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Understanding Embedded - Microprocessors

Embedded microprocessors are specialized computing
chips designed to perform specific tasks within an
embedded system. Unlike general-purpose
microprocessors found in personal computers, embedded
microprocessors are tailored for dedicated functions within
larger systems, offering optimized performance, efficiency,
and reliability. These microprocessors are integral to the
operation of countless electronic devices, providing the
computational power necessary for controlling processes,
handling data, and managing communications.

Applications of Embedded - Microprocessors

Embedded microprocessors are utilized across a broad
spectrum of applications, making them indispensable in
modern technology. In consumer electronics, they power
devices such as smartphones, tablets, and smart home
appliances, enabling advanced features and connectivity.
In the automotive industry, embedded microprocessors are
critical for engine control units (ECUs), infotainment
systems, and advanced driver-assistance systems (ADAS).
Industrial automation relies on these microprocessors for
controlling machinery, managing production lines, and
ensuring safety protocols. Medical devices, including
diagnostic equipment and patient monitoring systems,
depend on embedded microprocessors for accurate data
processing and reliable performance. Additionally,
embedded microprocessors are used in
telecommunications, aerospace, and defense applications,
where precision and dependability are paramount.
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several common subcategories based on their
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General-Purpose Microprocessors: Designed for
a wide range of applications, offering a balance of
performance and flexibility.

Application-Specific Integrated Circuits
(ASICs): Custom-designed for specific tasks,
providing optimal performance for particular
applications.

Digital Signal Processors (DSPs): Specialized for
real-time signal processing tasks, ideal for audio,
video, and communication systems.

System on Chip (SoC): Integrates the
microprocessor with other system components, such
as memory and peripherals, on a single chip for
compact and efficient designs.
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on-chip memory management unit (MMU) with the capability of 
addressing up to 1 MB of memory.

Reduced system costs are obtained by incorporating several key system 
functions on-chip with the CPU. These key functions include I/O devices 
such as DMA, UART, and timer channels. Also included on-chip are 
several glue functions such as dynamic RAM refresh control, wait state 
generators, clock oscillator, and interrupt controller.

Not only does the Z8X180 consume a low amount of power during 
normal operation, but processors with Z8S180 and Z8L180 class 
processors also provides two operating modes that are designed to 
drastically reduce the power consumption even further. The SLEEP mode 
reduces power by placing the CPU into a stopped state, thereby 
consuming less current, while the on-chip I/O device is still operating. 
The SYSTEM STOP mode places both the CPU and the on-chip 
peripherals into a stopped state, thereby reducing power consumption 
even further.

When combined with other CMOS VLSI devices and memories, the 
Z8X180 provides an excellent solution to system applications requiring 
high performance, and low power operation.

Figures 1 through 3 illustrate the three pin packages in the Z8X180 MPU 
family:

• 64-Pin Dual In-line Package (DIP), Figure 1

• 68-Pin Plastic Leaded Chip Carrier (PLCC), Figure 2

• 80-Pin Quad Flat Pack (QFP), Figure 3

Pin out package descriptions for other Z8X180-based products are 
covered in their respective product specifications.

Figure 4 depicts the block diagram that is shared throughout all 
configurations of the Z8X180.
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Modem Control Signals

ASCI channel 0 has CTS0, DCD0 and RTS0 external modem control 
signals. ASCI channel 1 has a CTS1 modem control signal which is 
multiplexed with Clocked Serial Receive Data (RXS).

CTS0: Clear to Send 0 (Input)

The CTS0 input allows external control (start/stop) of ASCI channel 0 
transmit operations. When CTS0 is High, the channel 0 TDRE bit is held 
at 0 whether or not the TDR0 (Transmit Data Register) is full or empty. 
When CTS0 is Low, TDRE reflects the state of TDR0. The actual 
transmit operation is not disabled by CT High, only TDRE is inhibited:

DCD0: Data Carrier Detect 0 (Input)

The DCD0 input allows external control (start/stop) of ASCI channel 0 
receive operations. When DCD0 is High, the channel 0 RDRF bit is held 
at 0 whether or not the RDR0, (Receive Data Register) is full or empty. 

