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INTERRUPT REQUEST/ACKNOWLEDGE CYCLE

Figure 4.0-5 illustrates the uming associated with an interrupt cycle. The interrupt signal (INT) is
sampled by the CPU with the rising edge of the last clock at the end of any instruction. The signal will not be
accepted if the internal CPU software controlled interrupt enable flip-flop is not set or if the BUSRQ signal
is active. When the signal is accepted a special M1 cycle is generated. During this special M1 cycle the IORQ
signal becomes active (instead of the normal MREQ) to indicate that the interrupting device can place an
8-bit vector on the data bus. Notice that two wait states are automatically added to this.cycle. These states
are added so that a ripple priority interrupt scheme can be easily implemented. The two wait states allow
sufficient time for the ripple signals to stabilize and identify which I/O device must insert the response
vector. Refer to section 8.0 for details on how the interrupt response vector is utilized by the CPU.
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Figure 4.0-5A illustrates how additional wait states can be added to the interrupt response cycle.
Again the operation is identical to that previously described.
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NON MASKABLE INTERRUPT RESPONSE

Figure 4.0-6 illustrates the request/acknowledge cycle for the non maskable interrupt. This signal is
sampled at the same time as the interrupt line, but this line has priority over the normal interrupt and it can
not be disabled under software control. [ts usual function is to provide immediate response to important
signals such as an impending power failure. The CPU response to 4 non maskable interrupt is similar to a
normal memory read operation, The only difference being that the content of the data bus is ignored while
the processor automatically stores the PC in the external stack and jumps to location 00664, The service
routine for the non maskable interrupt must begin at this location if this interrupt is used.

HALT EXIT

Whenever a software halt instruction is executed the CPU begins executing NOP's until an interrupt is
received (either a non maskable or a maskable interrupt while the interrupt flip flop is enabled). The two
interrupt lines are sampled with the rising clock edge during each T4 state as shown in figure 4.0-7. If a non
maskable interrupt has been received or a maskable interrupt has been received and the interrupt enable
flip-flop is set, then the halt state will be exited on the next rising clock edge. The following cycle will then
be an interrupt acknowledge cycle corresponding to the type of interrupt that was received. If both are
received at this time, then the non maskable one will be acknowledged since it has highest priority. The
purpose of executing NOP instructions while in the halt state is to keep the memory refresh signals active.
Each cycle in the halt state is a normal M1 (fetch) cycle except that the data received from the memory is
ignored and a NOP instruction is forced internally to the CPU. The halt acknowledge signal is active during
this time to indicate that the processor is in the halt state.
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5.0 Z-80 CPU INSTRUCTION SET

The Z-80 CPU can execute 158 different instruction types including all 78 of the 8080A CPU.
The instructions can be broken down into the following major groups:

Load and Exchange

Block Transfer and Search
Arithmetic and Logical
Rotate and Shift

Bit Manipulation (set, reset, test)

Jump, Call and Return

Input/Output
Basic CPU Countrol

5.1 INTRODUCTION TO INSTRUCTION TYPES

The load instructions move data internally between CPU registers or between CPU registers and exter-
nal memory. All of these instructions must specify a source location from which the data is to be moved
and a destination location. The source location is not altered by a load instruction. Examples of
load group instructions include moves between any of the general purpose registers such as move the data
to Register B from Register C. This group also includes load immediate to any CPU register or to any
external memory location. Other types of load instructions allow transfer between CPU registers and
memory lccations. The exchange instructions can trade the contents of two registers.

23 A unique set of block transfer instructions is provided in the Z-80. With a single instruction a
block of memory of any size can be moved to any other location in memory. This set of block moves

is extremely valuable when large strings of data must be processed. The Z-80 block search instructions
are also valuable for this type of processing. With a single instruction, a block of external memory’

of any desired length can be searched for any 8-bit character. Once the character is found the instruction
automatically terminates. Both the block transfer and the block search instructions can be interrupted
during their execution so as to not occupy the CPU for long periods of time.

The arithmetic and logical instructions operate on data stored in the accumulator and other
general purpose CPU registers or external memory locations. The results ot the operations are placed
in the accumulator and the appropriate flags are set according to the result of the operation. An
example of an arithmetic operation is adding the accumulator to the contents of an external memory
location. The results of the addition are placed in the accumulator. This group also includes 6-bit
addition and subtraction between 16-bit CPU registers.

The bit manipulation instructions allow any bit in the accumulator, any general purpose register
or any external memory location to be set, reset or tested with a single instruction. For example,
the most significant bit of register H can be reset. This group is especially useful in control applications
and for controlling software flags in general purpose programming.

The jump, call and return instructions are used to transfer between various locations in the user’s
program. This group uses several different techniques for obtaining the new program counter address
from specific external memory locations. A unique type of jump is the restart instruction. This instruction
actually contains the new address as a part of the 8-bit OP code. This is possible since only 8 separate
addresses located in page zero of the external memory may be specified. Program jumps may also
be achieved by loading register HL, IX or 1Y directly into the PC, thus allowing the jump address to
be a complex furction of the routine being executed.
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The input/output group of instructions in the Z-80 allow for a wide range of transfers between
external memory locations or the general purpose CPU registers, and the external /O devices. In
each case, the port number is provided on the lower 8 bits of the address bus during any /O
transaction. One instruction allows this port number to be specified by the second byte of the instruction
while other Z-80 instructions allow it to be specified as the content of the C register. One major ad-
vantage of using the C register as a pointer to the I/O device is that it allows different 1/0O ports to
share common software driver routines. This is not possible when the address is part of the OP code
i the routines are stored in ROM. Another feature of these input instructions is that they set the
flag register automatically so that additional operations are not required to determine the state of
the input data (for example its parity). The Z-80 CPU includes single instructions that can move
blocks of data (up to 256 bytes) automatically to or from any 1/O port directly to any memory location.
Ln conjunction with the dual set of general purpose registers, these instructions provide for fast
1/0 block transfer rates. The value of this {/O instruction set is demonstrated by the fact that the
Z-80 CPU can provide all required floppy disk formatting (i.e., the CPU provides the preamble, address,
data and enables the CRC codes) on double density floppy disk drives on an interrupt driven basis.

Finally, the basic CPU control instructions allow various options and modes. This group includes
instructions such as setting or resetting the interrupt enable flip flop or setting the mode of interrupt
response.

5.2 ADDRESSING MODES

Most of the Z-80 instructions operate on data stored in internal CPU registers, external memory
or in the /O ports. Addressing refers to how the address of this data is generated in each instruction.
This section gives a brief summary of the types of addressing used in the Z-80 while subsequent sections
detail the type of addressing available for each instruction group.

Immediate.  In this mode of addressing the byte following the OP code in memory contains the
actual operand.

OP Code } one or 2 bytes

Operand
dy do

Examples of this type of instruction would be to load the accumulator with a constant, where the constant
is the byte immediately following the OP code.

Immediate Extended. This mode is merely an extension of immediate addressing in that the two
bytes following the OP codes are the operand.

OP code | one or 2 bytes

Operand | low order

Operand | high order

Examples of this type of instruction would be to load the HL register pair (16-bit register) with
16 bits (2 bytes) of data.
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Modified Page Zero Addressing. The Z-80 has a special single byte call instruction to any of 8 locations
in page zero of memory. This instruction (which is referred to as a restart) sets the PC to an effective
address in page zero. The value of this instruction is that it allows a single byte to specify a complete
16-bit address where commonly called subroutines are located, thus saving memory space.

OP Code | onebyte

b5 bo
Effective address is (b5 by b3 000),

Relative Addressing.  Relative addressing uses one byte of data following the OP code to specify a
displacement from the existing program to which a program jump can occur. This displacement is
a signed two’s complement number that is added to the address of the OP code of the following instruction.

