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Books

The Z80 Microprocessor , Hardware , Software programming
& interfacing
Author: Burry B. Brey e

Translator: Hossein Nia e
Publisher: Astane Ghodse Razavi(Beh Nashr
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Books

Microcompiuter and Microprocessor : the 8080, 8085, Z-80 Programi
interfacing and trubleshooting

Publisher: Nass -
Pub.Date: 1381

Edition Turn: 3

ISBN: 964-6264-43-4-3
Pages: /719

Author: John E . Uffenbeck

Translator: Mahmmod Dayani *




Evolution of Computers

First generation (1939-1954) - vacuum tube U
Second generation (1954-1959) - transistor U

Third generation (1959-1971) - IC 1

Fourth generation (1971-present) - microprocessor



Integration levels

* SSI (small scale integration)
» Introduced in late 1960s
» 1-10 gates

* IMSI (medium scale integration)
» Introduced in late 1960s
» 10-100 gates

* LS| (large scale integration)
» Introduced in early 1970s
» 100-10,000 gates

* VVLSI (very large scale integration)
» Introduced in late 1970s
» More than 10,000 gates
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Microprocessor-based Systems
Memory Classification

System
q . M
Basic Technologies: i
Semiconductor
Magnetic
Optical ‘ v
. . Read/Write Read-Only
(or comblnatlon) Memory Memory
R/WM ROM
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Erasable Permanent
Memory Memory
4 A4 4
« Static * Dynamic - EPROM * Masked ROM
R/WM R/WM - EEPROM + PROM <
: * Flash
Expensive Cheap ok o
Fast/ Slow

Onetime programmable

Electronically Erasable
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After reviewing the above explanation, we can summarize the requirements of a
memory chip as follows:

1. A memory chip requires address lines to 1dentify a memory register, a Chip Select CS
signal to enable the chip, and control signals to read from and write into memory
registers.

2. The number of address lines required 1s determined by the number of registers in a chip
(2" = Number of registers where n is the number of address lines).

3. If additional address lines are available in a system, they are used to enable the Chip
Select CS signal. The memory address of a register is determined by the logic levels
(0/1) of all the address lines (including the address lines used for CS).

4. The control signal Read (RD) enables the output buffer, and data from the selected
register are made available on the output lines. Similarly, the control signal Write
(WR) enables the input buffer, and data on the input lines are written into memory

cells.
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2.10(a) will range from 0000y to O0FFy as shown below.
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The entire range of the memory addresses from 0000y to 00FFy is known as the
memory map of the chip in Figure 2.10(a). The Chip Select addresses are determined by
the hardware (the inverters and NAND gate); therefore, the memory map of the chip can be
changed by modifying the hardware. For example, if the inverter on line A5 is removed as
shown in Figure 2.10(b), the address required on A;s—Ag to enable the chip will be as
follows:

Ajs Ay A3 Ajs A Ao Ag Ag
1 0 0 0 0 0 0 0 = 80y

The memory map for Figure 2.10(b) will be 8000y to 80FFy,.

The memory chips in Figures 2.10(a) and (b) are the same chips. However, by
changing the hardware of the Chip Select logic, the location of the memory in the map can
be changed, and memory can be assigned addresses in various locations over the entire

range of 0000 to FFFFy.
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Given a 2K R/W (2048 X 8) static memory chip and one 3-to-8 decoder, design memory
for the beginning address 2800y. Use the MREQ signal to enable one of the decoder lines,
and the RD and WR control signals can be directly connected to the memory chip.
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FIGURE 4.3
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FIGURE 4.4

(a) Generating Control Signals (b) Block Diagram: Alternative Approach to Memory Read/
Write Operations
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4.14 Address Decoding

The process of address decoding should result in identifying a register with a given
address; we should be able to generate a unique pulse for that address. For example, in
Figure 4.5(a), the output of the NAND gate goes low (active) only when the address on the
address lines is F7y; no other address can cause the output of the gate to go low. This
process is called decoding the address. We can also use a decoder for address decoding, as
discussed below, or a PROM (Programmable Read-Only-Memory), as discussed in Chap-
ter 16.