ASCI1 Time Constant Low Register (I/O Address: 1CH) (Z8S180/L180-Class Processors 
Only)

Bit 7 6 5 4 3 2 1 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0  0 0  0 0  0 0  0
Note: R = Read  W = Write X = Indeterminate ? = Not Applicable

ASCI1 Time Constant High Register (I/O Address: 1DH) (Z8S180/L180-Class Processors 
Only)

Bit 7 6 5 4 3 2 1 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0  0 0  0 0  0 0  0
Note: R = Read  W = Write X = Indeterminate ? = Not Applicable
UM005003-0703                           
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UM
a common baud rate of up to 512 Kbps to be selected. The BRG can also 
be disabled in favor of an external clock on the CKA pin.

The Receiver and Transmitter subsequently divide the output of the BRG 
(or the signal from the CKA pin) by 1, 16, or 64, under the control of the 
DR bit in the CNTLB register, and the X1 bit in the ASCI Extension 
Control REgister. To compute baud rate, use the following formulas:

Where:

BRG mode is bit 3 of the ASEXT register

PS is bit 5 of the CNTLB register

TC is the 16-bit value in the ASCI Time Constant register

If ss2.1.0 = 111, baud rate - f CKA/Clock mode

else if BRG mode baud rate = f PHI/(2*(TC+2)*Clock mode)

else baud rate -f PHI/((10 + 20*PS) * 2^ss*Clock mode)

The TC value for a given baud rate is:

TC = (f PHI/*2*baud rate*Clock mode)) -2

Clock mode depends on bit 4 in ASEXT and bit 3 in CNTLB, as 
described in Table 20.

Table 20.Clock Mode Bit Values

X1 DR Clock Mode

0
0
1
1

0
1
0
1

16
64
1
Reserved, do not use
005003-0703                           





Figure 61. CSI/O Receive Timing–Internal Clock
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Timer Reload Register (RLDR: I/O Address = CH0: 0EH
0FH, CHI, 16H, 17H)

PRT0 and PRT1 each contain 16-bit Timer Reload Registers (RLDR). 
RLDR0 and RLDR1 are each accessed as low and high byte registers 
(RLDR0H, RLDR0L and RLDR1H, RLDR1L). During RESET, RLDR0
and RLDR1 are set to FFFFH

When the TMDR counts down to 0, it is automatically reloaded with the
contents of RLDR.

Timer Data Register 0L (TMDR0L: 0CH)

Bit 7 6 5 4 3 2 1 0
Bit/Field Timer Data
R/W R/W
Reset 0
Note: R = Read  W = Write X = Indeterminate ? = Not Applicable

Timer Data Register 0H (TMDR0H: 0DH)

Bit 7 6 5 4 3 2 1 0
Bit/Field Timer Data
R/W R/W
Reset 0
Note: R = Read  W = Write X = Indeterminate ? = Not Applicable





DMA Register Description

Bit 7

This bit must be set to 1 only when both DMA channels are set to take 
their requests from the same device. If this bit is 1 (it resets to 0), the 
TEND output of DMA channel o sets a flip-flop, so that thereafter the 
device’s request is visible to channel 1, but not visible to channel 0. The 
internal TEND signal of channel 1 clears the FF, so that thereafter, the 
device’s request is visible to channel 0, but no visible to channel 1.

If DMA request are from differing sources, DMA channel 0 request is 
forced onto DMA channel 1 after TEND output of DMA channel 0 sets 
the flop-flop to alternate.

Bit 6

When both DMA channels are programmed to take their requests from 
the same device, this bit (FF mentioned in the previous paragraph) 
controls which channel the device’s request is presented to: 0 = DMA0, 1 
= DMA l. When Bit 7 is 1, this bit is automatically toggled by the channel 
end output of the channels.

2-0 R/W 000
001
010
011
111

DMA1 ext TOUT/DREQ
DMA1 ASCI0
DMA1 ASCI1
DMA1 ESCC
DMA1 PIA27-20 (P1284)

Bit
Position Bit/Field R/W Value Description
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UM