OP Code Jump relative (one byte OP code)
Operand 8-bit two’s complement displacement added to Address (A+2)

The value of relative addressing is that it allows jumps to nearby locations while only requiring two

bytes of memory space. For most programs, relative jumps are by far the most prevalent type of

junip due to the proximity of related program segments. Thus, these instructions can significantly
reduce memory space requirements. The signed displacement can range between +127 and -128

from A + 2. This allows for a total displacement of +129 to -126 from the jump relative OP code address.
Another major advantage is that it allows for relocatable code.

Extended Addressing. Extended Addressing provides for two bytes (16 bits) of address to be included
in the instruction. This data can be an address to which a program can jump or it can be an address
where an operand is located.

OP Code }one or two bytes

Low Order Address or Low order operand

High Order Address or high order operand

Extended addressing is required for a program to jump from any location in memory to any other location,
or load and store data in any memory location.

When extended addressing is used to specify the source or destination address of an operand,
the notation (nn) will be used to indicate thecontent of memory at nn, where nn is the 16-bit address
specified in the instruction. This means that the two bytes of address nn are used as a pointer to a memory
location. The use of the parentheses always means that the value enclosed within them is used as a
pointer to a memory location. For example, (1200} refers to the contents of memory at location 1200.

Indexed Addressing.  In this type of addressing, the byte of data following the OP code contains

a displacement which is added to one of the two index registers (the OP code specifies which index
register is used) to form a pointer to memory. The contents of the index register are not altered by this
operation.

OP Code
two byte OP code
OP Code
Displacement Operand added to index register to form a pointer to memory.




An example of an indexed instruction would be to load the contents of the memory location
(Index Register + Displacement ) into the accumulator. The displacement is a signed two’s complement
number. Indexed addressing greatly simplifies programs using tables of data since the index register
can point to the start of any table. Two index registers are provided since very often operations require
two or more tables. Indexed addressing also allows for relocatable code.

The two index registers in the Z-80 are referred to as IX and IY. To indicate indexed addressing the
notation:

(IX+d) or (1Y+d)

is used. Here d is the displacement specified after the OP code. The parentheses indicate that this
value is used as a pointer to external memory.

Register Addressing. Many of the Z-80 OP codes contain bits of information that specify which
CPU register is to be used for an operation. An example of register addressing would be to load the
data in register B into register C,

Implied Addressing. Implied addressing refers to operations where the OP code automatically
implies one or more CPU registers as containing the operands, An example is the set of arithmetic
operations where the accumulator is always implied to be the destination of the results.

Register Indirect Addressing.  This type of addressing specifies a 16-bit CPU register pair (such as HL)
to be used as a pointer to any location in memory. This type of instruction is very powerful and
it is used in a wide range of applications.

OP Code }one or two bytes

An example of this type of instruction would be to load the accumulator with the data in the memory
location pointed to by the HL register contents. Indexed addressing is actually a form of register indirect
addressing except that a displacement is added with indexed addressing Register indirect addressing
allows for very powerful but simple to implement memory accesses. The block move and search commands
in the Z-80 are extensions of this type of addressing where automatic register incrementing, decrementing
and comparing has been added. The notation for indicating register indirect addressing is to put
parentheses around the name of the register that is to be used as the pointer. For example, the symbol

(HL)

specifies that the contents of the HL register are to be used as a pointer to a memory location. Often
register indirect addressing is used to specify 16-bit operands. In this case, the register contents

point to the lower order portion of the operand while the register contents are automatically incremented
to obtain the upper portion of the operand.

Bit Addressing. The Z-80 contains a large number of bit set, reset and test instructions. These
instructions allow any memory location or CPU register to be specified for a bit operation through

one of three previous addressing modes (register, register indirect and indexed) while three bits in the OP
code specify which of the eight bits is to be manipulated.

ADDRESSING MODE COMBINATIONS

Many instructions include more than one operand (such as arithmetic instructions or loads). In
these cases, two types of addressing may be employed. For example, load can use immediate addressing
to specify the source and register indirect or indexed addressing to specify the destination.

22
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5.3 INSTRUCTION OP CODES

This section describes each of the Z-80 instructions and provides tables listing the OP codes for every
instruction. In each of these tables the OP codes in bold type are identical to those offered in the 8080A
CPU. Also shown is the assembly language mnemonic that is used for each instruction. All instruction OP
codes are listed in hexadecimal notation, Single byte OP codes require two hex characters while double
byte OP codes require four hex characters. The conversion from hex to binary is repeated here for
convenience.

Hex Binary Decimal Hex Binary Decimal
0 = 0000 = 0 8 = 1000 = 8
1 = 0001 = 1 9 = 1001 = 9
2 = 0010 = 2 A = 1010 = 10
3 = 0011 = 3 B = 1011 = 11
4 = 0100 = 4 c = 1100 = 12
5 = o101 = 5 D = 1oy = 13
6 = o110 = 6 E = 1110 = 14
7 = 0l = 7 F = i1 = 15

Z-80 instruction mnemonics consist of an OP code and zero, one or two operands. Instructions in
which the operand is implied have no operand. Instructions which have only one logical operand or those in
which one operand is invariant (such as the Logical OR instruction) are represented by a one operand
mnemonic. Instructions which may have two varying operands are represented by two operand mnemonics.

LOAD AND EXCHANGE

Table 5.3-1 defines the OP code for all of the 8-bit load instructions implemented in the Z-80 CPU.
Also shown in this table is the type of addressing used for each instruction. The source of the data is found
on the top horizontal row while the destination is specified by the left hand column. For example, load
register C from register B uses the OP code 48H. In all of the tables the OP code is specified in hexadecimal
notation and the 48H (=0100 1000 binary) code is fetched by the CPU from the external memory during
M1 time, decoded and then the register transfer is automatically performed by the CPU,

The assembly language mnemonic for this entire group is LD, followed by the destination followed
by the source (LD DEST., SOURCE). Note that several combinations of addressing modes are possible. For
example, the source may use register addressing and the destination may be register indirect; such as load
the memory location pointed to by register HL with the contents of register D. The OP code for this
operation would be 72. The mnemonic for this load instruction would be as follows:

LD (HL), D

The parentheses around the HL means that the contents of HL are used as a pointer to a memory location.
In all Z-80 load instruction mnemonics the destination is always listed first, with the source following. The
Z-80 assembly language has been defined for ease of programming. Every instruction is self documenting
and programs written in Z-80 language are easy to maintain.

Note in table 5.3-1 that some load OP codes that are available in the Z-80 use two bytes. This is an
efficient method of memory utilization since 8, 16, 24 or 32 bit instructions are implemented in the Z-80.
Thus often utilized instructions such as arithmetic or logical operations are only 8-bits which results in
better memory utilization than is achieved with fixed instruction sizes such as 16-bits.

All load instructions using indexed addressing for either the source or destination location
actually use three bytes of memory with the third byte being the displacement d. For example a load
register E with the operand pointed to by IX with an offset of +8 would be written:

LDE, (IX +8)
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The instruction sequence for this in memory would be:

Address A

DD

A+l

5E

A+2

08

OP Code

Displacement operand

The two extended addressing instructions are also three byte instructions. For example the instruction to
load the accumulator with the operand in memory location 6F32H would be written:

LD A, (6F 32H)

and its instruction sequence would be:

Address A

3A

A+l

32

A+2

6F

OP Code
low order address

high order address

Notice that the low crder portion of the address is always the first operand.

The load immediate instructions for the general purpose 8-bit registers are two-byte instructions. The
instruction load register H with the value 36H would be written:

LD H, 36H
and its sequence would be:

Address A 26 | OP Code
A+1 |36 | Operand

Loading a memory location using indexed addressing for the destination and immediate addressing for the
source requires four bytes. For example:

LD (IX - 15),21H
would appear as:

Address A DD

OP Code
A+1| 36
a+2| F Qisplaceme’nt (-15in
signed two’s complement)
A+3

21 operand to load

Notice that with any indexed addressing the displacement always follows directly after the OP code.