Figure 4.5(b) shows a 3-to-8 decoder and a 4-input NAND gate. The decoder has
three enable lines-—one active high and two active low. The enable line E, is connected to
address line A3, and E; is connected to address lines As~A; through the NAND gate.
Address lines A,, A;, and Ag are inputs to the decoder, and the enable line E; is tied
high and is not being used here for decoding.

In this decoder circuit, three input lines can have eight different logic combinations

A*’ P
Ag +5V
Ag—
A; A,
Asg A,
As — L 7
Ag F7u vsp | Bt B2 Bs P F7n
23 i @ / A, lo-—
2 -
Ay i Ay _—
A e
0 Ay 308 o
Decoder p—F0H
(a) (b)
FIGURE 4.5

Address Decoding



from 000 to 111; each input combination can be identified by the corresponding output line
if enable lines are active. For example, if the input is 0 0 0, Og goes low (others remain
high), and if the inputis 1 1 0, Og goes low. To activate the enable line E;, A; should be
low, and to activate E,, address lines A;—A, should be high causing the output of the
NAND gate to go low. If the input to the decoderis 1 1 1, the output line O of the decoder
will go low, thus decoding the address F7y.

A; As As As As A A, Ag
I 1 1 1 0 1 1 1 =Flg
| | | |

! v
Enable Input

This 3-to-8 decoder can identify or decode eight addresses from FOy to F7y as



423 Memory Map

We can obtain the address range of this memory chip by analyzing the possible logic levels
on the 16 address lines. The logic levels on the address lines A;s—A 5 have to be 0 to assert
the Chip Enable, and the address lines A|;—~A, can assume any combinations from all Os to
all 1s. Therefore, the memory map of this chip ranges from 0000y to OFFFy.

MREQ +5V cL ([-—RD
Ajs l I
) CE OE
E, E, E, A
A
Ay A I i «
* 7418138 Address EPROM
Ajz Ay Bus 2732
A m‘gg—i 4006 x §
0 340-8 Ogp—— 4 Ao
Decoder o o
v 0
Data
Bus
D, Dy

Ais Aix Az Ap Al Ao Ao Ag Ay As As Ay As A A Ap

0 0 0 0 0 0 0 0 0 0 0 0 =0000yg
! \
1 1 1 1 1 1 1 1 1 1 1 1 =0FFFyg




Fold back Memory

(A11 not used)

RD WR

MREQ +5V
]
E, E, E,
A]d- A2 040 MSEL4
A Ay
Ap—1Ag
741.8138

L b Lt o o T Y

L4

Ao

Address
Bus

f —

CE OE WE

Ao

MK4802
2K x 8

Ag

DQ, DQy

Data
Bus




Ais Ay Az A Al A Ao Ag A7 A As Ay Az Ay Ay Ap

0 1 0 0 X 0 0 0 0 0 0 0 0 0 0 0 =40004
l !
MSEL, X 1 1 1 1 1 1 1 1 1 1 1 =47FFy

If we assume A, at logic 1, the memory map ranges from 4800y to 4FFF; as shown
below:

Ags A Az Agz A Ao Ag Ag Ay Ag As Aa Az Az A Ao

O 1 0 o i1 0 O O 0O O O O 0 0O 0 O =4800y4
S d !
MSEL, 1 1 1 1 1 1 1 1 1 1 1 1 =4FFFy

The entire memory map appears to be from 4000y to 4FFFy (4K memory). In
reality, we have only 2K memory occupying the memory space of 4K. Because of the one
“‘don’t care’’ line, each register can have two addresses. For example, the addresses
4000y and 4800y will select the same register. The duplicate or redundant range of the
memory addresses (48004 to 4FFFy) is generally known as the foldback memory; this
memory space cannot be used by any other memory chip.
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TABLE 3.1
The Z80 Machine Cycles and Control Signals

