BUS 

c. Write into External Data Memory 

ALE 

BUS 
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TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA TMPl049P)-S, TMP8039PI-6 

D. Timing of Port 2 during Expander Instruction Execution 

~ 

< ..:; 
::c 
0 

H 

'.2 
;:l 

::c 
0 

H 

TYPICAL CHARACTERISTICS 

ALE 

PORT20 
I PCH 

PORT23 
(Output Data) Port 
PORTZO 

I PCH 
PORT23 
(Input Data) Port 

PROG 

* Input Enabled State 

TYPICAL CH;P,ACTERISTICS 

-50 

-30 

-10 

o 
o 

-500 

-300 

-100 

VDD=VCC=5V 

-- TA=25°C 

"-
~ 

-........ 
t---
2 VOH (V) 4 

2) PI, P2:IOH -VOH 

VDD=VCC=5V 

TA=25°C 

-,.... 
r--. 

2 4 

VOH (V) 
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3) BUS, PI, P2: 10L - VOL 

50 

,..J 30 
c ...., 

10 

o 
o 

L V 
,/ 

J VDD=VCC=5V 
I TA=25°C 

1 
)",--1 

1 
J 

2 4 

VOL (V) 



TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA TMP8049PI-6, TMPB039PI-6 

PROGRAM TAPE FORHAT 
THP8049 programs are delivered in the form of paper tape with the following 

format and it is required to attach the tape list. The format of paper tape 
is same as the Intel type object tape (hexadecimal tape output by Intel MDS 
system, PROMPT 48 Development Tool, etc.) 

(] I Tape Format 

0t J Leader, 50 "l\ULL" characters or more 

Conrrnents Co!Ilr.'tent (Record mark II:" 
(T) 

is not inClUded)} 

Option 

1-----''---1-" - - - Record Mark 

Record Length (2 hexadecimal digits) 

Loading Address (4 hexadecimal digits) 

"00" Normal Record 
Record Type (2 Digits) "01" •••. End of File Record 

Data 

~ Check Sum (2 hexadecimal digits) 

CR) Dummy characters (RFBOl1T, BLANK) before and after "(CR) (LF)" are 
il"i::l.- optional. 

: --- " .. Record Mark (Repeated belo.·) 

~'R 
LF 

H)"""'" " """," 'om" .... , ~"' 
(2) Example of Tape List 
TOSHIBA MICRO COMPUTER TLCS-48 
:l00000000665C7D79CF50F3F951FED55A8FF16E570 
:lOOOl00088884DDE67D31F5D8ABA6DF292Fl13F5Cl 
:l00020004FFlFB5DFFDAA96A99CF7DF94A346B7C09 
:l0003000197352F729F12F79AA9C057C5B851EED77 

:l003C0005DFDB5E556A67277F61A51C631CF9FOE80 
:l003DOOOBD2F6F20E8BB1977E3FB5ADIF41FDAA7E2 
:l003EOOOB53D42EOEC32546025B7308CDD52063DID 
:l003FOOOB4BE9E9E345B6138060B20VC372BF60BD6 
:OOOOOOOlFF 
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TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA TMPBD49PI-6, TMPBD39PI-6 

OUTLINE DRAWING 

Unit in mm 

40 21 

>< 
<: 
~ 

'" ... 

20 

z 
r-____________ S~J.~3~M~A~X~· __________________ ~ ~ f 152<±o251 

I \, 

J~ 025 =::, !-O.S ± 0.1S 2.S4 ±0.25 z 
1. 4 ± 0.1S 0-1So 

Note: 1. This dimension is measured at the center of bending point of leads. 
2. Each lead pitch is 2.S4mm, and all the leads are located within 

±O.2Smm from their theoritical positions with respect to No.1 and 
No.40 leads. 
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TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA TMP8243P flMP8243PI 

INPUT/OUTPUT EXPANDER 

GENERAL DESCRIPTION 

The TMPS243P is an input/output expander designed specifically to provide a low 

cost means of 1/0 expansion for the TLCS-S4 family. 

The I/O ports of the Tl1P8243P serve as a direct extension of the resident I/O 

facilities of the TLCS-84 microcomputers and are accessed by their own MOVD, 

A~LD, and ORLD instructions. 

FEATURES 

o Simple interface to TLCS-S4 microcomputers 

o Four 4-bit I/O ports 

o A1W and OR directly to ports 

o Single 5V supply 

o High output drive 

o Direct extension of resident THPS04SP/TMPS049P I/O ports. 

o Compatible with intel's S243 

o -40°C to +85°C Operation (TMP8243PI: Industrial Specification) 

PIN CONNECTION (TOP VIEW) BLOCK DIAGRA~1 

I-'~)C vee 

J4~ P51 

= ~=- pt,:;.: 

14% Pc;' PORT 2 

1 ~= Per::. 

c:' :Pi'1 

FROG 1'62 

F23 1'63 

P:<~ PI~ 

1'21 P72 

P20 1'71 

'j l~l' J~IC 
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PORT 5 

PORT 6 

PORT 7 



TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA TMP8243P/TMP8243PI 

PIN NAMES AND PIN DESCRIPTION 

PROG (Input) 

Clock Input. A high to low transistion on PROG signifies that address and 

control are available on P20-23, and a low to high transi~ion signifies that 

data is available on P20-23. 

CS Unput) 

Chip Select Input. A high on CS inhibits any change of output or internal 

status. 

P20-23 (lnput/Output, 3-state) 

Four (4) bit bi-directional port contains the address and control bits on a 

high to low transition of PROG. During a low to high transition contains the 

data for a selected output port if a write oepration, or the data from a 

selected port before the low to high transition if a read operation. 

P40-43, PSO-S3, P60-63, P70-73 (Input/Output, 3-state) 

Four (4) bit bi-directional I/O ports. May be programmed to be input (during 

read), low impedance latched output (after write) or a 3-state (after read). 

Data on pins P20-23 may be directly written, ANDed or ORed with previous data. 

VCC (Power) 

+5 volt supply 

GND (Power) 

o volt supply 

FUNCTIONAL DESCRIPTION 

General Operation 

The THP8243P contains four 4-bit 1/0 ports which serve as an extension of the 

on-chip 1/0 and are addressed as ports 4-7. The following operations may be 

performed on these ports. 

o Transfer accumulator to port 

o Transfer port to accumulator 

o AND accumulator to port 

o OR accumulator to port 

-764-



TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA TMP8243P/TMP8243PI 

All communication between the TMPS04SP and the 1l1PS243P occurs over Port 2 

(P20-23) with timing provided by an output pulse on the PROG pin of the pro­

cessor. Each transfer consists of two 4-bit nibbles. 

A high to low transition of the PROG line indicates that ~ddress is present 

while a low to high transition indicates the presence of data. Additional 

T}W8243P'S may be added to the 4-bit bus and chip selected using additional 

output lines from the T}WS04SP/S035P. 

Power On Initialization 

Initial application of power to the device forces input/output ports 4, 5, 6, 

and 7 to the tri-state and port 2 to the input mode. The PROG pin may be either 

high or low when power is applied. The first high to low transition of PROG 

causes device to exit power on mode. The power on sequence is initiated if VCC 

drops be 10'" IV. 

P2l 

o 
o 
1 

1 

Write Modes 

P20 

o 
1 

o 
1 

Address Code 

Port 4 

Port 5 

Port 6 

Port 7 

P23 

o 
o 
1 

1 

P22 

o 
1 

o 
1 

Instruction Code 

Read 

Write 

ORLD 

ANLD 

The device has three write modes. MOVD Pi, A directly writes new data into the 

selected port and old data is lost. ORLD Pi, A takes new data, OR's it with 

the old data and then writes it to the port. ANLD Pi, A takes new data A~D's 

it with the old data and then writes it to the port. Operation code and port 

address are latched from the input port 2 on the high to low transition of the 

PROG pin. On the low to high transition of PROG data on port 2 is transferred 

to the logic block of the specified output port. 

After the logic manipulation is performed, the data is latched and outputed. 

The old data remains latched until new valid outputs are entered. 
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TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA TMP8243P /TMP8243PI 

Read Hode 

The device has one read mode. The operation code and port address are latched 

from the input port 2 on the high to low transition of the PROG pin. As soon 

as the read operation and port address are decoded, the appropriate outputs are 

3-stated, and the input buffers switched on. The read operation is terminated 

by a low to high transition of the PROG pin. The port (4, 5, 6 or 7) that was 

selected is switched to the 3-stated mode while port 2 is returned to the 

input mode. 

Normally, a port will be in an output (write mode) or input (read mode). If 

modes are changed during operation, the first read following a write should be 

ignored; all following reads are valid. This is to allow the external driver 

on the port to settle after the first read instruction removes the low impedance 

drive from the TMP8243P output. A read of any port will leave that port in a 

high impedance state. 

...:l 
o 

H 
W 

...:l 

"'" E-< 
o 
E-< 

125 

100 

75 

50 

25 

o 

GUARANTEED WORST CASE 
CURRENT SINKING 
CAPABILITIES OF ANY 1/0 
PORT PIN vs. TOTAL SINK 
CURRENT OF ALL PINS 

o 1 2 3 4 5 6 7 8 9 10 11 12 13 

MAXIMUM SINK CURRENT ON ANY PIN@.45V 
MAXIMUM IOL WORST CASE PIN(mA) 
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TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA TMP8243P/TMP8243PI 

Sink Capability 

The TMP8243P can sink 5 mA@.45V on each of its 16 I/O lines simultaneously. 

If, however, all lines are not sinking simultaneously or all lines are not fully 

loaded, the drive capability of any individual line increases as is shown by 

the accompanying curve. 