Table 5.3-2 specifies the 16-bit load operations. This table is very similar to the previous one. Notice
that the extended addressing capability covers all register pairs. Also notice that register indirect operations
specifying the stack pointer are the PUSH and POP instructions. The mnemonic for these instructions is
“PUSH” and “POP.” These differ from other 16-bit loads in that the stack pointer is automatically decre-

mented and incremented as each byte is pushed onto or popped from the stack respectively. For example
the instruction:

~



Flags 0Op-Code

P No. No. No.
Symbolic / of of M of T
Mnemonic Operation CIZ| VIS|IN{H{76 543 210 Bytes Cycles | States | Comments
RLCA H tiele|e[0]0]00 000 111 1 1 4 Rotate left circular
accumulator
RLA - .7<—o. t]e{e|®[0]|0]00 010 111 1 1 4 Rotate left
A accumulator
RRCA -—llv——o t|e|e{e]ofo]oo 001 121 1 1 4 Rotate right circular
* accumulator
RRA —.7-—0 . t|e|e]ef0]0]00 011 111 1 1 4 Rotate right
A accumulator
RLCr 1 $1¢fP{$}j0O[0]11 001 011 2 2 8 Rotate left circular
00 I register r
RLC (HL) tlsPls]|0[0O]11 001 O11 2 4 15 4 Reg.
00[000]110 000 B
RLC (IX+d) [ [ ==5d |+ |+|p|¢{o]ofur orr 101] & 6 23 8% S
£, (HL), (IX+d), (IY+d) 11 001 011 011 E
- d - 100 H
.
RLC (IY+d) t{¢lP[¢]|0]O]11 111 101 4 6 23
11 001 01t
-— d —
oofooo]110
RLs .cv-7 -— oI t|t|Plsfo]oO Instruction format and
5= (HL), (0X+d), GY+d) states are as shown
for RLC,s. To form
H new OP-code repl{lce
RRC s t]slPjtlo]o 1000] of RLC,s with
S= . (HL), (1X+d), (IV+d) shown code
RR s ..ch $181Pjt 1010 011
S, (RL), (IX+d), (1¥+d)
SLAs efr =— Fuo {tit{P|sjolo| [i00]
S=r (HL), (1X+d), {[Y+d)
7 — 0
SRA s h t{sl{Plstofo
S = ¢, (HL}, (IX+d), (1Y+d)
SRLs ol —o pmfcv s|t{Ptfofo 111
5 =1, (HL), UX*d), {(IY+d)
RLD ALk o [ devle|sip]s]ofof11 101 101 2 5 18 Rotate digit left and
01 101 111 right between the
accumulator
[} and location (HL).
RRD alr b 9 aule |${P|$ 00 |11 101 101 2 5 18 The content of the
01 100 111 upper half of the
accumulator is
unaffected

Flag Notation: e = lag not affected, 0 = flag reset, 1 = flag set, X = flag is unknown,

$ = flag is affected according to the result of the operation.

ROTATE AND SHIFT GROUP
TABLE 7.0-7
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Flags Op-Code
P No. No. No.
Symbolic / of of M of T
Mnemonic Operation C|Z|{V|S|N[H|76 543 210 Bytes Cycles | States Ccmments
BITb, r Z-T, ol 3| X| X 1[11 001 011 2 2 8 r Reg.
01 b r ‘000 B
BITb, (HL) | Z~(HD), oft|X| x| 0] 1]11 001 011 | 2 3 12 g‘l)[l) g
01 b 110 onn | E
BIT b, (IX+d) Z<—(IX+d)b o $IX{X|0O}1]11 011 101 4 5 20 100 H
11 001 011 101 L
111 A
- d —
. 01 b 110 b Bit Tested
BIT b, (IY+d) Z«-(IY+d)b el Xix{of1]11 111 101 4 5 20 000 0
11 001 011 001 1
: 010 2
- 4 - 011 3
01 b 110 100 4
101 5
110 6
i1l 7
SETb, r rb<—l slejeleje|e|1] 001 011 2 2 8
b o
SET b, (HL) (HL)y 1 elejeletoielll 001 011 2 4 15
(1] v 110
SET b, (IX+d) (IX+d)b<—1 olejo|eflofe]l]ll 011 101 4 6 23
11 001 0}1
- d -
] v 110
SET b, (IY+d) (IY+d)b<—1 e eo|leloje|ef]] ]11 101 4 6 23
11 001 011
- d -
b 110
RESb, s sb<—0 To form new OP-
$ =r, (HL) code replace
(I‘X"‘d) ’ of SET b,s with
(AY+d) {10]. Flags and time
states for SET
instruction

Notes:  The notation Sh indicates bit b (0 to 7) or location s.

Flag Notation: e = flag not affected, 0 = flag reset, 1 = flag set. X = flag is unknown,
t = Rag is affected according to the result of the operation.

BIT SET, RESET AND TEST GROUP
TABLE 7.0-8
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Flags Op-Code
B No. No. No.
Symbolic / of of M of T
Mnemonic Operation C|Z]| VISIN|H]76 543 210] Bytes i Cycles | States | Comments
JP nn PC «nn ejes|e|ofe|e]1] 000 011 3 3 10
“— n -—
< n - ce Condition
JP cc, nn If conditioncc| o] e {o [@e|e{o |11l cc 010 3 3 10 000 | NZnon zero
is true PC «nn, - n - 001 | Z zero
otherwise N 010 | NCnon carry
continue - B 011 | C carry
100 | PO parity odd
101 | PE parity even
110 | P sign positive
JRe PC—PC+e e|leje jelelel00 011 000 2 3 12 111 | M sign negative
. - e=2 —
JRC,e IfC=0, ejoje ja}e|le|00 111 000 2 2 7 If condition not met
continue
- e-2 —
Ifc=1, 2 3 12 If condition is met
PC — PC+e
JRNC, e IfC=1, eletejelel el 00 110 000 2 2 7 If condition not met
continue
- e=2 —
If C=0, 2 3 12 If condition is met
PC~PC+e
JRZ,e If Z=0 ejele |ejeie) 00 101 000 2 2 7 It condition not met
continue
- g=2 -
Ifz=1, 2 3 12 It condition is met
PC<PC+e
JRNZ,e Ifz=1, ejejee)e]|e]|00 100 000 2 2 7 [f condition not me
continue - =2
IfZ=0, 2 3 12 If condition met
PC~PC+e .
JP (HL) PC «HL ele|lo|ejejeill 101 001 ] 1 4
JP (IX) PC «1IX o|o|lejejeie|]] 011 101 2 2 8
11 101 001
JP (1Y) PC «1Y ele|eje|e|e] 1l (11 101 2 2 8
11 101 001
DINZ,e B «~B-1 o|efeo |e|eje|00 010 000 2 2 8 ItB=0
IfB=0,
) -~ e=2 -
continue
IfB =0, 2 3 13 IFB+#0
PC+«PC+e

Notes: e represents the extension in the relative addressing mode.
e is a signed two’s complement number in the range <-126, 129>

e-2 in the op-code provides an effective address of pc +e as PC is
incremented by 2 prior to the addition of e.

Flag Notation: e = flag not affected, 0 = flag reset, 1 = flag set, X = flag is unknown,
¢ = flag is affected according to the result of the operation.

