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HMS91C8232
HMS97C8232

1. OVERVIEW

1.1 Description

The HMS91C8232 and the HMS97C8232 are a member of the HMS9XC8232 series. This devices are the Digital Tuning System(DTS)
with PLL and LCD driver. It has extended Intel 8051 core, 32Kbytes one-time programmable(OTP) ROM. Because this device can be
programmed by user, it is suited for applications such as the small-scale production of many different products and rapid development and
time-to-market of new products.

* Extended 8051 core (7.2MHz / 4.5MHz) - 1/4 Duty Mode (29SEGx4COM, 1/3 Bias)
* 1K-Byte Data RAM / 32K-Byte Program ROM * 18 Interrupts Sources( 7 External Interrupts / 5
« 130 MHz Digital PLL block Timer Interrupts / 3 Serial Port Interrupts / WDT
Interrupt / IF Counter Interrupt / ADC Interrupt),
* IFC (Intermediate Frequency Counter) Two Priority Levels
* 8-channel 8-bit ADC » Two Power Saving Mode (ldle Mode and Power
* Six 16-bit Timers/Counters Down Modes)
* Two 3-wire SIO & One UART * 5V Power supply
e LCD driver * Power fail detector
- Static mode (32SEGx1COM, Static) - 80-MQFP Package
- 1/3 Duty Mode (30SEGx3COM, 1/3 Bias)
HMS9X(C8232

{ 32K ROM

Automotive application

7:0TP,1: MASK
Extended 8051 core family MCU

1.2 Ordering Information

Device name ROM Size (bytes) RAM size Package
HMS91C8208Q 8K 1024 bytes 80MQFP Mask ROM version
HMS91C8216Q 16K 1024 bytes 80MQFP Mask ROM version
HMS91C8232Q 32K 1024 bytes 80MQFP Mask ROM version
HMS97C8232Q 32K bytes OTP 1024 bytes 80MQFP OTP ROM version
Pb free package:

The “P” suffix will be added at the original part number.
For example; HMS91C8232Q(Normal package), HMS91C8232Q P(Pb free package)

APR. 2005 Ver1.2 1
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1.3 Features

Item Features
ROM 32K x 8-bit
RAM 1K x 8-bit

With variable instruction execution time function

Instruction Cycle 1.66s / 3.33us / 6.66us / 13.33us / 26.66ps / 53.33us / 106.66us(with 7.2MHz)

Instruction Set MCS-51 Micro-controller Compatible Instruction Set
1/O : 28pins or Max 57 pins,29pins shared with LCD control pins
I/O Port . . .
(including 4-open drain ports)
Power fail Detection volt- 2.8V - Reset is generated when power fail detection is enabled.
detector age level
A/D Converter 8-bit resolution x 8-channels

3-wire serial I/O mode : 2 channels

Serial Interface Full duplex UART : 1 channel

Timer/Counter Six 16-bit timers/event counters

Dedicated Watchdog timer
LCD control 29 segment x 4 common (31seg x 2com, 32seg x 1 com)
Static, 1/2duty(1/2 bias), 1/3duty(1/2 bias, 1/3bias), 1/4duty(1/3bias)
Buzzer(Beep) Output 1.2KHz (fx/6000), 2.4KHz (fx/3000), 4.5KHz (fx/1600), 8.0KHz (fx/900)
Interrupt Source 7 External, 11 Internal Sources
PLL Direct division mode (VCOL pin)
Frequency Division Mode P

Synthesizer Pulse swallow mode (VCOH and VCOL pins)

Reference 13 types selected by program
Frequency 1,1.25,25,3,5,6.25,9, 10, 12.5, 18, 20, 25, 50KHz

Charge Pump | Error out : EO pin

Phase Detec-

tor Unlock detectable by program

Frequency Measurement
Frequency Counter AMIFC pin : for 450KHz count
FMIFC pin : for 10.7MHz count

Idle mode

Standby Function Power-down mode

Reset by RESET pin
Reset Reset by Vdet circuit
Vdet circuit: Detection of less than 2.7V (Normal operation mode)

VDD = 4.5V to 5.5V (with PLL operating)

