KL5C8400

1. General Descriptions

KL5C8400 is a fast 8 bit CPU, which is compatible with
the Z80 microprocessor at binary level. With an internal
16 bit RISC-like architecture, the performance of the
CPU is equivalent to the Z80 microprocessor at 44
MHz. With this high performance, the CPU is faster
than typical 16 bit microcontroliers and CPUs. The ad-
vanced CMOS technology provides high performance
at low power consumption.

The CPU has two operation modes controlled by CNFG
input (mode pin). The CPU provides 1.2 times higher
performance at the same clock rate in Z80 mode. In
KC80 mode, the CPU provides 1.3 times higher perfor-
mance at the same clock rate. There is also an adyan-
tage in memory access time in KC80 mode, because
the CPU doesn't have M1 cycle.

in Z80 mode, the CPU operates in Z80 compatible bus
cycles. Then, Z80 peripherals can be used with the
CPU in mode 2 interrupt.

In KC80 mode, the CPU fetches its opecode using the

same bus cycle as memory read. Then, siower memo-
ry can be used with the CPU in KC80 mode. There is
also a performance advantage because it fetches its
opcode in shorter opcode fetch cycle. In KC80 mode,
only mode 1 interrupt can be used.

Features

@ Instruction set: Fully compatible with Z80
MPU at binary level

33 MHz (equivalent per-
formance of Z80 at 44
MHz)

@ Minimum execution time: 90 ns (3 clocks)

@ Low power consumption:

@ High speed operation:

@ Address space: 64 Kbyte
@ Operational clock
frequency: 0~ 33 MHz
@ Interrupt: Maskable interrupt 1,
Non-maskabie interrupt 1
@ Package: 44 pin QFP package

@ Two operation modes:  Z80 mode (CNFG = "H"),

KC80 mode (CNFG ="L")

Instruction execution time comparison
instructions KL5C8400 (Z80 mode) KL5C8400 (KC80 mode) 280
LDbB,C 4 clocks 3 clocks 4 clocks
ADD HL, BC 4 clocks 3 clocks 11 clocks
DEC DE 4 clocks 3 clocks 6 clocks
POP AF 10 clocks g clocks 10 clocks
JR Z, +20h 10 clocks 9 clocks 12 clocks
2. Block Diagram
Data in J ;
Figure 1a shows the block diagram of KL5C8400. _____,—I Register
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Fig.1a Block Diagram
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3. Pin Description
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() indicates signal names in KC80 Mode.

Fig.1b Pin assignment

pin name 1o description

GND Power supply Connect OV.

vDD Power supply Connect 5V.

CNFG | Input for setting mode.
When CNFG = “H", the setting is Z80 mode.
When CNFG = “L”, the setting is KC80 mode.
Fix this pin to “H” or “L.” on the target board.

RD_ o} Read (active “L", 3-state output, Z80 mode signal)
This signal goes active while reading data from memory or an 1/O device.

WR_ (0] Write (active “L”, 3-state output, Z80 mode signal)
This signal goes active while writing data to memory or an |/O device.
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pin name 110 description

IORQ_ O I/O request (active “L’, 3-state output, Z80 mode signal)
This signal goes active while accessing I/O.

MREQ_ (o] Memory request (active “L", 3-state output, Z80 mode signal)
This signal goes active while accessing memory.

CLK | System clock

WAIT_ | Wait (active “L")
Wait states are inserted when this signal is “L".

A[15:0] 0 Address bus (3-state output)
D[7:0] o] Data bus
RESET_ | Reset (active “L")

The CPU is initialized when this signal is “L".

NMI_ ] Non-Maskable interrupt (falling edge trigger)
This input accepts the non-maskable interrupt. The priority of this input is
higher than INT_ but lower than BREQ_. As soon as KL5C8400 completes
a current instruction, it jumps to 0066H regardless of the status of interrupt
enable flip-flop (IFF).