JUMP GROUP
TABLE 7.0-9
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Flags Op-Code
m No. No. No.
Symbolic / of of M of T
Mnemonic Operation ClZ|V|S|IN|H|76 543 210 Bytes Cycles | States Comments
CALL nn (SP-1)<—PCH elefeo]ojele{ll 001 101 3 5 17
(SP-2)<—PCL - n -
PCenn < n -
CALL ce,nn | If condition ofojejofafefll cc 100] 3 3 10 If cc is false
. cc is false n
continue, < -
otherwise’: - n - 3 5 17 If cc is true
same as
CALL nn
RET PCL<—(SP) efe]e|efe|e |11 001 001 1 3 10
PCH<—(SP+1)
RET cc If condition ejlele|e|e]e]|l]l cc 000 1 1 5 If cc is false
cc is false
continue, .
otherwise 1 3 11 If cc is true
same as cc Condition
RET 000 | NZ non zero
001} z zero
010 | NC non carry
RETI Return from o|ejejeje]e (1] 101 101 2 4 14 o11| ¢ carry
interrupt 01 001 101 100 [ PO  parity odd
101 | PE  parity even
RETN gggu{;r;sfgg}e ojefe[o|e|e|1ll 101 101 2 4 14 10| p sign positive
interrupt 01 000 101 11| M sign negative
RST p (SP~1)*—PCH o (ofo|ejefe]1]l t 111 1 3 11
(SP-2)PC|
PCH<—0
PCL<—P

Flag Notation: e = flag not affected, 0 = flag reset, 1 = flag set, X = flag is unknown
¢ = flag is affected according to the result of the operation.

CALL AND RETURN GROUP
TABLE 7.0-10
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Flags Op-Code
T No. No. No.
Symbolic / of of M of T
Mnemonic Operation VIS|INfH|76 543 210 Bytes Cycles | States Comments
IN A, (n) A« (n) elelefeoi]l 011 011 2 3 10 nto A0~A7
<~ n - Accto A ~A15
IN7, (O 1+ (Q) Pisjofs{1t 101 101] 2 3 11 CtoA0~A7
ifr =110 only 01 r 000 BtoA8~A15
the flags will
be affected
INI . (HL) — (O X X[{1|x]1t 101 101 2 4 15 Ct0A0'~-A7
B~B-1 10 100 010 Bt0A8~A15
HL «HL +1
INIR (HL) « (C) X X[1]X{11 101 101 2 5 20 CtoA, ~ A
(B #0) o7
B—B-1 10 110 010 BtoAﬁ-vA15
HL «HL +1 2 4 15
Repeat until (If B=0)
B=0
IND (HL) « (C) X XU x]11 101 101 2 4 s Cto A0~A7
B+~B-1 10 101 010 BtoA8~A15
HL «HL-1
INDR (HL) «~ (C) X{Xj1[X]11 101 101 2 S 20 CtoA, ~ A
4] 7
BeB-1 10 111 010 (IfB #0) BtoAg~ A
HL « HL -1 2 4 15
Rezpeat until (IfB=0)
OUT (n), A] (n) <A o|lefefe]ll 010 011 2 3 11 ntoA0~A7
Acc to A8 ~A15
OUT (O), r (C) ~r e efofe|l]l 101 101 2 3 12 CtoAO~A7
0l r 001 BtoA8~~A15
OUTI (C) ~ (HL) X{X]1[X]11 101 101 2 4 15 Cto A0~A7
B+~B-1 10 100 011 BloA8~A|5
HL <« HL +1
OTIR (C) - (HL) X x{1]x|11 101 101 2 5 20 Cto A ~A7
BeB-1 10 110 011 ars =0 BloAg~A
QL‘"H“; 2 4 15
epeat unti fB =
BT (fB=0)
OUTD (C) —(HL) XTI XX 101 101 2 4 15 Cto AO~A7
B~B-1| 10 101 011 BtoA8~A15
HL «HL-1
OTDR (C) — (HL) X{X]1{X]11 101 101 2 S 20 CtoA, ~ A
(f B #0) o7
B—~B-1i 10 111 011 BtoA8~A15
EL‘"HL'IU 2 4 15
epeat unt IfB =
B=0 are=0

Notes: @ If the result of B - 1 is zero the Z flag is set, otherwise it is reset .

Flag Notation:

o = flag not affected, 0 = flag reset, 1 = flag set, X = flag is unknown,
t = flag is affected according to the result of the operation.

INPUT AND OUTPUT GROUP

TABLE 7.0-11
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8.0 INTERRUPT RESPONSE

The purpose of an interrupt is to allow peripheral devices to suspend CPU operation in an orderly
manner and force the CPU to start a peripheral service routine. Usually this service routine is involved with
the exchange of data, or status and control information, between the CPU and the peripheral. Once the
service routine is completed, the CPU returns to the operation from which it was interrupted.

INTERRUPT ENABLE — DISABLE

The Z80 CPU has two interrupt inputs, a software maskable interrupt and a non maskable interrupt.
The non maskable interrupt (NMI) can not be disabled by the programmer and it will be accepted when-
ever a peripheral device requests it. This interrupt is generally reserved for very important functions that
must be serviced whenever they occur, such as an impending power failure. The maskable interrupt (INT)
can be selectively enabled or disabled by the programmer. This allows the programmer to disable the inter-
rupt during periods where his program has timing constraints that do not allow it to be interrupted. In the
Z80 CPU there is an enable flip flop (called IFF) that is set or reset by the programmer using the Enable
Interrupt (EI) and Disable Interrupt (DI) instructions. When the IFF is reset, an interrupt can not be
accepted by the CPU.

Actually, for purposes that will be subsequently explained, there are two enable flip flops, called IFF;
and IFF,.
2

IFF, IFF,
Actually disables interrupts Temporary storage location
from being accepted. for IFFI.

The state of IFF is used to actually inhibit interrupts while IFF5 is used as a temporary storage location
for IFF|. The purpose of storing the IFF will be subsequently explained.

A reset to the CPU will force both IFF | and IFF, to the reset state so that interrupts are disabled.
They can then be enabled by an EI instruction at any time by the programmer. When an EI instruction is
executed, any pending interrupt request will not be accepted until after the instruction following EI has
been executed. This single instruction delay is necessary for cases when the following instruction is a return
instruction and interrupts must not be allowed until the return has been completed. The EI instruction sets
both IFF and IFF; to the enable state. When an interrupt is accepted by the CPU, both IFFy and IFF,
are automatically reset, inhibiting further interrupts until the programmer wishes to issue a new EI instruc-
tion. Note that for all of the previous cases, IFF| and IFF are always equal.

The purpose of IFF is to save the status of IFF{ when a non maskable interrupt occurs. When a non
maskable interrupt is accepted, IFF is reset to prevent further interrupts until reenabled by the pro-
grammer. Thus, after a non maskable interrupt has been accepted, maskable interrupts are disabled but the
previous state of IFF{ has been saved so that the complete state of the CPU just prior to the non maskable
interrupt can be restored at any time. When a Load Register A with Register I (LD A, I) instruction or a
Load Register A with Register R (LD A, R) instruction is executed, the state of IFF, is copied into the
parity flag where it can be tested or stored.

A second method of restoring the status of IFF is thru the execution of a Return From Non
Maskable Interrupt (RETN) instruction. Since this instruction indicates that the non maskable interrupt
service routine is complete, the contents of IFF are now copied back into IFF [, so that the status of IFF
just prior to the acceptance of the non maskable interrupt will be restored automatically.
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Figure 8.0-1 is a summary of the effect of different instructions on the two enable flip flops.

A
Action IFF; IFF,
CPU Reset 0 0
DI 0 O
EIl 1 1
LD A, I o o IFFH = Parity flag
LDA,R o . IFFy = Parity flag
Accept NMI 0 .
RETN IFF, IFF, —>1FF,

(23 3]

o” indicates no change

FIGURE 8.0-1
INTERRUPT ENABLE/DISABLE FLIP FLOPS

CPU RESPONSE
Non Maskable

A nonmaskable interrupt will be accepted at all times by the CPU. When this occurs, the CPU ignores
the next instruction that it fetches and instead does a restart to location 0066H. Thus, it behaves exactly as
if it had received a restart instruction but, it is to a location that is not one of the 8 software restart loca- e
tions. A restart is merely a call to a specific address in page O of memory. ‘

Maskable

The CPU can be programmed to respond to the maskable interrupt in any one of three possible
modes.

Mode 0

This mode is identical to the 8080A interrupt response mode. With this mode, the interrupting device
can place any instruction on the data bus and the CPU will execute it. Thus, the interrupting device pro-
vides the next instruction to be executed instead of the memory. Often this will be a restart instruction
since the interrupting device only need supply a single byte instruction. Alternatively, any other instruction
such as a 3 byte call to any location in memory could be executed.

