









































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































INTEGRATED CIRCUIT

TOSHIBA
TECHNICAL DATA TMP8048PI, TMP8O35PI

If the pulse is generated externally the reset pin must be held at ground
(s0.5V) for at least 50mS after the power supply is within tolerance.

. Reset performs the following functions within the chip:

(1) Sets PC to Zero.

(ii)  Sets Stack Pointer to Zero.

(ii1) Selects Register Bank 0.

(iv) Selects Memory Bank O.

(v) Sets BUS (DBO - DB 7) to high impedance state. (Except when EA = 5V)

(vi)  Sets Ports 1 and 2 to input mode.

(vii) Disables interrupts (timer and external).
(viii) Stops Timer.

(ix) Clears Timer Flag.

(x) Clears FO and Fl.

(xi) Disables clock output from TO.

(10) Oscillator Circuit

. TMP8048 can be operated by the external clock input in addition to
crystal oscillator as shown below.

+5V

(-]
%
b

n
t
-

1
|

20 pFi

% PF;JE g +5V ;
/7

0

2. Basic Operation and Timing

The following basic operations and timing are explained
(1) Instruction Cycle

(2) External Memory Access Timing

(3) Interface with I1/0 Expander TMP8243P

(4) Internal Program Verify (Read) Timing

(5) Single Step Operation Timing

(6) Low Power Stand-by Mode
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INTEGRATED CIRCUIT

TOSHIBA 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.

. ¢2 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 both external and iaternel programs.
(3) Execution of external program oniv.

The external program memory is accessed (instructions are fetched)
i is excesd

led in mads (2D

lowing will ococur

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 1is 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.
(i1) 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 onto BUS (DBO - DB7).

. ALE indciates address is valid. The trailing edge of ALE is used to
latch the address externally.
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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INTEGRATED CIRCUIT

TOSHIBA TECHNICAL DATA TMP8048PI, TMP8035PI

e L UL UL L L LU

(6MHZ)

o ML M e L T

(2MHz)

Generated r_—-1 r——1 r——j r___l f—_—]

internally ¢2

1 2 3 4 5 1
State .
Instruction Decode Execution Execution Execution
Fetch
(500ns)
1 State (2.5p sec)
|

Next Address Latch Timing

ALE I l

(400KHz)

Fig.4 Instruction Cycle Timing

Port
P20 -P23 x gggg*><' Address gg:;4>< Address Dgga X Address
mo-mr (TN (N (TN () —

Instruction Instruction

— T

Fig. 5 Timing of External Program Memory Access
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TOSHIBAINTEGRATED CIRCUIT

TECHNICAL DATA TMP8048P1, TMP8O35PI
Program Address Data Address Program Address
o w7 A N~
Instruction Input/Output Data Instruction

R S| L

l External Data Memory Access Instruction ]
-~ 1

Suggest we have diagrams

Read Write
ATE L ATT J \

Fig.6 Timing of Accessing External Data Memory
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INTEGRATED CIRCUIT

TOSHIBA
TECHNICAL DATA TMP8048PI, TMPBO35PI

Figure 6 illustrates the timing of accessing the external data memory
during execution of external program.

(3) Interface with I1/0 Expander (TMP8243P)

The TMP8048 1/0 can be easily expanded using the TMP8243 I1/0 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/0 ports which serve

as extensions of one chip I/0 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

EA OY_/

RESET OV

A
—e (\
ALE ; Ao\ [\ Y X

77

_ Input of Internal Output of Internal Input of Internal
DBO- DB7 ROV Addrese RCM Dztz ROM Address
“\/Imput cf Internal
P20, P21 Input cf Internal RCM Adélress \

/\RJH Address

Fig.7 Timing of Reading Internal Program Memory

5v
5V 10K
SS
10K RUN l
Sv sv—lp  § g 55
l 10K 74
T R Q

Fig.8 (a) Single Step Circuit
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INTEGRATED CIRCUIT

i
TOSHIBA TECHNICAL DATA TMP8048PI, TilPBO35PI

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-type flip flop with set and reset is used to generate SS. In the run
mode S5 is held high by keeping the flip flop set. To enter single step,
set is removcd 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 unleass ALE is high removing reset. In response to SS going high
the processo” begins an instruction fetch which brings ALE low resetting
TF znd cavsin. tte processor to agzain enter the stopped statz,

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

- The Lower TMT30-% nis secn oroanized to oaliow power to be removed from all
but the volatile, &4 x & daira RAM array. In power down mode the contents

of data RAM can be maintained while drawing Lypically 10 - 15% of normal
operating power requirements.

- VCC serves as the 5V supply ior the bulk of the TMP8CLE while the VDD
supplies only the RAY 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 ——_\-——-———-/ L __________ __,: For two

Instruction Input instruction
DBO — DB7  Address (PC) )_D___( Address (PC+1)
P20 -P23 Address (PC) X X Address (PC+l)

Port20 —23
Data

Fig.8(b) Single Step Operation Timing
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TMP8048PI, TMP8035PI

TECHNICAL DATA

ACCUMULATOR INSTRUCTION

INSTRUCT1ON

TOSHIBAINTEGRATED CIRCUITJ
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TOSHIBA INTEGRATED CIRCUIT

TECHNICAL DATA TMP8048PI, TMP8035PI
| . | Instruction Code | . | | | Flagl
| Mnemonic ID71D6|D51D41D3]D2]D11D0| Operation lBytes |Cycle | CTAcC|
IRL A ['1] 11 11 ol o 1] 1] 1]CAn+1)<-(An) 1 1 1 | -1~
| 1111 bl In= 0-6 | | [
| bbb 1A <=(a7) | | [
{RLC A 1t 1) 1) 1fof 1] 1] 1] (An+1)<-(An) | 1 1] = -]
| bbbl fTa= 0-6 | ! [
| [ N N N KR O-V D) | r [
| [ N A N R R XD R e () | | [
[RR A ol 1] 1] 11 0! 211 1] 1!(An)<-(An+1) [ 1 | -1 -l
| b fa= 0-6 | ! [
| [ R N N R KO-V AR 0:X0) | | (I
|RRC A ol 11 1] ol ol 11 11 11(An)<-(An+1) [ S S N B
[ b1t 11 ITn= 0-6 | | [
| bbb 1e)<=(a0) | | (N
| LT an<=w@ | | |
Input/Output Instruction

“ . !__Instruction Code L e b | Flag!
: Mnemonic 'D7,D6.D5 D4 D3 D2 D1 D0, Operation {Bvtes C-‘“les:———CIACi
I8 A,Pp : 0l 0l 0/ 0] 1] 0] P| PI(&)<=(Pp) 1y 0 2 -1~
! N e I - ) | | (R
SUTL PaLA S0 0 11 1D 0t 2 Pi(Pp) -(4) e
. T~ .¥lzta oLl B —':’t\a't:’ Dztz 2 R

T2 23 Ao —3 ¢z o2l 4l o= 1.2
"ORL Pp,#Data | 1‘ 0' 0! 0/ 11 0ol Pl Pl(Pp)<- (Pp)or Data | 2 02 ==
l |d71d6!d5!d4ld3]d21dlldo] P = 1, 2 | | .
|INS A,BUS ol ol ol ol 11 ol 0l 0l(A)<~(BUS) [ 1 2 |-l -]
fOoUTL BUS,A | 0] ol ol o] o ol 11 0! (BUS)<-(A) | b2 =]
| ANL BUS,#Datal 1| 0] 0] 1] 1] ol 0l 0](BUS)<~(BUS) and | 2 2 | =] =l
| |d7]1d61d5!d41d3|d2]d11d0] Data | | [
{ORL BUS,#Datal 1] 0] 0! ol 1] o] 0] Ol(BUS)<-(BUS) or | 2 | 2 | -] |
| |d71d6!d5/d41d3!d2|d11d0|Data | | [
IMOVD A,Pp [ ol ol ol of 1] 11 Pl PI(A0-3)<=(Pp) [ S A
| bbb 1as=-7<-0 [ | [
| I R e e B A [ | [ A
[MOVD Pp,A ol ol 11 11 11 1] P| Pl (Pp)<-(A0-3) 1 1 2 |- -]
| N R A A B S [ | [
| ANLD Pp,A [ 1} ol of 1] 11 1l P| Pi(Pp)<-(Pp)and | 11 2 1 -] -
| bbb 1a0-3) [ | [
| L R e e B | | [
|ORLD Pp,A | 11 ol ol ol 1] 1] P| Pl (Pp)<-(Pp)or(A0-3)] 1 1 2 |-~
| L b lep=4-17 | | 1
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INTEGRATED CIRCUIT

TOSHIBA

TECHNICAL DATA

TMP8048PI, TMP8035PI

Register Instruction

Mnemonic

| Instruction Code |
ID7TD6'D5ID4[D3ID2'D1IDO]

Operation

]
!
|TINC Rr 07 ol of 11 11 !l rl r!l(Rr)<--(Rr)+l I 1 —! -1
| L b = 0-7 l r b
| INC @Rr P00 0, 0l 1ol ol O rl((Re)I<=((Rr))+1 | 1 1 -1 -]
! b br=0,01 | ! Lo
{ DEC Rr Pabaror ol 1 el r! rf(Re)<-=(Rr)-1 | 1| 1= -
| Ll lr= 0-7 | I L
Branch Instruction

| Mnemonic | Instruction Code | Operation [Bytes |Cycles| Flag!
| | D7'D6!D5!D4:D3|D2/D1'DO] ! | | clac]
{JMP Address lal0O}a9!a8f 0! 0] 1] ol 0](PCO-7)<--(a0-7) ! 2 2 =1 -
| a7 la6la5|atla3ia2ialla0}!(PC8-10)<--(a8-10) | oo
i ‘ P 11 [(PC11)<~-DBF ! | [
|JMPP @A Fo1f ol 11 11 of of 11 11(PCO-7)<-=((A)) | 1] 2 b= =]
IDJNZ Rr, o1l 1]l 1ol 1t rl rl ri(Re)<--(Rr)-1 i 2 | 2 1 -1 =
lAddress | a7i a6’35 abt'a3ia2ial!a0iif Rr not 0 f | R
i | oo b 1 (PC0-7)<—-=(a0-7) i | P

IC AdZrzss 1" 11710 1" 1" 0 (PCO-7)=-=(an-7) 2 ! 2 - =
| | : i | o if c=1 . !
! | a7laé6! aS'a4-a3 a2'alla0i(PC) = (PC)+2 i [
! ! 0t 00 lif c= o | f o

INC iiZdrsss H S U ¢ Y SR U O (DCq 7)<={a0=-7) 2 i - -
1JZ Address | 1" 1i 07 0, 01 1i 1 0O (PCO 7)\--(30 7) 2 2 - =
| | a7ia6ia5Slasla3la2lalla0!if (A) =0 i i [
| | oo PO <—=(PC)+2 ! | P
| [ bbb b b 1if (A) .NEQ.O | | N
|JNZ Address | 1! 0f 0of 1! 0! 1] 1] 0!(PCO-7)<--(a0-7) | 2 2 |- -
| | a7la6la5la4]a3la2lalla0lif (A) .NEQ.O | ! [
| | bbb I(pe)<==(PC)+2 i | P
| | o b iE A = i I N
{JTO Address | 0] ol 1] 11 0! 1] 1] 0!/(PCO-7)<--(20-7) | 2 2 -1 -
: | a7la6laSlatia3la2lalla0lif TO = 1} | | [
[ | bbb [(ee)<-=(pC)+2 I | [
| | 11 ] lifTo=0 | | [
[JNTO Address| Ol 0] 1} ol ol 1] 1] 0](PCO-7)<~-(a0-7) ! 2 | 2 | =] -|
l | a7labia5latla3la2lalla0lif TO = 0 | | I B
l | ol b1 1(epe)<——(PC)+2 | | [
| | bbb JifTto=1 | | [
[JT1 Address | Ol 1| 0} 1} 0] 1] 1] 0l(PCO-7)<==(a0-7) | 2 | 2 | -] -|
| | a7labla5|atla3la2]alla0|if T1 = 1 | | P
| | b1 1 [ee)<-—(pC)+2 | | [
| | b Jif T =0 | | [
[INT1 Address| 0] 1] 0f ol ol 1] 1| 0](PCO-7)<—(a0-7) | 2 2 |- -
| | a7la6la5la4la3ia2lalla0lif T1 = 0 | | [
| | bbb 1 1ee<—(PC)+2 i | [
| | b HifTr =1 | | N
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INTEGRATED CIRCUIT

TOSHIBA
0 TECHNICAL DATA TMPB048PI, TMPBO35PI

Instruction Code | Operation IBytes |Cycles| Flagl

| Mnemonic
|
1

| |

i D7'D6|D5:D4!D3/D2|D1IDO! | | | claci
{JFO Address | 1! O 1l 11 0] 1] 1] 0j(PCO-7)<-=(a0-7) | 2 | 2 | -] |
! | a7la6la5'atla3la2lalla0 if FO = 1 | | [
i | b oK (PO)+2 | | [
: j L S 2 ] | | P
{JF] Address | o' 101101 11 1) 0l(pCco-7)7==(a0-7) | 2 | 2 | -] -]
| I a7 d6 a5 a4'alla2lallaliif Fl =1 | ] [
! ! bbb (PO == (PO)+2 r | [
1 ! oo JifE FL =0 ! | [
'JTF Address | 0. 0! 0! 1! 0} 11 1} |(PCO 7)<-=(a0-7) | 2 | 2 | -] |
| I a7'a6la5latla3la2lalla0|if TF = 1 ! | [
5 [ R N R N T !(PC><-—<PC)+2 I | |
| | e T e T B A ¥ ) | | [
{JNI Address | 1! 0} 0! 0! ol 1} 1! 0l (PCO-7)<-=(a0-7) | 2 | 2 | -| -]
| | a7ia6la5'at|a3la2ialia0|if INT = 0 | | [
! ! Fb bbb HeO<=—=(PC)+2 | | I
| t lob bbb b HEINT = ] ! | [
[JBb Address ! b2)bl!b0! 1, 0f 0! 1! 0/ (PCO-7)<--(a0-7) | 2 | 2 | -1 -]
t L al. ab a5 ak a3 a2ialta0iif Bb = 1 | | [ .
! S bbb (PO (PC)+2 ! ! I

' if Bb =0 '
; ! o b b =0-7) i i i
{CALL Address'al0'a9,a8 1! 0' 1] 0! 0:((SP))<~—- o2 b 2 b= -
‘ " a7'ab'a5 ak'a3'a2'alla0l (PC), (PSW4-7) I f b
‘ Do \Pcll,\——aay