For example, if only 5 of the 16 lines are to sink current at one time, the 

curve shows that each of those 5 lines is capable of sinking 9 rnA@.45V (if any 

lines are to sink 9 rnA the total IOL must not exceed 45 rnA or five 9 rnA loads). 

Example: How many pins can drive 5 TTL loads (1.6 rnA) assuming remaining pins 

are unloaded? 

IOL = 5 x 1.6 rnA = 8 rnA 

sIaL = 60 rnA from curve 

tip ins = 60 rnA 8 rnA/pin = 7.5 7 

In this case, 7 lines can sink 8 rnA for a total of 56 rnA. This leaves 

4 rnA sink current capability which can be divided in any way among the 

remaining 9 I/O lines of the TI!P8243P. 

Example: This examples shows now the use of the 20 rnA sink capability of port 

7 affects the sinking capability of the other I/O lines. 

An TMP8243P will drive the following loads simultaneously. 

2 loads - 20 rnA@]V (port 7 only) 

8 loads - 4 rnA@.45V 

6 loads - 3.2 rnA@.45V 
Is this within the specified limits? 
eJOL = (2 x 20) + (8 x 4) + (6 x 3.2) 91.2 rnA. From the curve: 

for IOL = 4 rnA, dOL = 93 rnA since 91.2 rnA < 93 rnA the loads are 

within specified limits. 

Although the 20 rnA@lV load are used in calculating EIOL, it is the 

largest current required @.45V which determines the maximum allow­

able dOL. 
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TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA TMP8243P ITMP8243PI 

[MP]24¥l 
ABSOLUTE t1AXIt1Ut1 RATINGS 

Symhol Item Rating 

Vce Vce Supply VOltage with Respect to GND -0.5V to +7.0V 

"IN ~"''' Vol "ge vHl RC'spect to GND -0.5V to +7.0V 

VClllT Output VoltGge wHh Respect to GND -O.5V to +7.0V 
r----::---

PD Power Dissipation 800rn1i 
~c----

T (Soldering Time 10 sec.) 260°C SOL DEI' So1 dering Temperature 
c------- ---

TSTG Storage Temperature -55°C to +150°C 
~---I-----c- --

1 0PR Operating Temperature O°C to +70°C 
, , , D.C. CHARACTERISTICS TA O°c to 70°C, VCC 5V ± lU% 

Symbol 1 Parameter Test Condition Hin. Typ.1 Max. Units 

VlL \ Input Low VOltage -0.5 I 0.8 I V 
--

2.0 i jvct 0.5
1 

V VIH ,Input High Voltage 
" --+ 7sT-VOLl iOutput Low Voltage Ports 4-7 10L = SmA" I 

I I,----L~ V 
VOL2 10utput Low Voltage Port 7 10L = 20IlL4 IiI V 

I 

VOL 3 !Output Len,,' Voltage Port 0 I OL=0.6",_\ i 10.45 I V 

\'OHl 
I 

IOH=-2L.0, .\ I 2.4 _ 1 :Output High \'01 tage Ports 4- 7 V 

\'UI:2 !Output Higll Voltage Fort 2 10ll=-lOO_A 12~ I HI ,Input Leah.Gge Port 4-7 OV~VJN-VCC I -10 71 ,_A 

IlL:> iInput Leadage Port 2, cs, PROG OveV1N' Vel' +~O 10 ;li\ 

ICC [\' Supply Current '---~ -J 10 I 20 ""\ CC 
-' 

[Sum 10L of all 10L of 15 Outputs 5 mA Each Pin I I 80 rnA 

* See following graph for additional sink current capability 

A.C. CHARACTERISTICS TA = O°C to 70 0 e, vee = 5V ± 10% 
-

Symbol Parameter Test Condition Min. Typ. Hax. Units 

tA Code Valid Before PROG CL ~ SOp}' 100 I ns 

tB Code 
t-

Valid After PROG C], ~ 20pF 60 i n5 

tc jDaLd Valid Before PROG C], = 80pF 200 ns 

~~lta-Valid 
--

After PROG CL = 20pF 20 ns 

tll !Floating After PROG C], = 20pF 0 150 ns 
-

tK iPROG Negative Pulse Width 700 ns 

Before/After 
--r---------

tCs CS Valid PROG 50 ns 
--

tpo Ports 4-7 Valid After PROG CL = 100pF 1- 700 ns 

tLPl Ports 4-7 Valid Before/After PROG 100 ns 
-- --,- -

tAce IPOrl 2 Valid After PROG CL = 80pF 650 ns 
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TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA TMP8243P /TMP8243PI 

I H1PS243PI INDUSTRIAL SPECIFICATION I 
ABSOLUTE MAXIMUM RATINGS 

SVml1(1 I I I t em Rating 

-0.5\' t" +7.0V 

-0.51' t" +7.0\' 

Vcc: ! Vee SuppIv Voltelg'" "'itl1 Hl'sp('cl [0 G~W 
-~~---r---;---~- -----~--~~~~-~--I-~~~---~~~~-__1 

1'1:';: I IIl])ul \'(d tage wHIl He'spec! to C:"l) 

-0.5\' to +7.0V 

800ml') 

260°C 

-55°C to +150 0 C 

VOL'] I (1"tpul V"llagl' "'ill, He'specr to r;r,]) 
l'n ~_ P(wer Dissipation -------------1------------__1 

~~. DI~_ SO I der i n g Te mpe rat ure (So 1 de r i_n_"'g'----T_i_m_e_l_O_s_e_c_ . ...:,) ___ -+ _____ :........ _____ --j 
TSTC i Stor"ge Tc'mperature 

TOFR I Operating Temperature -40°C to +85°C 

D.C. CHARACTERISTICS TA=-40"C to 85°C, Vce=5V']07 

Symbol Parameter Test Condition Nin. I Typ. I Hax. enits 

VIL Input LOI, Vol tage -0.5 I I 
O.B V 

VIH Input High Vol tage 2.0 ! ~Vcc+0.5i V 

I 
--

Vall Outp tu Low Voltage Forts 4-7 IOL=/,.5mA 
I i 0.45 V 

\'OL2 Outp"t LOI'I Voltage Fort 7 I01,=20mA 
! 

1 I V i 

I 
--

\'OL3 I (lutput LO,\,',7 Voltage Fort :2 10L=0.61TC\ i 0.45 V 
--

I 

I , i 

VOHI (lUlput High V"l tage Forts 4- 7 I OH=-240,A I 2,4 i I I V 
I 

VOH 2 I Output High 2 IOH=-l 00 l.A 

1 

2.4 ! I I Voltage Port I 
I ! I i 

1 ILl i Input Leakage Ports 4- 7 OVO:Vn:;SVce -]0 I i ~~ 
IIL2 I Input OV':::VIN'::VCC I I 

Leakage Port 2, CS,FEOC -]0 I 10 1-:/\ 

ICC T V Suppl v Current I 10 I 20 mA CC 
-

IOL Sum of all lOL of 16 outputs 4 . 5rnJ\ each pin I I 72 J1'u'I 

See following graph for additional sink current capability 

A.C. CHARACTERISTICS TA=-40"C to 85°C, VCC=5V±lO% 

Symbol Parameter Test Condition Nin. Typ. Max. llnits 

tA C"de Vali d before FROG e L = 80pF ] on I ns 

tB Cod" Valid after pEOG CL = 20pF 60 I ns 

tc Data Valid before PEOG e 1. = 80pF I 200 I I ns 
-~~- ---~-~---f------ ~--+ 

tD Data \'alid after FRO" CL 20pF 20 : ns = 

tH Fl"ating after PROG C], = 20pF 0 150 ns 

tK PROG Negative Pulse Width 700 ns 

tes CS Valid before/after PROG 50 ns 

tpo Ports 4- 7 Valid after FROG CL = 100pF 700 n8 
f-----t------~----------

tLFl Fort s 4- 7 Va 1 i d be fore/after FROG lOO ns 
t----

lACe Port .) Volid after PROG C1. = BOpF (,50 ns 
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TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA TMP8243P /TMP8243PI 

THHNG ~!AVErORt1 

PROG 

1r" r1 
PORTZ 

~,J ~. ~ ~.iCj :5--
~STRue~iY: DATA X'--F-L-OA-T--

PORTZ 

PORT4-7 

PORT4-7 

tes 

~ 
C-------~i r--------

OUTPUT 
VALID 

PREVIOUS OUTPUT VALID 

INPUT VALID 
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TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA TMP8243P /TMP8243PI 

OUTU NE DRilYHiGS 

Unit in mm 

Note: Each lead pitch is 2. 54mm. All leads are located within 

O.25mm of their true longitudinal position .'i th respect 

to No.1 and No.24 leads. 

All dimensions are in millimeters. 
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TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA TMP8243P /TMP8243PI 
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TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA 

INPUT/OUTPUT EXPANDER 

GENERAL DESCRIPTION 

The T~W82C43p is an input/output expander designed specifically to provide 

a low cost means of I/O expansion for the TLCS-84C family. 

The I/O ports of the THP82C43p serve as a direct extension of the resident 

I/O facilities of the TLCS-84C microcomputers and are accessed by their own 

HOVD, ANLD, and ORLD instructions. 

FEATURES 

° CNOS LSI for low power dissipation 

° Low cost 

° Simple interface to TLCS-84C microcomputers 

° Four 4-bit I/O ports 

° AN~ and OR directly to ports 

° Single 5V supply 

° High output drive 

° Direct extension of resident TI!P80C49P-6 I/O ports. 

° PIN compatible with intel's 8243 

° Extended operation temperature range -40°C to 85°C 

BLOCK DIAGRAt1 
PIN CONNECTION (TOP VIEW) 

!-':<, 

',J 
-"u. ~\ ~ 

-4-:, [,: 

~. {)() 

.~. 'C1 

}:\)} 
!b:-" 

}~.' 10" 

J ~~ j-'7~ PROG 

J :"".l t 7% 

.. ~ ) ;','1 

. ;~. ' ' ','u 
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TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA 

PIN NAMES AND PIN DESCRIPTION 
PROG (Input) 

Clock input. A high to low transistion on PROG signifies that address and 

control are available on P20-23, and a low to high transition signifies 

that data is available on P20-23. 