The number of clock cycles necessary to execute this instruction is 2 more than the normal number for the
instruction. This occurs since the CPU automatically adds 2 wait states to an interrupt response cycle to
allow sufficient time to implement an external daisy chain for priority control. Section 5.0 illustrates the
detailed timing for an interrupt response. After the application of RESET the CPU will automatically enter

interrupt Mode 0.

Mode 1

When this mode has been selected by the programmer, the CPU will respond to an interrupt by
executing a restart to location 0038H. Thus the response is identical to that for a non maskable interrupt
except that the call location is 0038H instead of 0066H. Another difference is that the number of cycles
required to complete the restart instruction is 2 more than normal due to the two added wait states.
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Mode 2

This mode is the most powerful interrupt response mode. With a single 8 bit byte from the user an
indirect call can be made to any memory location.

With this mode the programmer maintains a table of 16 bit starting addresses for every interrupt
service routine. This table may be located anywhere in memory. When an interrupt is accepted, a 16 bit
pointer must be formed to obtain the desired interrupt service routine starting address from the table.

The upper 8 bits of this pointer is formed from the contents of the I register. The I register must have been
previously loaded with the desired value by the programmer,i.e. LD I, A. Note that a CPU reset clears the I
register so that it is initialized to zero. The lower eight bits of the pointer must be supplied by the interrupt-
ing device. Actually, only 7 bits are required from the interrupting device as the least significant bit must be
a zero. This is required since the pointer is used to get two adjacent bytes to form a complete 16 bit service
routine starting address and the addresses must always start in even locations.

/’
desired starting address

Interrupt pointed to by:
Service
Routine low order . 1REG 7 BITS FROM
Starting [ Thigh order } CONTENTS | PERIPHERAL |°
Address
Table

N

The first byte in the table is the least significant (low order) portion of the address. The programmer must
obviously fill this table in with the desired addresses before any interrupts are to be accepted.

Note that this table can be changed at any time by the programmer (if it is stored in Read/Write
Memory) to allow different peripherals to be serviced by different service routines.

Once the interrupting devices supplies the lower portion of the pointer, the CPU automatically pushes
the program counter onto the stack, obtains the starting address from the table and does a jump to this
address. This mode of response requires 19 clock periods to complete (7 to fetch the lower 8 bits from the
interrupting device, 6 to save the program counter, and 6 to obtain the jump address.)

Note that the Z80 peripheral devices all include a daisy chain priority interrupt structure that auto-

matically supplies the programmed vector to the CPU during interrupt acknowledge. Refer to the Z80-P10,
280-S10 and Z80-CTC manuals for details.
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9.0 HARDWARE IMPLEMENTATION EXAMPLES

This chapter is intended to serve as a basic introduction to implementing systems with the Z80-CPU.

MINIMUM SYSTEM

Figure 9.0-1 is a diagram of a very simple Z-80 system. Any Z-80 system must include the following
five elements:

1) Five volt power supply
2) Oscillator

3) Memory devices

4) I/O circuits

5) CPU
+6 VOLT
osc POWER SUPPLY
o Voo
Ag-Ag +5V  GND
ADDRESS
IN
MREQ —
=5 CE4 8K BIT
EZ ROM
DATA
v 280 DATA BUS our
cru K
@
RESET TORQ ~ l
_CE RD
IORQ B/A [a——A~Ag
] _ Z80- P10
o M1 C/Dpt—A~A4
PORT A PORT B
OUTPUT INPUT
DATA DATA
FIGURE 9.0-1

MINIMUM Z80 COMPUTER SYSTEM

Since the Z80-CPU only requires a single 5 volt supply, most small systems can be implemented using
only this single supply.

The oscillator can be very simple since the only requirement is that it be a 5 volt square wave. For
systems not running at full speed, a simple RC oscillator can be used. When the CPU is operated near the
highest possible frequency, a crystal oscillator is generally required because the system timing will not
tolerate the drift or jitter that an RC network will generate. A crystal oscillator can be made from inverters
and a few discrete components or monolithic circuits are widely available.

The external memory can be any mixture of standard RAM, ROM, or PROM. In this simple example
we have shown a single 8K bit ROM (1K bytes) being utilized as the entire memory system. For this
example we have assumed that the Z-80 internal register configuration contains sufficient Read/Write
storage so that external RAM memory is not required.
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Every computer system requires I/O circuits to allow it to interface to the “real world.” In this simple
example it is assumed that the output is an 8 bit control vector and the input is an 8 bit status word. The
input data could be gated onto the data bus using any standard tri-state driver while the output data could
be latched with any type of standard TTL latch. For this example we have used a Z80-PIO for the I/O
circuit. This single circuit attaches to the data bus as shown and provides the required 16 bits of TTL
compatible I/O. (Refer to the Z80-PIO manual for details on the operation of this circuit.) Notice in this
example that with only three LSI circuits, a simple oscillator and a single 5 volt power supply, a
powerful computer has been implemented.

ADDING RAM

Most computer systems require some amount of external Read/Write memory for data storage and to
implement a “stack.” Figure 9.0-2 illustrates how 256 bytes of static memory can be added to the previous
example. In this example the memory space is assumed to be organized as follows:

Address

0000H
1K bytes
ROM

03FFH
256 bytes 0400H
RAM

04FFH

ADDRESS BUS

UAO—AQ UAO—A7 UAO_A7

|

Mmo CE RD lap ’(E,I MRQ RD[,h ET MRQ
T 1kxs 256 x 4 256 x 4
A ROM Wa RAM A wWe RAM A
10 CE, WR lr/w ce, b0 WRlgmw CcE 12
dg-d7 dg-dg dg-dy
DATA BUS
FIGURE 9.0-2

ROM & RAM IMPLEMENTATION EXAMPLE

In this diagram the address space is described in hexidecimal notation. For this example, address bit Ao
separates the ROM space from the RAM space so that it can be used for the chip select function. For
larger amounts of external ROM or RAM, a simple TTL decoder will be required to form the chip selects.

MEMORY SPEED CONTROL

For many applications, it may be desirable to use slow memories to reduce costs. The WAIT line on
the CPU allows the Z-80 to operate with any speed memory. By referring back to section 4 you will notice
that the memory access time requirements are most severe during the M1 cycle instruction fetch. All other
memory accesses have an additional one half of a clock cycle to be completed. For this reason it may be
desirable in some applications to add one wait state to the M1 cycle so that slower memories can be used.
Figure 9.0-3 is an example of a simple circuit that will accomplish this task. This circuit can be changed to
add a single wait state to any memory access as shown in Figure 9.0-4.

60

o



WAIT

7474 -

[2)
(=]
|
o
=]

é—d:u
—dx
|

FIGURE 9.0-3
ADDING ONE WAIT STATE TO AN M1 CYCLE

WAIT
+5V +5V 7400
l J) T1 TZ Tw
MREQ S S b
D Q D Q

R R
T+5v T+5v
FIGURE 9.0-4

ADDING ONE WAIT STATE TO ANY MEMORY CYCLE

INTERFACING DYNAMIC MEMORIES

This section is intended only to serve as a brief introduction to interfacing dynamic memories. Each
individual dynamic RAM has varying specifications that will require minor modifications to the description
given here and no attempt will be made in this document to give details for any particular RAM. Separate
application notes showing how the Z80-CPU can be interfaced to most popular dynamic RAM’s are
available from Zilog.