'RET 1t 0" 0 0 0 0f 1/ 1t(sp><——(sp) -1 i 1 2 0
| | bbb Heo)<==((sp)) | | [
"RETR P10 0" 1l 0l 0] 16 11(SPy<==(Sp)-1 oo b2 b
| i bbb b b T pe)<==((sp)) j i P
i | ol b b H(eswa-7)<-=((sP)) | | [
Flag Manipulation Imstruction
! Mnemonic | Instruction Code | Operation Bytes ICycles| Flagl|
| |"D7!/D6|D5!D4[D3[D2[D1 DO | | clAC]
| CLR C [ 10 o] ol tbol 1] 1 11(C)<-- 0 1 T 1 Tol -}
| cPL C [ 1] ol 11 01 o} 1] 1] 11(C)<-=NOT(C) | 1] 1 | o} -
| CLR FO [ 11,01 0l 0, 0f 1] 0] LI(FO)<—- 0 | 1 1| =1 -]
I CPL FO I 11 ol of 1V ol 1] of 1](FO)<--NOT(FO) S e
| CLR Fl [ 11 0ol 11 0l 0l 11 0} LI(F1)<-- 0 [ T T B
| cPL Fl | 1f ol 1] 1] 0] 11 0] 1[(F1)<==NOT(F1) | 1 | 1 | =] -
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TOSHIBA INTEGRATED CIRCUIT
TECHNICAL DATA

TMP8048PI, TMP8035PI

Data Tran«fer Instruction

i Mnemonic | Instruction Code ! Operation [Bytes |Cycles| Flag!
| '"D7]D6[D5|D4[D3[D2ID1]DO] i I | clac|
'™OV A, Rr | 1 11 11 11 11 rl r] rl(A)<-- (Rr) b1y b1 =1 -]
! l bt tr=0-7 I | I =1 -1
MOV A, GRr | 1| 1] 1] 1f 0! of of r|(A)<-- ((Rr)) | 1| =1 -
; | b r=0,1 ! | [
{MOV A, #Data| 0O 0f 1! 0! 0! 0] 1} 1!/(A)<--Data ! 2 2 | -1 =
[ | d7]d6'd5)d41d3'd21dl!d0! [ | [
/MOV Rr, A [ 1 00 1) ol 11 ri rl rl(Rr)<—=(A) | 1 1 | = =]
5 { bt tr=0-7 | | b
IMOV@RY ,A o1bol 1t o ol ol of ri((Rr))<=(A) | 1 1 | -1 -l
! ! b r=0,1 | | [
MOV Rr,#Datai 1! 0] 1} 1] 1| rl r| r!(Rr)<--Data | 2 2 ] =] -l
| | d71d61d51d4]d31d2|d1]d0] r = 0 - 7 ! | [
[MOV@Rr ,#Datal! 1| 0| 11 11 ol 0! 0] rl((Rr))<--Data | 2 2 | -] -l
i | a7labla5lasla3la2lalla0l r = 0, 1 | | [
[MOV A,PSW [ 1] 1 0l ol of 11 1! 11(A)<-—- (PSW) | 1 1 - -
IMOV PSW, A | 1] 1! ol 1] o' 1!l 1} 11(PSW)<——(A) ! 1 I
'XCH A, Rr ool ol 1ol 10 v rl rl(A)-—>(Rr) ! 1| 1 =1 =
' i ' ! ' ' ' ! ' | (= | ! ' ! !
: ! P b b b =0-7 | ! |
'XCH A,@Rr | 0! 0! 1l 0! 0! 0! 0] rl(A)-->((Rr)) | 1 1 - -
| | [ | ! [
\ . . : o= 1 : : i

XCHED ALV :Er ¢ I o+ & 5 0 T (AU=3,=— \Rr-3.. N 1 - -
IMOVX A,€GRr | 1] 0, 0, 0} 0" 0! 0! r!l(a)<--=((Rr)) i 1| 2 b= -y
i | b lr=0,1 I [ P
IMOVX @Rr,A | 11 0' ol 11 0l 0! 0! r!l({(Rr))<--(a) I 1| 2 =
] l bbb e=0,01 i | [
IMOVP A, @A | 1| ol 1] ol 0! 0f 1] 1}(PC0O-7)<-=(A) | 1] 2 | =1 =
| ! bbb bbb 1a)<-=®e) ! | [
fMove3 a,ea | 1| 11 1] ol 0ol ol 1] 11(PCO-7)<-=(A) ! 1| 2 =] -
| | bbb bbb 1(pc8-11)<--0011 ! | [
I | LT ha)<=-(re)) | | [
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INTEGRATED CIRCUIT

TOSHIBA TECHNICAL DATA TMP8048PI, TMP8O35PI

Timer /Counter Instruction

| Mnemonic | Instruction Code | |Bytes [Cycles| Flag]
| | D7/D6[{D5{D4[D3ID2[D1|DO] | | | clAc|
[MOV A,T [0l 1} 0l ol of of 1] 0](A)<--(T) 1 1 -1~
[MOV T,A [0l 1] 11 ol of of 1] ol(T)<-=(a) 1 [ =1 -1
[STRT T I ol 11 0l 1! ol 11 ol 1lCounting is [ S B B
| I It 1 I I | | Istarted in the ! I [
! | 1 11 I ] ltimer mode | | [
| STRT CONT I 0ol 11 0| 0of 0! 1} 0l 1iCounting is [ S S U R A
| | I 1 I I | | Istarted in the | | [
| | [t I I I | | Jlevent counter | 1] 1 | =] -]
i | 1 1 L1 1 1 Imode [ | [
fstop TCNT | 0] 1f 11 ol 0ol 1] Ol 1/Stop both time [ A
i | I+ + I 1 | | laccumulation and | | I
| | 11 I 1 I | levent counting | | [
|EN TCNT1 | ol ol 11 ol ol 1] 0] 1|Timer interrupt 1 | 1 ] -1 -]
l L 1 1 I 1 1 | l|is enabled | | [
IDIS TCNT1 o] o] 1] 11 ol 1! 0] 1|Timer interrupt | 1 | 1 -] -]
I lis disabled | ! o
Control Instruction
| Mnemonic | Instruction Code | Operation [Bytes |Cycles| Flagl
! | 'D7'D5'D5'D4'D3'D2'D1'DO! = I I"C A

IS o0 2T Al 10 ¢ I'Extermsl interrunt . N - -

) is enabled

oIs I SRR . ¢ I I ZIxternzl Interrup:t N N - -
| | S iis disabled ‘ |
| SEL RBO 10 1ol Vi ol 1] ol 11(BS)<— 0 1] 11 - =]
| SEL RB1 [ 11 1] ol 11 ol 11 of 11(BS)<=-1 [ - -
| SEL MBO [ 11 1] 11 of of 1} o] 1/(DBF)<—- 0 S - -
| SEL MBIl [ 1i 11 11 11 ol 1} o] 1](DBF)<— 1 [ L= =
| ENTO ¢cLK | 0] 1] 1t} 1f ol 1] 0f 1/T0 is enabled to | 1 | 1] - -
| | 11 I I | | lact as the clock | | | |
| | I L 1 1 I I | Jloutput | | i |
| NoP | 0ol o' o] ol ol ol 0! 0!No operation ! 1 | 1] - -
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TOSHIBA
TECHNICAL DATA TMP8048PI, TMPBO35PI

| TMP8048P1/8035P1: INDUSTRIAL SPECIFICATION |

ABSOLUTE MAXIMUM RATTINGS

| _SYMBOL | ITEM | _RATTING |
VDD [VDD Supply Voltage (with respect to GND (VSS)) [-0.5V to + 7V |
lvce IVCC Supply Voltage (with respect to GND (VSS)) [-0.5V to + 7V |
[VINA [Input Voltage (Except EA) [-0.5V to + 7V |
| VINB [Input Voltage (Only EA) [-0.5V to + 13V |
iPD [Power Dissipation (Ta = 70°C) 5 1.5W |
[TSOLDER [Soldering Temperature (Soldering Time 10 sec) i 260°C |
[TSTG [Storage Temperature [-55"C to 150°C

| TOPR !Operating Temperature [-40°C to 85°C

DC CHARACTERISTICS
|TA=-40"C to 85°C|, VCC=VDD=+5V+10%, VSS=0V, Unless Otherwise Noted.

| SYMBOL ] PARAMETER [TEST CONDITIONS |MIN.ITYP.|MAX.|UNIT|
[VIL [Input Low Voltage ! [-0.5] - 1 0.7 v |
| | (Except XTAL],XTAL2,RESET) I I : | |

IVIL1 'Input Low Voltage ! I-0.5" = ' 0.6 v !
! ! (XTAL1,XTAL2,RESET) : ; i ; | .
|VIH [Tnput High Voltage | | 2.27 = [ veel v |
| | (Except XTAL],XTAL2,RESET) E | | * |

"VIH1 iTnput High Voltage ' ' 3.8' - vee! v

i | (RD, WR, PSEN, ALE)

[VOL2 [Output Low Voltage (PROG)
[VOL3 [Output Low Voltage

I | (For other output pins)

IOL = 0.8 mA
IOL = 1.2 mA

| | |
| | |
{ | |
| | |
|VOH [Output High Voltage (BUS) | IoH =-280uA | 2.4 |
| VOHL [Output High Voltage | IOH =-8CuA | 2.4] - |
| | (RD, WR, PSEN, ALE) | | |
| VoH2 {Output High Voltage | IOH =-30uA I 2.4] - |
| | (For other output pins) | | |
| [ [ [ | |
[ILI |Input Leak Current (T1, INT) lvss < vIN < vee | - | - |
[ | l l | |
[TLI1  [Input Leak Current _ [vsS+0.45<VINCVCC] - | - |
! | (P10-17, P20-P27, EA, SS) | 1 | |
I1LO |Output Leak Current (BUS, TO) |VSS+0.45<VINCVGC| - | - |
| (High impedance condition) - | |
| IDD VDD Supply Current | -1 - 20] mA |
|IDD+ICC|Total Supply Current | -1 - 145] mA |
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TOSHIBA

TECHNICAL DATA

TMP8048PI, TMP8O35PI

AC CHARACTERISTICS
|TA=-40"C to 85°C|, VCC=VDD=+5V%10%, VSS=0V, Unless Otherwise Noted.

| SYMBOL | PARAMETER [TEST CONDITIONS |MIN.|TYP.|MAX.|UNIT
[tLL [ALE Pulse Width I 2000 - | - 1 ms
| tAL [Address Setup Time (ALE) 120 - | - | ns
[tLA [Address Hold time (ALE) 80l - [ - | ns
! I [ I I
|tcc | Control Pulse Width (PSEN,RD,WR) | | 4001 - | - | ns
| | - | [ [ I [
[ tDW |Data Setup Time (WR) | | 420 - | - | =ns
| I | | [ I I
| tWD Data Hold Time (WR) | 80| - - ns
ltcy Cycle Time | 2.5 - 115.0] wus
| . | [
| tDR |Data Hold Time (PSEN,RD) | CL = 20 pF | 0] - | 200| ns
| [ I I | |
| tRD |Data Input Read Time (PSEN, RD)| | -1 - 1 400| ns
| I I [ I | [
| taw |Address Setup Time (WR) ! | 230! - - | ns
I tAD |Address Setup Time (Data Input)' -1 - 600! ns
H { — T ; T
[tAFC |Address Float Time (RD, PSEN) | | 401 = { - | ms
|tca |Internal between Control Pulse | | 10l - | - | ns
; 'and ALE ! | . | !
oy ‘Porst Ionmzrol Setus Time (PROZ 1.8 - - os
2L ort C rcl Hold Timz (PROG) £z - - ns
PR ‘Pert 2 Iaput Data Set Time - - 367, us
| | (PROG) ; i |
| £DP [Output Data Setup Time (PROG) 230! - = ns
|£PD [Qutput Data Hold Time (PROG) 25] - - | ns
| tPF [Port 2 Input Data Hold Time ol - 160] ns
| (PROG)
| PP PROG Pulse Width 920 - - | ns
[ tPL Port 2 I1/0 Data Setup Time 300] - ~ | ns
|tLP Port 2 I/0 Data Hold Time 120] - - | ns
Note :tCY=2.5us, Control Output:CL=80pF, BUS Output: CL=150pF, PORT20-23:

CL=80pF.
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INTEGRATED CIRCUIT

TECHNICAL DATA

TOSHIBA

TMP8048PI, TMP8O035PI

TIMING WAVEFORM

A. lnetruction Fetch from External Program Memory

tey
fLL
S /.
LAFC tca
PSEN ta )
AL ptec | l toR

BUS 7 _ YU ! Xk

Addrese e - Lt&. Instruction

fog

tend from External Data Memory

ALE ___d/r___—_\\

t

Na—

_TATC

=

e

DR

—— e

7777
BUS VI ,X
3] 7 P

M

///% Data ?\:?/‘/\

Address

tAD

|

C '~ te into External Data Memory

Address

tAw
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TOSHIBA TECHNICAL DATA TMP8048PI, TMP8O35PI

D. Timing of Port 2 during Expander Instruction Execution

ALE / \ [ \ Ajc:;;

tpr |  tLp tpp tpp

PORT20 .
POR.TZB PCH ./ chCtt o1 Moutput Data
(Output Data) Port |20 - 23 . tpr ] tpp
PORT20 Data | i

! x PCH Port . ﬂ(:::
PORT23 e’ JAlControl
(Input Data) Port 20-23 tCP trc Input Data

Data
PROG 2"———
tpp

* Input Enabled State

TYPICAL CHARACTERISTICS

1) BUS: Igy - Voy 3) BUS, P1, P2: IgL - VoL

-50 Vpp=Vce=5V 50 Vpp=Vce=5V
TA=25°C < TA=25°C
E -3 230
= \\\\\ g 4”’———_
o NG l/,/’r
-10 ~ 10—
0 T~ o5 ,
0 2 Vou (V) 4 S 4
2) P1, P2:Igy -Vou oL
-500 Vpp=Vcc=5V
Q (-]
< TA=25°C
Ad
= 300
o
—
-100 P
0
0 2 4
Vor (v)
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TOSHIBA TECHNICAL DATA TMP8048PI, TMP8035PI

PROGRAM 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
1s same as the Intel type object tape (hexadecimal tape output by Intel MDS
system, PROMPT 48 Development Tool, etc.)

"1) Tape Format

H
j[///j\\\i[ JLeader, 50 "NULL" characters or more

~ ' ~

Corments | ----- Comment (Record mark '":" is not included)
(CRr)
15 Option
N Record Mark

Record Length (2 hexadecimal digits)

Loading Address (4 hexadecimal digits)

"00" .... Normal Record
Record Type (2 Diglts) wo1" ... End of File Record

Data

Check Sum (2 hexadecimal digits)

(C) Durmy characters (RUBOUT, BLANE) befcre and after "(CR)(LE)" are
3T crticnal.
------Recoerd Mzarth (Repezted below)

L

A : A }Trailer. 50 "NULL" characters or more

(2) Example of Tape List

TOSHIBA MICRO COMPUTER TLCS-48
:100000000665C7D79CF50F3F951 FED55A8FF16E570
:1000100088884DDE67D31F5D8ABA6DF292F113F5C1
:100020004FF1 FBS5DFFDAA96A99 CF7DF94A346B7C09
:10003000197352F729F12F79AA9C057C5B851EED 77

:1003C0005DFDB5ES556A67277F61A51 C631 CFOFOESD
:1003D000BD2F6F 20E8BB1977E3FB5AD1F41 FDAATE2
:1003E000B53D42E0EC32546025B7308CDD52063D1D
:1003F000B4BE9E9E 345861 38060B20VC372BF 60BD6
:00000001FF
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TOSHIBA
TECHNICAL DATA TMP8048PI, TMPBO35PI

OUTLINE DRAWING

Unit in mm

40 21
o W B o e B o N O o O oo O o O v 0 e O e O s 8 1 o 1 o 16 o O o O e 6 o
<
<
Y =
N
500 8 VN O U U [ S S S O N S [ 5O [ N J 0 s
1 20
>
z z
e 51.3MAX = 15.24+025
NS 1 = -
! y 2 —\
'-I "1\————%
WO 4
i i b
T I U \U T oastol ]
= 111 0.5+0.15 2.54 £0.25 . —005
[ i
= l4i015 0~150
N
™

Note: 1. This dimension is measured at the center of bending point of leads.
2. Each lead pitch is 2.54mm, and all the leads are located within
+0.25mm from their theoritical positions with respect to No.l and
No.40 leads.
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8-BIT SINGLE-CHIP MICROCOMPUTER
GENERAL DESCRIPTION

The TMP8049PI-6, from here on referred to as the TMP8049, 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/0 lines and an 8-bit timer/event counter.