HALT_ o] Hatlt (active “L")
This signal indicates that the CPU executes HALT instruction and is in the
HALT status. The CPU resumes from the HALT status by receiving NMI, INT
or reset. During HALT status, the CPU continuously executes NOP instruc-
tions.

INT_ | Maskable interrupt (active “L”)
This input accepts the interrupt from I/O devices. If the interrupt enable fiip-
flop (IFF) of the CPU is set, and BUSREQ_ is inactive, the CPU completes
the execution of the current instrution, and starts interrupt service.




KL5C8400

pin name

|'{s;

description

M1_

0

Machine Cycle One (active “L”)
This signal indicates that the current machine cycle is the opecode fetch
cycle of a executing instruction.

BUSREQ_

Bus request (active “L")

The adress bus and the data bus go to high-impedance state after comple-
tion of the current instruction execution when this signal goes active. This
signal has higher priority than NMi_and INT_.

BUSACK_

Bus acknowledge (active “L")
This signal indicates that the CPU released the bus for an external bus mas-
ter.

MRD_

Memory read (active "L, 3-state output, KC80 mode)
This signal goes active while reading data from a memory.

MWR_

Memory write (active “L", 3-state output, KC80 mode)
This signal goes active while writing data to a memory.

IORD_

I/O read (active “L", 3-state output, KC80 mode)
This signal goes active while reading data from an 1/O device.

IOWR_

IfO write (active “L", 3-state output, KC80 mode)
This signal goes active while writing data to an i/O device.

INT_, NMI_, WAIT_, BUSREQ_, RESET_ are provided with internal pull-up resistors.
About those characteristics (the pull-up current value), see chapter 8.
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6. Functional description and timing

In this section, functional description and timing of
Z80 mode are described. KC80 mode is described
only the difference between Z80 mode in section 7.

6.1 Basic operation (Instruction cycle)
Basic operation of KL.5C8400 can be divided into the
following 5 cycles.
1)Opcode fetch cycle - Fetches opcode of an
instruction from memory.
2)Memory read cycle - reads data from memory
3)Memory write cycle - writes data to memory
4)1/0O read cycle - reads data from I/O device
5)I/O write cycle - writes data to /O device

Follows are the description of the each machine
cycles.

Opcode fetch cycle

As shown Figure 4, the CPU fetches one byte of an
instruction in 4 clock cycles unless there is a wait.
During this cycle, MREQ_, RD_ and M1_ go active.
This cycle appears at the end of the instruction exe-
cution sequence. the CPU outputs the refresh
address to the address bus in the latter haif of the
opcode fetch cycle. Note that the CPU doesn't have
the refresh signal. When WAIT_ goes active (“L") at
the rising edge of Ty, the wait cycle Ty, is entered.

Ty T2 0 T T3 Ta
S N ey N e G s By O oy B
A<15:0> X PC X ;Reﬁ;shAt;dress; X
MREo_; /_"\ /_—’\_
WAIT_ \//\
wo N
S 0 O U /s s B B

Fig.4 Opcode fetch cycle (Z80 mode)
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The difference between the opcode fetch cycle is whether M1_ goes active or not, and is one bus cycle in three
-clock cycles. When WAIT _ goes active (“L7) at the rising edge of T,, the wait cycle Ty is inserted.

Memory read/write cycle
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Fig.6 I/O read/write cycle (Z80 mode)
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Instruction Prefetch cycle
The CPU has the prefetch cycle at the end of instruc-

tion execution cycle all‘ the tnmfa. Figure 8 Sf.IOV\{S that -é"dr"ﬁ L"[‘)":,m[‘:g'g“ M 3‘2"3’?; >
the CPU executes the instruction sequence indicated n+3 | ADD A, D 82

in Figure 7 as an example. n+4 | JP 1000H C30010
<3—i> (referred as "arrow” hereinafter) in the Fig- : :

ure 8 denotes the prefetch cycle. The arrow @ part 1000H | LD [HL], A 77
prefetches the instruction at n+3 (ADD AD), the . .

arrow @ part is for prefetching instruction at n+4 1234H 5A
{opcode of JP instruction, C3H), the arrow @ part is Fig.7 Source code for Fig. 8

for prefetching 77H at 1000H (LD [HL], A instruction).
As shown, these cycles appear at the end of execu-
tion of current instruction.