Power Supply Voltage VDD > 1.8V (Data retention mode)
System Clock Main system clock : 7.2MHz or 4.5MHz
Package 80 pin plastic MQFP
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1.4 Pin Description
Pin Port Alternatives Functions Reset
Names | Names
72 P0.0 INTO
;2 Eg; :mi; IE:S)-i:lt general purpose bidirectional P0.0 - P0.6 is External Interrupt
75 P0.3 INT3 Input and output mode selected by input pln'. o
76 PO.4 INT4 8-bit Port Mode Register. levelffalling detect : 2 pin Input
77 P0.5 INT5 In Input mode, pin can use on-chip :Sge;/iesdg:edeé?gék 5u‘;mut
78 PO0.6 INT6 pullup resister by software. ' P putput.
79 P0.7 BEEP
80 P1.0 TO/N-ch | 8-bit general purpose bidirectional Efgff‘”Me;;%e\;‘ drain (P1.0 -
! P1.1 T1/N-ch Pin P1-0 —-P1 2. in can use Timer
2 P1.2 T2/N-ch Input and output mode selected by in -ut in <P
3 P1.3 TxD/N-ch | 8-bit Port Mode Register. TfD ng . Asvnchronous serial | Inout
4 P1.4 RxD Open-drain mode selected by data‘ pin - Asy P
5 P1.5 SO1 Open-drain control register )
6 P1.6 S In Input mode, pin can use on-chip Selliﬁdoalfgn?aci)./(m;ronous
7 P1.7 SCK1 pullup resister by software. P
8 TstEn Ground This pin is oniy ground. GND
Chip test pin
4-bit general purpose bidirectional
9 P2.0 S0O2 Pin )
10 P2.1 SI2 Input and output mode selected by iﬁi’ausc?azt,asgnzzc.lci:)ll(ncgronous Inout
11 P2.2 SCK2 4-bit Port Mode Register. P2 3 pin can use Timzr inout oin P
13 P2.3 T2EX In Input mode, pin can use on-chip <P putp
pullup resister by software.
DC
Supply Voltage is 5V +/- 10%.
12 VDD1 In Power down mode, RAM data guaranteed until 1.8V
56 VDD2 All VDD pin is connected in system. )
70 VDD3 VDD1 : 1/0 VDD, VDD?2 : core, analog VDD, VDD3 : PLL, IFC VDD
VDD2 also use AVref+(A/D converter reference voltage input pin ).
In AD converter, signal from ANIO ~ ANI7 change to digital signal by ref-
erence between AVref+ and VSS.
14 VSS1 Ground
55 VSS2 VSS1 : 1/0 GND, VSS2 : core, analog GND, VSS3 : PLL, IFC GND -
67 VSS3
15 Xout Main system clock output pin
16 Xin Crystal oscillator input pin for main system clock
17 RESET Chip reset pin
18 BIAS LCD bias voltge input pin.
;g xgt? LCD driver power supply pins. The voltage on each pin is
o1 VCL2 VCL2>VCL1>VCLO
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HMS91C8232/97C8232
gg ggmg SEG31 LCD common signal output pins. Also, the pinx of COM1, COM2 and
o4 COM?2 SEG30 COMS are shared with LCD segment signal outputs of SEG31, SEG30,
o5 COM3 SEG29 SEG29 as application requirement
26 P3.0 SEGeg | ooitgeneralpurpose bidiredtional |y op segment output pins.
27 P3.1 SEG27 Input and outout mode selected b If pins are not used by LCD seg-
28 P3.2 SEG26 S-Eit Port Moge Reqister Y| ment output signal output, can Input
29 P3.3 SEG25 In Inout mode. pin gan uée on-chi use to general-purpose bidirec-
30 P3.4 SEG24 put mode, p P | tional pin.
pullup resister by software.
31 P4.0 SEG23
gg ij; géggf |Ei—irtzlt general purpose bidirectional LCD segment output pins.
34 P4.3 SEG20 Input and Output mode selected by If pins are not.used by LCD seg-
35 P4.4 SEG19 | 8-bit Port Mode Register. ment output signal output, can Input
36 P4.5 SEG18 In Input mode, pin can use on-chip Ecs)ﬁatlo gi;sneral-purpose bidirec-
37 P4.6 SEG17 pullup resister by software. pin.
38 P4.7 SEG16
39 P5.0 SEG15
2(1) ﬁg; gggg |Ei—irtzlt general purpose bidirectional LCD segment output pins.
42 P5.3 SEG12 Input and output mode selected by If pins are not_used by LCD seg-
43 P5.4 SEG11 | 8-bit Port Mode Register. ment output signal output, can Input
44 P5.5 SEG10 In Input mode, pin can use on-chip Ezﬁ; ?ﬁ”era"p“rpose bidirec-
45 P5.6 SEG9 pullup resister by software. pin.
46 P5.7 SEGS8
47 P6.0 SEG7
48 P6.1 SEG6 8-bit general purpose bidirectional
49 P6.2 SEG5 Pin LCD segment output pins.
50 P6.3 SEG4 Input and output mode selected by | If pins are not used by LCD seg- Inout
51 P6.4 SEG3 8-bit Port Mode Register. ment output signal output, can P
52 P6.5 SEG2 In Input mode, pin can use on-chip | use to general-purpose bidirec-
53 P6.6 SEGH1 pullup resister by software. tional pin.
54 P6.7 SEGO
57 P7.0 ANIO
58 P7.1 ANI1 8-bit general purpose bidirectional ﬁ/DUtcoinnver‘[er 8-channel analog
59 P72 ANI2 Pin If pin iz not used by A/D converter
60 P7.3 ANI3 Input and output mode selected by | . P Y
61 P7.4 ANI4 8-bit Port Mode Register. input, can use to general-purpose | Input
62 P7.5 ANI5 In Input mode, pin can use on-chip :)r:dt(tasltc;cl)tgalepi:;’-\Nlo _ANI7 s
63 P7.6 ANI6 pullup resister by software. P 9
64 P77 ANI7 between Avref+ and VSS.
65 AMIFC AM IF input pin
66 FMIFC FM IF input pin
68 VCOH FM band VCO frequency input pin
69 VCOL AM band VCO frequency input pin
Error output pin in PLL part (charge pump output)
71 EO If tuning freq. = VCO freq., EO pin is floating.
If tuning freq. > VCO freq., EO pin is high.
If tuning freq. = VCO freq., EO pin is low.
4 APR. 2005 Ver1.2
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1.5 Pin Diagram

. 3 5
i © © ¥ ™ N + © & a
oWl EEEEEEE 8
F o Z2 2 2 2 2 Z2 2 m Jd T o OO
S KR 8 - § & & = & 0298 ¢ § "E"
i e &R EERRRBWSSSSE <
4 8 RRRKLCEREIRLRRTIR B B8 8 8
T1/P1.1 1 haad . 64 | P7.7/ANI7
Open Drain
T2/P1.2 2 (Pl 0~P1 3) 63 | P7.6/ANI6
TXD/P1.3 3 62 | P7.5/ANI5
RXD/P1.4| 4 61 | P7.4/ANI4
SO1/P1.5| 5 60 | P7.3/ANI3
SI1/P1.6 | 6 59 | P7.2/ANI2
SCK1/P1.7 7 58 | P7.1/ANI1
(Connect VDD) TSTEN | g 57 | P7.0/ANIO
S02/P2.0 | ¢ 56 |VvDD2 (Core+ADC)
SI2/P2.1 | 10 55 | VSS2 (Core+ADC)
scK2/P2.2 | 14 H M 891 C8 23 2 54 | P6.7/SEGO
T2EX/P2.3 | 13 52 | P6.5/SEG2
(CPUI/O)VSS1 | 14 51 | P6.4/SEG3
Xout | 15 50 | P6.3/SEG4
Xin| 16 49 | P6.2/SEG5
RESET | 17 48 | P6.1/SEG6
BIAS | 18 47 | P6.0/SEG7
VCLO | 19 46 | P5.7/SEG8
VCL1 | 20 45 | P5.6/SEG9
VCL2 | 21 44 | P5.5/SEG10
COMO | 22 43 | P5.4/SEG11
COM1/SEG1 | 23 42 | P5.3/SEG12
COM2/SEG2 | 24 41 P5.2/SEG13
[Ye] © N~ [e0) [e)] o ~— N (423 < Y9} «© N~ [o0] (o)) o
N N N N N [s2] ™ (a2 ™ [a] ™ [s] [s2] ™ [s2] <
[=;] -] ~ © n < [2¢] N - (=] » (<] ~ ©o n <t
N N N N N N N N N N - - - - - -
O 0 0 0 0 0 0000 0 00000
w w w o w ow ow w w ow w o w w w ow ow w
O N N HDh BB DD N AND DB DDA
M & = d M § 6 - d M F 8 © 8 & «
= 0 o 0 v o F F fF fF F fF F F B 0
[ @ T ~ T « T T« O « T« T« O = T T < O - T T T - - B
o

Figure 1-1 HMS9XC8232 Pin Diagram

APR. 2005 Ver1.2 5



HMS91C8232/97C8232

MagnaChip=’

2. MEMORY ORGANIZATION

All HMS91C8232 devices have separate address spaces for pro-
gram and data memory. The logical separation of program and
data memory allows the data memory to be accessed by 8-bit ad-
dresses, which can be quickly stored and manipulated by an 8-bit
CPU.