CS (Input) 

Chip Select Input. A high on CS inhibits any change of output or internal 

status. 

P20-23 (Input/Output, 3-state) 

Four (4) bit bi-directional port contains the address and control bits on a 

high to 1m" transition of PROG. During a low to high transition contains 

the data for a selected output port if a write operation, or the data from 

a selected port before the low to high transition if a read operation. 

P40-43, P50-53, P60-63, P70-73 (Input/Output, 3-state) 

F.our (4) bit bi-directional I/O ports. Hay be programmed to be input (during 

read), low impedance latched output (after write) or a 3-state (after read). 

Data on pins P20-23 may be directly written, ANDed or ORed with previous data. 

VCC (Power) 

+5 volt supply 

GND (Power) 

o volt supply 

FUNCTIONAL DESCRIPTION 

General Operation 

The TMP82C43P contains four 4-bit I/O ports which serve as an extension of 

the on-chip I/O and are addressed as ports 4-7. The following operations 

may be performed on these ports. 

o Transfer accumulator to port 

o Transfer port to accumulator 

o AND accumulator to port 

o OR accumulator to port 
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TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA 

All communication between the microcomputer (THP80C49P-6) and the nrp82C43P 

occurs over Port 2 (P20-23) with timing provided by an output pulse on the 

PROG pin of the processor. Each transfer consists of two 4-bit nibbles. 

A high to low transition of the PROG line indicates that address is present 

while a low to high transition indicates the presence of data. Additional 

THP82C43P's may be added to the 4-bit bus and chip selected using additional 

output lines from the microcomputer. 

Power On Initialization 

Initial application of power to the device forces input/output ports 4, 5, 

6, and 7 to the tri-state and port 2 to the input mode. The PROG pin may be 

either high or low 'vhen power is applied. The first high to low transition 

of PROG causes device to exit pmver on mode. The power on sequence is ini­

tiated if VCC drops below IV. 

p21 P20 Address Code P23 p22 Instruction Code 

0 0 Port 4 0 0 Read 

0 1 Port 5 0 Write 

1 0 Port 6 1 0 ORLD 

1 1 Port 7 1 1 ANLD 

Write Modes 

The device has three write modes. MOVD Pi, A directly writes new data into 

the selected port and old data is lost. ORLD Pi, A takes new data, OR's it 

with the old data and then ~~ites it to the port. ANLD Pi, A takes new data 

AND's it with the old data and then writes it to the port. Operation code 

and port address are latched from the input port 2 on the high to low transi­

tion of the PROG pin. On the low to high transition of PROG data on port 2 

is transferred to the logic block of the specified output port. 

After the logic manipulation is performed, the data is latched and outputed. 

T' 'd data remains latched until new valid outputs are entered. 
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TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA TMP82C43P 

Read Hade 

The device has one read mode. The operation code and port address are 

latched from the input port 2 on the high to low transition of the PROG 

pin. As soon as the read operation and port address are decoded, the 

appropriate outputs are 3-stated, and the input buffers switched on. 

The read operation is terminated by a low to high transition of the 

PROG pin. The port (4, 5, 6 or 7) that was selected is switched to the 

3-stated mode while port 2 is returned to the input mode. 

Normally, a port will be in an output (write mode) or input (read· mode). 

If modes are changed during operation, the first read following a write 

should be ignored; all following reads are valid. This is to allow the 

external driver on the port to settle after the first read instruction 

removes the low impedance drive from the T~IT82C43P output. A read of 

any port will leave that port in a high impedance state. 
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TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA TMP82C43P 

H1P8243P 
ABSOLUTE. 11AXH1U~1 RATINGS 

snmoLi ITEi1 l_ RATING 

Vec Vcc Supply Voltage with Respect to GND ! -0.5V to +7.0V 
c-------- - - -,_. _. _._-- - ----- ------------------------------~~~ --
~_VH: ; Input Voltage with Respect to GND i --0.5V to Vcc+0 . 5V 

I 
~.--------- ------~---T --

VOCT i Output Voltage with Respect to G1W -0.5V to Vcc+0. 5V 
~---~ 

1 PD , Power Dissipation 250mv] 
i r-- , I 

h-SOLDE~ Soldering Temperature (soldering Time 10 sec.) i 260"C 

TSTG 
I Storage Temperature 

I -65"C to +l50°C I 
f--TOPR i Operating Temperature 

I 
-40"C to +85°C 

D.C. CHARACTERISTICS (I) TOPR=-40°C ~ 85"C, VCc=5V~10%, VSs=OV 

SYHBOLI PARAHETER TEST CONDITION HIN. TYP. HAX. UNITS 

VII IInput Low Voltage 0.8 v 

v 

~ ____ -+ __ l_._o __ rl __ V __ ~ 
I I- 0.45 I 

1 

v 

v 

VOH22!Out put High Voltage Port 2 I OH=-0.3mA IVcc-O.8! ±' 
----~--<--<~---,- I I 

IILl 'Input Leakage Port 4-7 VSS-VIN-VCC....J___ __ no vA 
I---ri---------- 'I J -±-l-O-~'---~ 