' ‘ '

A[15:0] TD et Y ne2 X1234hXEX_X nd Y s | e x:@ X_toot_¥
D{7:0] )@)——(:
Mi_ \__/ \_/_\_/

DU S

MREQ_ ; ' :
WR_ : : : 5
RD_ : : :
' LD A [1234h) APD A D JP_1000h | LD HL], A

Fig.8 Prefetch cycle
( <3—> denotes the prefetch cycle. Assumes memory location 1000H
has 77H, memory location 1234H has 5AH, and D register has 81H.)
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Special case for prefetch.

(Discard of the prefetched instruction)

For example, under normal condition, the prefetched
instruction, at address 1000H, data 77H at @ in Fig-
ure 8 on execution of the instruction, JP 1000H is held
and execute correctly. However, on interrupt the
prefetched instruction will be discarded and refetch
on return from an interrupt service routine. On inter-
rupt recognition, PC is decremented by one before
saved onto stack. On RETI or RETN instruction the
PC will be loaded with the address of the discarded
instruction. Figure 13 has the timing diagram for the
case of receiving interrupt in mode 1 when executing
LDIR instruction. In the figure, the data “EDH”
prefetched at ®, is discarded and then go to interrupt
service. On return, the CPU resume from the prefetch
of this “EDH". For the bus request cycle, the data
“EDH" prefetched at ® prior to the bus request will be
kept, and on bus release the CPU starts to prefetch
from the next address to the “EDH".

6.2 Bus release (Bus request/acknowledge cycle)
Under normal operation, the CPU holds the contro! of
address bus, control bus (RD_, WR_, MREQ_ and
IORQ_). However, if there is an external bus request
(BUSREQ_= "L"), address bus goes to high-imped-
ance state, all the interrupts are disabled, BUSACK _
turns to “L”, and the CPU releases the bus control to
the external device. By using this feature, data trans-
fer without CPU intervention (DMA transfer) can be
done. Figure 9 shows basic timing for the bus request
cycle. This cycle continues while BUSREQ_ stays “L".
Note that bus request is accepted at the end of the
bus cycle.

6.3 Interrupt and timing

The CPU can handle the following two kinds of inter-
rupts.

1)maskable interrupt on INT_
2)Non-maskable interrupt on NMI_

2) has the higher priority over 1). If both request made
simultaneously, 2) will be accepted over 1).

RESET_ /"
A[15:0} PC PC+1
D(7:0] > O —
M1_ \__/
MREQ_ —\._/\_/— High-Z _\__f—
IORQ_ H High-Z
WR_ 2 High-Z
RD_ \— Figh-Z -
WAIT_ H"
HALT _ H
INT_ H
NMI_ H
BUSREQ ™\ I
BUSACK I

bus request acknowledge cycle -~

Fig.9 Bus request timing

10
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Maskable interrupt

The El instruction enables interrupts, and the DI
instruction disables interrupts. The control of interrupt
is implemented using two flip-fiops (IFF1 and IFF2).
Figure 10 has the state table for these flip-flops.

The maskable interrupt will be accepted if all of the
following conditions are met:

1)Both IFF1 and IFF2 are set. (The El instruction and
RETN instructions change the status of these flags
after the execution of the following instruction. So if
there are E! instruction followed by DI instruction, the
interrupt request will not be accepted.)

2)BREQ_is inactive (“H").

3)No NMI_ falling edge has been detected.

As shows in the Figure 11, the CPU reads the inter-
rupt vector when M1_ and IORQ_ go active ("L").
When WAIT_ goes active (‘L") at the rising edge of
T4, the wait cycle Ty is entered.