Machine Cycle M, MRE IOR

I

Q RD WR
Opcode Fetch (M) 0 0 1 0 I
Memory Read | 0 1 0 I
Memory Write | 0 1 1 0
I/0O Read ] 1 0 0 1
O Write 1 1 0 I 0
Interrupt Acknowledge 0 1 0 1 I
Non-maskable Interrupt 0 0 1 0 1
Bus Acknowledge (BUSAK = 0) 1 Z Z y4 Z

NOTE: Logic 0 = Active, Logic 1 = Inactive, Z = High Impedance
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Address  Machine Code Instruction Comment

20004 00111110/ = 3 LDA,9FH ;Load 9FH in the accumulator

W oot = F
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The HL register holds the address 2350y, and the accumulator has the data byte 9Fy. The
instruction code 0111 0111 (77y) is stored in memory location 2003;. When this cade is
executed, it stores the contents of the accumulator in the memory location indicated by the
address in the HL register. Illustrate the bus contents and timings as this instruction is
being executed.

Instruction: LD (HL), A ;Copy contents of the accumulator
into memory location, the address
of which is stored in HL register.

This is a one-byte instruction with two machine cycles: Opcode Fetch and Memory Write.
In the first machine cycle, the Z80 fetches the code (77y), and in the second machine
cycle, it copies the byte 9Fy from the accumulator into the memory location 2350y. The
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Task Opcode Operand Binary Code

Copy the contents of register LD A, B 01 111 000 (78H)
B into the accumulator A.

Add the contents of register ADD A, B 10000 000 (80H)
B to the contents of A.
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2-BYTE INSTRUCTIONS
In a 2-byte instruction, the first byte specifies the opcode and the second byte specifies the
operand (with exceptions of some Z80 two-opcode instructions).

Task Opcode Operand Binary Code
Load register B with the LD B, 32H* 0000 0110 (06H) Byte 1
hexadecimal number 32. 0011 0010 (32H) Byte 2

(Opcode for LD B is 06H)



Gub‘b.u Ol 9w d

3-BYTE INSTUCTIONS

In a 3-byte instruction, the first byte specifies the opcode, and the following two bytes
specify the 16-bit address or data in a reversed order: low-order byte followed by the
high-order byte. For example:

Task Opcode Operand Binary Code
Copy data from memory LD A, (2080H) 0011 1010 (BAH) Byte |
address 2080y 1nto the 1000 0000 (8OH) Byte 2

accumulator. 0010 0000 (20H) Byte 3
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Task Opcode Operand Binary Code
Load index register IX LD IX, 2000H 1101 1101 (DDH) Byte 1
with 16-bit address 0010 0001 (21H) Byte 2
2000y. 0000 0000 (O0OH) Byte 3

0010 0000 (20H) Byte 4
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Data Copy Operations

. From one register into another regis-

ter.

. (a) Specific data byte into a register or

a memory location.

(b) Specific 16-bit data into a register
pair.

From a memory location into a register
or vice versa.

. (a) From an input port into the accu-

mulator.

(b) From the accumulator into an out-
put port.

. From microprocessor registers into

stack memory locations and vice
versa.

Exchange contents between registers.
(This is a slightly different operation
from data copy; this is a data
exchange.)

Examples

Copy the contents of register B into the
accumulator.

LD A, B; LD means Load
Load register B with the hexadecimal
number 32,

LD B, 32H
Load register pair HL with hexadecimal
number 2050.

LD HL, 2050H
Copy data from memory location 2080y
into the accumulator.

LD A, (2080H)

Read data from input port 01y and copy
into the accumulator.,

IN A, (0IH)

Write (send) the contents of the accumula-
tor into port 07y.