IIL2 IInput Leakage Port 2, CS,PROG VSS~VIN~VCC I' vA 
~~~~-~--~~--~--------

, VCC=5V,VIL=0.2V I ! I 
ICel iPower Supply Current (1) 'IVIH~VCC-O. 2V I I 2 

t -----11 I IPROGPERI0D=5)JS _ _ -
f--- ------------IVCC=5V, VIL=0.2V I -tl-~---+I----

1CC2 IPower Supply Current (2) IV 1H=VCC-O. 2V --t--;-]r wA 
I IPROG=V CC-O. 2V 

~I-0-I-~~I-s-u-m-O~f-a-1-1~I--O-1-~-O--£~1-6~O-u-t-p--u-t-s~~5m-A~E-a~C~.l-1-p-i-n~~-~~~~- i 80 -~~-mA--~ 

V 

rnA 
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TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA TMP82C43P 

D.C. CHARACTERISTICS (TI) TOPR=-40°C to S5°C, Vcc=5V::20%, vss=ov 

SYMBOL PARj'.~1ETER TEST CONDITION mN. TYP. MAX. UNITS 

i Input 
I 

O.l5VCCI VIL Low Voltage i 4.0V~VCC~4.5V -0.5 V 
I 

I 
VIH I Input High Voltage 5.5V:5VCC~6.0V 0.5VCC VCC V 

VOLl ; Output Low Voltage Ports 4-7 IOL=4mA I 0.45 V 

VOL2 Output Low Voltage Port 7 I OL=15mA 1.0 
I 

V 

VOL3 Output Low Voltage Port 2 I OL=0.6mA i 0.45 V I 

I 

4-7 I 
I 

V Om2: Ou tpu t High Voltage Ports IOH=-200~A I VCC-O.S I I V 
I 

VO:122! Output 
I 

IOH=-lOO~A I VCC-O.SI I I 
High Voltage Port 2 

I V 
I I 

IOL Sum of all IOL of 16 outputs i 4mA Each Pin I I 
64 i rnA 

A.C. CHARACTERISTICS TOPR=-40°C to SO°C, VCC=5V±20%, VSS=OV 

SYHBOL PARAMETER TEST CONDITIO~ HIN. TYP. MAX. UNITS 

tA Code Valid Before PROG CL=SOpF 100 ns 

tB Code Valia "iter PROG Cl-20pF 60 
I 

ns 

tc Data Valid Before PROG CL=SOpF 200 ! ns I I 
tD Data Valid After PROG CL=20pF I 20 ns 

tH Floating After PROG CL=20pF 0 ! 150 ns 

tK I PROG Negative Pulse hlidth I 700 ns 

tcs CS Valid Before/After PROG 50 ns 

tpo Ports 4-7 Valid After PROG CL=lOOpF 700 ns 

tIP Ports 4-7 Valid Before/After 
100 PROG ns 

t ACC Port 2 Valid After PROG CL=SOpF 650 ns 
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TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA 

T1t1I NG WAVEFORr1 

PROG 

PORT2 

PORT2 

PORT4-7 PREVIOUS OUTPUT VALID 

PORT4-7 INPUT VALID 

tcs 
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TOSHIBA INTEGRATED CIRCUIT 
, TECHNICAL DATA 

OUTU NE DRA\H NGS 

PLASTIC PACKAGE 

I, , " , ' , , , "I" , , , 

(Note) 
~

" 

;'::"~~ S 

" t:-: 

Unit in mm 

Note: Each lead pitch is 2.54mm. All leads are located within 

O.25mm of their true longitudinal position with respect 

to No.1 and No.24 leads. 
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TOSHIBA INTEGRATED CIRCUIT APPLICATION SPECIFIC 
STANDARD PRODUCTS (ASSP) TECHNICAL DATA 

Super Integrated New CPU Products 

Philosophy 
Toshiba has developed the advanced CMOS VLSI technology needed to integrate a Microprocessor and 
several Peripheral Devices onto a single Monolithic Silicon Die. Using this Super Integration technology 
Toshiba has the capability to define and produce CMOS devices with a particular configuration of CPU 
and Peripheral Devices, which will meet the requirements of specific kinds of applications. The first of 
these APPLICATION SPECIFIC STANDARD PRODUCTS (ASSP) will soon be available. These devices 
offer the user the benefits of lower system cost, greatly reduced PCB size, higher system reliability, 
reduced assembly and test costs, and lower power dissipation. 

ASSP Products 

Type Number Function No. of Production 
Pins/Pkg Availability 

TMPZ84C011 AF Z80 MPU (4Mhz) + CGC + CTC + I/O (8X5) 100/MFP Nov, 86 
TMPZ84C011 AF-e Z80 MPU (6Mhz) + CGC + CTC + I/O (8X5) 100/MFP Jan, 87 

TMPZ84C015AF Z80 MPU (4Mhz) + CGC + CTC + PIO + SIO 100/MFP Jan,87 
TMPZ84C015AF-8 Z80 MPU (6Mhz) + CGC + CTC + PIO + SIO 100/MFP Jan, 87 

TMPZ84C013AT Z80 MPU (4Mhz) + CGC + CTC + SIO 84/PLCC Feb,87 
TMPZ84C01-3AT-e Z80 MPU (6Mhz) + CGC + CTC + SIO 84/PLCC Feb,87 

TMPZ84C011 AF Block Diagram TMPZ84C013/015 Block Diagram 

,------r---r---'i'----------:I..>E. 

TM PZ84C011 AF Applications 

• Industrial Control 

• Robotics 

• I/O Intensive Processor 

>EO 
CLK/TROO 3 
Zo/TOO2 

AO AIS 
0007 
MOO 

M" 
XTALI 
XTALZ 
lIlT 

"'" &r 

Z-BO 
MPU 

+CGC 

BUSES 

CTC 

ZCT02 

TMPZ84C013/015 Applications 

• Modems 

• LAN's 

• Communications Control Processor 

'Note These devices also have Watchdog Timer Function 
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TECHNICAL DATA 
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TOSHIBA INTEGRATED CIRCUIT TMPZ84COllAF/TMPZ84COllAF-6 
TECHNICAL DATA CMOS Z80 MICROPROCESSOR 

GENERAL DESCRIPTION 

TMPZ840C011A is a high performance and low power CMOS Z80 microprocessor containing peripheral 
functions such as on-chip clock generator controller (CGC), counter timer circuit (CTC), and five 8-bit 
parallel input/output ports. TMPZ84COllA is fabricated with Toshiba's C2 MaS technology and molded 
in 100 pin flat package. 

FEATURES 

• Z80® software compatible 
• High speed operation (4/6MHz) 
• On-chip clock generator controller 
• Stand-by control is available. 
• Low power consumption 

Operating power supply current 
Power supply current in IDLE mode 
Stand-by current 

• Single power supply 
• Wide operating temperature range 
• Three operation modes 

(1) Run Mode (Normal operation) 

15 rnA Typ. @ 4MHz 
1 rnA Typ. @ 4MHz 

500 nA Typ. 
5V±10% 
-40°C to 85°C 

(2) Idle Mode 
(3) Stop Mode 

(Only clock generator continues to operate) 
(All operation is stopped: Stand-by state) 

• Five 8-bit ports (can be programmed as input or output for each va bit) 
• Four independent 8-bit counter/timer channels 
• On-chip dynamic memory refresh register 
• Three modes of high speed interrupt processing: 8080 similar, non Z-80 peripheral device, and Z80 

family peripheral with or without daisy chain. 

• 100-pin flat package 
• Real-time emulator RTE 80 and emulation board (BM8024) are available. 

Note) Five 8-bit parellel va ports do not have daisy chain interrupt function. 

Z80® is a trademark of Zilog Inc. 
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TOSHIBA INTEGRATED CIRCUIT TMPZ84COllAF 
TMPZ84COllAF·6 

Pin Name 

DO -D7 
A 0 -A15 
PAO -PA 7 
PBO -PB 7 
PCO -PC 7 
PDO -PD7 
PEO opE 7 
M1 
RD 
WR 
MREQ 
IORQ 
WAfT 
BUSREQ 
BUSACK 
HALT 
RFSH 
EV 

TEST 
CLKlTRGO 
-CLK/TRG3 

ZC/TOO 
-ZC/TC02 

IEI 
lEO 
XTAL1/XTAL2 

MS1, MS2 

CLK 
RESET 
INT 
NMI 
Vcc 
Vss 

TECHNICAL DATA 

PIN NAMES AND PIN DESCRIPTION 

No. of Pins 

8 
16 
8 

8 

8 

8 
8 

1 

1 

1 

1 
] 

1 

4 

3 

1 

1 
2 

2 

1 

1 

1 

1 

Direction 

I/O, 3-atate 
Output, 3-state 
I/O, 3-atate 
I/O, 3-atate 
I/O, 3-atate 
I/O, 3-atate 
I/O, 3-atate 

Description 

8-bit bidirectional data bus 
16-bit address bus 
Port A : Input / Output port 
Port B : Input / Output port 
Port C : Input / Output port 
Port D : Input / Output port 
Port E : Input / Output port 

Output, 3-state Machine cycle 1 
Output, 3-state Memory read 
Output, 3-state Memory write 
Output, 3-state Memory request 
Output, 3-state Input / Output request 
Input Wait request 
Input Bus request 
Output Bus acknowledge 
Output, 3-state HALT 
Output Refresh 
Input 

Input 
Input 

Output 

Input 
Output 
Input/Output 

Input 

Output 
Input 
Input 
Input 

Input signal for emulator mode. 
When EV Tenninal is in high level, Ml and HALT 
output is in high impedance state. When EV terminal 
is high with active BUSREQ. TMPZ84COllA will 
relinquish the internal Z80 cpu portion and will be 
controlled by another cpu (i.e. cpu in ICE). 
Test terminal. It must be tied to ground. 
External clock/timer trigger 

Zero count/timer out 

Interrupt enable input for CTC 
Interrupt enable output for CTC 
X'tal input/output. Two times frequency is required 
for cpu operation. 
Mode control inputs 

MS1 MS2 
o 0 
o 1 

Modi! 
IDLE 

Do not use 
o STOP 
1 RUN 

Single phase system clock output. 
Reset input. 
Maskable interrupt request. 
Non maskable interrupt request. 
5V power supply. 
Ground reference. (OV) 