Program memory (ROM) can only be read, not written to. There
can be up to 32K bytes of program memory. In the
HMS9XC8232 devices, the Program Memory is provided
on-chip.

Data Memory (RAM) occupies a separate address space from
Program Memory. In the HMS9XC8232, the data memory is
on-chip.

2.1 Program Memory

Figure 2-1 shows a map of the lower part of the Program Memo-
ry. After reset, the CPU begins execution from location 0000H.

As shown in Figure 2-2, each interrupt is assigned a fixed loca-
tion in Program Memory. The interrupt causes the CPU to jump
to that location, where it commences execution of the service rou-
tine. External Interrupt 0, for example, is assigned to location
0003H. If External Interrupt 0 is going to be used, its service rou-
tine must begin at location 0003H. If the interrupt is not going to
be used, its service location is available as general purpose Pro-
gram Memory.

The interrupt service locations are spaced at 8-byte intervals :
0003H for External Interrupt 0, 000BH for Timer 0, 0013H for
External Interrupt 1, 001BH for Timer 1 and etc. If an interrupt
service routine is short enough (as is often the case in control ap-
plications), it can reside entirely within that 8-byte interval.
Longer service routines can use a jump instruction to skip over
subsequent interrupt locations, if other interrupts are in use.
Program Memory addresses are always 16bits wide, even though
the actual amount of Program Memory used may be less than 32K
bytes.

7FFFH

32Kbyte

0000H

Figure 2-1 Program Mamory

\\'\]\
r [~
— 008BH
° [}
° °
[ ] [ J
[ ] [ J
Interrupt i °
Location 9 > 0013H
8 Bytes
—> 000BH
¥—> 0003H
Reset —— 0000H

Figure 2-2 Interrupt Location of Program Memory

2.2 Data Memory

HMS9X(C8232 has two data memory access schemes. User can
select one of the data memory access schemes with the
DTS _MODE bit of CPUMD SFR. When the DTS MODE bit is
set to LOW, the internal 1K data ram is accessed with the same
method to HMS9XC8032.

Figure 2-3, Figure 2-5 and Figure 2-6 shows the Memory spaces
available to the HMS9XC8232 user when DTS MODE bit is set
to LOW. HMS9XC8232 can address up to 1kbytes of data mem-
ory. 10bits address is configured as follows.

10bits address for READ memory operation = 2bits of RDPG +
8bits of implied address in instruction

10bits address for WRITE memory operation = 2bits of WRPG +
8bits of implied address in instruction

(Where, 0 =< RDPG, WRPG =< 6)

(CAUTIONS: A valid value which can be stored in RDPG and
WRPG must be from 0 to 6. 7 is reserved for indirect addressable
memory region.(upper 128bytes region) A programmer who set
RDPG/WRPG to 7 or greater than 7 will get the invalid memory
operation results. )

APR. 2005 Ver1.2
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7JFHF -~ ~—~—~
1 1
1 1
Upper | Accessible Accessible
128 by Indirect \ by Direct
. Addressing Addressing
| Only
e RDPG
l WRPG
o o o
v
—
7FH
Accessible
Lower | Accessible e o o | by Direct
128 | by Direct Addressing
Addressing
00H

Figure 2-3 Data Memory Structure

Data memory consists of 7 pages, and each page can store
128bytes. According to the value of RDPG(FCH) and WR-
PG(FDH), HMS9X (8232 selects working memory page. Figure
2-4 shows the generation method of internal data memory ad-
dress. For example, to read from data memory, HMS9XC8232
references the content of RDPG, generates 10bits address and ac-
cesses the corresponding data. The following two cases are
equivalent.

MOV 00H,A 1)
MOV RO,A  2)

80H

FFH

No Bit-Addressable Spaces

RDPG [2: 0]

3 RAM Read Address

»
»

10

Implied address of instruction

7

WRPG [2: 0]

3
RAM Write Address
»

»

10

Implied address of instruction

7

Figure 2-4 Data Memory Address Generation Method

APR. 2005 Ver1.2
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7FH 7FH
Bit-Addressable Bit-Addressable
2FH 2FH
e [ = [
Bits _l 20H J (Bit Addresses 0-7F) Bits _l 20H J (Bit Addresses 0-7F)
in PSW 11{ IFA in PSW 11{ 1FH
18H e 6 o o 18H
17 17H
10{ 10H 4 Banks of 10{ 10H 4 Banks of
8 Registers ’ 8 Registers
o1 OFH RO-R7 01 OFH RO-R7
08H 08H
P Reset Value of
00 o7H| Stack Pointer 00 07H
0 J 0 J
Page 0 Page 6

Figure 2-6 Page0 ~ Page6 of Internal RAM

When the DTS_MODE bit of CPUMD SFR is set to HIGH, the
internal 1K RAM can be accessed by the page scheme which is
similar to HMS9XC8232 or MOVX instruction. In the page
scheme, the only different point from HMS9XC8032 is that
WRPG SFR is ignored and RDPG SFR determines both of write
page and read page. Figure 2-7 shows the data memory address
space. User can access the memory area from pagel to page6
with movx instructions. Figure 2-7 also shows the address rela-
tion between movx instruction and the page scheme. For exam-
ple, addresses 103h, 27F of movx instruction correspond to
address 3h of page 3 and 7Fh of page 5, respectively. If the oper-
and address of movx instruction is greater than 2FFh, it is wrap
arounded with the following equation

address = address % 300h

The value of DPTR determines the operand address of MOVX
DPTR type instruction. In MOVX ri type instruction RO or R1 de-
termines the lower 8 bits of operand address and the least signif-
icant 2 bits of port 2 output register(P2DATA SFR) determine the
MSB 2 bits.