Figure 9.0-5 illustrates the logic necessary to interface 8K bytes of dynamic RAM using 18 pin 4K
dynamic memories. This figure assumes that the RAM’s are the only memory in the system so that Aj, is
used to select between the two pages of memory. During refresh time, all memories in the system must be
read. The CPU provides the proper refresh address on lines A through A To add additional memory to
the system it is necessary to only replace the two gates that operate on A, with a decoder that operates
on all required address bits. For larger systems, buffering for the address and data bus is also generally

required.
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—9
MREQ
—O
T e ) I Doy
12
Ag-Aqg CE
> 4K x8 RAM ARRAY
R/W
PAGE 1
do-dy DATA BUS (1000 to 1FFF)
CE
WR- | >  4Kx8RAMARRAY
R/W
PAGE 0
(0000 to OFFF)
FIGURE 9.0-5

INTERFACING DYNAMIC RAMS
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10.0 SOFTWARE IMPLEMENTATION EXAMPLES
10.1 METHODS OF SOFTWARE IMPLEMENTATION

Several different approaches are possible in developing software for the Z-80 (Figure 10.1). First of
all, Assembly Language or PL/Z may be used as the source language. These languages may then be trans-
lated into machine language on a commercial time sharing facility using a cross-assembler or cross-compiler
or, in the case of assembly language, the translation can be accomplished on a Z-80 Development System
using a resident assembler. Finally, the resulting machine code can be debugged either on a time-sharing
facility using a Z-80 simulator or on a Z-80 Development System which uses a Z80-CPU directly.

SOURCE
LANGUAGE TRANSLATION DEBUGGING
RESIDENT ASSEMBLER
ASSEMBLY DEVELOPMENT
LANGUAGE SYSTEM
MACHINE
CROSS ASSEMBLER EANGUAGE
PL/Z OR OTHER .
HIGH LEVEL SIMULATOR
LANGUAGE CROSS COMPILER

FIGURE 10.1

In selecting a source language, the primary factors to be considered are clarity and ease of program-
ming vs. code efficiency. A high level language such as PL/Z with its machine independent constructs is
typically better for formulating and maintaining algorithms, but the resulting machine code is usually
somewhat less efficient than what can be written directly in assembly language. These tradeoffs can often
be balanced by combining PL/Z and assembly language routines, identifying those portions of a task which
must be optimized and writing them as assembly language subroutines,

Deciding whether to use a resident or cross assembler is a matter of availability and short-term vs.
long-term expense. While the initial expenditure for a development system is higher than that for a time-
sharing terminal, the cost of an individual assembly using a resident assembler is negligible while the same
operation on a time-sharing system is relatively expensive and in a short time this cost can equal the total
cost of a development system.

Debugging on a development system vs. a simulator is also a matter of availability and expense com-
bined with operational fidelity and flexibility. As with the assembly process, debugging is less expensive on
a development system than on a simulator available through time-sharing. In addition, the fidelity of the
operating environment is preserved through real-time execution on a Z80-CPU and by connecting the I/O
and memory components which will actually be used in the production system. The only advantage to
the use of a simulator is the range of criteria which may be selected for such debugging procedures as trac-
ing and setting breakpoints. This tlexibility exists because a software simulation can achieve any degree of
complexity in its interpretation of machine instructions while development system procedures have hard-
ware limitations such as the capacity of the real-time storage module, the number of breakpoint registers
and the pin configuration of the CPU. Despite such hardware limitations, debugging on a development
system is typically more productive than on a simulator because of the direct interaction that is possible
between the programmer and the authentic execution of his program.
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10.2 SOFTWARE FEATURES OFFERED BY THE Z80-CPU <

The Z-80 instruction set provides the user with a large and flexible repetoire of operations with which
to formulate control of the Z80-CPU.

The primary, auxiliary and index registers can be used to hold the arguments of arithmetic and logical
operations, or to form memory addresses, or as fast-access storage for frequently used data.

Information can be moved directly from register to register; from memory to memory; from memory
to registers; or from registers to memory. In addition, register contents and register/memory contents can
be exchanged without using temporary storage. In particular, the contents of primary and auxilary registers
can be completely exchanged by executing only two instructions, EX and EXX. This register exchange
procedure can be used to separate the set of working registers between different logical procedures or to
expand the set of available registers in a single procedure.

Storage and retrieval of data between pairs of registers and memory can be controlled on a last-in
first-out basis through PUSH and POP instructions which utilize a special stack pointer register, SP. This
stack register is available both to manipulate data and to automatically store and retrieve addresses for
subroutine linkage. When a subroutine is called, for example, the address following the CALL instruction
is placed on the top of the push-down stack pointed to by SP. When a subroutine returns to the calling
routine, the address on the top of the stack is used to set the program counter for the address of the next
instruction. The stack pointer is adjusted automatically to reflect the current “top” stack position during
PUSH, POP, CALL and RET instructions. This stack mechanism allows pushdown data stacks and sub-
routine calls to be nested to any practical depth because the stack area can potentially be as large as
memory space.

The sequence of instruction execution can be controlled by six different flags (carry, zero, sign,
parity/overflow, add-subtract, half-carry) which reflect the results of arithmetic, logical, shift and compare P
instructions. After the execution of an instruction which sets a flag, that flag can be used to control a )
conditional jump or return instruction. These instructions provide logical control following the manipula-
tion of single bit, eight-bit byte (or) sixteen-bit data quantities.

A full set of logical operations, including AND, OR, XOR (exclusive - OR), CPL. (NOR) and NEG
(two’s complement) are available for Boolean operations between the accumulator and 1) all other eight-bit
registers, 2) memory locations or 3) immediate operands.

In addition, a full set of arithmetic and logical shifts in both directions are available which operate
on the contents of all eight-bit primary registers or directly on any memory location. The carry flag can be
included or simply set by these shift instructions to provide both the testing of shift results and to link
register/register or register/memory shift operations.

10.3 EXAMPLES OF USE OF SPECIAL Z80 INSTRUCTIONS

A.  Let us assume that a string of data in memory starting at location “DATA” is to be moved into
another area of memory starting at location “BUFFER”™ and that the string length is 737 bytes. This
operation can be accomplished as follows:

LD HL , DATA ; START ADDRESS OF DATA STRING

LD DE , BUFFER ; START ADDRESS OF TARGET BUFFER

LD BC , 737 ; LENGTH OF DATA STRING

LDIR ; MOVE STRING — TRANSFER MEMORY POINTED TO

; BY HL INTO MEMORY LOCATION POINTED TO BY DE
; INCREMENT HL AND DE, DECREMENT BC
; PROCESS UNTIL BC = 0.

11 bytes are required for this operation and each byte of data is moved in 21 clock cycles.

64



Let’s assume that a string in memory starting at location “DATA” is to be moved into another area
of memory starting at location “BUFFER” until an ASCII § character (used as string delimiter) is
found. Let’s also assume that the maximum string length is 132 characters. The operation can be
performed as follows:

LD HL , DATA : STARTING ADDRESS OF DATA STRING
LD DE , BUFFER : STARTING ADDRESS OF TARGET BUFFER
LD BC , 132 . MAXIMUM STRING LENGTH
LD A,$ ; STRING DELIMITER CODE
LOOP:CP (HL) : COMPARE MEMORY CONTENTS WITH DELIMITER
JR Z,END —§ : GO TO END IF CHARACTERS EQUAL
LDI : MOVE CHARACTER (HL) to (DE)
. INCREMENT HL AND DE, DECREMENT BC
JP PE , LOOP . GO TO “LOOP” IF MORE CHARACTERS
END: : OTHERWISE, FALL THROUGH

; NOTE: P/V FLAG IS USED
; TO INDICATE THAT REGISTER BC WAS
; DECREMENTED TO ZERO.

19 bytes are required for this operation.