OUT (07H), A

Copy the contents of register pair BC into
defined stack memory locations.

PUSH BC

Exchange the contents of general purpose
registers (BC, DE, HL) with alternate reg-
isters.

EXX



1. Data Copy (Load) Instructions
Mnemonics Bytes Tasks

Data (8 bits and 16 bits) copy or load in registers

LD ry, 15 1 Copy data from source register r; into destination register ry.
LD r, 8-bit 2 Load 8-bit into a register.

LD rp, 16-bit 3 Load 16-bit into register pair.

LD rx, 16-bit 4 Load 16-bit data into index register.



Data copy between registers and memory

LD A, (16-bit)
LD (16-bit), A
LD A, (rp)
LD (rp), A
LD r, (HL)
LD (HL), r
LDr, (rx +d)

LD (rx +d), r

3

Load accumulator from memory; the address is specified by 16-bit op-
erand.

Load memory from accumulator; the memory address is specified by
16-bit operand.

Load accumulator from memory; the memory address is specified by
contents of register pair.

Load memory from accumulator; the memory address is given by the
contents of register pair.

Load register from memory; the address is specified by 16-bit contents
in HL.

Load memory from register; the address is specified by 16-bit contents
in HL.

Copy memory contents into register r; the memory address is obtained
by adding the contents of index register and the displacement byte d.

Copy register contents into memory address shown by index register
and the displacement (rx + d)
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0 Addition. Any 8-bit number, or the contents of a register, or the contents of a memory
location can be added to the contents of the accumulator. The result of the addition i8
stored in the accumulator, and the flags are affected by the result. No two other 8-bit
registers can be added directly; for example, the contents of register B cannot be added
directly to the contents of register C.

Examples: Add the contents of register B to the contents of the — ADD A, B
accumulator.
Add the byte 97y to the contents of the accumula- — ADD A, 97H
tor.

03 Subtraction. Any 8-bit number, or the contents of a register, or the contents of a
memory location can be subtracted from the contents of the accumulator. The subtrac-
tion is performed in 2’s complement, and the result is stored in the accumulator. The
result modifies the flags, and if the result is negative, it is expressed in 2’s complement.
The following mnemonics indicate that the accumulator is implicitly assumed as one of
the operands.

Examples: Subtract the contents of register C from the contents ~>» SUB C
of the accumulator.
Subtract the byte 47y from the contents of the accu- — SUB 47H

mulator.



O Increment/Decrement. The 8-bit contents of a register (including the accumulator) or a
memory location can be incremented or decremented by 1. Similarly, the 16-bit con-
tents of a register pair (such as HL) can be incremented or decremented by 1. Unlike
Add and Subtract, these operations can be performed in any of the registers. The
instructions related to 8-bit contents affect flags (except Carry); on the other hand,
instructions related to 16-bit contents do not affect any flags.

Examples: Increment the contents of register B. —> INC B
Decrement the contents of register pair BC. — DEC BC

O 1’s and 2’s Complement. The contents of the accumulator can be complemented (1’s
or 2’s complement), and the result is stored in the accumulator. Some flags are affected
by the result. These instructions assume that the operand is the accumulator.

Examples: Complement the contents of the accumulator —> CPL
(this is equivalent to 1’s complement).
Subtract the contents of the accumulator from zero — NEG
(this is equivalent to 2’s complement).



2. Arithmetic Instructions*

ADD A, r 1 Add register contents to accumulator.

ADD A, 8-bit 2 Add 8-bit data to accumulator.

ADD A, (HL) 1 Add memory contents to accumulator; the memory address is specified
by the contents in HL.

SUBr 1 Subtract contents of register from accumulator.

SUB 8-bit 2 Subtract 8-bit data from accumulator.

SUB (HL) 1 Subtract memory contents from accumulator; the memory address is
specified by the contents of HL.

INCr 1 Increment the contents of a register.