The TMP8049 is particularly efficient as a controller. It has extensive
bit handing capability as well as facilities for both binary and BCD
arithmetic.

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

FEATURES

« 2.5 uS Instruction Cycle . 128 x 8 RAM

. All instruction 1 or 2 cycles . 27 1/0 lines

. Over 90 instructions; 70% single byte . Interval Timer/Event Counter
. Easy expandable memory and I/0 . Single level interrupt

. 2K x 8 masked ROM . Single 5V supply

-40°C to +85°C Operation

PIN CONNECTIONS (Top View)

To s N 40h v (+5V)
XTAL1 O2 390 T1
XTAL, O3 38D Pyy
RESET Q¢ 378 Pyg
[ =p) 360 Pyg
INT g6 35P3 Pyy
EA O7 34 A P17
RD O8 3303 P16
PSER 09 320 P10
WR 010 310 P1y
ALE O11 3040 P13
DBg g12 29Q Py
DB, 13 280 Pyy
DB, 014 2703 P10
DB §15 268 Vin (+5V)
DB; 16 250 PRO
DBg 017 24P P23
DB 018 23p P))
DBy gi9 220 Pn
(ovyVss H20 21P Py,

—733—



INTEGRATED CIRCUIT

TECHNICAL DATA

TOSHIBA
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BLOCK DIAGRAM

DBy-DB7

P1o=P1y

P20-P27

Port O Port 1 Port 2
Buffer Buffer Buffer
INT
T1 (2) ﬂ (1) 4
Oscillation 5 . Dutnut 9
Frequenc utpu utpu
B Y Latch Latch ——————————> Mask ROM
1K x 8
1/480 (Program
Area)
Interrupt| |Timer/ PCH PCL
Circuit Counter
U O A
C ,\ J
J { \/Z I} II Il
Accumu- Tempo- RAM Address|
rl -
lator rary Reg rhags {nstruc PSW Register
rion Re-|
7 SN
n T gister/
ccumula—
Timer 64 x 8
tor Latch Decoder Flag
FO F1 l Carry
Accunulator
Bit Test :::> Conditional

Jump Circuit

Ty Ty INT

Control and Timing Circuit

XTAL2

XTAL, RESET INT EA SS ALE PSEN RD WR PROG

—_— ——
H O o oM A »n =H> »nd = v o
53 0 mn o5 o X [ Lo 1Y r-_é
T N w Tt o rr 3 T o O [ad i
c - o co ®» o 02 O O 0o ® o m
"o ot 0 = [ om0 oA o3
0 = a] =] ] n o © w o o
1Y) - e v P “nn g (a3 o
[ng =] = 0= (54 a] a]

o o t = rt ~ o

Lo c o > [ o o

" oo o o ®

et ] ®
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INTEGRATED CIRCUIT

TOSHIBA TECHNICAL DATA TMPB049PI-6, TMP8039PI-6

PIN NAMES AND PIN DESCRIPTION

vSS (Power Supply)
Circuit GND potential

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

VCC (Main Power Supply)
+5V during operation

PROG(Output)
Output strobe for the TMP8243P I/0 expander

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

P20-P27 (Input/Output) Port 2
8-bit quasi-bidirectional port (Internal Pullup=50kQ).
P20-P23 Contain the four high order program counter bits during an

external program memory fetch and serve as a 4-bit I/0 expander bus for
the TMP8243P.

DBO-DB7 (Input/Output, 3 State)
True_bidirectional port which can be written or read synchronously using
the RD, WR strobes. The port can also be statically latched. Contains
the 8 low order program counter bits during an external program memorv
fetch, and receives the addressed instruction under the control of PSEN.
Also contains the address and data during an 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 CIK instruction.

T1 (Input)
Input pin testable using the JT1 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)

8l

(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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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.

XTAL 2 (Input)
Other side of crystal input.

FUNCTIONAL DESCRIPTION
1. System Configuration

The following system functions of the TMP8049 are described in detail.

(1) Program Memory (6) Stack (Stack Pointer)

(2) Data Memory (7) Flag 0, Flag 1

(3) 1I/0 Port (8) Program Status Word (PSW)
(4) Timer/Counter (9) Reset

(5) Interrupt Control Circuit (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 O 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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There are three locations in Program Memory of special importance.

Address
4095

Memory Bank 1

2007 e

Internal ROM

Memory Bank 0

0

Program Memory Area

. Location 0
Activating the Reset line of the processor causes the first instruc-—
tion to be fetched from Location 0.

. 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 MBI.

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
RB1) locatiomns 24 - 31 are designated as the working registers in
place of 0 - 7.
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hddress
127
Data Memory
32
31 Resister Bank 1
24 RB1
X ]
8 Level Stack
8 (16 byte)
7[Resister Bank O |
0 RBO

Internal Data Memory Area

. 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 permitted 8, you free up 2 bytes of
RAM for general use for every level of nesting not utilized.

. ALL 128 1locations 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/0 lines which can be used for either input or output.
These I/0 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 +5V level through a high impedance resistive device
(50kQ ) 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 (5kQ? ) 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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ANL, ORL
1 +5V 45V

<J £
50k

Internal Bus D Q __i::)———4 5K
D-Type 50k I1/0 pins
Flip-Flop Portl or 2

CLK q —

Write Pulse—

Inter Buffer
A
T

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

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

. When external data memory area is not addressed during excution of an
internal program, Port 0 (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/0 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 instructions 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 0SC frequency)
cetesseeesss Timer mode
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(2) External input clock form Tl terminal
(minimum cycle time 3 x ALE cycle)
ceessessess. 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 1is 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.

Timer Overflow Flag

1/32 i o=
XTAL/15——] —| | Flip-Flop
Pre-scaler

Cleared on Start Timer JTF Instruction
STRT T
8-Bit Timer/
STOP TCNT O Counter ——
STRT CNT Timer Interrupt
Request Flip-Flop
Edge Detector Read/Write Enable | INT

Timer Interrupt Enable

Fig.2 Concept of Timer Circuit
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TOSHIBA TECHNICAL DATA TMP8049PI-6, TMP8039PI-6

ITF —S I Conditional Jump Logic
Instruction Timer
Flag F-F
R
Reset
Timer Overflow
S Q}
Timer
Timer Interrupt Overflow S
Execution R F-F ;j:::%———s g‘é QQ
Reset RETR ]
Instrucz [R £ 5 %
tion moe o
INT pin[ }———pn
Inter- (——————
;Sgt T External intera
= rupt Recognize
ALE ik Q— 5 QFuRt Recog
Last cvcle Timer interrupt
of Instruction Recognized
0
CLR
EN I N [
Instruction — S 2 OFIX TCT 1"‘—3 = QF=
ZT Instruction I Execution of Irter-
vz s rupt Call Instruction
PR - E & B
RS E L RoE L
Reset
DIS 1
D ’
Instruction 15 TCKRTI

Instruction

Fig.3 Concept of Interrupt Control Circuit

(5) Interrupt Control Circuit
. There are two distinct types of Interrupts im the TMP8049.
(1) External Interrupt from the INT terminal

(2) Timer Interrupt caused by timer overflow
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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 as 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 "O" tranmsition 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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TECHNICAL DATA TMP8049PI-6, TMP8039PI-6
T
1 23
7 |
! 22
6 E 21
! 20
]
5 : 19
1 18
4 E 17
! 16
]
i 14
1
2 ; 13
! 12
| 11
1 I
! 10
| _Psx __jresru |9
PCLn 7 1 PCOV 3 8
Stack RAM
Pointer Address

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

. 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.

—743—



TosmBAINTEGRATED CIRCUIT
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Stack Pointer

, /
|c TAC [Fo |BS |1 |S2 [sl [sO |

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

LSB

Bits O - 2 : Stack Pointer Bits(S0, S1, S2)
Bit 3 : Not used ("1" level when read.)
Bit 4 : Working Register Bank Switch Bit
(BS)
= Bank 0
1 = Bank 1
Bit 5 : Flag 0 (F0)
Bit 6 : Auxiliary Carry (AC) carry bit generated by an ADD
instruction and used by the decimal adjust instruction
DA, A (AC)
Bit 7 Carry (C) flag which indicates that the previous

(9) Reset

operation has resulted in the accumulator.
¢y

. The reset input provides a means for initialization of the processor.

This Schmitt
combination with an

pulse sufficient
initialized.

trigger input has an

which in
an internal reset
internal logic 1is

internal pullup registor
capacitor provides
guarantee that all

external 1uF
length to

1kQ

o—WA RESET

1yF J'
7
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TECHNICAL DATA TMP8049PI-6, TMP8039PI-6

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:

(1)
(ii)
(ii1)
(iv)
(v)
(vi)
(vii)

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. (Except when EA = 5V)
Sets Ports 1 and 2 to input mode.

Disables interrupts (timer and external).

(viii) Stops Timer.

(ix)
(x)
(xi)

Clears Timer Flag.
Clears FO and Fl.
Disables clock output from TO.

(10) Oscillator Circuit

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

+5V
2F xTaL 1 XTAL 1
10pF < l .
I = TTL Gate
3[ XTAL 2 4709 3 XTAL 2
. +5V

10pF ;};

2. Basic Operation and Timing

The
()
(2)
(3)
(%)
(5)
(6)

following basic operations and timing are explained
Instruction Cycle

External Memory Access Timing

Interface with I/0 Expander TMP8243P

Internal Program Verify (Read) Timing

Single Step Operation Timing

Low Power Stand-by Mode
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TECHNICAL DATA TMP8049PI-6, TMP8039PI-6

TOSHIBA

(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.
. 82 clock shown in Fig.4 is derived to outside by ENTO CLK instructiom.

. 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 O 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 1is 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 onto BUS (DBO - DB7).

. ALE indciates address is valid. The trailing edge of ALE is used to
latch the address externally.

. 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

(6MHz)

RV;.00 IR e N s A s R s I
ntemaily 2 [ NS NS | S | S S

care |1 2 3 4 5 1
Instruction Decode Execution Execution Execution
Fetch

1 State 1 Cycle

-

Next Address Latch Timing

ALE I r/
(400kHz)

Fig.4 Instruction Cycle Timing

P
P20 - P23 X g:€g4>< Address EZE: X Address ><I£§; >< Address
_ Add- Add-
Instruction Instruction /)

" l_\i_—\il\

Fig. 5 Timing of External Program Memory Access
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TECHNICAL DATA TMP8049PI-6, TMPB039PI-6
Program Address Data Address Program Address
s - o K A
Instruction Input/Output Data Instruction

IV /—w M

RD (WR) ‘ [
PSEX ———\—_j \ —

L External Data Memorv Access Instruction ’
i e

Suggest we have diagrams

’—-—-‘ Read ——_/————\ Write
ALE ALE

Fig. 6 Timing of Accessing External Data Memory
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TMP8049PI-6, TMP8039PI-6

. Figure 6 illustrates the timing of accessing the external data memory

during execution of external program.

(3) Interface with 1/0 Expander (TMP8243P)

- The TMP8049 I/0 can be easily expanded using the TMP8243 I/0 Expander.
THis device uses only the lower half 4-bits of Port 2 for commuication
with the TMP8049. The TMP8243 contains four 4-bit I/0 ports which serve

as extensions of one chip I/0 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
EA OV_/
RESET OV , A 2\
/
ALE ;3 \ / \ P 4 &\
# ¥
Qutput of Internal Input of Internzl
DEO = D57 éggugdgieégternal > < RgMpData ROM Address
Input of Internal
P20, P21 Input of Internal ROM Address ROM Address

Fig.7

Timing of Reading Internal Program Memory

5y
5V 10K
ss
10K RON © l
5V sv—p % of—— 53
“l_ 10K 74
T .0

Fig.8 (a) Single Step Circuit
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TECHNICAL DATA TMP8049PI-6, TMP8039PI-6

TOSHIBA

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-type 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.

s—7 \
¥ T
ALE \ / L _j For two

Instruction Input instruction
DBO - DB7 _Address (p0) YLy  Address (PCH1)

P20- P23 Address (PC) X X  Address (PC+l)

Port20- 23
Data

Fig.8(b) Single Step Operation Timing
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ACCUMULATOR INSTRUCTION