Let us assume that a 16-digit decimal number represented in packed BCD format (two BCD digits/
byte) has to be shifted as shown in the Figure 10.2 in order to mechanize BCD multiplication or
division. The operation can be accomplished as follows:

LD HL ,DATA ; ADDRESS OF FIRST BYTE
LD B, COUNT ; SHIFT COUNT
XOR A ;CLEAR ACCUMULATOR
ROTAT:RLD ; ROTATE LEFT LOW ORDER DIGIT IN ACC
; WITH DIGITS IN (HL)
INC HL ; ADVANCE MEMORY POINTER
DINZ ROTAT - § ; DECREMENT B AND GO TO ROTAT IF

; BIS NOT ZERO, OTHERWISE FALL THROUGH

11 bytes are required for this operation.

e

fRaaa0a

FIGURE 10.2
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D.  Let us assume that one number is to be subtracted from another and a) that they are both in packed
BCD format, b) that they are of equal but varying length, and c¢) that the result is to be stored in the
location of the minuend. The operation can be accomplished as follows:

LD HL , ARGI . ADDRESS OF MINUEND
LD DE , ARG2 : ADDRESS OF SUBTRAHEND
LD B, LENGTH : LENGTH OF TWO ARGUMENTS
AND A ;CLEAR CARRY FLAG
SUBDEC:LD A, (DE) ; SUBTRAHEND TO ACC
SBC A, (HL) ; SUBTRACT (HL) FROM ACC
DAA ; ADJUST RESULT TO DECIMAL CODED VALUE
LD (HL) , A ; STORE RESULT
INC HL ; ADVANCE MEMORY POINTERS
INC DE
DINZ  SUBDEC —$ : DECREMENT B AND GO TO “SUBDEC” IF B

; NOT ZERO, OTHERWISE FALL THROUGH

17 bytes are required for this operation.

10.4 EXAMPLES OF PROGRAMMING TASKS

A.  The following program sorts an array of numbers each in the range (0,255) into ascending order using
a standard exchange sorting algorithm.

»
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01/22/76 11:14:37
LOC OBJ CODE
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
0000 222600 23
0003 CB84 24
0005 41 25
0006 05 26
0007 DD2A2600 27
000B DD7E00 28
000E 57 29
000F DDSEO1 30
0012 93 31
0013 3008 32
0015 DD7300 33
0018 DD7201 34
00iIB CBC4 35
001D DD23 36
001F 10EA 37
38
0021 CB44 39
0023 20DE 40
0025 (9 41
42
0026 43
0026 44
45

BUBBLE LISTING PAGE 1
STMT SOURCE STATEMENT

; *** STANDARD EXCHANGE (BUBBLE) SORT ROUTINE ***

AT ENTRY: HL CONTAINS ADDRESS OF DATA

C CONTAINS NUMBER OF ELEMENTS TO BE SORTED
(1<C<256)

; AT EXIT: DATA SQRTED IN ASCENDING ORDER

;  USE OF REGISTERS

; REGISTER CONTENTS

Q;!“EU‘JUOUJ:D

SORT:
LOOP:

NEXT:

NOEX:

FLAG:
DATA:

LD
RES
LD
DEC
LD
LD
LD
LD
SUB
JR
LD
LD
SET
INC
DINZ

BIT
JR
RET

EQU
DEFS
END

TEMPORARY STORAGE FOR CALCULATIONS
COUNTER FOR DATA ARRAY

LENGTH OF DATA ARRAY

FIRST ELEMENT IN COMPARISON

SECOND ELEMENT IN COMPARISON

FLAG TO INDICATE EXCHANGE

UNUSED

POINTER INTO DATA ARRAY

UNUSED

(DATA), HL ; SAVE DATA ADDRESS

FLAG, H : INITIALIZE EXCHANGE FLAG
B,C - INITIALIZE LENGTH COUNTER
B - ADJUST FOR TESTING
IX,(DATA)  ;INITIALIZE ARRAY POINTER
A, (IX) . FIRST ELEMENT IN COMPARISON
D, A : TEMPORARY STORAGE FOR ELEMENT
E, (IX+1) : SECOND ELEMENT IN COMPARISON
E ; COMPARISON FIRST TO SECOND
NC, NOEX-$  ;IF FIRST > SECOND, NO JUMP
(IX), E ; EXCHANGE ARRAY ELEMENTS
(IX+1), D
FLAG, H : RECORD EXCHANGE OCCURRED
IX ; POINT TO NEXT DATA ELEMENT
NEXT-$ ; COUNT NUMBER OF COMPARISONS

: REPEAT IF MORE DATA PAIRS
FLAG, H . DETERMINE IF EXCHANGE OCCURRED
NZ,LOOP-$  :CONTINUE IF DATA UNSORTED

- OTHERWISE, EXIT
0 . DESIGNATION OF FLAG BIT
2 : STORAGE FOR DATA ADDRESS
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B.  The following program multiplies two unsigned 16 bit integers and leaves the result in the HL register
pair.

01/22/76 11:32:36 MULTIPLY LISTING PAGE 1
LOC OBJCODE STMT SOURCE STATEMENT

0000 1  MULT:; UNSIGNED SIXTEEN BIT INTEGER MULTIPLY.
2 ON ENTRANCE: MULTIPLIER IN DE.
3 MULTIPLICAND IN HL.
4
5 ON EXIT: RESULT IN HL.
S
7 REGISTER USES:
&
9
10 ; "H HIGH ORDER PARTIAL RESULT
11 L LOW ORDER PARTIAL RESULT
12 D HIGH ORDER MULTIPLICAND
13 E LOW ORDER MULTIPLICAND
14 B COUNTER FOR NUMBER OF SHIFTS
15 C HIGH ORDER BITS OF MULTIPLIER
16 A LOW ORDER BITS OF MULTIPLIER
17
0000 0610 18 LD B, 16; NUMBER OF BITS- INITIALIZE
0002 4A 19 LD C,D; MOVE MULTIPLIER
0003 7B 20 LD A E:
0004 EB 21 EX DE, HL; MOVE MULTIPLICAND
0005 210000 22 LD HL, 0; CLEAR PARTIAL RESULT
0008  CB39 23 MLOOP: SRL SHIFT MULTIPLIER RIGHT
000A IF 24 RR A; LEAST SIGNIFICANT BIT IS
25 IN CARRY.
000B 3001 26 IR NC,NOADD-$; IF NO CARRY, SKIP THE ADD.
000D 19 27 ADD HL,DE; ELSE ADD MULTIPLICAND TO
28 PARTIAL RESULT.
000E EB 29 NOADD: EX DE, HL; SHIFT MULTIPLICAND LEFT
000F 29 30 ADD  HL,HL: BY MULTIPLYING IT BY TWO.
0010 EB 31 EX DE, HL;
0011  10F5 32 DINZ MLOOP-$: REPEAT UNTIL NO MORE BITS.
0013 €9 33 RET;
34 END;
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11.0

PRELIMINARY

ELECTRICAL SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS

Temperature Under Bias 0°C 10 70°C *Comment
o o
Storage '{)empera;’ure -65°C 10 +150°C Stresses above those listed under “*Absolute
Voltgge n Any Pin 03Vie+7V Maximum Rating” may cause permanent
with RC_SPCM to Ground damage to the device. This is a stress rating
Power Dissipation LIW onty and functional operation of the device

at these or any other condition above those
indicated in the operational sections of this
specification is not implied. Exposure to
absolute maximum rating conditions for
extended periods may affect device reliability .

e D.C. CHARACTERISTICS
T, =0°Cto 70°C.V . = 5V £ 5% unless otherwise specified
Symbol Parameter Min. Typ. Max. Unit Test Condition
ViLe Clock Input Low Voltage -0.3 045 v
Vige | Clock Input High Volusge v, 1 Ve |V
ViL Input Low Voltage -0.3 08 v
Vid Input High Volitage 20 Ve v
VoL Output Low Voltage 04 v [OLzl BmA
VoH Output High Voltage 24 1 lon™ -100uA
lec Power Supply Current 200 mA t.=400nsec
I Input Leakage Current 10 MA ViNT0to V.,
'LOH Tri-State Qutput Leakage Current in Float 10 HA VOUT=2.4 to VCC
oL Tri-State Output Leakage Current in Float -10 HA V0UT=O.4V
Ip Data Bus Leakage Current in Input Mode £10 HA o<V s Vee

® CAPACITANCE

T, =25°C,f= | MHz

Symbol Parameter Typ. Max. Unit Test Condition
Co Clock Capacitance 20 pF
Unmeasured Pins
Input C .
CiN neut Lapacitance 5 PF Returned to Ground
Cout Output Capacitance 10 pF

[1] Clock Driver

330 2

Vee

& zs0
& TTL

An external clock pull-up resistor of (330€) will meet both the A.C.and D.C. clock requirements.