Maskabile interrupt modes

The CPU has the following three different interrupt
handling modes, and interrupt sequence is different
by each modes. The following descriptions are the
operations in each mode.

events IFF1 |IFF2

reset o 0

DI instruction ] 0

El instruction 1 1

INT accepted 0 0

NMI accepted 0

RETN instruction accepted |iFF2 IFF2 is copied into IFF 1
LD A, [ instruction {FF2 is copied into PV
LD A, R instruction IFF2 is copied into P/V

Fig.10 State diagram for IFF1 and IFF2
(- denotes remain unchanged.)

1)Mode 0

This is the default mode and set to this on reset auto-
matically. Also, executing “IM 0” instruction sets the
CPU to this mode. In this mode, the CPU executes
the instruction read during interrupt acknowledge
cycle. Usually the instruction to be used in this mode
is RST instructions (RST 00H ~ RST 38H). Figure 12
show each timing for RST instructions. For the all
interrupt modes, if INT_ goes active during execution
of a mode change instruction (IM 0 ~ 2), the new
mode become effective right after these instructions.

'

! Ty Ta Ts T4 Tw Ts
ck 1 | b I l i l | l | | |
S S -3 S W S D O
Moo T\
oRO. T T T N\l L L T
war T TN N

P o | ValidiData
D<7:0> ——— T

1

Fig.11 280 special M1 cycle (Z80 mode)
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RESET_ -+ )
A[15:0] X Pc Y ) PC+1 Y rc Y sp1{ spz Yoos| [

0[7:0] q ' E}——{PCH PGLY : of address 0038H
mo / \_
MREQ_ '\__/\/
orRee. — +  \_____ [

Bl

5

WR_ é
o A\ \J/
WAIT H ‘E
HALT H” ;

NMI_ v

BUSREQ_ W’

BUSACK__ "H" mode O interrupt acknowledge cycle (RST 38 H)

S

Fig.12 Mode 0 timing

0033,

‘ ,
As:0] e o w1 {x2f_Poee Xaf_ Peri X _PofsP-ifsP2k X

h % 1 contents of ML

onirol (-G — R

! %* 2 (;ontents of HL

wee. WOW\LNA /W, AW
JOREQ_ , : \ r ' * 4 contents of 0038H
N Y VaVann
RD_ V\/—\Ef \ /" \/

NT_ T\

LDIR execution cycle

I

@
mode 1 interrupt acknowledge

i

P

Fig.13 Interrupt acknowledge cycle (Mode 1 timing)

(The figure shows the case when the interrupt occurred at ®,accepting it at the instruction
boundary @. This case restarts from the fetch of ED at @ on the return from an interrupt.)
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2)Mode 1

The "IM 1 instruction” sets the CPU in this mode. In
this mode, the CPU saves the contents the PC (Pro-
gram Counter) onto the stack, ignores the data read
during the interrupt acknowledge cycle, and executes
“RST 38H" instruction internally. Figure 13 has the
timing for Mode 1 interrupt.

3)Mode 2

The “IM 2 instruction sets” the CPU to this mode. In
this mode, as shown in the Figure 14, the 8-bit wide

vector with 0 in LSB read during the interrupt acknowl-
edge cycle as a lower byte, and the content of the i
register as a upper byte form up a pointer which
points an entry in a table of address for the interrupt
service routines. After forming up the 16-bit address,
the CPU fetches the table location and gets the start
address, saves the return address onto the stack,
then jumps to the service routine. Figure 15 has the
timing diagram for Mode 2 interrupt acknowledge
cycle.

interrupt service routine
start address table

| Vregister | interrupt vector]/

16bit address

lower address interrupt

higher address| setto PC | service routine

Fig.14 Mode 2 interrupt

*1:Address for the
interrupt service

RESET “+H . .

_ , -
A[15:0] ERA___Pe+1 X POXSP-XSP-(T X 2 XXX )
DI7:0] O (OO romeame

! interrupt vector

routine address

Y A Y

table.

*2:Address + 1 for
the interrupt
service routine

address table.
*3:Starting address

for the interrupt
service routine.

*4:Fetched data here

will be refetched
on return.