INSTRUCTION
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TECHNICAL DATA

TOSHIBA

TMP8049PI-6, TMP8039PI-6

Register Instruction

. i F
} Mnemonic :D7I;Zt;;T;ZOSBCSgeDlIDO: Operation }Bytes :Cycles} Cl:éT
| INC Rr | ol ol ol 1] 1} r] r] rl(Rr)<-—(Rr)+l T 1 7 1 1 -1 -]
| = 0-7 | | [
| INC @Rr [ ol ol ol 1] o} o] ol rI(ReND<=(ReN+1 | 1 | 1 | -] -]
| 0111 1Tr= 0,1 | | o
| DEC Rr | 1] 11 o] o] 1| rl rl rl(Rr)<--(Rr)-1 [ 1 | 1| =] -l
| Ll lr=0-=17 | | [
Branch Instruction

| Mnemonic | Imstruction Code [ Operation [Bytes [Cycles| Flag]
| | D7/D6|D5|D4[D3[D2|D1|DO]| | | | clac|
|JMP Address |al0la9]a8| 0] 0] 1| O] 0](PCO-7)<--(a0-7) | 2 | 2 | -1 -]
| la7 la6la5|a4la3la2lalla0l(PC8-10)<--(a8-10) | | [
f | I+ 1 1 1 | | [l(pCl1)<--DBF ! | P
|JMPP @A | 1] ol 1] 1] ol of 1] 1](PcO-7)<—-(a)) | 1 | 2 | -] -|
|DINZ Rr, [ 1] 1] 11 o] 1] rl ¢l rl(Rr)<--(Rr)-1 2 1 2 |-l -l
|Address | a7la6la5lasla3la2lalla0jif Rr not 0 | | ]
| | 0111 1(eeo-7)<--(a0-7) | | i
|JC Address | 1] 1] 1| 1] 0! 1] 1] 0l(PCO-7)<-=(a0~-7) | 2 | 2 | -} -|
! | [ 1 1 1 lifc=1 | | [
| | a7la6la5latla3la2lalla0](PC) = (PC)+2 | | [
| | I N N N N S | | [
|IJNC Address | 1| 1| 1} o] 0! 1} 1] 0l(PC0O-7)<-(a0-7) | 2 | 2 | -| -|
| . a7la6blaSia4!a3'a2ialla0lif C =0 | | [
| | bbb fee)<-=(pC)+2 ! | [
| f 1 lifc=1 | | I
{JZ Address | 1] 1] o] ol ol 1] 1] 0](Pc0-7)<~=(a0-7) | 2 | 2 | -1 -]
| | a7labla5latla3la2lalla0iif (A) = | | 1
| | [0 1 L1 1 l@e)k-=(pc)+2 | | [
| | bbb b Tif (A) JNEQ.O | | |
|INZ Address | 1| 0] o] 1} o 1] 1] 0](rco-7)<--(a0-7) | 2 2 | =1 -]
| | a7la6la5|a4la3la2lalla0lif (A) .NEQ.O | | |
| | [ l(Pc)<—-(Pc)+2 | | [
| | bbb iE a) = i | [
|JTO Address | 0| 0] 1| 1] o] 1| 1| ol (pco- 7)<——(ao 72 1 2 |-l -l
| | a7la6la5lasla3la2lalla0lif TO = 1 | | [
| | bbb Iee)<-=(rcr+2 | | [
| | 111 lifTo=0 | | [
|JNTO Address| 0] 0] 1| o] o] 1] 1} 0ol(PCc0O-7)<-=(a0-7) | 2 | 2 [|--| -|
| | a7la6la5la4la3la2lalla0iif TO = 0 | | [
| b1 ee)==(pc)+2 | | [ I
| | 11 1 lifTo =1 | | [
|JT1 Address | 0] 1] o] 1] o] 1] 1] 0l(PCO-7)<-=(a0-7) | 2 | 2 | -| -|
| | a7labla5la4la3]a2]lalla0lif T1 =1 | | [
| | b1 1Ee)<-=(@e)+2 | | o
| | b1 1 1] lifTlt =0 | | 1
|JNT1 Address| 0| 1| o] o] o] 1] 1] 0l(PCO-7)<-=(a0-7) | 2 | 2 | -] -|
| | a7la6la5la4la3la2]alla0lif T1 =0 | | [
| | b1 T T 1ee)<==(PC)+2 | | [
| b lifrr =1 | | 1
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TOSHIBA
os TECHNICAL DATA TMP8049PI-6, TMP8039PI-6

| Mnemonic |  Instruction Code | Operation [Bytes |[Cycles| Flag]
| | D71D6]D5]D4[D3[D2[D1]DO]| | | | _clAC]
|JFO Address | 1| O] 1] 1] o] 1] 1] 0] (®PC0-7)<--(a0-7) | 2 | 2 | -] -]
| | a7la6la5la4sla3la2lalla0lif FO = 1 | | |
| bbb bbb 1ee)<——(pC)+2 | | [
| | L1111 1 | [if FO =0 | I (A
|JF1 Address | 0| 1] 1] 11 o] 1| 1] 0ol(PCO-7)<--(a0-7) | 2 | 2 | -] -|
| | a7la6la5]a4la3la2lalla0]if F1 =1 | | [
| | ol (ee)<-=(pC)+2 | | N
| | bbb lifFl =0 | | [
|JTF Address | 0| 0] o] 11 o] 1] 1| 0] (PCO-7)<--(a0-7) | 2 | 2 | -] -]
| | a7labla5|a4la3la2]lalla0|if TF = 1 | [ [
| | P b o= (PC)+2 | | [
| b lifETF =0 | | |
|JNI Address | 1] 0] o] o] o} 1] 1] 0][(PCO-7)<--(a0-7) | 2 | 2 | -] -]
| | a7la6laS|at|a3la2lalla0lif INT = O | | ]
| T N I R N ¢ XX ¢ IR J | .
| | [0 1V 1 1 | lif INT =1 | | [
|JBb Address | b2|bl|b0| 1] 0] 0] 1] 0|(PCO-7)<--(a0-7) | 2 | 2 | -| -}
| | a7la6la5lasla3la2lalla0|if Bb = 1 | | .
| | bbb Tee<=(Pe)+2 | | [
| | bbb 1| lifBb=0 | | [
| | b ie=0-7 | | (.

| CALL Address|al0|a9]a8| 1] 0] 1] 0] 0]((SP))<-- |2 1 2 |- -l
| | a7la la5la4|a3|a2[alfaOl (PC), (PSW4-T7) | | o
| [ A E R E R |(sp)<—-(sp)+1 | | [
! | v b 1(pe8-10)<--(a8-10) | I I
| | b1 bbb 1(Pe0-7)<-=(a0-7) | | [
| | 1t 1 I | | [1(Ccl1)<--DBF | | [
| RET | 1] ol o] o] ol o] 1| 1](SP)<--(spP)-1 1 0 2 1 | |
| | I b 111 1ee)<--((sp)) | | I
| RETR | 1] of o] 1] o] o] 1] 1](sp)<--(sp)-1 |1 1 2 | | |
| | 1 b1 1 1®e)<-=((sp)) | | [
| | L 1 1 1 l(pswa-7)<--((sP)) | | L1
Flag Manipulation Instruction

| Mnemonic | Instruction Code Operation Bytes [Cycles| Flag]
| | D7ID6]D5]D4[D3[D2[D1|DO clac|
| CLR C |7 1T ol of 1T of 1T 1T 1T(C)<--0 1 1 |.o] -|
| ¢PL ¢ | 1] ol 1} o] o] 1] 1] 1](c)<--NOT(C) | 1 | 1 [|ol-|
| CLR FO | 11 ol ol o] o} 1] 0O} 1|(FO)<-- 0 ([ S B N A
| cPL FO | 1] ol ol 1] ol 1] ol 1|(F0)<--NOT(FO0) [ S N
| CLR Fl | 1] ol 11 o} ol 1] o] 1|(F1)<-- 0 | S N
| cPL Fl | 1] o] 1] 1} o] 1} o] 1]|(F1)<--NOT(F1) | 1 1 1 |- -l
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TECHNICAL DATA TMP8049PI-6, TMPBO39PI-6

Data Transfer Instruction

| (PC8~-11)<--0011
| (A)<--((PC))

| Mnemonic | Instruction Code | Operation [Bytes [Cycles| Flagl
| | D7|D6ID5]|D4[D3|D2]D1!DO| | | | clac!
[Mov A, Rr | 1] 1] 1] 1] 1] «[ r] rl(a)<-- (Rr) 1 T 1 T-T-I
| | Frrrrl tr=0-7 | | | =1 -1
IMov A, @Rr | 1| 1| 1] 1| o] o] ol rl(A)<-- ((Rr)) 1 01 ==
| | 11111 lr=0,1 | | Pl
IMOV A, #Data] 0} O] 1| ol o] 0Ol 1| 1[/(A)<--Data 2 1 2 |- -l
| | a71d6|d5|d4ld3ld2]dl]do] | | [
IMoV Rr, A | 1] 0l 1] ol 1} r| r| rl(Rr)<--(A) [ 1 | 1 | - -
| | bl tr=0-7 | | [
|MOV@RT , A | 11 o] 1l ol ol ol ol rI((Rr))< (A) 1 0 1 ] -] -
| | bl e=0,1 | | P
IMOV Rr,#Datal 1] Ol 1| 1| 1} r| r| r|(Rr)<——Data 2t 2 |-~
| | d71d6|d5|d4|d3|d2]ldl|d0o} r =0 - 7 | | I
|MOV@Rr ,#Datal 1} 0| 1] 1] o] ol 0| r|((Rr))<--Data [ 2 | 2 |-l -
| | a7la6la5lasla3la2lallall r = 0, 1 | | I
IMov A,psw | 1] 1] o] of o] 1| 1] 1](A)<-- (PSW) 1 01 ==
IMOV PSW, A | 1] 1] o] 1| o] 1] 1] 1](PSWw)<--(A) 1 1 1 | =1~
IXcH A, Re | 0] O] 1] ol 1] r| r| rl(A)=>(Rr) S S B S
| | N I O Y S B B f | [
| It 1 lr=0=-=7 [ | o
|XCcH A,@Rr | 0] 0] 1} ol ol ol o] rl(A)-->((Rr)) (I e
| ! [ R | | [
| | S I olr= 0, 1 | | [
|XCHD A,@Rr | 0! 0} 1] 1| o] 0} 0! ri(a0- 3)-—>((Rr0 DD RIS U A T A B
| | [ O N T N <= | | .
| | 111 11 1 lr=0,1 | | [
IMOVX A,@Rr | 1] 0l o] ol 0] ol 0] rl(A)<-=((Rr)) [ A
| | Pl tr=0,1 | | [
IMOVX @Rr,A | 1] 0l o] 1] o] ol Ol rl((Rr )<-—(A) [ 1 1 2 |-l -l
I | [ T B 1 | | [
I[Move A, @a | 1] ol 1] o] ol ol 1] 1L|(PcCO- 7)<-—(A) 1 2 |- -
| | ol bbb 1 @a<==re)) | | N
IMovP3 A,@a | 1| 1] 1] ol ol ol 1] 1/(Pco-7)<--(A) I 1 1 2 |-l -l

| N [ | [

| I I O | | | 1
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Timer/Counter Instruction

| Mnemonic |  Instruction Code | |Bytes |Cycles| Flagl
| | D7|D6[D5|D4ID3[D2[D1[DO] | | | clac]
MOV A i ol 1] o] ol of of 17 of(A)<--(T) 1 T 1 T-T-
|[MOV T [0l 1] 11 ol of o] 1] 0l(T)<-=(a) | 1 1 |- -
ISTRT [ ol 11 ol 1] ol 1| 0} 1lCounting is | 1| 1] -1 -
| | 1 1 | | | | Istarted in the | | [
| | L b1 I 1 ltimer mode | | [
| STRT CNT | ol 11 ol of ol 1| 0] 1|cCounting is [ 1 | 1 | -] -
| | 1 1 1 I | | |started in the | | o
| | I 1 1 1 I | | [levent counter I S S B e
| | I 1 1 1 I | Imode | | [
| STOP TCNT | 0] 1t 1] 0ol Ol 1| O] 1|Stop both time | 1 | 1 | -] -
| | [ 1 1 1 | | | Jlaccumulation and | | [
| | I 1 1 1 I | | levent counting | | [
|EN TCNT1 | ol ol 11 ol o] 1| 0] 1lTimer interrupt | 1 | 1 | -] -}
| | [ L 1 1 1 | | lis enabled | | I
|DIS TCNT1 [ ol ol 1] 1] o] 1] Ol 1|Timer interrupt | 1] 1 -1 -]
| |is disabled | | |
Control Imstruction

| Mnemonic | Instruction Code | Operation |Bytes |Cyc1es| Flag]|
| | D7!D6!D5!D4!ID3]D2ID1!DO] | C AC!
| EN I i 0! 0, 0f 0! Ol 1; 0, liExternal 1nterrupt. 1 1, - =i
| ! [0 b 1 1 | lis enabled i ! | !
| DIS I | ol ol ol 1! 0] 1] 0l 1'External interrupt! 1 | 1] - -
| | I OI [ 1 | lis disabled | | | |
| SEL RBO | 11 11 ol “1 ol 1] ol 11(BS)<--0 1] 11 - -
| SEL RBI [ 1] 11 ol 1} of 1] o] 1]/(BS)<—-1 |1 1] - -]
| SEL MBO [ 1] 1} 1} ol ol 1] o] 1/(DBF)<-- 0 | 1| 11 - -]
| SEL MBIl 1] 10 11 1} ol 1] ol 1](DBF)<-- 1 | 1| 1] - -
| ENTO CLK ol 1} 1] 1} ol 1] 0| 1|70 is enabled to | 1 ] 1] - -
| | I 11 I 1 | | lact as the clock | | | |
| | 11 1 1 | | loutput | | | |
| Nop | o] ol ol ol ol 0|l 0] 0|No operation | 1] 1] - -
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TOSHIBA
TECHNICAL DATA TMP8048PI-6, TMP8039PI-6

|TMP8049PI/8039PI: INDUSTRIAL SPECIFICATION]

ABSOLUTE MAXIMUM RATTINGS

| _SYMBOL ITEM RATTING l
| VDD VDD Supply Voltage (with respect to GND (VSS)) -0.5V to + 7V |
|vee VCC Supply Voltage (with respect to GND (VSS)) -0.5V to + 7V |
|VINA Input Voltage (Except EA) -0.5V to + 7V |
| VINB Input Voltage (Only EA) [-0.5V to + 13V |
|PD Power Dissipation (Ta = 70°C) I 1.5W |
|TSOLDER [Soldering Temperature (Soldering Time 10 sec) I 260°C |
| TSTG Storage Temperature -55°C to 150°C

| TOPR Operating Temperature -40°C to 85°C

DC CHARACTERISTICS
|TA=-40"C to 85°c|, VCC=VDD=+5V%10%, VSS=0V, Unless Otherwise Noted.

| TSYMBOL | PARAMETER TEST CONDITIONS |MIN.|TYP.|MAX.]|UNIT
|VIL | Input Low Voltage -0.5] - 0.7l v
| | (Except XTALl,XTAL2,RESET)

|
|
| | | | | |
[VILIT  |Input Low Voltage [ [-0.51 - ] 0.6] Vv |
| | (XTAL] ,XTAL2,RESET) | | | | | |
|VIH |Input High Voltage | [ 2.2] = | veel v |
| | (Except XTAL1,XTAL2,RESET) ! I i j |
[VIH1 [Input High Voltage | [ 3.80 = 1 veel v
i | (XTAL] ,XTAL2,RESET) |
| VoL |Output Low Voltage (BUS) I0L = 1.6 mA -1 - 10451 v |
[VOLl  |Output Low Voltage I0L = 1.6 mA -1 - 10.451 v |
| (RD, WR, PSEN, ALE) |
|voL2 Qutput Low Voltage (PROG) I0L = 0.8 mA - | - ]0.45] v |
| vOL3 Output Low Voltage I0L = 1.2 mA - | = 10.45] v |
| (For other output pins) |
| VOR Output High Voltage (BUS) I0H =-280pA 2.4] - -l v |
| VOH1 Output High Voltage I0H =-80uA 2.4) - -l v |
| | (RD, WR, PSEN, ALE) | | | | | |
| VOH2 [Output High Voltage | IOH =-30uA 2.4 - 1T -Tv |
| | (For other output pins) | | | | |
| | | | | [ [ |
|1LI |Input Leak Current (Tl, INT) |vSS < VIN < vcCc | - | - | £10] ua |
l | | - ~ l l | 1 |
|TLI1 [Input Leak Current _ [vss+0.45<vIN<veC] - | - [-7007 uA |
| | (P10-17, P20-P27, EA, SS) | T | | | |
|1LO [Output Leak Current (BUS, TO) [VSS+0.45<VINKVCC] - [ - [ z10[ uA |
| | (High impedance condition) - |
| IDD VDD Supply Current - | - 50| mA |
|IDD+ICC|Total Supply Current - | - 170! mA |

—757—



INTEGRATED CIRCUIT

TOSHIBA
TECHNICAL DATA TMPBO49PI-6, TMPBO39PI-6

AC CHARACTERISTICS
|TA=-40"C to 85°C|, VCC=VDD=+5V+10%, VSS=0V, Unless Otherwise Noted.