INC (HL) 1 Increment the contents of memory; the memory address is specified by
the contents of HL.

INC rp 1 Increment 16-bit contents in a register pair.

DEC r 1 Decrement the contents of a register.

DEC (HL) 1 Decrement the contents of memory; the memory address is specified

by the contents of HL.

DEC rp 1 Decrement 16-bit contents in a register pair.

*#Instructions used for 16-bit addition and subtraction are not shown here.



LOGIC OPERATIONS

The instructions related to logic operations can be divided into three groups: logic func-
tions (AND, OR, etc), bit rotations or shifts, and comparisons (less than, greater than, and
equal to) of data bytes.

0 Logic Functions. Any 8-bit number, the contents of a register, or the contents of a
memory location can be ANDed, ORed, or Exclusive ORed with the contents of the
accumulator. The result is stored in the accumulator, and the flags are affected by the
result.

Examples: Logically AND the contents of register B with the — AND B
contents of the accumulator.
Exclusive OR the contents of register B with the — XOR B
contents of the accumulator.



3. Logic Instructions™

AND r
AND 8-bit
AND (HL)

CPr
CP 8-bit

CP (HL)

o

Logically AND the contents of a register with the accumulator.
Logically AND 8-bit data with accumulator.

Logically AND the contents of memory with accumulator; the me-
mory address is specified by the contents of HL.

Compare the contents of register with accumulator for less than, equal
to, or greater than.

Compare 8-bit data with accumulator for less than, equal to, or greater
than.

Compare the contents of memory with accumulator for less than,
equal to, or greater than. The memory address is specified by the con-
tents of HL.



O Shift and Rotate. Each bit in the accumulator, in the registers, or in memory can be
shifted either left or right by one position.

Examples: Rotate the contents of the accumulator — RRA
right through Carry flag.
Rotate left the contents of register B. -» RLC B

O Compare. Any 8-bit number, the contents of a register, or memory can be compared
for equality, greater than, or less than with the contents of the accumulator. The result of
the comparison is indicated by appropriate flags.

Examples: Compare the contents of register B with the — CP B
contents of the accumulator.
Compare the data byte 97y with the contents — CP 97H
of the accumulator.



4. Bit Rotation

RLCA 1 Rotate each bit in the accumulator to the left position.

RLA 1 Rotate each bit in the accumulator including the carry C to the left po-
sition.

RRCA 1 Rotate each bit in the accumulator to the right position.

RRA 1 Rotate each bit in the accumulator including the carry C to the right

position.



7. Bit Rotation*

RICT 2 Rotate each bit in register r to the left.
RL r 2 Rotate each bit in register r to the left, including Carry flag.
SLAT 2 Shift each bit in register r to the left.
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The bit manipulation instructions can be classified into two groups: bit test and bit set/
reset.

O Bit Test-——Any one of the eight bits in a register, accumulator, or memory can be
verified as 0 or 1, and the Z flag will be modified accordingly.

Example: Check bit D, in register B. — BIT 7, B

O Bit Set/Reset—Any one of the eight bits in a register, accumulator, or memory can be
set or reset.

Examples: Set bit Ds in the accumulator. — SET 5, A
Reset bit D, in register B. — RES 2, B



8. Bit Manipulationt

BIT b, r 2 Test bit b in registerr, affecting the Z flag.
SET b, r 2 Set bit b in register r. (‘‘b’’ represents bit position 0 to 7)
RES b, r 2 Reset bit b in register r.
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O Jump. The sequence of program execution can be altered either conditionally or uncon-
ditionally. When a conditional Jump instruction is used, the microprocessor checks the
specified flag, and if the condition is true, the execution sequence is altered; otherwise,
the next instruction is executed. The destination location to which the program should
be directed can be specified directly or relative to the contents of the program counter.
These instructions are critical to the decision making process in programming.