69




A.C. Characteristics 780-CPU

Ty = 0°C to 70°C, Vec = +5V + 5%, Unless Otherwise Noted.

Signal Symbol Parameter Min Max Unit Test Condition
t Clock Period 4 (121 usec (12] 1 = ta @ty * tw(oL) ¥ e+ Uf
® ty (PH) Cluck Pulse Width, Clock High 180 0 nsec
ty (bL) Clock Pulse Width, Clock Low 180 2000 nsec
tor Clock Rise and Full Time 30 nsec
1D (AD) Address Output Defay 160 nsec
LF (AD) Delay to Float 110 nsec
A tem Address Stable Prior to MREQ (Memory Cycle) (1] nsec C. = 100pF
0-15 i Address Stable Prior to TORQ. RD or WR (1/O Cycle) ) nsec L P [ taem = tw(eH) * =75
acl o VRV
tey Address Stable from RD or WR 131 nsec¢ 1 -
teaf Address Stable From RD or WR During Float (4] nsec (1 tgei =t -80
D (D) Data Qutput Delay 260 nsec Bl ta = ty(o) * tr - 40
F (D) Delay to Float During Write Cycle 90 nsec 4 e e
1Sd (D) Data Setup Time to Rising Edge of Clock During M1 Cycle 50 nsec X caf = tw(dL) * tr = 60
Dy_7 ST (D) Data Setup Time to Falling Edge of Clock During M2 to M5 60 nsec CL = 200pF (51 tgom=te - 180
tdem Data Stable Prior to W_R (Memory Cycle) {5} fnsec
tdei Data Stable Prior to WR (1/Q Cycle) (6] nsec Ll tdei = tw(dbL) * tr — 180
tedf Data Stable From WR 171
(7} tedf = tw(orL) * tr= 50
ty Any Hold Time for Setup Time Q nsec
LS (MR) MREQ Delay From Falling Edge of Clock, MREQ Low 100 nsec
{DH® (MR) MREQ Delay From Rising Edge of Clock, MREQ High 100 nsec
MREQ DHD (MR) MREQ Delay From Falling Edge of Clock, MREQ High 100 nsec CL = 50pF
tw (MRL) Pulse Width, MREQ Low (8] nsec {8] 1w (MRL)=t.—40
t (VRH) Pulse Width, MREQ High o1 nseC
9] tw(MRH) = tw(dH) * If - 30
tpLe (IR) TORQ Delay From Rising Edge of Clock, [ORQ Low 90 nsec
ORG tDLE (IR) [ORQ Delay From Falling Edge of Clock, IORQ Low 110 nsec C. = SOpF
tDH® (IR) IORQ Delay From Rising Edge of Clock, IORQ High 100 nsec L P
tDHE(IR) [ORQ Delay From Falling Edge of Clock, IORQ High 110 nsec
DL® (RD) R__D Delay From Rising Edge of Clock, @Low 100 nsec
%) tDL® (RD) RD Delay From Falling Edge of Clock, RD Low 130 nsec C. = 50pF
tDH® (RD) RD Delay From Rising Edge of Clock, RD High 100 nsec L P
'DH® (RD) RD Delay From Falling Edge of Clock, RD High 110 nsec
{DL® (WR) E—l} Delay From Rising Edge of Clock,-W_—R_Low 80 nsec
WR tDLa(WR) WR Delay From Falling Edge of Clock, WR Low 30 nsec ¢ = S00F
IDH® (WR) WR Delay From Falling Edge of Clock, WR High 100 nsec L7
ty (W—RL) Pulse Width, WR Low (101 nsec
— — (10} tw(WR) =t. —40
i tDL (M1) M1 Delay From Rising Edge of Clock, M1 Low 130 nsec C. = 300F
tDH (M1) MT Delay From Rising Edge of Clock, MT High T30 | nsec L=oP
P 5] tDL (RF) RFSH Delay From Rising Edge of Clock, RFSH Low 180 nsec _
RFSH SEen o e Cy =30pF
UDH (RF) RFSH Delay From Rising Edge of Clock, RFSH High 150 nsec
WAIT s (WT) WAIT Setup Time to Falling Edge of Clock 70 nsec
HALT D (HT) HALT Delay Time From Falling Edge of Clock 300 | nsec €y = 50pF
INT ts (IT) INT Setup Time to Rising Edge of Clock 80 nsec
NMI ty (N_ML) Pulse Width, NM1 Low 80 nsec
BUSRQ ts (BQ) BUSRQ Setup Time to Rising Edge of Clock 80 nsec
P arred tDL (BA) BUSAK Delay From Rising Edge of Clock, BUSAK Low 120 nsec N
BUSAK | D (BA) BUSAK Delay From Falling Edge of Clock, BUSAK High 0 | msec | CL73%PF
RESET ts (RS) RESET Setup Time to Rising Edge of Clock 90 nsec
tE (C) Delay to Float (MREQ, IORQ, RD and WR) 100 nsec
tr Mt Stable Prior to TORQ (Interrupt Ack.) () nsec (]t = 2t * Ly(@H) *+ 1 80
Veo
NOTES:
. B (v}
1. Data should be enabled onto the CPU data bus when RD is active. During interrupt acknowledge data TN hieate
should be enabled when M1 and IORQ are both active. [edelisl

to

. All control signals are internally synchronized, so they may be totally asynchronous with respect
to the clock.

3. The RESET signal must be active for a minimum of 3 clock cycles.

4. Output Delay vs. Loaded Capacitance

TA=70°C  Vee=+5V £5%

(1) ACp =+100pF (Ag — Ays and Control Signals), add 30 ns to timing shown.

(2)  AC =-50pF (Ag — A|5and Control Signais), subtract 15 ns from timing shown. Load circuit for Output
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A.C. Timing Diagram

Timing measurements are made at the following

voltages, unless otherwise specified: o o
CLOCK 42V 8V
OUTPUT 20V 8V

' INPUT 20V 8V
. FLOAT AV +05V
W {bH),
[’
1 e (AD)
W (L) ———fa
Ag-a1s5 L
9 (AD) —
TETTNA o TN
A0_15 x:— - j\ ﬁ"'
'S4 (0)
N, Vg N\

D ty e oo ‘B_.I: He—tf (D)
0-7 s o= | ! 1o

T~ A 24
ouT _)ﬂ. p
-t oy

3

oLy | toH (M1)—— T..1 teat
N )_. t
M1 N T ta
‘DH (RF) 1= —tedt
DL {RF)—]
RFSH Vs o
IDHT _ —
l‘nuT» (MR) 'DH (MR MR 'DHD (MR)_‘1 );—
_— —
t \,
MREQ acmr—m—- W (MRL) \\ % O
A W (MRH) L
|01 R0} Db (RO} DK (RY) -
. r——s\ /———
\,
") RD Q . L L ¥ ‘T‘
: 'DLT (WR) l ] -
: | 'OHT (wR)
_— ’_‘ — . ~,
WR 'ﬂ*“dcm |W (WRL) ;L N
tpLd (IR) 9L (IR) T
DH (IR) /‘:— {OHT (IR} -
S .
IORQ ety e i -’/ Y
oL (o) YPHT (RD) );
RD / N/
I 7
DL {WR) 1” T
ey DHT (WR) -y
N\,
WR *-.L_/
ty i I,
WATT 4
—— N ‘o tHT) to (HT))
HALT
'sm
INT 2
NMI
w (N‘L)Eﬂ/

o
[
(%]
X
(]

‘oK (BA)

‘oL (8A)

BUSAK
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