*5:Low address byte
for the interrupt

service routine.

*§:High address byte
for the interrupt

service routine.

oy

mode 2 interrupt acknowledge cycle

M1_ ; /A
wea. LUV UMW
IORQ_ o/
WR_ W aw :
RO [T B Yava'smm\
WAIT_ “H
HALT_ H : ;
INT_ — \_ / ,
NMI_ o ! '
BUSREQ_ “H —- ;
BUSACK_ W

Y

Fig.15 Mode 2 timing
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Timing on interrupt acceptance

The interrupt is accepted at the end of instruction.In
case of block move instruction, the interrupt accepted
at the end of repeat movement. The Figure 13 show
the interrupt acknowledge timing. In this figure, an
interrupt is accepted during block move instruction, ®
shows that when an interrupt request occurs, the
interrupt will not be accepted until the prefetch cycle
of the last instruction, ®. In this case, the data “EDH"
fetched at ® will not be kept by the CPU, and it will be
refetched on the return from an interrupt.

Non-maskable interrupt

Non-maskable interrupt is an interrupt which can not
be masked by software. The falling edge of the signal
NMI_ is latched internally, and checked on the clock
falling edge of the last cycle of every instruction. Non-
maskable interrupt takes place if BREQ_ is inactive.
When a non-maskable interrupt is accepted, the CPU
saves the contents of the PC onto the stack, and
jumps to 0066H. Return from non-maskable service is
done by "RETN” instruction. Figure 16 shows the tim-
ing for NMI_ acknowledge cycle.

Enable/disable of interrupts

Enable/disable of an interrupt is controfied by two
flip-flops - IFF1 and IFF2. Refer to Figure 10 on the
state diagram for these flip-flops. As shown, mask-
able interrupt will be accepted when both IFF1 and
IFF2 set to 1. After reset and execution of Dl instruc-
tion maskable interrupt is disabled, because both of
these flip-flops are reset. An interrupt can be
accepted while both IFF1 and IFF2 are set to 1 by
execution of an El instruction. The reason there are
two flip-flops is to memorize the status of EI/DI condi-
tion with 1FF2 on acceptance a Non-maskable inter-
rupt. For example, if both IFF1 and IFF2 are ‘1’
(maskable interrupt is enabled) on acceptance a
non-maskable interrupt, in a non-maskable interrupt
acknowledge cycle IFF1 is cleared to 0 and maskable
interrupts are disabled. At this stage, IFF2 still holds
“1” and the content of IFF2 is copied back into IFF1 on
RETN instruction so that maskable interrupts could
be enabled automatically again.

NM! acknowledge cycle !

A

RESET_ H '

aso] Y eel Y resy(se-r se2 Yoosl 1YY Y YY)

D{7:0] Coo—CO-OFE-0O0-0O00O—

M1_ \ [ ‘ \___/—T\.__/—\_/—\___/_ *{:Fetched data
1 i h ill by

WR’ : W ;

T AT

NMI_ \ i :

BUSREQ_ %

BUSACK_ ; :

Fig.16 Non-maskabie interrupt timing
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6.4 Halt enter and exit

By executing the HALT instruction, the CPU enters
into the HALT cycle. In this cycle, the CPU continues
to execute NOP instruction internally. The CPU exits
from this cycie by either reset, or interrupts (Non-
maskable interrupt or interrupt with IFF set). Figure 17
shows timing for the case of acceptance an interrupt
in mode 2 during the HALT cycle. Then the CPU exits
from the HALT cycle. The HALT cycle made up with
two separate bus cycles; the first cycle is idle cycle
and the second cycle is opcode fetch cycle. The
address lines holds the next address to the HALT
instruction during this cycle. The instruction fetched
during the second opcode fetch cycle will not be read
by the CPU. The INT_ input is sampled on the falling
CLK edge of the second cycle, and forces HALT _
back to “H".