The region of LCD display data is from 2EOh to 2FFh for MOVX
address or from 60h of page6 to 7Fh of page6 for page address. A
programer can use this region for general data areas if don’t use
LCD driver

2.3 Special Function Register

Unlike Intel 805X series, HMS9XC8232 has two SFR pages. If
the content of SFRPG (address:FFH) is clear to 00H(01H),
HMS9XC8232 assumes working SFR page to SFR page 0(1).
Byte-addressing only registers in SFR pages have the same ad-
dress in each SFR pages, but bit addressing registers in SFR page
0 and SFR page 1 are different except ACC, B and PSW.

The Port Data registers are located to SFR pagel, and the Periph-
eral Control registers to SFR page0. Refer to "4. SPECIAL
FUNCTION REGISTERS" on page 76.

APR. 2005 Ver1.2
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FFh T . . . | 7F h
LCD display data T
2EOh . 60h  paoe
2DFh 5Fh
280h 00h
27Fh 7Fh
Page 5
200h 00h
IFFh “7Fh
Page 4
180h 00h
17Fh TFh P
age address
MOVX Page 3 8
address 100k 00h
OFFh TFh
Page 2
080h 00h
07Fh TFh
Page 1
000h _ _ .00h
7Fh 7Fh
Accessible by direct
00h and indirect addressing 00h Page 0
FFh ' FFh
Accessible by indirect
addressing only
80h (GIM) 80h

Figure 2-7 Data memory address space when the DTS_MODE bit of CPUMD SFR is set to HIGH.

3. HARDWARE DESCRIPTION
This chapter provides a detailed description of the HMS9XC8232 microcontroller (see Figure 3-1) included in this description are the:
* PLL
« ADC
* LCD driver

¢ Interrupts

* Clock Genernation Block

» Special Function Registers
* Timers/Counters

* Serial Interface (UART)

» Standard Serial Interface (S101, SI02)

¢ Port Structure
* Watch Dog Timer
* Buzzer

¢ |[F Counter

APR. 2005 Ver1.2
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¢ Power-On Reset
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RAM A_ddress |\ RAM ROM <:
Register v
ve| L 10 il
vss| |
- -
ey It it
ACC Stack
Pointer
ll S Z e Program
B Address ":
Register T™MP2 TMP1 Register
A\
Power Fail v N—/ Buffer c:;\
Detector ALU \—
PC
. Incrementer N
LCD Driver & Peripheral Control
Controller S Register Blocks
PSW Program c:;\
~ Counter
Timing S5 ] < _~ II i i
=2 |4 Z
And —f 33 —N\ opTR ®
Control | & @ |V ﬁ {} 4
4
Ports Latchs Peripheral Blocks
Oscillator il
PLL || IFC ||ADC| | SIO | JUART]| |Timer| |WDT||LCD
Ports Drivers <: > 0~5
XTAL1 XTAL2
|
+—i— XXX
I yYvy Y
-L_ PO ®©®©®@©® O P7

Figure 3-1 HMS9XC8232 Architecture
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3.1 Clock Generation Block

Software can control the system clock speed of HMS91C8232
CMOD[2: lect t lock
with the SCMOD register. the SCMOD register determine sys- SCMODi2:0] Select system cloc
tem clock speed and clock source. Figure 3-2 shows the block di- 0 0 0 fxx
agram of the system clock generation block.
0 0 1 fxx /2
Guideline on the CPU clock speed 0 1 0 | fxx/4
For determining the speed of CPU clock(fcpy), the following 0 1 1 fxx / 8
constraints should be satisfied.
. . . 1 0 0 fxx /16
The maximum counting rate of timer0~4 in counter mode, should XX
be less than or equal to (1/6)fcpy 1 0 1 fxx /32
The maximum timer clock rate of timer0~4 in timer mode should 1 1 0 fxx / 64
be less than or equal to (1/2)f-py NOTE:
SCMOD: SELECT CLOCK MODE. : 80H
| - | - | - | scsTop [ scCSeL | scmoD2 | sCMOD1 [ SCMODO
- SCMOD.7 Reserved for future use *
- SCMOD.6 Reserved for future use *
- SCMOD.5 Reserved for future use *
SCSTOP SCMOD.4 Software control of the main system oscillator. A logic 1 pulls down the main
system oscillator (7.2MHz). Set is oscillator stop.
SCSEL SCMOD.3 Main system clock selection bit. If user uses 4.5MHz clock for main system clock, must
set this bit. 0:7.2 MHz, 1 : 4.5 MHz
SCMOD2 SCMOD.2 See NOTES
SCMOD1 SCMOD.1 See NOTES
SCMODO0 SCMOD.0 See NOTES
» PLL Clock
£ fosc
MOSC fyx
» 12 I’ » Watchdog Clock
(Main Oscillator Clock) .
7.2MHz or 4.5MHz (Oscillator l
Clock) 1/2 ﬂ‘
"
18 —>p
> LCD fCPU
A
1116 > (CPU Clock)
»| Timer5
132 [—»
L 164 -
SCMODO0,1,2

Figure 3-2 System Clock Generation Block
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3.2 Machine Cycles

A machine cycle consists of a sequence of 6 states, numbered S1
through S6. One machine cycle period vary according to the SC-
MOD register value. Refer to Figure 3-3

Each state is divided into a Phase 1 half'and a Phase 2 half. Figure
3-3 shows that fetch/execute sequences in states and phases for
various kinds of instructions. Normally two program fetches are
generated during each machine cycle, even if the instruction be-
ing executed doesn't require it. If the instruction being executed
doesn't need more code bytes, the CPU simply ignores the extra

fetch, and the Program Counter is not incremented.

Execution of a one-cycle instruction (Figure 3-3) begins during
State 1 of the machine cycle, when the opcode is latched into the
Instruction Register. A second fetch occurs during S4 of the same
machine cycle. Execution is complete at the end of State 6 of this
machine cycle.