Jum

Re

Re

Ta

Op
Nam
p JR Zj 00 101 000 D 2 6 continue : Z = 0 � � � � � �

�j-2� 2 8 PCR, + j�PCR : Z = 1

JR NZj 00 100 000 D 2 6 continue : Z = 1

�j-2� 2 8 PCR + j�PCR : Z = 0 

turn RET 11001001 D 1 9 (SP)M�PCLr � � � � � �

(SP + 1)M�PCHr

SPR + 2�SPR

RET f 11f 000 D 1 5 (f : false) continue : f is false � � � � � �

1 10 (f : true) RET : f is true

RETI 11101101 D 2 12 (R0,R1) (SP)M�PCLr � � � � � �

01001101 ZZ(z) (SP + 1)M�PCHr

SPR + 2�SPR

RETN 11101101 D 2 12 (SP)M�PCLr � � � � � �

01000101 (SP + 1)M�PCHr

SPR + 2�SPR

IEF2�IEF1

start RST v 11 v 111 D 1 11 PCHr�(SP-1)M � � � � � �

PCLr�(SP-2)M
0�PCHr

v�PCLr

SPR-2�SPR

ble 45.  Program Control Instructions (Continued)

eration
e Mnemonics Op Code

Addressing

Bytes States Operation

Flags

7 6 4 2 1 0

Immed Ext Ind Reg RegI Imp Rel S Z H P/V N C
005003-0703                           
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CONDITION

f specifies the condition in program control instructions. Table 34 
describes the correspondence between f and conditions.

Table 33.  Bit Values

b Bit
000 0
001 1
010 2
011 3
100 4
101 5
110 6
111 7

Table 34.  Instruction Values

f Condition
000 NZ Nonzero
001 Z Zero
010 NC Non Carry
011 C Carry
100 PO Parity Odd
101 PE Parity Even
110 P Sign Plus
111 M Sign Minus
UM005003-0703                           
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�

�

�

�

�

0

C

Bit Reset RES b,(IY + d) 11 011 101 S/D 4 19 0�b�(IY + d)M � � � � �

11 001 01l

�d�

10 b 110

Bit Test BIT b, g 11 001 011 S 2 6 b�gr�z X � S X R

01bg

BIT b,(HL) 11 001 011 S 2 9 b�(HL)M�z X � S X R

01 b 110

BIT b,(IX + d) 11 011 101 S 4 15 b�(IX + d)M�z X � S X R

11 001 011

�d�

01 b 110

BIT b,(IY + d) 11 111 101 S 4 15 b�(IY + d)M�z X � S X R

11 001 011

�d�

01 b 110

Table 39.  Rotate and Shift Instructions (Continued)

Operation
Name Mnemonics Op Code

Addressing

Bytes
State
s Operation

Flags

7 6 4 2 1

Immed Ext Ind Reg Regi Imp Rel S Z H P/V N
UM005003-0703                           
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Load
16-bit
Data

LD (mn),HL 00 100 010 D S 3 16 Hr�(mn + 1)M � � � � � �

�n� Lr�(mn)M
�m�

LD (mn),IX 11 011 101 D S 4 19 IXHr-(mn + 1)M � � � � � �

00 100 010 IXLr�(mn)M
�n�

�m�

LD (mn),IY 11 111 101 D S 4 19 IYHr�(mn + 1)M � � � � � �

00 100 010 IYLr�(mn)M
�n�

�m�

Table 43.  Block Transfer

Operation
Name Mnemonics Op Code

Addressing

Bytes States Operation

Flags

7 6 4 2 1 0

Immed Ext Ind Reg RegI Imp Rel S Z H P/V N C

Block
Transfer
Search
Data

(3) (2)

CPD 11 101 101 S S 2 12 Ar = (HL)M � � � � S �

10 101 001 BCR-1�BCR

HLR-1�HLR (3) (2)

CPDR 11 101 101 S S 2 14 BCR ��0 Ar � (HL)M � � � � S �

10 111 001 12 BCR = 0 or Ar = (HL)M
Ar-(HL)R

Q    BCR-1-BCR
HLR-1�HLR

Repeat Q until

Ar = (HL)M or BCR = 0 (3) (2)

Table 42.  16-Bit Load (Continued)

Operation
Name Mnemonics Op Code

Addressing

Bytes States Operation

Flags

7 6 4 2 1 0

Immed Ext Ind Reg RegI Imp Rel S Z H P/V N C
                                     UM005003-0703
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3 6 16
(If condition is true)

CALL mn 3 6 16
CCF 1 1 3
CPD 2 6 12
CPDR 2 8 14

(If BCR � 0 and Ar � (HL)M
2 6 12

(If BCR = 0 or Ar = (HL)M
CP (HL) 1 2 6
CPI 2 6 12
CPIR 2 8 14

(If BCR � 0 and Ar � (HL)M
2 6 12

(If BCR = 0 or Ar = (HL)M
CP (IX+d) 3 6 14
CP (IY+d) 3 6 14
CPL 1 1 3
CP m 2 2 6
CP g 1 2 4
DAA 1 2 4
DEC (HL) 1 4 10
DEC IX 2 3 7
DEC IY 2 3 7
DEC (IX+d) 3 8 18
DEC (IY+d) 3 8 18
DEC g 1 2 4
DEC ww 1 2 4
DI 1 1 3
DJNZ j 2 5 9 (if Br � 0)