Examples: After an operation (such as an addition), — JP C, 2050H
if CY flag is set, jump to location 2050y.
If Zero flag is not set, jump forward -> JR NZ, OFH
by 15 locations.

O Call/Return. These instructions change the sequence of a program by calling a sub-
routine or returning from a subroutine. The conditional Call and Return instructions
check for appropriate flags.

Examples: Go to subroutine located at 2050y. — CALL 2050H
Go to Subroutine located at 2070y — CALL Z, 2070H
if Z flag is set.

O Restart. These instructions are used to change the program sequence to one of eight
restart locations on memory page 00. The instructions are generally used with inter-
rupts.

Example: Call location 0028y. — RST 28H



5. Branch Instructionsy

JP 16-bit

JP Z, 16-bit

JP NZ, 16-bit

JP C, 16-bit

JP NC, 16-bit

CALL 16-bit
RET

3

Change the program sequence (Jump) to memory location specified by
the 16-bit address.

Change the program sequence (Jump) to memory location specified by
the 16-bit address if the Zero (Z) flag is set.

Change the program sequence (Jump) to memory location specified by
the 16-bit address if the Zero (Z) flag is reset.

Change the program sequence (Jump) to memory location specified by
the 16-bit address if the Carry (C) flag is set.

Change the program sequence (Jump) to memory location specified by
the 16-bit address if the Carry (C) flag is reset.

Change the program sequence to the location of the subroutine.

Return to the calling program after completing the subroutine se-
quence.
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MACHINE CONTROL OPERATIONS
These instructions contro!l microprocessor operations such as Halt and Interrupt.

Examples: Suspend execution of instruction. — HALT
Disable interrupts by resetting the — DI
Interrupt Enable flip-flops.



6. Machine Control Instructions

HALT l Suspend execution and wait.

NOP 1 Do not perform any operation.
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Z80 Addressing Modes Explanation Example
1. Immediate : The byte following the opcode is the operand. This mode is used to
load 8-bit data into a register.
Load 97y into register B LD B, 97H
2. Immediate : The two bytes following the opcode are the operands. This mode is
Extended used to load 16-bit data or address into a register pair.
Load 8045y into register pair BC LD BC, 8045H
3. Register The operand register is included as a part of the opcode. This mode is
used to copy data from one Z80 register into another register.
Copy data from register A into B LD B, A
4. Implied This refers to operations in which the opcode implies one or more Z80
registers as containing the operands. For example, instructions for logic
operations imply that the accumulator is one of the operands and that
the result is stored in the accumulator.
Logically AND register B with A AND B
5. Register This mode is used to copy data between the MPU and memory; the 16-
Indirect bit contents in a register pair are used as a memory pointer.
Copy the contents of memory location 2060y into register B. Register LD, B, (HL)
HL contains the address 2060.
6. Extended The two bytes following the opcode specify the jump location.
Jump to location 2080y. JP 2080H.
7. Relative In this mode, the second byte specifies the displacement value in a
signed 2’s complement for a jump location.
Jump forward 20 locations from the address of the next instruction. JR 14H
8. Indexed In this mode, the byte following the opcode specifies a displacement
value that is added to one of the index registers to form a memory
pointer.
The index register IX contains 2060y; increment the contents of memo- INC (IX + 10H)
ry location 2070y.
9, Bit This mode is used for bit operation (manipulation). In this mode, in-
struction specifies a bit from a register or a memory location using one
of the three addressing modes (register, register indirect, or indexed).
Set bit D; in register B. SET 7, B
10. Page Zero The instruction set includes eight restart (one-byte call) instructions on
memory page zero. In this mode, the memory location can be specified
by using the low-order byte, and the high-order byte is assumed to be
00y.
Call restart memory location 0028y. RST 28H
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LD B, 32H ;Looad register B with 32H.

LD C, A2H ;Load register C with A2H.

LD A, C ;Copy contents of C into accumulator to perform addi-
tion. B and C cannot be added directly.