| SYMBOL PARAMETER [TEST CONDITIONS |MIN.|TYP.|MAX.|UNIT]|

ltLL ALE Pulse Width | 200 - T - T ns |

| tAL Address Setup Time (ALE) | 120 = | = | ns |

}LLA Address Hold time (ALE) | [ 80l - } - } ns |
| I |

Ilr;cc llcOnt:rol Pulse Width(PSEN,RD,WR) | | 400% - E - } ns =
1 !

| tDW |Data Setup Time (WR) | | 4201 - | - | ns

| [ _ I I I T I |

| tWD Data Hold Time (WR) | 80| - - ns |

| tcy Cycle Time | 2.5 = 115.0] us |

| _ | |

| tDR |Data Hold Time (PSEN,RD) | CL = 20 pF | 0] - | 200] ns |

| | | | | | | |

| tRD |Data Input Read Time (PSEN, RD) | | -] - | 400]| ns

| | | | | | | I

| tAW Address Setup Time (WR) | 230 - - ns

| tAD Address Setup Time (Data Input)! - | - 600] ns

| | |

| tAFC | Address Float Time (ﬁ)-, PSEN) | | =40l = | = | ns |

|tca |Internal between Control Pulse | | 10] - | - | ns |

| !and ALE | | | |

| £CP {Port Control Setup Time (PROG) i 115] - - | ns

[tPC 'Port Control Hold Time (PROG) 651 - - | ns

|tPR [Port 2 Input Data Set Time ! - - 860] ns

| (PROG) I

| tDP Output Data Setup Time (PROG) 230| - - | ns

| tPD Output Data Hold Time (PROG) 25| - - | ns

| tPF Port 2 Input Data Hold Time ol - 160| ns

| (PROG) |

| tPP PROG Pulse Width 920 - - ns

| tPL Port 2 I/0 Data Setup Time 300] - - | ns

| tLP Port 2 I/0 Data Hold Time 120] - - | ns

Note :tCY=2.5us, Control Output:CL=80pF, BUS Output: CL=150pF, PORT20-23:
CL=80pF.
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TIMING WAVEFORM

A. Instruction Fetch from External Program Memory

t cY
t1L
ALE N 7
LAFC tcaA —
PSEN tLﬁAx
- — C.C - pr

BUS /Q%thl/ // 14225 ~4f>zzy A729<

Address ] 4 trRD Instruction

B. keed from External Data Memory

we /T I \_

tca

tAFC DR

BUS ) X Data

tRD
Address A

tAD

C. Write into External Data Memory

s TR X e K

t
Address/ AW
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TECHNICAL DATA

TMP804SPI-6, TMP8039PI-6

Ton (mA)

Tou (pA)

D. Timing of Port 2 during Expander Instruction Execution

TYPICAL CHARACTERISTICS

ALE __J/_-—_\

/L \

t

5

t t
PL ‘ LP DP PD
PORT20 .
PORI23 PCH ', XchoEtoy Moutput patal
(Output Data) Port {20 —23 - tpR | L trr
™ Data [
PORT20 _ ]
| s X  rcu R CED D N
PORT f
(Input Data) Port 20-—23 tcCp Ry

Data

PROG

X '
t

foo PP ]

* Input Enabled State

TYPICAL CHARACTERISTICS

1) BUS:Igy - Vo

Input Data

3) BUS, P1, P2: IgLp - VoL

50 Vpp=Vcc=5V 50 Vpp=Vcc=5V
TA=25°C < TA=25°C
-10 \s;\\ 10— j
0 '\__ GO 2 4
0 2 Vou (v “ !
Vo (V)
2) P1, PQ!IOH —VO'H
-500 Vpp=Vce=5V
TA=25°C
-300
~100 g
% 2 4
Vou (V)
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PROGRAM TAPE FORMAT

TMP8049 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.)

(1) Tape Format

}Leader, 50 "NULL" characters or more

Comments (~—--- Comment (Record mark ":" is not included)
(Cr)
TE3) Option
H R Record Mark

Record Length (2 hexadecimal digits)

Loading Address (4 hexadecimal digits)

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

Data

Check Sum (2 hexadecimal digits)

J
(CR) Dummy characters (RUBOUT, BLANK) before and after "(CR)(LF)" are
¢G5 optional.

I R R RS Record Mark (Repeated below)

3
T
1

(CR)
(LF)

L : - }Trai]er, 50 "NULL" characters or more

(2) Example of Tape List

TOSHIBA MICRO COMPUTER TLCS-48
:100000000665C7D079CF50F3F951FED55A8FF16E570
:1000100088884DDE67D31F5D8ABA6DF292F113F5C1
:100020004FF1FB5DFFDAA96A99 CF7DF94A346B7C09
:10003000197352F729F12F79AA9C057 C5B851EED77

:1003CO0005DFDB5ES556A67277F61A51C631 CF9FOESO
:1003D000BD2F6F20E8BB1977E3FB5AD1F41 FDAATE2
:1003E000B53D42EOEC32546025B7308CDD52063D1D
:1003F000B4BE9E9E345B6138060B20VC372BF60BD6
:00000001FF
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OUTLINE DRAWING

Unit in mm

5 OMAX

40 21
imininininisisinieoiaisininisiaisisiniais
=
<
) =
(5]
<
| SN NN I N N N O J N N N N N O N N N G O O W |
1 20
z
51.3MAX | = |_1524%0.25
=

3.2MIN

Note:

==

i +0.1
| 052015 2.54%0.25 __L 9-25_ 05
1

1.4+0.15 0~15°

1. This dimension is measured at the center of bending point of leads.

2. Each lead pitch is 2.54mm, and all the leads are located within
+0.25mm from their theoritical positions with respect to No.l and
No.40 leads.
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INPUT/OUTPUT EXPANDER

GENERAL DESCRIPTION

The TMP8243P is an input/output expander designed specifically to provide a low

cost means of 1/0 expansion for the TLCS-84 family.

The 1/0 ports of the TMP8243P serve as a direct extension of the resident 1/0

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

ANLD, and ORLD instructions.

FEATURES
o Low cost
o Simple interface to TLCS-84 microcomputers
o Four 4-bit I/0 ports
o AND and OR directly to ports
o Single 5V supply
o High output drive
o Direct extension of resident TMP8048P/TMP8049P I/O ports.
o Compatible with intel's 8243
o -40°C to +85°C Operation (TMP8243PI: Industrial Specification)
PIN CONNECTION (TOP VIEW) BLOCK DIAGRAM
ADDRESS
DECOmER— ﬁ LATCH PORT 4
| INPUT
rse [J2 26[] voe INSTRUC. BUFFER
1ao]s =[] Pe1 DECODER |’
SN =[] Pez I I LATCH | 4 PORT 5
tazQs 2l e PORT 2 () MUX
e - 4f INPUT
1520 21 For
BUFFER
Qe 10[] rea1 TEMP
FrOG O 18] rez . U A LATCH [ %) PORT 6
rzalls 1] ez S
pez e 18] P PROGC — & :> AND/OR INPUT
rz11c 15[J P2 S LOGIC BUFFER
rzoQm 10 P72
el s 13 7o T LATCH {4/ PORT 7
RESET INPUT
CIRCUIT BUFFER
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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.

€S (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 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, P50-53, P60-63, P70-73 (Input/Output, 3-state)
Four (4) bit bi-directional I/0 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.

Vee (Power)
+5 volt supply

GND (Power)
0 volt supply

FUNCTIONAL DESCRIPTION

General Operation
The TMP8243P contains four 4-bit I/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
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TECHNICAL DATA TMP8243P/TMP8243PI

All communication between the TMP8048P and the TMP8243P 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 address is present
while a low to high transition indicates the presence of data. Additional
TMP8243P'S may be added to the 4-bit bus and chip selected using additional
output lines from the TMP8048P/8035P.

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 Vgg

drops below 1V.

P21 P20 Address Code P23 P22 Instruction Code
0 0 Port 4 0 0 Read
0 1 Port 5 0 1 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 writes 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 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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TECHNICAL DATA TMP8243P/TMPB243PI

Read Mode

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.

125
=z
E
~ 100
5
L
12N
- 75 F
z
=
&
3 so b GUARANTEED WORST CASE
y CURRENT SINKING
z CAPABILITIES OF ANY 1/0
n PORT PIN vs. TOTAL SINK
2 25 +  CURRENT OF ALL PINS
B
o
=

0 1 . . 1 1 1 1 1 1 1 1 A 1
01 2 3 45 6 7 8 9 10 11 12 13

MAXIMUM SINK CURRENT ON ANY PIN@.45V
MAXIMUM IgL WORST CASE PIN(mA)
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Sink Capability

The TMP8243P can sink 5 mA@.45V on each of its 16 1/0 lines simultaneously.
1f, 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 mA@.45V (if any

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

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

are unloaded?

IoL =5 %x 1.6 mA = 8 mA
£I0L = 60 mA from curve
#pins = 60 mA ¢+ 8 mA/pin = 7.5 = 7

In this case, 7 lines can sink 8 mA for a total of 56 mA. This leaves
4 mA sink current capability which can be divided in any way among the

remaining 9 I/0 lines of the TMP8243P.

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

7 affects the sinking capability of the other I/0 lines.
An TMP8243P will drive the following loads simultaneously.

2 loads - 20 mA@IV (port 7 only)
8 loads - 4 mA@.45V

6 loads - 3.2 mA@.45V
1s this within the specified limits?
elor = (2 x 20) + (8 x 4) + (6 x 3.2) = 91.2 mA. From the curve:

for Ipy, = 4 mA, €IoL = 93 mA since 91.2 mA <93 mA the loads are

within specified limits.

Although the 20 mA@1lV 1load are used in calculating elIgr, it is the
largest current required @.45V which determines the maximum allow-

able eIQL.
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ABSOLUTE MAXIMUM RATINGS
Symbol Item Rating |

Vee Vee Supply Voltage with Respect to GND -0.5V to +7.0v

VIN Input Voltage with Respect to GND -0.5V to +47.0V

Vour Output Voltage with Respect to GND -0.5V to +7.0V

Pp Pover Dissipation 800my
TSOIDER Soldering Temperature (Soldering Time 10 sec.) 260°C

Tsrg Storage Temperature

-55°C to +150°C

Topr Operating Temperature

0°C to 470°C

D.C. CHARACTERISTICS TA = 0°C to 70°C, Vg = 5V + 10%

Symbol Parameter Test Condition Min. Typ.| Max. |Units
vViL Input Low Voltage -0.5 0.8 \
ViH Input High Voltage 2.0 VCE(lS v
VOL1 |Output Low Voltage Ports 4-7 IoL = 5SmA% 0.45 \Y
VoL2 [Output Low Voltage Port 7 IoL = 20mA 1 \
Vo3 Output Low Voltage Port 2. Io1=0. 6mA 0.45 v
Vou1l Output High Voltage Ports 4-7 Ton=-240,.A 2.4 \Y
Vopro 1Output High Voltage Port 2 Ton=-100_A 2.4
T111 [Input Leakage Port 4-7 OVIVINIVee -10 20 LA
T112 ]Input TLeadage Port 2, CS, PROG OVzvinaVee -10 10 WA
Tce Vee Supply Current 10 20 mA
IoL |Sum of all I0p of 15 Outputs 5 mA Each Pin 80 mA
* See following graph for additional sink current capability
A.C. CHARACTERISTICS Ta = 0°C to 70°C, Vcc = 5V 4 10%

Symbol Parameter Test Condition |Min. Typ.| Max. |Units
tpa  |Code Valid Before PROG CL = 8opr 100 ns
tB Code Valid After PROG Cy, = 20pF 60 ns
tc |Data Valid Before PROG Ci, = 80pT 200 ns
tp |Data Valid After PROG € = 20pF 20 ns
tH Floating After PROG G = 20pF 0 150 ns
tKk |PROG Negative Pulse Width 700 ns
tcs |CS Valid Before/After PROG 50 ns
tpo |Ports 4-7 Valid After PROG G, = 100pF 700 ns
tLP1 [Ports 4-7 Valid Before/After PROG 100 ns
LACC |Port 2 Valid After PROG CL = 80pT 650 ns
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TECHNICAL DATA TMP8243P/TMP8243PI
TMP8243P1 : INDUSTRIAL SPECIFICATT6N1
ABSOLUTE MAXIMUM RATINGS
Svmbol Ttem Rating
Vee Vee Supply Voltage with Respect to GND -0.5V to +7.0V
Vin Input Voltage with Respect to GND -0.5\ to +7.0V
Voul Output Voltage with Respect to GND -0.5V to +7.0V
Py Power Dissipation 800mW
TSOLDFR Soldering Temperature (Soldering Time 10 sec.) 260°C
Tste Storage Temperature -55°C to +150°C
Torr Operating Temperature -40°C to +85°C

D.C. CHARACTERISTICS  TA=-40°C to 85°C, V=5V:107

Symbol Parameter Test Condition Min. Tvp. Max. | Units
VIL Input Low Voltage -0.5 0.8 v
Vig Input High Voltage 2.0 Veet+0.5 Y
VoLl Outptu Low Voltage Ports 4-7 Tor=4.5mA i | 0.45 v
VoL2 Qutput Low Voltage Port 7 I91,=20mA E ;1 Lo
VoL3 Output Low Voltage Port 2 In1=0. 6ma E AL 0.45 1 v
Von1 Output High Voltage Ports 4-7 | Ioy=-240,A 2.4 | | v
Vor? Output High Voltage Port 2 Ton=-100.A 2.4

111 Input Leakage Ports 4-7 OvV=vVInNgVee -10 {20 LA
I112 Input Leakage Port 2, CS,PROG| OVEVINZVec -10 10 1A
Ioe Vee Supply Current 10 20 mA
Iog, Sum of all Inp of 16 outputs 4.5mA each pin 72 mA
* See following graph for additional sink current capability

A.C. CHARACTERISTICS  TA=-40°C to 85°C, Vr=5V*107%

Symbol Parameter Test Condition Min. | Typ. Max. | Units
tA Code Valid before PROG C1, = 80pF 100 ns
tB Code Valid after PROG C1, = 20pF 60 ns
teo Data Valid before PROG CL = 80pF 200 ns
tp Data Valid after PROG CL = 20pF 20 ns
ty Floating after PROG CL = 20pF 0 150 ns
tg PROG Negative Pulse Width 700 ns
tes CS Valid before/after PROG 50 ns
tpo Ports 4-7 Valid after PROG CL, = 100pF 700 ns
tirl Ports 4-7 Valid before/after PROG 100 ns
taCe Port 2 Valid after PROG CL = 80pF 650 ns
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TECHNICAL DATA TMP8243P/TMP8243PI

TOSHIBA

TIMING WAVEFORM

PROG

™~

- 4
tK

: el oy

- |
PORT2 ::>KQ§STRUCT1?§5<17 FLOAT :><t DATA i;(i FLOAT

tAaCC

tA ty

——

PORT2 ' OUTPUT
VALID

el

OUTPUT

PORT4-7 PREVIOUS OUTPUT VALID VALID

J

(E1IP

PORT4-7 >< INPUT VALID

tCs tcs
- ="

t
—
2]

i

1
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INTEGRATED CIRCUIT

TOSHIBA

TECHNICAL DATA

TMP8243P/TMP8243PI

OUTLINE DRAKINGS

Note:

a4 3

thchonchchthim mrach

14.2 MAY

Unit in mm

. . P -
{Sagnagns gun punpEs o g un gy Ve )=o)
& =1C11 18

12 %45 6 7

Each lead pitch is 2.54mm.