6.5 Reset timing

By keeping RESET_ input “L” for the minimum three-
clock cycles, the CPU is reset. During reset cycle, the
address bus goes to high-impedance state. When
RESET__ goes inactive ("H"), opcode fetch cycle will
be initiated, and starts from OO0OH. The interrupt
mode is set to mode 0. IFF1, IFF2 flags and |, R reg-
isters are reset.

RESET_

__ HALT state m

ode 2 interrupt acknowledge cycle

service routine.

o

* 3,
A[15:0] DO ) G @ SIS 6) S E N F 20D
D[7:0]
[7:0] *1:Address for the
M1_ : interrupt service
' routine address table.
MREQ_ \VAY; NV NNNDNT wzaddress+ 1 for
: : L the interrupt
I .
IORQ_ : : / : service routine
. . . address table.
WR_ ; ' \_\/ : *3:Starting address
\ T \_/'\J\_/T— for the interrupt
RD_ ./ ' / L/ : : service routine.
L 4 ) *4:Address of the
WAIT_ ! Z : following instruction to
HALT A '( ' the HALT.
- ) *5:Low address byte
INT_ ; for the interrupt

‘
'
.
] ’
'
'
‘
'
¢

1
-
'

*6:High address byte
for the interrupt

Fig.17 HALT Exit (Mode 2)
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7. KC80 Mode

KLSC8400 operates in KC80 mode when the CNFG_
input is “L". In KC80 mode, the CPU fetches its ope-
code using the same bus cycle as the memory read.
Then, slower memories can be used with the CPU in
KC80 mode. There is also a performance advantage
because it fetches its opcodes in shorter opcode fetch
cycles. In KC80 mode, only mode 1 interrupt can be
used.

In KC80 mode, the CPU outputs MRD_,MWR _, IORD_
and IOWR_ instead of MREQ_, IORQ_, RD_ and WR_
in Z80 mode. Therefore each cycle of the memory read/
write cycle and the /O read/write cycle changes as
shown in Figure 18 and 19.

Figure 18 shows the memory read/write cycle. The
memory read/write cycle and the opcode fetch cycle
are three-clock bus cycles. When WAIT _ goes active
("L”) at the rising edge between T, and T3, the wait
cycle Ty is inserted.

in KC80 mode, the opcode fetch cycle is the same as
the memory read cycle except M1_ signal. Note that
M1_is inactive (“H") in the opcode fetch cycle but goes
active (L") in the memory read/write cycle.

Figure 19 shows the |/O read/write cycle. The 1/O
read/write cycle is four-clock bus cycles. When
WAIT_goes active ("L") at the rising edge between T,
and T, the wait cycle Ty is inserted. Note that M1_
goes active (‘L") also in the I/O read/write cycle.

Interrupt acknowledge cycie in KC80 mode

In KC80 mode, only mode 1 interrupt can be used as
maskable interrupt. Figure 19 shows maskable inter-
rupt (mode 1) timing. When WAIT _ goes active ("L")
at the rising edge between T4 and Ts, the wait cycle
Ty is inserted as well as in 280 mode.
Non-raskable interrupt (NM1) can be naturally used
in KC80 mode.

Other timings

The operations in KC80 mode is the same as ones in
Z80 mode except the basic bus cycles (memory read/
write cycle, /O read/write cycle, interrupt acknowledge
cycle) shown Figure 18, 19 and 20.

T T, | Tw | Ty
CLK | [ | ] | 1 | l l l |
A<15:0> T X T | Valid Address . X
WAT_ T N\ N

T T T T *M1_="H"in the
M1 - : N : ' ! A ' opcode fetch

- ! 5 ? ! ! : ; ; Z cycle.

MRD_ T\ ; ! : AR

E ! ‘ : . valid ’E ata | read operation
D<7:0> : o : , — > ‘ .

B 5 1 : : ; : ; ¢ f N

MWR_ e AN S R S N 2

{ 1, ". E { :, { ; Z { write operation
D<7:0> --———( : l . Data’Out | : ) SR E—

. ' ' . !

T
1 ! '

Fig.18 Memory read/write cycle (KC80 mode)
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