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TOSHIBA INTEGRATED CIRCUIT TMPZ84COllAF 
TMP284C011AF-6 TECHNICAL DATA 

I/O PORT CONFIGURATION AND ASSIGNMENT 

(1) Port configuration 

(2) I/O assignment 

I/O Name 
A7 A6 

CTC 0 0 

(Counter 0 0 

/Timer) 0 0 
0 0 

Port A 0 1 
0 1 

Port B 0 1 
0 1 

Port C 0 1 
0 1 

Port D 0 0 
0 0 

Port E 0 1 
0 1 

DO-D7 

t:I 
~. 

'" &. 
§ 

" l 

Output buffer 

Port 

8 -t>- I--r--~ 

Note) Each I/O bit can be programmed as input or output. When 
reset occurs, Direction control register and port register are 
cleared, therefore, all ports are in input mode. 

Address 

A5 A4 A3 A2 

0 1 0 0 
0 1 0 0 
0 1 0 0 
0 1 0 0 

0 1 0 1 
0 1 0 0 

0 1 0 1 
0 1 0 0 

0 1 0 1 
0 1 0 0 

1 1 0 1 
1 1 0 0 

0 0 0 1 
0 0 0 0 
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A1 AO 

0 0 
0 1 
1 0 
1 1 

0 0 
0 0 

0 1 
0 1 

1 0 
1 0 

0 0 
0 0 

0 0 
0 0 

$10 
$11 
$12 
$13 

$54 
$50 

$55 
$51 

$56 
$52 

$34 
$30 

$44 
$40 

Port Direction] 
Input 

Output 

I/O Function 

Channel 0 
1 
2 
3 

Direction Register 
Port Register A 

Direction Register 
Port Register B 

Direction Register 
Port Register C 

Direction Regi ster 
Port Register D 

Direction Register 
Port Register E 



TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA 

BLOCK DIAGRAM 

XTALl XTAL2 CLK 

MSl 

MS2 

l\TMI 

RESET 

INT 

ZC/TOO_2 

---

-
-CLK/ 

TRG 0-3 

lEO 

IEI --

1 t HALT 

CLK 

HALT 
-

CGC Ml 

NMI 

t 

INT 

CLK -RESET 
-
Ml 

RD 

IORQ 

A 

DO~D7 

-
CE 

-Ml 

0., 
(t 

CLK 

HALT 
-Ml 

NMI 

RESET 

mT 

AO~A15 

V'-

1 1 1 

CPU 

RD WR IORQ DO~D7 

/" .. 

rv-.: CSO 
" 0 

decoder I Icontr8J'CUltl ~.J.. CSl 0., 

~ 

---CTC A A 

@ 
'3::::J B B en --., '1J ro ro 0 ., " ::I .......,c 
o 0 

C 
., 

C ., " ro 

~8 ~ 0" 
~ '0 q-

~s II D 

TEST 

E E 

I/O Port 
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r---

f--

) 

'" 

~ 
~ 

TMPZ84COll AF 
TMPZ84C011AF-6 

RD 

WR 

IORQ 



TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA 

TOSHIBA 

TMPZ84C013AT 
TMPZ84C013AT-6 

TMPZ84C013AT 
TMPZ84C013AT-6 

Pre I I m I na ry 

( CMOS Z80 Microprocessor) 

Communications Control Processor 

November 1986 

TOSHIBA CORPORATION 
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TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA 

GENERAL DESCRIPTION 

TMPZ84C013AT/TMPZ84C013AT-6 
(CMOS Z80 MICROPROCESSOR) 

COMMUNICATIONS CONTROL PROCESSOR 

TMPZ84C013AT is a low power CMOS Z80 8-blt microprocessor containing peripheral functions such 

as on-chip clock generator (CGC), counter timer circuit (CTC), serial input/output controller (SIO) and 

watch dog timer. 

TMPZ84C013AT is designed for broad range of commumcation applications and has two independent 

full-duplex channels with separate control and status lines for modems or other devices. 

TMPZ84C013A IS fabricated with Toshiba's C2 MaS technology and molded in 84-pin PLCC package. 

FEATURES 

• Z80(") software compatible 

• Low Power ConsumptIOn 
• High speed operation: TMPZ84C013AT 4MHz 

TMPZ84COl:lAT-6 6MHz 

• Single Power Supply: 5V±10'X 
• On-chip clock generator and controller 

• On-chIp peripheral functions 
(l) Four independent 8-bit counter/timer channels 
(2) Two independent full-duplex serial channels 

• Data rates of 0 to 800K bits/second in the xl clock mode with a 4MHz clock. 

• Asynchronous protocols in 5, 6, 7 or 8 bits/character includmg variable stop bits and several 

clock-rate multipliers; break generatIOn and detection; parity; overrun and framing error detection. 

• Synchronous protocols: complete bit-or byte onented IBM Bisync, SDLC, HDLC, CCITT-X.25 
and othen;. Automatic eRC generatIOn/checking, sync character and zero insertion/deletion, 

abort generation/detectIOn, and flag insertIon. 

• Watch dog timer 
• On-chIp dynamIC memory refresh register (8-blt) 

• Four OperatIOn' mode mcluding power save function. 
RU:--.r mode (Normal operatIOn) 

IDLE] mode (CPU operatIOn is stopped, but only oscillator works) 
IDLE2 mode (CPU operation IS stopped, but oscillator, counter/hmer and system clock output 

operation is contmued.) 
STOP mode (All operations are stopped) 

• Three modes of high speed interrupt processmg: 8080 SImilar, non-Z80 penpheral device, and Z80 
fallllly peripheral with or without daisy cham. 

• Extended operating temperature: -40"C to 85"C 

• Molded in R4-pin plastIC' leaded chIp carner. 

Z8()' IS a trademark of Zliog Inc. 
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TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA 

TMPZ84C013AT 
TMPZ84C013AT-6 

The following is I/O Assignment and additional functions to the standard Z80 family devices. 

1. I/O ASSIGNMENT 

Address 
I/O Name I/O Function 

A7 A6 A5 A4 A3 A2 Al AD 

: : : : : : : : : 
: : : : : : : : : 

CTC 0 0 0 1 0 0 () 0 #10 Channel 0 

(Counter 0 0 0 1 0 0 () 1 #11 1 
0 0 0 1 () 0 1 0 #12 2 /timer) 
0 0 0 1 0 0 1 1 #13 3 

: : : : : : : : : : 
: : : : : : : : : : : 

0 0 0 1 1 0 0 0 #18 rhannel A Data 
SIO 0 0 0 1 1 0 0 1 #19 A Command 
(Serial I/O) 0 0 0 1 1 0 1 0 #lA B Data 

0 0 () 1 1 0 1 1 #1B B Command 

: : : : : : : 
: : : : : : : : : : 

: 

Watchdog 1 1 1 1 0 0 0 0 #FO Watch dog Timer 
timer 1 1 1 1 0 0 0 1 #F1 Control 

: : : : : : : : : : : 

Daisy chain 1 1 1 1 0 1 0 0 #F4 

: : : : : : : : : : : 
: : : : : : : : : : 
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TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA 

2. WATCHDOG TIMER 
FUNCTION REGISTER #FO 

(WRITE/READ) 

2-1. Write Operation (Command Set) 

#FO 

D7 

0: Disable 

1: Enable 

Note)* 

D6 D5 

Timer Out 

0 0: 16 ms 

0 1: 64 ms 

1 0: 256 ms 

1: 1000ms 

Note)* 

D4 

MODE 

D3 D2 Dl 

, 

TMPZ84C013AT 
TMPZ84C013AT-6 

DO 

When a command is loaded to 

Watchdog Timer Function Register 
(address #FO), D2, Dl and DO 

must be as follows. 

U2 = 0 

D1 = 1 

DO = 1 

MS1 MS2 
IDLE 1 

IDLE 2 
STOP 

RUN 

Note)*When RESET occurs, Timer Out will be set as 1000 ms. 

o 
o 

o 

o 

Also cpu will be set in Run Mode and Watchdog Timer is enabled. 

2-2. Read Operation (Status Read) 

D7 D6 D5 D4 D3 D2 

#FO ,WDT Enable Timer Out MODE 

Dl DO 

J 

When status is read out from address #FO, D1 and DO will be always high ("I") and the other (D7 

through D2) will be in the status when a command has been loaded. 
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TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA 

2-3. Commands 

1) D7 (Enabling the watchdog timer) 

*) D7=1 : Watch Dog Enable 

D7=0 : Watch Dog Disable 

Note*) When RESET occurs, watch-dog timer is enabled (D7=1). 

2) D6, D5 (Determining time period for prescaler) 

D6 D5 Time 
0 0 16 ms 
0 64 ms 

0 256 ms 

1000 ms at 4MHz 

*) 

Note*) When RESET occurs, prescaler will be set as 1000 ms. 

3) D4~D3 (Mode control for clock generator) 

*) 

D4 D3 
o 
o 

o 
1 

o 

IDLE 1 

IDLE2 
STOP 

RUN 

Note*) When RESET occurs, CPU will be set as RUN mode. 

Internal operation 
Mode 

CG CPU WD Timer CTC 

IDLE 1 0 S S S 
IDLE 2 0 S S 0 
STOP S S S S 
RUN 0 0 0 0 

O· Operating (CLKOUT and eLKIN must be connected.) 
S· . . Stop 
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SIO 

S 
S 
S 
0 

TMPZ84C013AT 
TMPZ84C013AT-6 

CLKOl;T 

Status 

S 
0 
S 
0 



TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA 

4) D1=1, DO=l 

When a command is loaded to address #FO, Dl and DO must be high ("1"). 

Output Pulse width of WDTOUT. 

a. When WDTOUT terminal is 
connected with RESET 

terminal. 

b. When WDTOUT tenninal is 
connected with other than 
RESET terminal. 

Low level pulse during five clock cycles will be 

output. 

Low level pulse will be output until software reset 
or hardware reset is generated. 

3. WATCHDOG TIMER FUNCTION REGISTER #Fl 

TMPZ84C013AT 