All leads are located within

0.25mm of their true longitudinal position with respect

to No.l and No.24 leads.

All dimensions are in millimeters.
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INTEGRATED CIRCUIT
TOSHIBA TECHNICAL DATA TMP82C43P

INPUT/OUTPUT EXPANDER

GENERAL DESCRIPTION

The TMP82C43P is an input/output expander designed specifically to provide

a Jow cost means of 1/0 expansion for the TLCS-84C family.

The 1/0 ports of the TMP82C43P serve as a direct extension of the resident
1/0 facilities of the TLCS-84C microcomputers and are accessed by their own

MOVD, ANLD, and ORLD instructions.

FEATURES

o CMOS LSI for low power dissipation

° Low cost

o Simple interface to TLCS-84C microcomputers

o Four 4-bit I1/0 ports

o AND and OR directly to ports

e Single 5V supply

° High output drive

°o Direct extension of resident TMP80C49P-6 1/0 ports.
o PIN compatible with intel's 8243

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

BLOCK DIAGRAM
PIN CONNECTION (TOP VIEW)

ADDRESS
LATCH 4
DECORDER - PORT
PUT
M\ IN
oz X s INSTRUC. BUFFER
-g- 1 E DECORDER — PORT 5
-l C ° o b - ] I
. ] -- MUX
2 g- “ O PORT 2<z> U 4
i u 2003 0
Q- 1w TEMP.
roig 15870 @ PORT 6
i..ge 1735, 3 U
Qe 16 PROG  —f g ) AND/OR
5 Do 1P, g LOGIC BUFFER
»dn 190 Lt PORT 7
‘ LATCH 'ﬁ>
o0 10w r 4
RESET INPUT
CIRCUIT L surrer
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TOSHIBAINTEGRATED CIRCUIT
TECHNICAL DATA

TMP82C43P

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 low 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)
Four (4) bit bi-directional I/0O 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.

Vee (Power)
+5 volt supply

GND (Power)
0 volt supply

FUNCTIONAL DESCRIPTION

General Operation
The TMP82C43P contains four 4-bit I/0 ports which serve as an extension of
the on-chip I/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
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TMP82C43P

All communication between the microcomputer (TMP80C49P-6) and the TMP82C43P
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
TMP82C43P'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 when power is applied. The first high to low transition
of PROG causes device to exit power on mode. The power on sequence is ini-

tiated if Vgg drops below 1V.

P21 P20 Address Code P23 P22 Instruction Code

0 0 Port 4 0 0 Read
0 1 Port 5 0 1 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 mew 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
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
TECHNICAL DATA TMP82C43P

Read Mode

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 ipput 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 TMP82C43P output. A read of

any port will leave that port in a high impedance state.
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TECHNICAL DATA TMP82C43P
TMP8243P
ABSOLUTE MAXIMUM RATINGS
SYMBOL ITEM l RATING
Vee E Vee Supply Voltage with Respect to GND -0.5V to +7.0V
Vin ; Input Voltage with Respect to GND -0.5V to Vpct0.5V
Vour | Output Voltage with Respect to GND -0.5V to Vge+0.5V
Pp i Power Dissipation 250mW
TSOLDERE Soldering Temperature (soldering Time 10 sec.) 260°C
Torg Storage Temperature -65°C to +150°C
Topr i Operating Temperature ~-40°C to +85°C
D.C. CHARACTERISTICS (I) Topr=-40°C ™ 85°C, V(=5V210%, Vgg=0V
SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNITS
Vi |Input Low Voltage -0.5 0.8 v
Vin ;Input High Voltage 2.2 v
}
VoLl iOutput Low Voltage Ports 4-7 IOL=5mA 0.45 v
VOLZ Output Low Voltage Port 7 I1=20mA 1.0 v
VorL3 [Output Low Voltage Port 2 I51=0.8mA 0.45 \
Voni11Output High Voltage Ports 4-7 |Ipy=-1.2mA 2.4 v
Vop21|Output High Voltage Port 2 Iog=-0.6mA 2.4 v
VOHI2|Output High Voltage Ports 4-7 Iop=-0.6mA Vee-0.8 v
Von22!0utput High Voltage Port 2 Iop=-0.3mA Vee-0.8 \Y
]
|
I iInput Leakage Port 4-7 VggSVinSVeg +10 LA
R —
1112 |Tnput Leakage Port 2, CS,PROG | Vss<VinVec +10 A
Veo=5V,V11=0.2V
Iccl [Power Supply Current (1) V$:=VCC‘6¥2V 9 mA
PROG PERTOD=5y,S
Vee=5V,V11,=0.2V
Icc2 |Power Supply Current (2) Vip=Vce-0.2V 10 LA
PROG=V-0. 2V
oL |sum of all Ior, of 16 Outputs 5mA Each pin 80 mA
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D.C. CHARACTERISTICS (II) Tgpr=-40°C to 85°C, Vgc=5V:20%, Vgg=0V

SYMBOL PARAMETER | TEST CONDITION| MIN. TYP. MAX. | UNITS
V1L | Input Low Voltage | 4.0V=Vpesh. 5V | -0.5 0.15V¢g v
Vin { Input High Voltage 5.5VsVpee6.0V | 0.5Vce Vee \Y
Vor1 ;Output Low Voltage Ports 4-7 1g1=bmA 0.45 v
Vor2 | Output Low Voltage Port 7 Igp=15mA 1.0 A
VOL3 | Output Low Voltage Port 2 11.=0.6mA 0.45 v
VonlziOutput High Voltage Ports 4-7 | Toy=-200yA | Voc-C. 8 v
Vou22! Output High Voltage Port 2 i Top=-100yA | Vcc-0.8 ! v
oL | sum of all IoL of 16 outputs i 4mA Each Pini ; 64 mA

A.C. CHARACTERISTICS  Topp=—40°C to 80°C, Vc=5V+20%, Vgg=0V

SYMBOL PARAMETER TEST CONDITION| MIN. TYP. MAX. | UNITS
ta Code Valid Before PROG C1=80pF 100 ns
ty Code Valid ..fter PROG C1~20pF 60 ns
tc Data Valid Before PROG CL:aopF 200 ns
tp Data Valid After PROG CL=20pF 20 ns
ty Floating After PROG CL=20pF 0 150 ns
tx PROG Negative Pulse Width 700 ns
tes CS Valid Before/After PROG 50 ns
tpg | Ports 4-7 Valid After PROG CL=100pF 700 ns
typ | Ports 4-7 Valid Befgre/After 100 ns
tace | Port 2 Valid After PROG C1=80pF 650 ns
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TIMING WAVEFORM

PROG /L___

tK

tA ty o tC tp
|
PORT2 INSTRUCTIO%')( FLOAT X DATA >< FLOAT

taCC

OUTPUT
PORT2 VADID
tpo

- i
PORT4-7 PREVIOUS OUTPUT VALID %ﬁ{?grf

tip

trp
PORT4-7 INPUT VALID X
tes
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TECHNICAL DATA

TMP82C43P

OUTLINE DRAWINGS

PLASTIC PACKAGE

Unit in mm

L4 Q7 RZR1 201r18 T dv I 14
thrhichrhehrh o
T T T

=

"3 %
%} 4
=5
Lidzw«a
'

(Note)

Note : Each lead pitch is 2.54mm. All leads are located within
0.25mm of their true longitudinal position with respect

to No.l and No.24 leads.
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INTEGRATED CIRCUIT APPLICATION SPECIFIC
TOSHIBA . nicaioata | STANDARD PRODUCTS (ASSP)

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

. No. of Production
_ TypeNumber - Function Pins/Pkg Availability
TMPZ84CO11AF Z80 MPU (4Mhz) + CGC + CTC + 1/O (8X5) 100/MFP Nov, 86
TMPZ84CO11AF-6 280 MPU (6Mhz) + CGC + CTC + 1/O (8X5) 100/MFP Jan, 87
TMPZ84CO15AF 280 MPU (4Mhz) + CGC + CTC + PIO + SIO 100/MFP Jan, 87
TMPZ84C015AF-6 Z80 MPU (6Mhz) + CGC + CTC + PIO + SIO 100/MFP Jan, 87
TMPZ84CO13AT Z80 MPU (4Mhz) + CGC + CTC + SIO 84/PLCC Feb, 87
TMPZ84CO13AT-6 : Z80 MPU (6Mhz) + CGC + CTC + SIO 84/PLCC Feb, 87
TMPZ84C011AF Block Diagram TMPZ84C013/015 Block Diagram
v$ v; r.é, CTC
L LT ko Z:80 <:>
fo cLk/TRGO MPU
[ == T Tu I5a R +CGC s Q
IF'()rlo c Pt 8 Pt & ﬁ Pan B 280 cIo INTT N7 zcTot 2CTo2
e B I B e B - —] T g
Port © Port B Port A Port £ Port D @ || <
eley | |
S O O ¢ so Pl hg
7uP 0 PB7 o AT PA( P 7“9 0 !
PCT PO 80 P 0 €7 PE Q CO: |
! :
| IS |
BUSES
TMPZ84C011AF Applications TMPZ84C013/015 Applications
® Industrial Control ® Modems
® Robotics ® LAN's
® 1/O Intensive Processor ® Communications Control Processor

*Note These devices also have Watchdog Timer Function
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INTEGRATED CIRCUIT| TMPZ84C011AF/TMPZ84C011AF-6

TOSHIBA  chnicat pata CMOS Z80 MICROPROCESSOR

GENERAL DESCRIPTION

TMPZ840CO011A 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. TMPZ84C011A is fabricated with Toshiba’s C2 MOS technology and molded
in 100 pin flat package.

FEATURES
® 780% software compatible
® High speed operation (4/6MHz)
® On-chip clock generator controller
® Stand-by control is available.
® Low power consumption
Operating power supply current : 15 mA Typ. @ 4MHz
Power supply current in IDLE mode : 1 mA Typ. @ 4MHz
Stand-by current : 500 nA Typ.
® Single power supply 1 5VE10%
©® Wide operating temperature range : —40°C to 85°C
® Three operation modes
(1) Run Mode (Normal operation)
(2) Idle Mode (Only clock generator continues to operate)
(3) Stop Mode (All operation is stopped : Stand-by state)
® Five 8-bit ports (can be programmed as input or cutput for each I/O 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 I/O ports do not have daisy chain interrupt function.

Z80® is a trademark of Zilog Inc.
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TECHNICAL DATA

TOSHIBA

TMPZ84C011AF
TMPZ84C011AF-6

PIN NAMES AND PIN DESCRIPTION

Pin Name No. of Pins Direction Description
D0 -D7 8 1/0, 3-atate 8-bit bidirectional data bus
A0 -Al5 16 Output, 3-state 16-bit address bus
PAO -PA 7 8 1/0, 3-atate Port A : Input / Output port
PBO -PB 7 8 1/0, 3-atate Port B : Input / Output port
PCO -PC 7 8 1/0, 3-atate Port C : Input / Output port
PDO -PD7 8 1/0, 3-atate Port D : Input / Output port
PEO -PE 7 8 1/0, 3-atate Port E : Input / Output port
M1 1 Output, 3-state Machine cycle 1
RD 1 Output, 3-state Memory read
WR 1 Output, 3-state Memory write
MREQ 1 Output, 3-state Memory request
IORQ 1 Output, 3-state Input / Output request
WAIT 1 Input Wait request
BUSREQ 1 Input Bus request
BUSACK 1 Output Bus acknowledge
HALT 1 Output, 3-state HALT
RFSH 1 Output Refresh
EV 1 Tnput Input signal for emulator mode.
When EV Terminal is in high level, M1 and HALT
output is in high impedance state. When EV terminal
is high with active BUSREQ, TMPZ84CO11A will
relinquish the internal Z80 cpu portion and will be
controlled by another cpu (i.e. cpu in ICE).
TEST 1 Input Test terminal. It must be tied to ground.
CLK/TRGO 4 Input External clock/timer trigger
-CLK/TRG3
ZC/T00 3 Output Zero count/timer out
-ZC/TC02
IEI 1 Input Interrupt enable input for CTC
IEO 1 Output Interrupt enable output for CTC
XTAL1/XTAL2 2 Input/Output X’tal input/output. Two times frequency is required
for cpu operation.
MS1, MS2 2 Input Mode control inputs
MS1 MsS2 Mode
0 0 IDLE
0 1 Do not use
1 0 STOP
1 1 RUN
CLK 1 Output Single phase system clock output.
RESET 1 Input Reset input.
INT 1 Input Maskable interrupt request.
NMI 1 Input Non maskable interrupt request.
Vee 1 5V power supply.
Vss 1 Ground reference. (OV)
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TECHNICAL DATA TMPZ84C011AF-6

/0 PORT CONFIGURATION AND ASSIGNMENT

(1) Port configuration

DO-D7

Output buffer

Port

| >

19381301 JI10g

I9)s18a1
[01u0d uooAIJ

2CE

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.

Content in Direction Register Port Direction
0 Input
1 Output
(2) I/0O assignment
Address
I/O Name I/0 Function
A7 A6 A5 A4 A3 A2 Al A0
0 0 0 1 0 0 0 0 $10 Channel 0
(C(;I‘; ?mter 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
Port A 0 1 0 1 0 1 0 0 $54 Direction Register
0 1 0 1 0 0 0 0 $50 Port Register A
Port B 0 1 0 1 0 1 0 1 $55 Direction Register
0 1 0 1 0 0 0 1 $51 Port Register B
Port C 0 1 0 1 0 1 1 0 $56 Direction Register
0 1 0 1 0 0 1 0 $52 Port Register C
Port D 0 0 1 1 0 1 0 0 $34 Direction Register
0 0 1 1 0 0 0 0 $30 Port Register D
Port E 0 1 0 0 0 1 0 0 $44 Direction Register
0 1 0 0 0 0 0 0 $40 Port Register E
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TECHNICAL DATA TMPZ84C011AF-6

BLOCK DIAGRAM

EV WAIT MREQ

XTAL1 XTAL2 CLK Ml l 1 1
l HALT
CLK CLK
MSI ] HALT LT
MS2 cGC M1 M1
NMI  ——s] NMI NMI > BUSAC
RESET I RESET le——— BUSRQ
INT INT CPU
}———> RFSH
INT
CLK --4 .
7C/TOg.o +— RESET A0~A15 BDRFRIORQ py.pg
M1 < S
CLK/ __{ RD RD
TRGo.-3 WR
IORQ TORQ
/1 A
[EQ i DO~D7 K )} Do~D7
[El —> TE | R .
s6 g ) ) AO~AL5
8 ﬁ
CS1 S‘ |_decoder lcontrgllrcmtl U
CTC A A > Pao~7
3
gQ —
zg| B - B > PRO~7
g g g
T g § C 5 C
TES = % Poo~7
ge D ” D Pno~7
n
E E > PE0~7

I/0 Port
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TOSHIBA TECHNICAL DATA TMPZ84C013AT-6

TOSHIBA

Preliminary

TMPZ84CO13AT
TMPZ84CO13AT-6 -

( CMOS 780 Microprocessor )

Communications Control! Processor

November 1986

TOSHIBA  CORPORATION
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TOSHIBA

TMPZ84C013AT/TMPZ84C013AT-6
INTEGRATED CIRCUIT (CMOS 280 MICROPROCESSOR)
TECHNICAL DATA COMMUNICATIONS CONTROL PROCESSOR

GENERAL DESCRIPTION

TMPZ84CO013AT is a low power CMOS Z80 8-bit 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 communication applications and has two independent
full-duplex channels with separate control and status lines for modems or other devices.