S4 | S5 S6 | S1
CPU Cloc |P1P2 P1P2] P1P2 P1P2] P1P P1P2 P1P2] P1P P1P P1P2 P1P2 P1P2 P1P
(fepu) | |
Read next
Read opcode. opcode Read next opcode again.
J J(discard). J
S1 |S2 |S3 |S4 S5 S6
a. 1-byte, 1-cygle instruction, e.g., INC A
J Read opcode. J Read 2nd byte. J Read next opcode.
S1 | S2 | S3 S4 | S5 S6
b. 2-byte, 1-cy¢le Instruction, e.g., ADD A, #data
Read next ;
IRead opcode. opcode (discafd) Read next opcode 391“-
S1 |S2 |S3 | S4 S5 S6 | S1 |S2 [S3 | S4 S5 S6
c. 1-byte, 2-cycle instruction, e.g., INC DPTR

Figure 3-3 State Sequence in HMS9XC8232 Devices
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3.3 Timer/Counters (Timer0, Timer1 and Timer2)

The HMS9XC8232 has five 16-bit Timer/Counter registers: Tim-
er 0, Timer 1, Timer2, Timer 3 and Timer 4. All of them can be
configured to operate either as timers or event counters. In this
chapter, Timer0, Timerl and Timer2 which are compatible with
Intel 8052 are described. Timer3 and Timer4 are described in
Part C: Timer/Counters (Timer3 and Timer4) chapter.

In the "Timer" function, the register is incremented every ma-
chine cycle. Thus, one can think of it as counting machine cycles.
Since a machine cycle consists of 6 CPU clock periods, the count
rate is 1/6 of the CPU clock frequency.

In the "Counter" function, the register is incremented in response
to a 1-to-0 transition at its corresponding external input pin, TO or
T1. In this function, the external input is sampled during S5P2 of
every machine cycle. When the samples show a high in one cycle
and a low in the next cycle, the count is incremented. The new
count value appears in the register during S2P1 of the cycle fol-

lowing the one in which the transition was detected. Since it takes
2 machine cycles (12 CPU clock periods) to recognize a 1-to-0
transition, the maximum count rate is 1/12 of the CPU clock fre-
quency. There are no restrictions on the duty cycle of the external
input signal, but to ensure that a given level is sampled at least
once before it changes, it should be held for at least one full cycle.
In addition to the "Timer" or "Counter" selection, Timer 0 and
Timer1 have four operating modes from which to select.

Timer 0 and Timer 1

The "Timer" or "Counter" function is selected by control bits C/
T in the Special Function Register TMOD. These Timer/Counters
have four operating modes, which are selected by bit-pairs (M1,
MO0) in TMOD. Modes 0, 1, and 2 are the same for Timers/
Counters. Mode 3 is different. The four operating modes are de-
scribed in the following text.

(MSB) (LSB)
TF1 TR1 TFO TRO IE1 IT1 IEO ITO
Symbol Position Name and Significance Symbol Position Name and Significance

TF1 TCON.7 Timer 1 overflow flag. Set by hardware IE1 TCON.3 Interrupt 1 Edge flag. Set by hardware
on Timer/Counter overflow. Cleared by when external interrupt edge
hardware when processor vectors to detected. Cleared when interrupt
interrupt routine. Processed.

1T TCON.2 Interrupt 1 Type control bit. Set/

TR1 TCON.6 Timer 1 Run control bit. Set/cleared by cleared by software to specify falling

software to turn Timer/Counter on/off. Edge/low level triggered external
Interrupt.

TFO TCON.5 Timer 0 overflow flag. Set by hardware IEO TCON.1 Interrupt O Edge flag. Set by hardware
on Timer/Counter overflow. Cleared by when external interrupt edge
hardware when processor vectors to detected. Cleared when interrupt
interrupt routine. Processed.

ITO TCON.O Interrupt 1 Type control bit. Set/
TRO TCON.4 Timer 0 Run control bit. Set/cleared by cleared by software to specify falling
software to turn Timer/Counter on/off. Edge/low level triggered external
Interrupt.
Figure 3-4 TCON Control Reigster
Mode 0 Special Function Register TCON (TCON Control Reigster).

Putting either Timer into Mode 0 makes it look like an 8048 Tim-
er, which is an 8-bit Counter with a divide-by-32 prescaler. Fig-
ure 3-6 shows the Mode 0 operation as it applies to Timer 1.

In this mode, the Timer register is configured as a 13-bit register.
As the count rolls over from all 1s to all Os, it sets the Timer in-
terrupt flag TF1. The counted input is enabled to the Timer when
TR1 =1 and either GATE = 0 or /INT1 = 1. (Setting GATE =1
allows the Timer to be controlled by external input /INT1, to fa-
cilitate pulse width measurements). TR1 is a control bit in the

Mode 1

Mode 1 is the same as Mode 0, except that the Timer register is

APR. 2005 Ver1.2

GATE is in TMOD.

The 13-bit register consists of all 8 bits of TH1 and the lower 5
bits of TL1. The upper 3 bits of TL1 are indeterminate and should
be ignored. Setting the run flag does not clear the registers.

Mode 0 operation is the same for the Timer 0 as for Timer 1. Sub-
stitute TRO, TFO, and /INTO for the corresponding Timer 1 sig-
nals in Figure 3-6. There are two different GATE bits, one for
Timer 1 and one for Timer 0.

being run with all 16 bits.
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HMS91C8232/97C8232
(MSB) (LSB)
Gate cIT M1 Mo Gate CIT M1 Mo
1N A )
Vo '
Timer 1 Timer 0
Gate Gating Control when set. Timer/Counter M1 MO Operating
"X" is enabled only while "INTX" pin is high
and "TRx" control pin is set. When -
cleared Timer "x" is enabled whenever 0 0 13-bit Timer/Counter
TRX" control bitis set. 0 ] 16-bit Timer/Counter "THx" and "TLx" are

cascaded : there is no prescaler.

C/T=0

C/T Timer or Cgunter Sele'ctor cleared for Timer 1 0 8-bit auto-reload Timer/Counter "THx" holds
operation (imput from internal system clock). a value which is to be reloaded into "TLx"
Set for Counter operation (input from "Tx" each time it overflows
input pin). '

1 1 (Timer 0) TLO is an 8-bit Timer/Counter
controlled by the standard Timer O control
bits. THO is an 8-bit timer only controlled by
Timer 1 control bits.

1 1 (Timer 1) Timer/Counter 1 stopped.