TMPZ84C013AT-6 

(WRITE ONLY) 

#Fl 

7 6 5 4 3 2 

(Explanation for commands) 

1) "Bl" : Disable Watchdog Timer 

D7 of IIO address #FO must be cleared and then #B1 

must be loaded to I/O address #Fl. 

2) "4E" : Clear Watchdog Timer 

#4E Must be loaded to I/O address #Fl. This command is 
independent of D7 of I/O address #FO. 

3) "DB" : Updating content of D4 and D3 in IIO address #FO: 

#DB must be loaded to IIO address #Fl before updating 
D4 and D3. 
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TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA 

4. INTERRUPT PRIORITY CONTROL REGISTER 

7 6 5 4 3 

#F4 

(Priority) 

* CTC - SIO 

SIO - CTC 

*) After Reset 

5. RFSH ADDRESS 

A7' is added to refresh dynamic RAM in Ml cycle automatically. 

Ml 

2 

TMPZ84C013AT 
TMPZ84C013AT-6 

#F4 (WRITE ONLY) 

o 

1 
o 

RFSH ADDR A07~AOO X RFSH ADDR ~ 7FH X'-____ --IX RFSH ADDR ~ OOH x:= 
of' Standard Z80 cpu 

PFSH ----.... 

A7RF 

RFSH ADDR AOO~A07 

of TMPZ84C013A 

'7FH' 'SOH' 
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TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA 

PIN CONNECTION 
84-PIN PLCC 

A4 

A3 

A2 

Al 

AO 

MI 

.,., 

..: <0 ..: t- oo ~ ..: ..: 
0 .... '" co ... 
:;;: .... .... .... :;;: ..: ..: ..: 

.,., .... 

..: 
u 
u 0 is :> ~ 

BUSREQ 

WAIT 

WR 

IORQ 

VSS 

MREQ 

NC 

INT 

RFSH 

NC 

RESET 

BUSACK 

RD 

HALT 

W/RDYA 

TMPZ84C013AT 

a 
C!l 

~ 
~ 

'" co ... .,., <0 t- ...< 
~ ~ ~ ~ ~ ~ u 

I~ ~ I~ I~ ~ Ig I~ I~ I§ I ~ II§ I~ I~ I~ ~ I~ I~ ~ I~ 
~ ~ 
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TMPZ84C013AT 
TMPZ84COl3AT-6 

CLKlTRGl 

CLK/TRG2 

CLKlTRG3 

ZC/T03 

ZC/T02 

ZC/TOI 

ZC/TOO 

CLKIN 

CLKOUT 

NC 

XTAL2 

XTALI 

VSS 

WDTOUT 

lEI 

lEO 

EV 

NC 
NMI 

A7RF 

W/RDYB 



TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA 

TOSHIBA 

TMPZ84C015AF 
TMPZ84C015AF-6 

TMPZ84C015AF 
TMPZ84C015AF-6 

Pre lim I na ry 

( CMOS Z80 Microprocessor) 

Communica~ions Control Processor 

Nove.ber 1986 

TOSHIBA CORPORATION 
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TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA 

GENERAL DESCRIPTION 

TMPl84C015AF/TMPl84C015AF-6 
(CMOS l80 MICROPROCESSOR) 

COMMUNICATIONS CONTROL PROCESSOR 

TMPZ84C015A is a low power CMOS Z80 8-bit microprocessor containing peripheral functions such 
as on-chip clock generator (CGC), counter timer circuit (CTC), parallel input/output (PlO), serial 

input/output controller (SIO) and watch dog timer. 

TMPZ84C015A is designed for broad range of communication applications and has two independent full­
duplex channels with separate control and status lines for modems or other devices. 

TMPZ84C015A is fabricated with Toshiba's C2 MaS technology and molded in lOO-pin flat package. 

FEATURES 

• Z80® software compatible 

• Low Power Consumption 
• High speed operation: TMPZ84C015AF 4MHz 

TMPZ84C015AF-6 6MHz 

• Single Power Supply: 5V±lO% 
• On-chip clock generator and controller 

• On-chip peripheral functions 
(1) Four independent 8-bit counter/timer channels 

(2) Two independent full-duplex serial channels 

• Data rates of 0 to 800K bits/second in the xl clock mode with a 4MHz clock. 

• Asynchronous protocols in 5, 6, 7 or 8 bits/character including variable stop bits and several 
clock-rate multipliers; break generation and detection; parity; overrun and framing error detection. 

• Synchronous protocols: complete bit-or byte oriented IBM Bisync, SDLC, HDLC, CCITT-X.25 
and others. Automatic CRC generation/checking, sync character and zero insertion/deletion, 

abort generation/detection, and flag insertion. 

(3) Two independent 8-bit input/output ports with handshake function. 

• Watch dog timer 
• On-chip dynamic memory refresh register (8-bit) 
• Four Operation mode including power save function. 

RUN mode (Normal operation) 
IDLEI mode (CPU operation is stopped, but only oscillator works) 
IDLE2 mode (CPU operation is stopped, but oscillator, counter/timer and system clock output 

operation is continued.) 
STOP mode (All operations are stopped) 

• Three modes of high speed interrupt processing: 8080 similar, non-Z80 peripheral device, and Z80 

family peripheral with or without daisy chain. 

• Extended operating temperature: -40'C to 85'C 

• Molded in lOa-pin flat package. 

Z80® is a trademark of Zilog Inc. 
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TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA 

TMPZ84C015AF 
TMPZ84C015AF-6 

The following is I/O Assignment and additional functions to the standard Z80 family devices. 

1. I/O ASSIGNMENT 

Address 
I/O Name I/O Function 

A7 A6 A5 A4 A3 A2 Al AO 

: : : : : : : : : 
: : : : : : : : : 

CTC 0 0 0 1 0 0 0 0 #10 Channel 0 

(Counter 0 0 0 1 0 0 0 1 #11 1 

/timer) 0 0 0 1 0 0 1 0 #12 2 
0 0 0 1 0 0 1 1 #13 3 

: : : : : : : : : : : 
: : : : : : : : : : : 

0 0 0 1 1 0 0 0 #18 ~hannel A Data 
SIO 0 0 0 1 1 0 0 1 #19 A Command 
(Serial I/O) 0 0 0 1 1 0 1 0 #IA B Data 

0 0 0 1 1 0 1 1 #1B B Command 

0 0 0 1 1 1 0 0 #IC ~hannel A Data 
PIO 0 0 0 1 1 1 0 1 #1D A Command 
(Paraller I/O) 0 0 0 1 1 1 1 0 #1E B Data 

0 0 0 1 1 1 1 1 #IF B Command 

Watchdog 1 1 1 1 0 0 0 0 #FO Watch dog Timer 
timer 1 1 1 1 0 0 0 1 #Fl Control 

: : : : : : : : : : : 

Daisy chain 1 1 1 . 1 0 1 0 0 #F4 

: : : : : : : : : : : 
: : : : : : : : : : : 

-797-



TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA 

2. WATCHDOG TIMER 
FUNCTION REGISTER #FO 

(WRITE/READ) 

2-1. Write Operation (Command Set) 

#FO 

Note)* 

D7 

0: Disable 
1: Enable 

D6 D5 

Timer Out 

0 0: 16 ms 

0 1: 64 ms 

0: 256 ms 

1: 1000ms 

Note)* 

D4 

MODE 

D3 D2 D1 

• 

TMPZ84C015AF 
TMPZ84C015AF-6 

DO 

When a command is loaded to 

Watchdog Timer Function Register 

(address #FO), D2, D1 and DO 

must be as follows. 

a2 = 0 

D1 = 1 

DO = 1 

MS1 MS2 
IDLE 1 
IDLE 2 
STOP 

RUN 

Note)* 

Note)*When RESET occurs, Timer Out will be set as 1000 ms. 

o 
o 

o 
1 

o 

Also cpu will be set in Run Mode and Watchdog Timer is enabled. 

2-2. Read Operation (Status Read) 

D7 D6 D5 D4 D3 D2 

#FO WDT Enable Timer Out MODE 

D1 DO 

When status is read out from address #FO, D1 and DO will be always high ("I") and the other (D7 

through D2) will be in the status when a command has been loaded. 
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TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA 

2-3. Commands 

1) D7 (Enabling the watchdog timer) 

*) D7=1 : Watch Dog Enable 

D7=0 : Watch Dog Disable 

Note*) When RESET occurs, watch-dog timer is enabled (D7=1). 

2) D6, D5 (Determining tIme period for prescaler) 

*) 

D6 

o 
o 

D5 
o 
1 

o 

Time 
16 ms 

64 ms 
256 ms 

1000 ms at 4MHz 

Note*) When RESET occurs, prescaler will be set as 1000 ms. 

3) D4~D3 (Mode control for clock generator) 

D4 D3 
0 0 IDLE 1 

0 1 IDLE2 

0 STOP 

RUN 

*) 

Note*) When RESET occurs, cpu will be set as RUN mode. 

Internal operation 
Mode 

CG CPU PIO WD Timer CTC 

IDLE 1 0 S S S S 
IDLE 2 0 S S S 0 
STOP S S S S S 
RUN 0 0 0 0 0 

O· Operating (CLKOUT and eLKIN must be connected.) 

S· Stop 
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SIO 

S 
S 
S 
0 

TMPZ84C015AF 
TMPZ84C015AF-6 

CLKOUT 
Status 

S 
0 
S 
0 



TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA 

4) D1=1, DO=l 

When a command is loaded to address #FO, DI and DO must be high ("I"). 

Output Pulse width of WDTOUT. 

a. When WDTOUT terminal is Low level pulse during five clock cycles will be 

connected with RESET output. 

temlinal. 
b. When ;-;W"'"'D"'T"'"O"-U'"""'T terminal is Low level pulse will be output until software reset 

connected with other than or hardware reset is generated. 
RESET terminal. 

3. WATCHDOG TIMER FUNCTION REGISTER #Fl 