TMPZ84C013A 1s fabricated with Toshiba’s C2 MOS technology and molded in 84-pin PLCC package.

FEATURES

7.80% software compatible
Low Power Consumption
High speed operation: TMPZ84C013AT 4MHz
TMPZ84C013AT-6 6MHz
Single Power Supply: 5V£10%
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 x1 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 Bisyne, SDLC, HDLC, CCITT-X.25
and others. Automatic CRC generation/checking, sync character and zero insertion/deletion,
abort generation/detection, and flag insertion.
Watch dog timer
On-chip dynamic memory refresh register (8-bit)
Four Operation mode ncluding power save function.
RUN mode (Normal operation)
IDLE1 mode (CPU operation is stopped, but only oscillator works)
IDLE2 mode (CPU operation 1s 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 84-pin plastic leaded chip carrier.

780" 1s a trademark of Zilog Inc.
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TMPZ84C013AT-6

The following is I/0 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 A0
CTC 0 0 0 1 0 0 0 0 ilo 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 1/0) 0 0 0 1 1 0 1 0 | #1A B Data

0 0 0 1 1 0 1 1 #1B B Command
Watchdog 1 1 1 1 0 0 0 0 #FO0 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 TMPZ84C013AT
TECHNICAL DATA TMPZ84C013AT-6
2. WATCHDOG TIMER
FUNCTION REGISTER #FO
(WRITE/READ)
2-1. Write Operation (Command Set)
D7 D6 D5 D4 D3 D2 D1 DO
#F0 | WDT Enable | Timer out | MODE [ o | + | 1]
| 1
0: Disable ‘
1: Enable When a command is loaded to
Note)* Watchdog Timer Function Register
(address #FQ), D2, D1 and DO
0 0: 16 ms must be as follows.
0 1. 64 ms
1 0: 256 ms D2 =0
1 1: 1000ms D1l =1
\ DO =1
Note)*
MS1 MS2
IDLE 1 0 0
IDLE 2 0 1
STOP 1 0
RUN 1 1
Note)*
Note)*When RESET occurs, Timer Out will be set as 1000 ms.
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 D1 DO
#FO [ WDT Enable | Timer Out | MODE I+ ] 1}

When status is read out from address #FO, D1 and DO will be always high (“1”) and the other (D7

through D2) will be in the status when a command has been loaded.
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TOSHIBA TMPZ84C013AT
TECHNICAL DATA TMPZ84C013AT-6
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 1 64 ms
1 0 256 ms
1 1 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 IDLE1
0 1 IDLE2
1 0 STOP
1 1 RUN
*)
Note*) When RESET occurs, CPU will be set as RUN mode.
Internal operation CLKOUT
Mode .
CG CPU WD Timer CTC S10 Status
IDLE 1 (0} S S S S S
IDLE 2 (6] S S (¢} S (0]
STOP S S S S S S
RUN (¢} (¢} 0 O O (6}
O--- -+ Operating (CLKOUT and CLKIN must be connected.)
S--- - - Stop
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4) D1=1, D0=1

When a command is loaded to address #FO, D1 and DO must be high (“1”).
Output Pulse width of WDTOUT.

a. When WDTOUT terminal is : Low level pulse during five clock cycles will be
connected with RESET  output.
terminal.

b. When WDTOUT 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 #F1
(WRITE ONLY)

#F1

(Explanation for commands)

1) “B1” : Disable Watchdog Timer

D7 of I/0 address #F0 must be cleared and then #B1
must be loaded to I/0O address #F1.

2) “4E” . Clear Watchdog Timer

#4E Must be loaded to I/0 address #F1. This command is
independent of D7 of I/O address #FO0.

3) “DB” : Updating content of D4 and D3 in I/O address #F0:

#DB must be loaded to I/O address #F1 before updating
D4 and D3.
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INTEGRATED CIRCUIT TMPZ84C013AT

TOSHIBA
0 TECHNICAL DATA TMPZ84C013AT-6

4. INTERRUPT PRIORITY CONTROL REGISTER
#F4 (WRITE ONLY)

7 6 5 4 3 2 1 0
#F4
(Priority)
* CTC — SIO 0
SIO — CTC 1

*) After Reset

5. RFSH ADDRESS

A7’ is added to refresh dynamic RAM in M1 cycle automatically.

ool
a— 1 [

RFSH ADDR A07~A00 XRFSH ADDR = 7FHX XRFSH ADDR = OOHX
of Standard Z80 cpu

PFSH ] [ l r——
aRe ] [ ] [

RFSH ADDR A00~A07 “TFH’ ‘8OH’
of TMPZ84C013A
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TOSHIB AINTEGRATED CIRCUIT N

TECHNICAL DATA TMPZ84C013AT-6
PIN CONNECTION
84-PIN PLCC
o
2
. S
2252232273332 8288888523
O0O000000O000O0OO0NnONnOaooAanmQan
11 1 84
a4 Oao 7574 ] CLK/TRGI
As O [J CLK/TRG2
a2 O [] CLK/TRG3
a1 O [} zc/To3
a0 O ] zc/TO2
w1 O [] zc/To1
BUSREQ (] ) zc/Too
WAIT [ [] CLKIN
WR [ [] cLKOUT
TORQ [ TMPZ84C013AT H xe
vss [ [] XTAL2
MREQ [] [] XTAL1
Ne [ vss
INT [ ] WDTOUT
RFSH [ [] IET
Nec ] IEO
RESET [ ] EV
BUSACK [] [] NC
’D ] M) NI
HALT [ [] ATRF
W/RDYA [] 54[7 W/RDYB
33 42 43 53
ooy uuuoouougy
S SEEEEECBEEREEEE 2L
FCEECREERE-EREEEEREZR
3 =
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INTEGRATED CIRCUIT TMPZ84C015AF

TOSHIBA TECHNICAL DATA TMPZ84C015AF-6

TOSHIBA

Preliminary

TMPZ8A4CO15AF
TMPZ84CO15AF-6

( CMOS Z80 Microprocessor )

communications Control Processor

November 1986

TOSHIBA  CORPORATION
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TMPZB4CO15AF/TMPZB4CO15AF-6
TosHiBa EGRATED CRCUIT (CMOS 280 MICROPROCESSOR)
TECHNICAL DATA | COMMUNICATIONS CONTROL PROCESSOR

GENERAL DESCRIPTION

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 (PIO), 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 MOS technology and molded in 100-pin flat package.
FEATURES

® 780® software compatible
® Low Power Consumption
® High speed operation: TMPZ84C015AF 4MHz
TMPZ84C015AF-6 6MHz
® Single Power Supply: 5V£10%
® 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 x1 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.
(8) 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)
IDLE1 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 100-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/0 Name I/O Function
A7 A6 Ab A4 A3 A2 Al A0
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 [Channel A Data
S10 0 0 0 1 1 0 0 1 #19 A Command
(Serial 1/0) 0 0 0 1 1 0 1 0 #1A B Data
0 0 0 1 1 0 1 1 #1B B Command
0 0 0 1 1 1 0 0 #1C [Channel A Data
PIO 0 0 0 1 1 1 0 1 #1D A Command
(Paraller 1/0) 0 0 0 1 1 1 1 0 #1E B Data
0 0 0 1 1 1 1 1 #1F B Command
Watchdog 1 1 1 1 0 0 0 0 #FO0 Watch dog Timer
timer 1 1 1 1 0 0 1 #F1 Control
Daisy chain 1 1 1 1 0 1 0 0 #F4
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TOSH'BAINTEGRATED CIRCUIT S
TECHNICAL DATA TMPZ84C015AF-6

2. WATCHDOG TIMER
FUNCTION REGISTER #FO

(WRITE/READ)
2-1. Write Operation (Command Set)
D7 D6 D5 D4 D3 D2 D1 DO
#F0 [ WDT Enable | Timer out | MODE | o | + | ]
| |
0: Disable ;
1: Enable When a command is loaded to
Note)* Watchdog Timer Function Register
(address #FO), D2, D1 and DO
0 0: 16 ms must be as follows.
0 1: 64 ms
1 0: 256 ms D2 =0
1 1: 1000ms D1 =1
— | DO = 1
Note)*
MS1 MS2
IDLE 1 0 0
IDLE 2 0 1
STOP 1 0
RUN 1 1
Note)*

Note)*When RESET occurs, Timer Out will be set as 1000 ms.
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 D1 DO
#FO [ WDT Enable | Timer out | MODE I+ ] 1+ |

When status is read out from address #FO, D1 and DO will be always high (“1”) and the other (D7
through D2) will be in the status when a command has been loaded.
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INTEGRATED CIRCUIT

TOSHIBA TMPZ84C015AF
TECHNICAL DATA TMPZ84C015AF-6
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 1 64 ms
1 0 256 ms
1 1 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 IDLE1
0 1 IDLE2
1 0 STOP
1 1 RUN
*)
Note*) When RESET occurs, cpu will be set as RUN mode.
Internal operation CLKOUT
Mode S
CG CPU PIO  |WD Timer| CTC S10 tatus
IDLE 1 (6] S S S S S S
IDLE 2 [0} S S S 0 S (0]
STOP S S S S S S S
RUN (0] (6] (6] (6] (0] (6] 0
O--- -+ Operating (CLKOUT and CLKIN must be connected.)
S- - -+ Stop
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INTEGRATED CIRCUIT

TOSHIBA

TECHNICAL

TMPZ84C015AF
DATA TMPZ84C015AF-6

4) D1=1, D0=1

When a command is loaded to address #FO, D1 and DO must be high (“1”).

Output Pulse width of WDTOUT.

a. When WDTOUT terminal is
connected with RESET
terminal.

b. When WDTOUT terminal 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.

. WATCHDOG TIMER FUNCTION REGISTER #F1

(WRITE ONLY)

#F1

(Explanation for commands)

1) “B1” : Disable Watchdog Timer

: D7 of I/O address #F0 must be cleared and then #B1

2) “4E” : Clear Watchdog Timer

must be loaded to I/O address #F1.

: #4E Must be loaded to I/O address #F1. This

3) “DB” : Updating content of D4

command is independent of D7 of I/O address #FO.
and D3 in I/O address #F0:

#DB must be loaded to
updating D4 and D3.

1/O address #F1 before
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TOSHIBAINTEGRATED CIRCUIT T
TECHNICAL DATA TMPZ84C015AF-6

4. INTERRUPT PRIORITY CONTROL REGISTER
#F4 (WRITE ONLY)

7 6 5 4 3 2 1 0
#F4
(Priority) *)
* CTC — SIO — PIO After
SIO — CTC — PIO Reset

CTC — PIO — SIO
PIO — SIO — CTC
PIO — CTC — SIO
SI0O — PIO — CTC

=R |lo|@|lo|c
oclo|mirlolo

5. RFSH ADDRESS

A7’ is added to refresh dynamic RAM in M1 cycle automatically.

[~ =1 I~~~
o | | |

RFSH ADDR  A07~A00 XRFSH ADDR = 7FH x XRFSH ADDR=00HX
of Standard Z80 cpu

| | | —
ATRF —l [ I [_

RFSH ADDR A00~A07 ‘TFH’ ‘8OH’
of TMPZ84C013A
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TOSHIBA

INTEGRATED CIRCUIT

TECHNICAL DATA

TMPZ84C015AF
TMPZ84C015AF-6

PIN CONNECTION

[ A7
1 A8
S— X
= A0

| s Y /]
1 A13
——3 A14
1 A15
— 00
D1

—102
[ 03

/305
/106
— )

[ CLK/TRGO

-
o

T
-

T
w

X
|
.

T

]

>
»
T
(]
w

W/RDYA —

Note) ICT terminal must be open

30

11— A6

.O

4/ An
S84+—3vcC

TMPZ84CO15AF
TMPZ84CO15AF-6

S4—304

o
o
1

[ C'.K/TRG1
[ 1 CLK/TRG2
1 CLK/TRG3
[ 2C/T03
— 2C/T102

75 £—— 2C/T0

1 IEl
m— R

70 ] AJRF
1 CLKIN
[——3 CLKOUT

——JEV

m— VY
] NMI

60 4——— PB7
—1 P86
——1 P8BS
——3PB4
—) PB3
55 41 PB2
— PBI
— PBO
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INTEGRATED CIRCUIT

TOSHIBA TMPZ84C015AF
TECHNICAL DATA

TMPZ84C015AF-6

NTALL NPAL2 g7 HALT (o oy EV BUSREQ BUSACK
CLKIN I l
Ms1
NMT Ms2 M1 —— MIREQ
CGC
¥ te—— WATT
RESET —{] & CPU
(Y]
Do~D;
INT
CLK
Aco~A
ZC/T0g Yoo he TORQ
2 [ S —
W B
scrro, RD WR RFSH
~D. S
CLK/TRG, Dby 1
i N H
CLK/TRG, 1 P
o o —
IEI M1 f=—d L.‘ [I " DD
IEO _ — - —
TF ] o H CLK RD —— W/RDYA
L H T ——
CSo . TORQ fe——— SYNCA
cre 1 fe—— RXDA
. ™ SaSmm— N
s, ol b F INT T :
— H MI T’
H IEI SIO
H — E0 —
— [
CE e RO
n _ le——— RO
IEL © /D fe—> 3
IEO — —
ASTB B/A
ARDY Do~D), | I
PA,
" w 3] !
’ ToRQ ‘—‘I"' _1 ——— DCDRB
PB,
2 4 WR  RFSH
PB, L4 M1 | s WDTOUT
__ CLk x H -
BRDY Watchdog Timer > ATRF
BSTB (k= 4 & T
— /D T2 { (2) Function Registers
PIO _ \N— o
B/A e M1 MS1, MS2
< -4
Do~D7  Ago~Ass

Note (1) Control circuit
(2) Decoder
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TOSHIBAINTEGRATED CIRCUIT R
TECHNICAL DATA TMPZ84C015AF-6

Unit : mm

0.65

i ‘-\ ®1.0 1 pin Index

.

u
20.0%0.1
22.210.4
25.61+0.3

A
i

NO. 50

14.0£0.1
16.2+0.4
19.6+0.3

Y

11 2.8

L
2.7
(2.9 MAX.)

1.3

19.6%0.3

-

0.1540.1
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TOSHIBA

INTEGRATED CIRCUIT

TECHNICAL DATA

TMP82C54P
TMP82C54P-2

TMP82C54P/TMP82C54P-2

PROGRAMMABLE INTERVAL TIMER

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

Pin compatible with TMP82C53P-2
Three independent 16-bit counters
Counter latch command

Status Read-Back command

Six programmable Counter Modes

Count Binary or BCD

(7) High speed
TMP82C54P-2 Clock inputs 10MHz Max.
TMP82C54P Clock inputs 8MHz Max.