MNEMONICS Bytes
Machine 
Cycles States
UM005003-0703                           
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LD g, (IX+d)
LD g, (IY+d)

MC1 T1T2T3 1st Op Code 
Address

1st Op 
Code

0 1 0 1 0 1 0

MC2 T1T2T3 2nd Op Code 
Address

2nd Op 
Code

0 1 0 1 0 1 1

MC3 T1T2T3 1st operand 
Address

d 0 1 0 1 1 1 1

MC4~M
C5

TiTi * Z 1 1 1 1 1 1 1

MC6 T1T2T3 IX+d
IY+d

DATA 0 1 0 1 1 1 1

LD (HL),g

MC1 T1T2T3 1st Op Code 
Address

1st Op 
Code

0 1 0 1 0 1 0

MC2 Ti * Z 1 1 1 1 1 1 1

MC3 T1T2T3 HL g 1 0 0 1 1 1 1

LD (IX + d),g
LD (IY + d),g

MC1 T1T2T3 1st Op Code 
Address

1st Op 
Code

0 1 0 1 0 1 0

MC2 T1T2T3 2nd Op Code 
Address

2nd Op 
Code

0 1 0 1 0 1 1

MC3 T1T2T3 1st operand 
Address

d 0 1 0 1 1 1 1

MC4~
MC6

TiTiTi      * Z 1 1 1 1 1 1 1

MC7 T1T2T3 IX+d
IY+d

g 1 0 0 1 1 1 1

LD (HL),m

MC1 T1T2T3 1st Op Code 
Address

1st Op 
Code

0 1 0 1 0 1 0

MC2 T1T2T3 1st operand 
Address

m 0 1 0 1 1 1 1

MC3 T1T2T3 HL DATA 1 0 0 1 1 1 1

Table 51.  Bus and Control Signal Condition in Each Machine Cycle  (Continued)

Instruction
Machine 
Cycle States Address Data RD WR MREQ IORQ M1 HALT ST
UM005003-0703                           
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INTERRUPTS

Table 52.  Interrupts 

Instruction
Machine 
Cycle States Address Data RD WR MREQ IORQ M1 HALT ST

NMI

MC1 T1T2T3 Next Op 
Code 
Address (PC)

0 1 0 1 0 1 0

MC2
~MC3

T1T1 * Z 1 1 1 1 1 1 1

MC4 T1T2T3 SP-1 PCH 1 0 0 1 1 1 1

MC5 T1T2T3 SP-2 PCL 1 0 0 1 1 1 1

INT0 Mode 0
(RST Inserted)

MC1 T1T2TW
TWT3

Next Op 
Code 
Address

1st (PC)            
Op Code

1 1 1 0 0 1 0

MC2
~MC3

T1T1 * Z 1 1 1 1 1 1 1

MC4 T1T2T3 SP-1 PCH 1 0 0 1 1 1 1

MC5 T1T2T3 SP-2 PCL 1 0 0 1 1 1 1

INT0 Mode 0
(Call
Inserted)

MC1 T1T2Tw
TWT3

Next Op 
Code 
Address (PC)

1st            
Op Code

1 1 1 0 0 1 0

MC2 T1T2T3 PC n 0 1 0 1 1 1 1

MC3 T1T2T3 PC+1 m 0 1 0 1 1 1 1

MC4 Ti * Z 1 1 1 1 1 1 1

MC5 T1T2T3 SP-1 PC+2(H) 1 0 0 1 1 1 1

MC6 T1T2T3 SP-2 PC+2(L) 1 0 0 1 1 1 1

INT0 Mode 1

MC1 T1T2TW
TWT3

Next
Op Code 
Address (PC)

1 1 1 0 0 1 0

MC2 T1T2T3 SP-1 PCH 1 0 0 1 1 1 1

MC3 T1T2T3 SP-2 PCL 1 0 0 1 1 1 1
                                  UM005003-0703
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DMA Memory Address 
Register 
Channel 1B:

DMA I/O Address Register 
Channel 1L:

DMA I/O Address Register 
Channel 1H 

DMA Byte Count Register 
Channel 1L:

DMA Byte Count Register 
Channel 1H:

DMA Status Register:

DMA Mode Register:

MAR1B

IAR1L

IAR1H

BCR1L

BCR1H

DSTAT

DMODE

2 A

2 B

2 C

2 E

2 F

3 0

3 1

Table 57.  Internal I/O Registers (Continued)

Register  Mnemonics  Address Remarks

DE1 DE0 DWE0 DIE1 DIE0 — DME

R/W R/WR/W W W R

DMA Enable Bit Write Enable  1,0
DMA enable ch 1,0

00 10 1 0 1 0

bit

during RESET

R/W

DMA Master enable

DMA Interrupt Enable 1,0

DM1,0

 0  0
 0  1
 1  0
1  1

M
M

I/O
M

Destination

DWE1

Address

DAR0+1
DAR0-1
DAR0 fixed
DAR0 fixed

— — DM0 SM1 SM0 MMOD —

R/WR/W R/W R/W

Ch 0 Destination Mode 1,0

01 01 0 0 0 1

bit

during RESET

R/W

Memory MODE select

Ch 0 Source Mode 1,0

DM1

R/W

SM1,0

 0  0
 0  1
 1  0
1  1

M
M

I/O
M

Source Address

SAR0+1
SAR0-1
SAR0 fixed
SAR0 fixed

MMOD Mode

0
1

Cycle Steal Mode
Burst Mode

R/W

Bits 0 - 2 are used for MAR1B
                                  UM005003-0703
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Memory and I/O Wait state insertion 29
Memory management unit (MMU) 13
Memory to ASCI 109
Memory to memory 105
MMU Register description 60
Mode

HALT 31
IOSTOP 35
SLEEP 33
SYSTEM STOP 35

Modem control signals 138

N
NMI

and DMA operation timing diagram 115
Use 74

Non-maskable interrupt 72

O
On-chip clock generator

Circuit board design rules 170
External clock interface 169
Operating frequencies 168

Operation modes
Control register 84
CPU timing 18
IOC 16
M1 Enable 15
M1 temporary enable 16

P
Pin description

A0 through CTS1 7
BUSREQ through RFSH 9
D0 through INT2 8
RTS0 through TEND1 10
TEST through XTAL 10

Pin package
64-pin DIP 3
68-pin PLCC 4
80-pin QFP 5

Programmable reload timer (PRT) 14
Programming

Level-sense 109
PRT

Block diagram 157
Bus release mode timing diagram 167
Interrupt request generation 164
Timer control register 161

R
Refresh 87

Control register 88
Register

ASCI Control A0 125
ASCI Control A1 128
ASCI Control B 131
ASCI Status 0 120
ASCI Status 1 123
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CSI/O control/status 147, 150, 159, 
160, 161, 172

Direct bit field definitions 181
DMA mode (DMODE) 97
DMA status 95
DMA/WAIT control 100
Flag 178
I/O Control 42
I/O control (ICR) 42
Indirect addressing 181
INT/TRAP control (ITC) 67
Interrupt Vector (I) 66
MMU bank base (BBR) 62
MMU common bank area (CBAR) 60
MMU common base (CBR) 61
Operation mode control 15, 84
PRT timer control register 161
Refresh control 88

Relative addressing
Addressing

Relative 183
RETI

control signal states 85
Instruction sequence 84

RTS0 timing diagram 140

S
Secondary bus interface 165
SLEEP mode 33
SLP execution cycle timing diagram

Timing diagram
SLP execution cycle 203

Status summary table 10
SYSTEM STOP mode 35

T
Test conditions, standard 205
Timer initialization, count down and reload 
163
Timer output timing diagram

Timing diagram
Timer output 202

Timing diagram 163
AC 197
Bus Exchange Timing During CPU Inter-

nal Operation 27
Bus Exchange Timing During Memory 

Read 26
CPU (I/O Read/Write cycles) 199
CSI/O external clock receive 156
CSI/O external clock transmit 154
CSI/O internal clock receive 155
CSI/O internal clock transmit 153
CSI/O receive/transmit 204
CSI/O timer output 164
DCD0 139
DMA control signals 200
DMA CYCLE STEAL mode 106
DMA edge-sense 108
DMA level-sense 107
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