TMPZ84C015AF 
TMPZ84C015AF-6 

(WRITE ONLY) 

7 6 5 

#FI 

(Explanation for commands) 

1) "BI" : Disable Watchdog Timer 

2) "4E" Clear Watchdog TImer 

4 3 2 o 

D7 of I/O address #FO must be cleared and then #BI 
must be loaded to I/O address #Fl. 

#4E Must be loaded to I/O address #Fl. This 

command is independent of D7 of I/O address #FO. 

3) "DB" Updating content of D4 and D3 in I/O address #FO: 

#DB must be loaded to I/O address #FI before 
updating D4 and D3. 
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TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA 

4. INTERRUPT PRIORITY CONTROL REGISTER 

7 6 5 4 3 

#F4 

(Priority) 
* CTC - SlO - PlO 

SlO - CTC - PlO 

CTC - PlO - SlO 

PlO - SlO - CTC 

PlO - CTC - SlO 

SlO - PlO - CTC 

5. RFSH ADDRESS 

A7' is added to refresh dynamic RAM in Ml cycle automatically. 

2 

0 

0 

0 

0 

TMPZ84C015AF 
TMPZ84C015AF-6 

#F4 (WRITE ONLy) 

o 

*) 
0 0 After 

0 Reset 

0 

0 0 

0 

RFSH ADDR A07 ~AOO X RFSH ADDR = 7FH X'-____ --JX RFSH ADDR = OOH C 
of Standard Z80 cpu 

A7RF 

RFSH ADDR AOO~A07 

of TMPZ84C013A 

'7FH' '80H' 
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TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA 

PIN CONNECTION 

100 95 90 
A5 1 • A4 
A3 
AZ 
Al 5 
AO 

RFSH 
Ml 

RESET 
BUSREQ 10 

WAIT 
BUSACK 

vm 
RO 

TMPZ84C015AF IORQ 15 
VSS TMPZ84C015AF-6 

MREQ 
HALT 

TNT 
ARDY 20 
ASTB 

PA7 
PA6 
PA5 
PA4 25 
PA3 
PAZ 
PAl 
PAO 

W7RDVA 30 

35 .0 

Note) leT terminal must be open 
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85 
80 

75 

70 

65 

60 

55 

4S 50 

TMPZ84C015AF 
TMPZ84C015AF-6 

CI_K/TRGI 
CLK/TRGZ 
CLK/TRG3 
ZC/T03 
ZC/TOZ 
ZC/TOI 
ZC/TOO 
WOTOUT 
lEI 
lEO 
AiRF 
elKIN 
CLKOUT 
EV 
XTAL2 
XTAL1 
VSS 
NMI 
BROY 
BSTB 
PB7 
PB6 
PB5 
PB4 
PB3 
PB2 
PSI 
PBO 
W/RDYB 
SYNCS 



TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA 

BLOCK DIAGRAM 

:-:IA],I '1',\1.2 ill HALT CLKOUJ' 

,I ----,-;:;:1 (L0-/., -wI fLK[' 

HALT I--+-..... o---+----j HAL']' 

ili ......... -----+-----i \T1 
MSJ '\)\1( 1-+------+-----1 ~ 

III 11-----1 CLI( CGC 

HESEf-w>~~~~==l===~+_-~~~--~T~~HESEI 
W ,,_ iVf 

Z(',;T08 ...­

ZUT0 3 

CLI\/(rR{;4 _~ 

<:LK/TRG3 

PA, 

PH, 

lEI 
lEO 

eTC 

j 
L\T 

CLK ..... +-~ 

A 

" 

lIt 

CPU 

IOHQ 

;';P~--rf~ 
I 

PH, 
HF."H ----" MI HJ<:::-.ET IEl \\f{ 

BRDY -f­

HSTH -t-

MT - J ----.' IJ,~D, 
fLK H----!;+-.~ ~ CLK 

Watchdog 'rImer 

& cc - ~ _\ 
PIO C/D'" (2) (2) FunctIOn RegJsters 

'---____ k_/A--'-+-==JJ===!UJh 7~"' i'"'"" 

Note (1) Control circuit 
(2) Decoder 
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INTEGRATED CIRCUIT 
TOSHIBA 

TECHNICAL DATA 

NO.1 

14.0±0.1 

16.2±0.4 

19.6±0.3 

\4 19.6+0.3 

0.65 
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TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA 

TMP82C54P/TMP82C54P-2 

PROGRAMMABLE INTERVAL TIMER 

TMP82C54P 
TMP82C54P-2 

The TMP82C54P/P-2 is a programmable counter/timer fabricated in Silicon Gate CMOS technology 
which provide low power operation and high performance. It is organized as three independent 16-bit 
counters, with high clock rate input. 

The TMP82C54P/P-2 has six operational modes. All modes of operation are software programmable. 

The TMP82C54P/P-2 is a superset of TMP82C53P-2. 

FEATURES 

(1) Pin compatible with TMP82C53P-2 
(2) Three independent 16-bit counters 
(3) Counter latch command 
(4) Status Read-Back command 
(5) Six programmable Counter Modes 
(6) Count Binary or BCD 
(7) High speed 

TMP82C54P-2 Clock inputs 
TMP82C54P Clock inputs 

(8) Low power consumption 
30mA Max. (at operation) 
10JLA Max. (at power down) 

(9) Operating temperature -40 to 85"C 
(10) Supply voltage 5V ± 10% 

10MHz Max. 
8MHz Max. 

PIN CONNECTIONS (Top View) 

D7 ~ 
06 2 WR 
05 3 RO 
04 4 CS 
03 5 Al 
02 6 AO 
D1 7 CLK 2 
00 8 OUT 2 

CLKO 9 GATE 2 
aUTO 10 CLK 1 

GATE a 11 GATE 1 
VSS(GNO) 12 OUT 1 
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TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA 

BLOCK DIAGRAM 

D7-DO 

HD 

WR 

AO 

DATA BUS 
BUFFER 

READ/ 
WRITE 
LOGIC 

CS ___ .-11 

PIN NAMES AND PIN DESCRIPTION 

Pin Name Input/Output 

D7 - DO I/O 
CLK 2 - CLK 0 Input 
GATE 2 - GATE 0 Input 
OUT 2 - OUT 0 Output 
Al - AO Input 
RD Input 
WR Input 
CS Input 
VCC, GND Power supply 

COUNTER #0 

COUNTER #1 

Function 

Data bus 
Counter clock inputs 
Counter gate inputs 
Counter outputs 
Counter address 
Read signal 
Write signal 
Chip select 
+5V,OV 
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CLKO 

GATEO 

aUTO 

CLK! 

GATEl 

OUT! 

CLK2 

GATE 2 

aUT2 

TMP82C54P 
TMP82C54P-2 



TO·' ·'BA 
INTEGRATED rlorr ' -. 

1"1=" '-INICAl 

ABi:>L "" .AIMUM RATINGS 
SYMBOL ITEMS TEST CONDITION RATING 

Vcc Supply Voltage -0.5 to +7.0 

VIN Input Voltage 
With Respect 

-0.5 to Vcc+0.5 To GND. 
VOUT Output Voltage -0.5 to V cc+0.5 

PD Power Dissipation 250 

Tsol Solder Temperature 260 (10 sec) 

Tstg Storage Temperature -65 to +150 

Topr Operating Temperature -40 to +85 

DC CHARACTERISTICS (Ta=-40 to +85°C, Vcc=5V+I0%, Vss (GND)=OV) -
SYMBOL ITEMS TEST CONDITONS MIN. TYP. MAX. 

VIL Input Low Voltage -0.5 0.8 

VIH Input High Voltage 2.2 Vcc+0.5 

VOL Output Low Voltage IOL=2.2mA 0.45 

VOH 1 Output High Voltage IOH=-400rnA 2.4 

VOH2 Output High Voltage IOH=-100!LA VCC-0.8 

IlL Input Leakage Current OV::; VIN::; VCC ±10 

IOFL Output Leakage Current 0.45 ::; VOUT ::;VCC ±10 

ICC 1 Operating Supply Current CLK=10MHz 
VIH=VCC-0.2V 

3 30 

VIL=0.2V 

ICC 2 Stand-by supply Current CLK=DC ±10 
VIH=VCC-0.2V 

VIL=0.2V 

AC CHARACTERISTICS (Ta=-40 to +85°C, VCC=5V±10%, Vss (GND)=OV) 
READ/WRITE 

TMP82C54P TMP82C54P-2 
SYMBOL ITEM 

MIN. MAX. MIN. MAX. 

tAR Address Set-up Time (RD) 30 30 

tSR CS Set-up Time (RD) 0 0 

tRA Address Hold Time (RD) 20 20 

tRR RD Pulse Width 150 95 

tRD Valid Data (RD) 120 85 

tAD Valid Data (Address) 220 185 

tDF Data Floating (RD) 5 85 5 65 

tAW Address Set-up Time (WR) 0 0 

tSW CS Set-up Time (WR) 0 0 

tWA Address Hold Time (WR) 0 0 

tWW WR Pulse Width 150 95 

tDW Data Set-up Time (WR) 120 95 

tWD Data Hold Time (WR) 0 0 

tRY Recovery Time 200 165 
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TMP82C54P 
TMP82C54P-2 

UNIT 

V 

V 

V 

mW 

·C 

·C 

·C 

UNIT 

V 

V 

V 

V 

V 

!LA 

!LA 

rnA 

!LA 

UNIT 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 



TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA 

CLOCK/GATE 

TMP82C54P TMP82C54P-2 
SYMBOL ITEM 

MIN. MAX. MIN. MAX. 

tCLK Clock Period 125 DC 100 DC 

tPWH CLK High Pulse Width 50 30 

tPWL CLK Low Pulse Width 50 30 

tR CLK Rise Time 25 25 

tF CLK Fall Time 25 25 

tGW GATE Width High 50 50 

tGL GATE Width LOW 50 50 

tGS GATE Set-up Time (CLK) 50 40 

tGH GATE Hold Time (CLK) 50 50 

tOD Output Delay From CLK 150 100 

tODG OutPllt Delay From GATE 120 100 

tWC Count Loading Set-up Time (CLK) 100 80 

tWG WR Set-up Time (GATE) 0 0 

tWO Output Delay Fro:n Command Write 260 240 

tCL CLK Set-up Time (Count Latch) 85 68 

INPUT CAPACITANCE (Ta=25°C, Vcc=Vss (GND)=V) 

SYMBOL ITEM TEST CONDITION MIN. TYP. MAX. 

CIN Input Capacitance fc=1MHz 10 

CIIO Input/Output Unmeasured pins, 20 
Capacitance OV 

AC TESTING INPUT WAVE FORM 

2.4 ____ x ::> mST POmT <:: X",, __ _ 
0.45 
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TMP82C54P 
TMP82C54P.2 

UNIT 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

UNIT 

pF 
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TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA 

READ TIMING 

WRITE TIMING 

eLK 

GATE 
----:-1 ---~ 

OUT 

~I.~-----~O------~ 
CLOCK & GATE TIMING 
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LATCH COMMAND 

1GH 

*LAST BYTE WRITE 

TMP82C54P 
TMP82C54P-2 



TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA 

PACKAGE OUTLINE 
24 Pins PLASTIC DIP 

24 

1.4±0.15 

330 MAX 

13 

12 

TMP82C54P 
TMP82C54P-2 

Unit in mm 

15.24±0.25 

I 
I 

I 
I. 

" II 
&I 0.25 +0.1 II -0.05 ... 

Note) Lead pItch is 2.54mm and tolerance is ±0.25mm against theoretical center of each lead that is obtained 
on the basis of No.1 and No. 24 leads. 
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TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA 

TLCS-Z80 FAMILY 
IN PLCC 

TLCS-Z80 CMOS FAMILY IN PLASTIC LEADED CHIP CARRIER. 

TMPZ84COOAT/TMPZ84COOAT-6 
TMPZ84CIOAT/TMPZ84CIOAT-6 
TMPZ84C20AT/TMPZ84C20AT-6 
TMPZ84C30AT/TMPZ84C30AT-6 
TMPZ84C44AT/TMPZ84C44AT-6 

These devices are CMOS Z-80 Family in 44 pin PLCC. 

The function, A.C. and D.C. characteristics are same as in DIP or Flat Package. 

REFERENCE TABLE 

PART NUMBER FUNCTION CLOCK 

TMPZ84COOAT Z80A CPU 4MHZ 

TMPZ84CIOAT Z80A DMA 4MHZ 

TMPZ84C20AT Z80A PIO 4MHZ 

TMPZ84C30AT Z80A CTC 4MHZ 

TMPZ84C44AT Z80A 810 4MHZ 

TMPZ84COOAT -6 Z80B CPU 6MHZ 

TMPZ84CIOAT-6 Z80B DMA 6MHZ 

TMPZ84C20AT-6 Z80B PIO 6MHZ 

TMPZ84C3OAT-6 Z80B CTC 6MHZ 

TMPZ84C44AT -6 Z80B SIO 6MHZ 
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REFERENCE 

TMPZ84COOAP 

TMPZ84CIOAP 

TMPZ84C20AP 

TMPZ84C30AP 

TMPZ84C43AF 

TMPZ84COOAP-6 I 

TMPZ84CIOAP-6 

TMPZ84C20AP-6 

TMPZ84C30AP-6 

TMPZ84C43AF -6 



TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA 

PIN CONNECTION 
44-Pin PLCC Package 

CLK 

D4 

D3 

D5 

D6 

NC 

VCC 

D2 

D7 

DO 

D1 

cg to 

7 

8 

9 

"<f' C":l C'I .-< "<f' C":l 
"<f' "<f' 

TMPZ84COOAT 
TMPZ84COOAT-6 
TMPZ84COOAT-8 

"<f' to 
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C'I .-< 
"<f' "<f' 

37 

36 

35 

34 

33 

32 

31 

30 

29 
cg t--

TMPZ84COOAT 
TMPZ84COOAT-6 
TMPZ84COOAT-8 

(TLCS-Z80 CPU) 

A5 

A4 

A3 

A2 

Al 

AO 

VSS 

RFSH 

Ml 

RESET 

BUSREQ 



TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA 

PIN CONNECTION 
44-Pm PLCC Package 

AO 

eLK 

WR 

RD 

u z 

<0 

7 

8 

9 

- "" cv:l ~ 

~ ~ ~ ~ 

"" ~ cv:l "" 

"" ~ 

,.... 

<0 
~ 

~ 
~ 

IORQ TMPZ84CIOAT 

t-
~ 

cv:l 
~ 

NC TMPZ84CIOAT-6 

VCC 

MREQ 

BAO 
BAI 

BUSREQ 
0> ,.... 

"" cv:l ..;< "" ,.... 
"" "" "" "" "" I-I 

I I 

E-< "" ..;< cv:l "" 
,.... 0 0> ,.... ,.... ,.... ,.... ,.... ,.... 

~ ...... ~ ~ ~ ~ ~ ~ 
~ 
i$ 
---'£i 
U 

-813-

'£i 
UJ 

S 
p... 

...... I~ '£i ...... 

"" 
,.... 

..;< ..;< 

<0 t-

"" "" I-I I-I 
I I I 

00 >-< ~ Q 
!l:: 

0 
'£i ...... 

0 
..;< 

U 
Z 

TMPZ84Cl0AT 
TMPZ84CAT-6 

(TLCS-Z80 DMA) 

DO 

D1 

D2 

D3 

D4 

VSS 

D5 

D6 

D7 

Ml 

NC 



TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA 

PIN CONNECTION 

TMPZ84C20T 
TMPZ84C20AT-6 

44-Pin PLCC Package (TLCS-Z80 PIO) 

BfA 

PA7 

PA6 

PA5 

PA4 

NC 

VSS 

PA3 

PA2 

PAl 

PAO 

TMPZ84C20T 
TMPZ84C20AT-6 
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RD 

PB7 

PB6 

PB5 

PB4 

PB3 

PB2 

PBl 

PBO 

VCC 

CLK 



TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA 

PIN CONNECTION 
44-Pin PLCC Package 

VSS 

ND 

RD 

ZC/TOO 

NC 

ZC/TOI 

ZC/T02 

IORQ 

NC 

lEO 

NC 

7 

8 

9 

~ 
.-< 

U IE-< Z Z 
H 

TMPZ84C30T 
TMPZ84C30AT-6 

.-< C'1 C'j "" l.Q 
C'1 C'1 C'1 C'1 C'1 

U 1>-< .-< U ~ lfil Z fil :;s Z ~ U >-< U 
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CD t:- ~ 
C'1 C'1 C'1 

I-I 
I 

E-< 0 U 
fil CI1 Z 
CI1 U 

~ 

TMPZ84C30T 
TMPZ84C30AT-6* 

(TLCS-Z80 CTC) 

NC 

NC 

VCC 

NC 

CLK/TRGO 

NC 

CLK/TRGI 

CLK/TRG2 

CLKlTRG3 

NC 

CSI 



TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA 

PIN CONNECTION 
44-Pin PLCC Package 

lEI 

lEO 
Ml 

VCC 

W/RDYA 

SYNCA 

RXDA 

RXCA 

TXCA 

TXDA 

NC 

'" lC 

7 

8 

9 

rY:! 0> 
M M 

~ M G'I M ~ M 
~ ~ 

TMPZ84C44T 
TMPZ84C44AT-6 

0 M G'I M ~ lC 
G'I C'l C'l C'l C'l C'l 

I-I I-I I-I 
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"" M 0 
~ ~ ~ 

'" t- rY:! 
C'l C'l "" 

TMPZ84C44T 
TMPZ84C44AT-6 

('l'LC8-Z80 8IO) 

B/i\" 

C/O 

RD 

VSS 

W/RDYB 

SYNCB 

RXDB 

RXCB 

TXCB 

TXDB 

NC 



TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA 

PLASTIC LEADED CHIP CARRIER 

6 I 44 40-1 o 
'" 

17 29 

t:_17.S2±0.12 ___ 
28

---.\ 

1"------16.6----""1 
0.71 ±O.I 

fo----- 15.76--
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TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA 

CMOS TLCS-48 
IN PLCC 

TLCS-48 CMOS F AMIL Y IN PLASTIC LEADED CHIP CARRIER* 

TMP80C48AT/TMP80C49AT/TMP80C50AT 
TMP80C35AT/TMP80C39AT/TMP80C40AT 

These devices are TLCS-48 Family in 44 pin PLCC. 

The function, AC and DC characteristics are same as in DIP or Flat Package. 

REFERENCE TABLE 
PART NUMBER ROM RAM CLOCK (Mhz) 

TMP80C48AT 1k X 8 64 X 8 11 

TMP80C49AT 2k X 8 128 X 8 11 

TMP80C50AT 4k X 8 256 X 8 11 

TMP80C35AT External 64 X 8 11 

TMP80C39AT External 128 X 8 11 

TMP80C40AT External 256 X 8 11 

* See Page 597 for description of NMOS TLCS-48 Devices in PLCC. 
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REFERENCE 

TMP80C48AP 

TMP80C49AP 

TMP80C50AP 

TMP80C35AP 

TMP80C39AP 

TMP80C40AP 



TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA 

PIN CONNECTIONS 

E-< C'l ,..... 

I~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 

<.0 to '<I' C':l C'l ,..... '<I' C':l C'l ,..... 0 
'<I' '<I' '<I' '<I' '<I' 

INT 7 

EA 8 

RD 9 

PSEN 

WR 

NC 

ALE 

DBO 

DBI 

DB2 

DB3 
00 m 0 00 ,..... ,..... C'l 
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CMOS TLCS-48 
IN PLCC 

P24 

PI7 

PI6 

PI5 

PI4 

NC 

PI3 

PI2 

Pll 

PIO 

PS 



TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA 

PLASTIC LEADED CHIP CARRIER 

6 1 44 

7 o 

17 29 

C'5HO,, __ 2_8~ 
1------16.6------l 

0.71 ±O.I 

N 

C> 
+I :s ~ 

ci N 
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CMOS TLCS-48 
IN PLCC 

44 Pin PLCC 



TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA ERRATA SHEET 

VOL. 1. CORRECTIONS 

PAGE HEADING/SECTION/ LINE/ CORRECTION NOW READS 
TABLE/FIG./ADDITION FIGURE 

3 Feature / 1.1 9 NMI MMI 

201 General Description (15) 28 Pin 40 Pin 
And Features 

229 Fig. 2.2 (a) SIO Version Fig. 2 & 3 SIO/1 & SIO/2 All Figures 
SIO/O 

274 Fig. 2.1 Pin Connection Pin Numbering Pin No. (16-9) should Currently reads (16-23) 
read Top to Bottom Top to Bottom 

277 Table 3.1, T6497 Column ofMS MS1 MS2 MS2 MS2 
Operation Modes 

1 1 1 1 
0 * 0 * 
1 0 1 1 

287 Additional Info. - CL for any output is -

100 pF 

265 AC Electrical 15 TdIEI (lEO r) 160 ns 160 Min. 
Characteristics Max not Min. 

221 Page Heading Top Comer TMPZ84C30 ... TMPZ84C40 ... 
(right) 

570 AC Electrical Table tWW 160 tWW 140 
Characteristics tWD 30 tWD 10 
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TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA ERRATA SHEET (Continued) 

VOL. 1. CORRECTIONS 

Page: --639-, -663-, -687-, 

Incorrect 

tRDl Data Input Read Time (RD) 6t·170 375 ns 

tRD2 Data Input Read Time (PSEN) 4.5t·170 240 ns 

tAD 1 Address Setup Time (RD) 10.5t-220 730 ns 

tAD2 Address Setup Time (PSEN) 7.5t·200 460 ns 

Correct 

tRDl Data Input Read Time (RD) 5.5t·120 - 375 ns 

tRD2 Data Input Read Time (PSEN) 4t-120 240 ns 

tAD 1 Address Setup Time (RD) 10t-170 - 730 ns 

tAD2 Address Setup Time (PSEN) 7t-170 460 ns 

Page: -643-, -667-, -691-, 

Incorrect 

tRDl Data Input Read Time (RD) 6t-170 830 ns 

tRD2 Data Input Read Time (PSEN) 4.5t-170 - 580 ns 

tAD 1 Address Setup Time (RD) 10.5t-220 - 1530 ns 

tAD 2 Address Setup Time (PSEN) 7.5t-200 1050 ns 

Correct 

tRDl Data Input Read Time (RD) 5.5t-120 800 ns 

tRD2 Data Input Read Time (PSEN) 4t-120 550 ns 

tADl Address Setup Time (RD) 10t-170 1500 ns 

tAD2 Address Setup Time (PSEN) 7t-170 - 1000 ns 
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