@)

©)

(10) Supply voltage

Low power consumption

30mA Max. (at operation)

10uA Max. (at power down)
Operating temperature —40 to 85°C
5V + 10%

PIN CONNECTIONS (Top View)

pr 41 \_/ up vee
D6 O 2 230 WR
D5 O3 22 RD
D4 o 4 21p CS
D3 5 20p Al
D2 d 6 19p A0
D1 d7 18p CLK 2
DO O 8 17p OUT2
CLKO0 d 9 160 GATE 2
OUTO0 d 10 150 CLK1
GATE 0 0 11 14p GATE 1
Vgs(GND) d 12 13p OUT1
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INTEGRATED CIRCUIT

TOSHIBA TMP82G54P
TECHNICAL DATA TMP82C54P-2
BLOCK DIAGRAM 'ﬁ
COUNTER #0 .
(— COUNTER [«— CLKO
N—
8
I DATA BUS 1 o CATEO
BUFFER CONTROL WORD OUTO
REGISTER —
COUNTER #1
(L | COUNTER ~— CLi
| 1 e— GATE1
CONTROL WORD ouTL
i
) d REGISTER
WR READ{
U WRITE -
AL LOGIC
COUNTER #2
& ——b y
> COUNTER < L
i l le— GATE2
CONTROL WORD
REGISTER — ouT?
L
PIN NAMES AND PIN DESCRIPTION
Pin Name Input/Output Function
D7 - DO 1/0 Data bus
CLK2-CLKO Input Counter clock inputs
GATE 2 - GATE 0 Input Counter gate inputs
ouT2-0UT o Output Counter outputs
Al - A0 Input Counter address
RD Input Read signal
WR Input Write signal
CS Input Chip select
VCC, GND Power supply +5V, OV
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INTEGRATED r'°7" ~

TG "'BA TMP82(54P
TF74NICAL \ TMP82G54P-2
ABSC e adlMUM RATINGS
SYMBOL ; ITEMS TEST CONDITION RATING UNIT
Vee Supply Voltage With Respect —0.5 to +7.0 \%
VIN Input Voltage To GND. —0.5 to Vec+0.5 A
vouT Output Voltage —0.5 to Vee+0.5 \Y%
PD Power Dissipation 250 mW
Tsol Solder Temperature 260 (10 sec) °C
Tstg Storage Temperature —65 to +150 °C
Topr Operating Temperature —40 to +85 °C
DC CHARACTERISTICS (Ta=—40 to +85°C, Vec=5V+10%, Vss (GND)=0V)
SYMBOL ITEMS TEST CONDITONS MIN. | TYP.| MAX. |UNIT
VIL Input Low Voltage —0.5 0.8 v
VIH Input High Voltage 2.2 Vee+0.5 \Y%
VOL Output Low Voltage IOL=2.2mA 0.45 A%
VOH 1 Output High Voltage IOH=—400mA 2.4 \Y%
VOH 2 Output High Voltage IOH=-100pA VCC—0.8 \%
IIL Input Leakage Current OV <VIN < VCC +10 LA
IOFL Output Leakage Current 0.45 < VOUT <VCC +10 HA
ICC1 Operating Supply Current CLK=10MHz 3 30 mA
VIH=VCC—0.2V
VIL=0.2V
ICC 2 Stand-by supply Current CLK=DC +10 MA
VIH=VCC—0.2V
VIL=0.2V
AC CHARACTERISTICS (Ta=—40 to +85°C, VCC=5V£10%, Vss (GND)=0V)
READ/WRITE
TMP82C54P TMP82C54P-2
SYMBOL ITEM UNIT
MIN. MAX. MIN. MAX.
tAR Address Set-up Time (RD) 30 30 ns
tSR CS Set-up Time (RD) 0 0 ns
tRA .| Address Hold Time (RD) 20 20 ns
tRR RD Pulse Width 150 95 ns
tRD Valid Data (RD) 120 85 ns
tAD Valid Data (Address) 220 185 ns
tDF Data Floating (RD) 5 85 5 65 ns
tAW Address Set-up Time (WR) 0 0 ns
tSW CS Set-up Time (WR) 0 0 ns
tWA Address Hold Time (WR) 0 0 ns
tWW WR Pulse Width 150 95 ns
tDW Data Set-up Time (WR) 120 95 ns
tWD Data Hold Time (WR) 0 0 ns
tRV Recovery Time 200 165 ns
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TOSHIB AINTEGRATED CIRCUIT PRSP

TECHNICAL DATA TMP82G54P-2
CLOCK/GATE
SYMBOL ITEM TMP82C54P TMP82C54P-2 UNIT
MIN. MAX. MIN. MAX.
tCLK Clock Period 125 DC 100 DC ns
tPWH CLK High Pulse Width 50 30 ns
tPWL CLK Low Pulse Width 50 30 ns
tR CLK Rise Time 25 25 ns
tF CLK Fall Time 25 25 ns
tGW GATE Width High 50 50 ns
tGL GATE Width LOW 50 50 ns
tGS GATE Set-up Time (CLK) 50 40 ns
tGH GATE Hold Time (CLK) 50 50 ns
tOD Output Delay From CLK 150 100 ns
tODG Output Delay From GATE 120 100 ns
tWC Count [.oading Set-up Time (CLK) 100 80 ns
tWG WR Set-up Time (GATE) 0 0 ns
tWO QOuiput Delay Fro:n Command Write 260 240 ns
tCL CLK Set-up Time (Count Latch) 85 68 ns

INPUT CAPACITANCE  (['a=25°C, Vce=Vss (GND)=V)

SYMBOL ITEM TEST CONDITION MIN. TYP. MAX. UNIT
CIN Input Capacitance fe=1MHz 10 pF
CI/0 Input/Output Unmeas(l)l\r]e d pins, 20 pF

Capacitance

AC TESTING INPUT WAVE FORM

4
2.2 2.2
> TEST POINT <
0.8 0.8
5
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INTEGRATED CIRCUIT

TOSHIBA

TECHNICAL DATA

TMP82C54P
TMP82C54P-2

Ap, Ap

D7~Dy

Ap, Ap

D7~Dg

VALID

™
A

—NtRDF-»fDF

—>

SW [——

VALID

IDW —ta— WD

A

3

—p

Ww

WRITE TIMING

LATCH COMMAND

GATE

=

ouT

CLOCK & GATE TIMING
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INTEGRATED CIRCUIT TMPB2C54P

TOSHIBA
TECHNICAL DATA TMP82C54P-2

PACKAGE OUTLINE

24 Pins PLASTIC DIP Unit in mm
24 13
| o U onme B o T s T s B e B e O s I e O e O e O |
A
><
<<
) g
N
o
J S [ SIS R GRS SISy Sy Gy Gy Sy S Ry Sy iy
zé 1 12
= 33 0 MAX 15.24740.25
= -« >
Y S
_ 1z
=
I / \
T " \
B ¥ Iy )
i/ \
I u 0.25 TO1
) 0.5+0 15 2.54+0.25 7 —0.05
z, ' - .>u<_—__
g KD 1.4%0.15 0~15°
N
(2]

Note) Lead pitchis 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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INTEGRATED CIRCUIT TLCS-Z80 FAMILY

TOSHIBA TECHNICAL DATA IN PLCC

TLCS-Z80 CMOS FAMILY IN PLASTIC LEADED CHIP CARRIER.

TMPZ84C00AT/TMPZ84C00AT-6
TMPZ84C10AT/TMPZ84C10AT-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 REFERENCE
TMPZ84CO00AT Z80A CPU 4MHZ TMPZ84CO0AP
TMPZ84C10AT Z80A DMA 4MHZ TMPZ84C10AP
TMPZ84C20AT Z80A PIO 4MHZ TMPZ84C20AP
TMPZ84C30AT Z80A CTC 4MHZ TMPZ84C30AP
TMPZ84C44AT Z80A SIO 4MHZ TMPZ84C43AF
TMPZ84CO00AT-6 Z80B CPU 6MHZ TMPZ84C00AP-6
TMPZ84C10AT-6 7Z80B DMA 6MHZ TMPZ84C10AP-6
TMPZ84C20AT-6 Z80B PIO 6MHZ TMPZ84C20AP-6
TMPZ84C30AT-6 7Z80B CTC 6MHZ TMPZ84C30AP-6
TMPZ84C44AT-6 Z80B SIO 6MHZ TMPZ84C43AF-6
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TOSH'BAINTEGRATED CIRCUIT
TECHNICAL DATA

TMPZ84CO0AT
TMPZ84CO00AT-6
TMPZ84CO0AT-8

PIN CONNECTION
44-Pin PLCC Package

TMPZ84CO0AT
TMPZ84CO00AT-6
TMPZ84C00AT-8
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TosmBAINTEGRATED CIRCUIT R
TECHNICAL DATA TMPZB4CAT-6

PIN CONNECTION

44-Pin PLCC Package (TLCS-Z80 DMA)
=
X
9
E o
Q — 1 =
Szwzz33sEfE S
ayniniaiaiainisininin
| I O U I U O R N
/ | DO T T T O T IO B |
| IO T U T DI I O AN )
=l Il 1l ) ] el el lel ] el ]
R R R
a0 2223 7 39 L_Z2[] Do
CLK (JZ223 8 ss L___[] DI
WR 2273 9 37 L___[] D2
RD [JZZZ3 10 36 L__[] D3
Ty === p4
TorRQ (2223 11 TMPZ84C10AT HLa--
Ne(Iooo e TMPZ84C10AT-6 34 LZZZ[]VSS
vee 7223 1 pw—
MREQ (JZ227 14 sz L___[] D6
BAO ({Z-"3 15 st L2221 D7
BAL (J=223 16 30 LOZZ[] M1
BUSREQ (J--23 17 NC

&
<
=
~
=
&)
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INTEGRATED CIRCUIT

TOSHIBA TMPZ84C20T
TECHNICAL DATA TMPZ84C20AT-6

PIN CONNECTION
44-Pin PLCC Package (TLCS-Z80 PIO)

B/A [ RD

PA7 [ PB7
PA6 [ PB6
PA5 [ PB5
PA4 ] TMPZ84C20T PB4
NC [ TMPZ84C20AT-6 i PB3
vss [ PB2
PA3 (] PBI
PA2 [ PBO
PAL [ vee
PA0 [ CLK
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INTEGRATED CIRCUIT

TECHNICAL DATA

TOSHIBA

TMPZ84C30T
TMPZ84C30AT-6*

PIN CONNECTION
44-Pin PLCC Package

VSS
ND

RD
ZC/TO0
NC
ZC/TO1
ZC/TO2
IORQ
NC

TMPZ84C30T
TMPZ84C30AT-6
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INTEGRATED CIRCUIT

TOSHIBA TMPZ84C44T
‘ TECHNICAL DATA TMPZ84C44AT-6
PIN CONNECTION
44-Pin PLCC Package (TLCS-Z80 SIO)
IEI [ B/A
IEO c/D
M1 RD
vee VSS
W/RDYA TMPZ84C44T i W/RDYB
SYNCA TMPZ84C44AT-6 - SYNCE
RXDA RXDB
RXCA -] RXCB
TXCA ~~7[] TXCB
TXDA ==~ TXDB
NC ] NC
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INTEGRATED CIRCUIT TLCS-Z80 FAMILY

TOSHIBA TECHNICAL DATA IN PLCC

PLASTIC LEADED CHIP CARRIER 44 Pin PLCC

6 | 44 40
oo -
/ ) d
7 ‘ O i‘:,

17
J \
|0 g gy e g
18 28
———17.52£0.12 —

16.6

w
w

17.5240.12;

| S0 ) SN B N AN ) SN G SN B D B SN g NN Ry G gy A )

~n
w

0.71£0.1
¥
- o
Il 4
-
T S _+ ]
0.41£0.1 | i 1.27
+H
g
f 15.76 Sl
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TOSHIBA
TECHNICAL DATA

INTEGRATED CIRCUIT CMOS TLCS-48

IN PLCC

TLCS-48 CMOS FAMILY 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) REFERENCE
TMP80C48AT 1k X 8 64 X 8 11 TMP80C48AP
TMP80C49AT 2k X 8 128 X 8 11 TMP80C49AP
TMP80OC50AT 4k X 8 256 X 8 11 TMP80C50AP
TMP80C35AT External 64 X 8 11 TMP80C35AP
TMP80C39AT External 128 X 8 11 TMP80C39AP
TMP80C40AT External 256 X 8 11 TMP80C40AP

* See Page 597 for description of NMOS TLCS-48 Devices in PLCC.
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INTEGRATED CIRCUIT CHOS TLCS-48

TOSHIBA TECHNICAL DATA - INPLCC

PIN CONNECTIONS

VCC
P27
P26
P25
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INTEGRATED CIRCUIT CHOS TLES48

TOSHIBA
TECHNICAL DATA IN PLCC
PLASTIC LEADED CHIP CARRIER 44 Pin PLCC
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INTEGRATED CIRCUIT

TOSHIBA
TECHNICAL DATA ERRATA SHEET

VOL. 1. CORRECTIONS

HEADING/SECTION/ LINE/
PAGE TABLE/FIG./ADDITION FIGURE CORRECTION NOW READS
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 SI0/1 & SIO/2 A“S‘;ci)g/‘ges

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 of MS MS1 MS2 MS2 MS2
Operation Modes
1 1 1 1
0 * 0 *
1 0 1 1
287 Additional Info. — Cy, for any output is —
100 pF
265 AC Electrical 15 TdIEI (IEO r) 160 ns 160 Min.
Characteristics Max not Min.
221 Page Heading Top Corner TMPZ384C30... TMPZ84C40...
(right)
570 AC Electrical Table tWW 160 tWW 140
Characteristics tWD 30 tWD 10
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INTEGRATED CIRCUIT

TOSHIBA .
TECHNICAL DATA ERRATA SHEET (Continued)

VOL. 1. CORRECTIONS

Page: —639—, —663—, —687—,

Incorrect
tRD1 Data Input Read Time (RD) 6t-170 - 375 ns
tRD2 Data Input Read Time (PSEN) 4.5t-170 - 240 ns
tAD1 Address Setup Time (RD) 10.5t-220 - 730 ns
tAD2 Address Setup Time (PSEN) 7.5t-200 - 460 ns
Correct
tRD1 Data Input Read Time (ﬁ).) 5.5t-120 - 375 ns
tRD2 Data Input Read Time (PSEN) 4t-120 - 240 ns
tAD1 Address Setup Time (RD) 10t-170 - 730 ns
tAD2 Address Setup Time (PSEN) 7t-170 - 460 ns

Page: —643—, —667—, —691—,

Incorrect
tRD1 Data Input Read Time (RD) 6t-170 - 830 ns
tRD2 Data Input Read Time (PSEN) 4.5t-170 - 580 ns
tAD1 Address Setup Time (RD) 10.5t-220 - 1530 ns
tAD2 Address Setup Time (PSEN) 7.5t-200 - 1050 ns
Correct
tRD1 Data Input Read Time (RD) 5.5t-120 - 800 ns
tRD2 Data Input Read Time (PSEN) 4t-120 - 550 ns
tAD1 Address Setup Time (RD) 10t-170 - 1500 ns
tAD2 Address Setup Time (PSEN) 7t-170 - 1000 ns
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