Figure 3-5 TMOD Register
fepy +6

TL1 TH1

CIT =1
T1 Pin —T T

TR1

Gate

mpinf

Control

TF1

—> Interrupt

(8-Bits) (8-Bits)

Figure 3-6 Timer/Counter Mode 0: 13-bit Counter

Mode 2

Mode 2 configures the Timer register as an 8-bit Counter (TL1)
with automatic reload, as shown in Figure 3-7. Overflow from
TL1 not only sets TF1, but also reloads TL1 with the contents of
TH1, which is preset by software. The reload leaves TH1 un-
changed.Mode 2 operation is the same for Timer/Counter 0.

Mode 3

Timer 1 in Mode 3 simply holds its count. The effect is the same
as setting TR1 =0.

Timer 0 in Mode 3 establishes TLO and THO as two separate

14

counters. The logic for Mode 3 on Timer 0 is shown in Figure 3-8.
TLO uses the Timer 0 control bits: C/T, GATE, TR0, INTO, and
TFO0. THO is locked into a timer function (counting machine cy-
cles) and takes over the use of TR1 and TF1 from Timer 1. Thus,
THO now controls the "Timer 1" interrupt.

Mode 3 is provided for applications requiring an extra 8-bit timer
on the counter. With Timer 0 in Mode 3, an HMS9XC8232 can
look like it has three Timer/Counters. When Timer 0 is in Mode
3, Timer 1 can be turned on and off by switching it out of and into
its own Mode 3, or can still be used by the serial port as a baud
rate generator, or in fact, in any application not requiring an inter-
rupt.

APR. 2005 Ver1.2
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fopu +6 1
CcIT=0
oﬂ TL.1 » I Interru
] N (8-Bits) TF1 Interrupt
T1 Pin Control
Reload
TR1
Gate TH1
(8-Bits)
INT1 Pin f

Figure 3-7 Timer/Counter Mode 2: 8-bit Auto-reload

fepu +6 j
CIT=0 _
o o7 | TLO TFO > Interrupt
(8-Bits)
CIT =1
TO Pin Control
TRO
Gate
INTO Pin f
f - \ THO
CPU -6 0/ (8-Bits) TF1 ——> Interrupt
Control
TR1T —m——

Figure 3-8 Timer/Counter Mode 3: Two 8-bit Counters

Timer 2

In addition to timer/counter 0, 1, 3 and 4 of the HMS9XC8232,
the HMS9XC8232 contains timer/counter 2. Like timer 0, 1, 3
and 4, timer 2 can operate as either an event timer or as an event
counter. This is selected by bit C/T2 in the special function regis-
ter T2CON (see Figure 3-9). It has three operating modes: cap-
ture, auto-load, and baud rate generator, which are selected by
bits in the T2CON as shown in Table 3-1.In the Capture Mode
there are two options which are selected by bit EXEN2 in
T2CON. if EXEN2 = 0, then Timer 2 is a 16-bit timer or counter
which upon overflowing sets bit TF2, the Timer 2 overflow bit,
which can be used to generate an interrupt. If EXEN2 = 1, then
Timer 2 still does the above, but with the added feature that a
1-to-0 transition at external input T2EX causes the current value
in the Timer 2 registers, TL2 and TH2, to be captured into regis-
ters RCAP2L and RCAP2H, respectively. In addition, the transi-

APR. 2005 Ver1.2

tion at T2EX causes bit EXF2 in T2CON to be set, and EXF2 like
TF2 can generate an interrupt. The Capture Mode is illustrated in
Figure 3-10.

In the auto-reload mode, there are again two options, which are
selected by bit EXEN2 in T2CON. If EXEN2 = 0, then when
Timer 2 rolls over it not only sets TF2 but also causes the Timer
2 registers to be reloaded with the 16-bit value in registers
RCAP2L and RCAP2H, which are preset by software. [f EXEN2
=1, then Timer 2 still does the above, but with the added feature
that a 1-to-0 transition at external input T2EX will also trigger the
16-bit reload and set EXF2. The auto-reload mode is illustrated
in Standard Serial Interface (UART)Figure 3-11.

The baud rate generation mode is selected by RCLK = 1 and/or
TCLK = 1. It will be described in conjunction with the serial port.

15
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Timer/Counter 2 Set-up

T2CON do not include the setting of the TR2 bit. Therefore, bit
TR2 must be set, separately, to turn the timer on.

(MSB) (LSB)
TF2 EXF2 RCLK TCLK EXEN2 TR2 ciT2 CP/RL2
Symbol Position Name and Significance

TF2 T2CON.7 Timer 2 overflow flag set by a Timer 2 overflow and must be cleared by software. TF2 will not be set when
either RCLK or TCLK = 1.

EXF2 T2CON.6 Timer 2 external flag set when either a capture or reload is caused by a negative transition on T2EX and
EXEN2 = 1. When Timer 2 interrupt is enabled, EXF2 = 1 will cause the CPU to vector to the Timer 2
interrupt routine. EXF2 must be cleared by software.

RCLK T2CON.5 Receive clock flag. When set, causes the serial port to use Timer 2 overflow pulses for its receive clock in
modes 1 and 3. RCLK = 0 causes Timer 1 overflow to be used for the receive clock.

TCLK T2CON.4 Transmit clock flag. When set, causes the serial port to use Timer 2 overflow pulses for its transmit clock in
modes 1 and 3. TCLK = 0 causes Timer 1 overflow to be used for the transmit clock.

EXEN2 T2CON.3 Timer 2 external enable flag. When set, allows a capture or reload to occur as a result of a negative
transition on T2EX if Timer 2 is not being used to clock the serial port. EXEN2 = 0 causes Timer 2 to
ignore events at T2EX.

TR2 T2CON.2 Start/stop control for Timer 2. A logic 1 starts the timer.

ciT2 T2CON.1 Timer or Counter select. (Timer 2)

0 = Internal timer (fcpu/6)
1 = External event counter (falling edge triggered).

CP/RL2 T2CON.O Capture/Reload flag. When set, capture will occur on negative transition at T2EX if EXEN2 = 1. When
cleared, auto-reloads will occur either with Timer 2 overflows or negative transitions at T2EX when EXEN2
= 1. When either RCLK = 1 or TCLK = 1, this bit is ignored and timer is forced to auto-reload on Timer 2
overflow.