ADD A, B ;Add two bytes and save the sum in A.

OUT (01H), A ;Display accumulator contents at port O1H.
HALT ;End



Mnemonics

LD B, 32H

LD C, A2H

LD A, C

ADD A, B

OUT (01H), A

HALT

Hex Code

06
32

OE
A2

79

80

D3

01
76

2-byte instruction

2-byte instruction

1-byte instruction

1-byte instruction

2-byte instruction

1-byte instruction



Memory

Mnemonics Hex Code Memory Contents Address
L.D B, 32H 06 00000110 2000
32 00110010 2001
LD C, A2H OE 00001110 2002
A2 10100010 2003
LD A, C 79 01111001 2004
ADD A, B 80 10000000 2005
OUT (01H), A D3 11010011 2006
01 00000001 2007

HALT 76 01110110 2008



START:

DSPLAY:

DS o uible OLJ G 1) o) b o ) g red

LD B, 32H ;Load B with first data byte
LD C, 0A2H ;Load C with second data byte
LD A, C ;Copy (C) into A for addition
ADD A, B ;Add two bytes

JP NC, DSPLAY ;I sum << FFH, display sum at PORT7
LD A, OiH ;If sum > FFH, load 01 to display
, as over load
OUT (PORT?), A ;Display result at PORT?7
HALT

END
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Instructions Register Contents Flags
Mnemonics A B ¢ H L S Z (Y
LD BC, F268H X F2 688 X X No change
LD HL, 2065H X 20 65
LD (HL), A2H A2 | 2065 X J } l
LD A, B F2
SUB C (F2 — 68) — 8A 1 0 0
CPL (Invert 8A) — 75 No change
. ADD A, (HL) (75 + A2) 17 y ’ 0 O I
INC HL l 20 66 No change
LD (HL), A 17 | 2066 v y Vv ¢ Vool ¥

HALT 17 F2 68 20 66 6 O 1
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LD IX ,2050H
LD 1Y ,2150H
LD(IX+40H), 32H
LD(IY+COH), 97H
LD A, (IX+40H)
ADD A ,(IY+COH)
HALT



IS0 Ghdu 4w 5 1) 23l o o s didl> s Jlgio yobu a5 0sls cub ) - o :J
QSa s Jlasl dasl>

Label Mnemonics Comments

START: LD HL, SOURCE ;Set up HL as pointer for Source
memory
LD DE, OUTBUF ;Set up DE as pointer for Output
Buffer memory

LD B, 64H ;Set register B to count 100 bytes
NEXT: LD A, (HL) ;Get byte from Source

LD (DE), A ;Store byte in Output Buffer

INC HL ;Point to next Source location

INC DE ;Point to next Qutput Buffer

location
DEC B ;Decrement count
JP NZ, NEXT ;If counter is not zero, go back

to get next byte

LD A, 0IH ;Load display indicator
OUT (PORTO), A ;Display end of data transfer
HALT ;End of program



VO ed

Ses slis asbp gl 5l om |, SP g Stack coxsy
LD SP, 219AH
LD B, O3H
XOR A
LD H, A
LD L, A
LOOP: PUSH HL
INC L

DECB
JP NZ, LOOP

HALT
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3. Read the following program and answer the questions

No. Instructions
1. LD SP, 84FOH
2. LD HI., 8138H
3. LD BC, 0001H
4. LD DE, 235AH
5. LDA,D
6. OR A
7. PUSH HL
8. PUSH AF
9. PUSH BC

20. POP AF
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2000 LD B,32H
2002 LD C,A2H
2004 LDAC

2005 ADDA,B
2006 JP NC,200BH
2009 LD A, O1H
200B OUT(7H), A
200D HALT

06 32

OE A2

79

30

D2 0B 20
3E 01

D3 07

76

10T

VO aS Ja
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2194
2195
2196
2197
2198
2199
219A

02
00
01
00
00
00
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