Figure 3-9 Timer/Counter 2 Control Register (T2CON)
RCLK + TCLK CP/RL2 TR2 MODE
0 0 1 16-bit Auto-reload
0 1 1 16-bit Capture
1 1 Baud rate generator
1 0 (off)
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Table 3-1 Timer2 Operating Modes
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f - —
| cry » 6 C2 =0
TL2 TH2
(8-bits) (8-bits) TF2
) CIT2 =1
T2 Pin ‘ Control
TR2
Capture
Timer 2
RCAP2L RCAP2H | Interrupt
Transition
Detector
TEEXPin— ) | > EXF2
‘ Control
EXEN2
Figure 3-10 Timer2 in Capture Mode
| fepu |—'| +6
C/T2 =0 TL2 TH2
= _ (8-bits) (8-bits)
T2Pn — tom2=t ‘
‘ Control
TR2
Reload
RCAP2L RCAP2H |
TF2
Transition
Detector Timer 2
i Interrupt
T2EXPin—» ) » EXF2
‘ Control
EXEN2

Figure 3-11 Timer 2 in Auto-Reload Mode

3.4 Timer (Timer3 and Timer4)

HMS9XC8232 has five 16-bit general-purpose Timer/Counter.
Timer0, Timer1 and Timer2, which are compatible with genuine
8052, are described in "3.3 Timer/Counters (Timer0, Timer1 and
Timer2)" on page 13. It is a clone in functional level between
Timer0 and Timer3, and between Timer4 and Timerl. But

* The fopy and the fy g are shown in Figure 3-2

APR. 2005 Ver1.2

Timer3(Timer4) has a little difference from TimerO(Timer1). It is
that the counter operation is not availabe in Timer3(Timer4).
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fopu/6

B ———

Timer3/Timer4
Counting Clock

Figure 3-12 Clock Counting Sources for Timer3/Counter3 and Timer4/Counter4

(MSB) (LSB)
TF4 TR4 TF3 TR3
Symbol Position Name and Significance Symbol Position Name and Significance
TF4 TCON.7 Timer 4 overflow flag. Set by hardware TCON.3
on Timer/Counter overflow. Cleared by
hardware when processor vectors to
interrupt routine.
TCON.2
TR4 TCON.6 Timer 4 Run control bit. Set/cleared by
software to turn Timer/Counter on/off.
TF3 TCON.5 Timer 3 overflow flag. Set by hardware TCON-1
on Timer/Counter overflow. Cleared by
hardware when processor vectors to
interrupt routine. TCON.O
TR3 TCON.4 Timer 3 Run control bit. Set/cleared by
software to turn Timer/Counter on/off.
Figure 3-13 T34CON Register
(MSB) (LSB)
Gate M1 Mo Gate M1 Mo
“ A J
v v
Timer 4 Timer 3
Gate Gating Control when set. Timer/Counter M1 MO Operating
X" is enabled only while "INTx" pin is high
and "TRx" control pin is set. When 0 0 I
cleared Timer "x" is enabled whenever 13-bit Timer
"TRx" control bit is set. o ; 16-bit Timer “THx” and “TLx” are cascaded :
there is no prescaler.
1 0 8-bit auto-reload Timer “THx” holds a value

which is to be reloaded into “TLx” each time
it overflows

(Timer 3) TL3 is an 8-bit Timer controlled by
the standard Timer 3 control bits. TH3 is an
8-bit timer only controlled by Timer 4 control

bits.

(Timer 4) Timer 4 stopped.
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Figure 3-14 T34MOD Register
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3.5 Timer 5

HMS9XC8232 has the additional 16-bits counter named as
timer5. It can count the number of clock cycles of the counting
clock. One of divided clocks from main oscillator(fMOsC) can be
the counting clock. Unlike other timers, timer5 can count correct-
ly the counting clock irrespective of CPU clock (fCPU). Timer 5
shares the same interrupt vector with timer 4. Thus, user should
not enable timer 5 and timer 4 at the same time. Figure 3-16
shows the block diagram of timer 5. TSCSEL[2:0] bit-field of
T5CON SFR selects the counting clock, clk_sel. Figure4-15
shows the relation between counting clock and TSCSEL[2:0]. As
Figure 3-16 shows when timer 5 is disabled ( TSENB flag of
T5CON SFR is 0) , the counting clock, count_clk , is stuck to 0.
THS. and TL5 registers are the MSB 8-bits and the LSB 8-bits of

16-bit counter register, respectively. When it is detected that the
positive edge of TSENB flag or timer 5 overflows occurs,
TSINITH and TSINITL registers are loaded into THS. and TLS
registers, respectively. The timer 5 overflow can be configured as
8-bit or 16-bit overflow with TSOVC flag of TSCON SFR. When
it configured as 8-bits overflow(T5OVC=0), whenever overflow
from 8-th bit of TLS occurs, TFS flag of TSCON SFR is set to 1
by hardware and timer 4 interrupt requst occurs. When it config-
ured as 16-bits oveflow(T5OVC=1), whenever overflow from
8-th bit of THS. occurs, TF5 flag of TSCON SFR is set to 1 by
hardware and timer 4 interrupt requst occurs.

T5CSEL[2:0] Counting clock Frequency
000 fyvosc/32 225Khz
001 fyvosc/64 112.5Khz
010 fMoqc/128 56.25Khz

Assume that fusoc = 7.2Mhz

Figure 3-15 Timer5 counting clock selection

T5CSEL[2:0]

TSINITL[0:7]

TSINITH[0:7]

T5ENB

reload

fos/2'S 0 [ |

fyosc /276 1
—>
fyosc /27 2

7

THS5 [0:7]

. count_clk R
MOSC M ik sel ) »| TL5[0:7]

overflow8

overflow16

T50\VC

TF5 --> interrupt

Figure 3-16 Timer 5 block diagram
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T5CON: TIMERS CONTROL REGISTER. NOT BIT ADDRESSABLE : 9DH

T5EN TF5 T50VC - - TS5CSEL2 | TSCSEL1 | TSCSELO

T5EN T5CON.7 Timer 5 enable flag. When this flag is set to 1, Timer 5 is enabled. Otherwise Timer5 is disabled. After
reset, TSEN flag is set to 0.

TF5 T5CON.6 Timer 5 Overflow flag. Set by hardware when the Timer5 overflows. After reset, TF5 flag is set to 0.

T50VC T5CON.5 Timer 5 overflow condition flag. When the flag is set to 1, TF5 flag is set to high and timer 4 interrupt
occurs when overflow occurs from 16-th bit of 16 bits TSREG register. When the flag is set to 1,TF5
flag is set to high and timer 4 interrupt occurs when overflow occurs from 8-th bit of TSREG register.
After reset, TSOVC flag is set to 0.

T5CSEL T5CON.2 Timer 5 counting clock selection bit. This field determines the counting clock of timer 5. Refer the table

below. After reset, TSCSEL[2:0] is set to 000.

TS5INITL / TSINITH: TIMERS INITIALIZATION REGISTERS. NOT BIT ADDRESSABLE : 9EH,9FH

TSINITL7

TSINITLE

TSINITLS | TSINITL4 | TSINITL3 | TSINITL2 | TSINITL1 | TSINITLO

TSINITH7

TSINITHG

TSINITH5 | T5INITH4 | TSINITH3 [ TSINITHZ2 | TSINITH1 | TSINITHO

The TSINITL and T5INITH SFRs are used to initialize timer 5 counter registers, TL5 and THS., respectively.
When TSCON.7 flag goes to 1 from O or timer 5 overflow occurs, the 16-bits value of TSINITH and TSINITL is loaded into
16-bits timer 5 counting register THS. and TLS, respectively.

TL5/ TH5: TIMERS LOW / HIGH COUNTING REGISTERS. NOT BIT ADDRESSABLE : 96H,97H

TLS.7

TL5.6

TL5.5 TL5.4 TL5.3 TL5.2 TL5.1 TL5.0

THS5.7

THS5.6

THS5.5 TH5.4 TH5.3 THS5.2 TH5.1 THS5.0

The TLS and THS SFRs are the 16-bits timer 5 counter register. The TLS is lower 8-bits counter register and the
THS is upper 8-bits counter register. When TSCON.7 flag goes to 1 from 0 or timer 5 overflow occurs, the 16-bits value of
TSINITH and TSINITL is loaded into 16-bits timer 5 counting register TH5 and TLS, respectively.

20
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3.6 Standard Serial Interface (UART)

The serial port is full duplex, meaning it can transmit and receive
simultaneously. It is also receive-buffered, meaning it can com-
mence reception of a second byte before a previously received
byte has been read from the register. (However, if the first byte
still hasn't been read by the time reception of the second byte is
complete, one of the bytes will be lost.) The serial port receive
and transmit registers are both accessed at Special Function Reg-
ister SBUF. Writing to SBUF loads the transmit register, and
reading SBUF accesses a physically separate receive register.

The serial port can operate in 4 modes:

Mode 0: Serial data enters and exits through RxD. TxD outputs
the shift clock. 8 bits are transmitted/received (LSB first). The
baud rate is fixed at 1/6 the CPU clock frequency.

Mode 1: 10 bits are transmitted (through TxD) or received
(through RxD) : a start bit ( 0 ), 8 data bits (LSB first), and a stop
bit (1). On receive, the stop bit goes into RBS in Special Function
Register SCON. The baud rate is variable.

Mode 2: 11 bits are transmitted (through TxD) or received
(through RxD) : start bit (0), 8 data bits (LSB first), a program-
mable 9th data bit, and a stop bit (1). On Transmit, the 9th data
bit (TB8 in SCON) can be assigned the value of 0 or 1. Or, for
example, the parity bit (P, in the PSW) could be moved into TBS.
On receive, the 9th data bit goes into RBS8 in Special Function
Register SCON, while the stop bit is ignored. The baud rate is
programmable to either 1/16 or 1/32 the CPU clock frequency.

Mode 3: 11 bits are transmitted (through TxD) or received
(through RxD) : a start bit (0), 8 data bits (LSB first), a program-
mable 9th data bit, and a stop bit (1). In fact, Mode 3 is the same
as Mode 2 in all respects except baud rate. The baud rate in Mode
3 is variable.

In all four modes, transmission is initiated by any instruction that
uses SBUF as a destination register. Reception is initiated in
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Mode 0 by the condition RI =0 and REN = 1. Reception is initi-
ated in the other modes by the incoming start bit if REN = 1.

Multiprocessor Communications

Modes 2 and 3 have a special provision for multiprocessor com-
munications. In these modes, 9 data bits are received. The 9th one
goes into RB8. Then comes a stop bit. The port can be pro-
grammed such that when the stop bit is received, the serial port
interrupt will be activated only if RB8 = 1. This feature is enabled
by setting bit SM2 in SCON. A way to use this feature in multi-
processor systems is as follows:

When the master processor wants to transmit a block of data to
one of several slaves, it first sends out an address byte which
identifies the target slave. An address byte differs from a data
byte in that the 9th bit is 1 in an address byte and 0 in a data byte.
With SM2 = 1, no slave will be interrupted by a data byte. An ad-
dress byte, however, will interrupt all slaves, so that each slave
can examine the received byte and see if it is being addressed.
The addressed slave will clear its SM2 bit and prepare to receive
the data bytes that will be coming. The slaves that weren't being
addressed leave their SM2s set and go on about their business, ig-
noring the coming data bytes.

SM2 has no effect in Mode 0, and in Mode 1 can be used to check
the validity of the stop bit. In a Mode 1 reception, if SM2 = 1, the
receive interrupt will not be activated unless a valid stop bit is re-
ceived.

Serial Port Control Register

The serial port control and status register is the Special Function
Register SCON, shown in Figure 3-17. This register contains not
only the mode selection bits, but also the 9th data bit for transmit
and receive (TB8 and RB8), and the serial port interrupt bits (TI
and RI).
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(MSB) (LsB)
SMO0 SM1 sSM2 REN TB8 RB8 TI RI
Where SMO0, SM1 specify the serial port mode, as follows :
SMo SM1 Mode Description Baud Rate TB8 The 9th data bit that will be transmitted in modes
0 0 0 Shift Register fCPU/G 2 and 3. Set or clear by software as desired.
0 1 1 8-Bit UART variable RB8 In modes 2 and 3, is the 9th data bit that was
. f /32 received. In mode 1, If SM2 = 0, RB8 is the stop
1 0 2 8-Bit UART 'CglrJ bit that was received. In mode 0, RB8 is not used.
. . Transmit interrupt flag. Set by hardware at the end
TI
1 1 3 9-Bit UART variable of the 8th bit time in mode 0, or at the beginning of
the stop bit in the other modes, in any serial
SM2 enables the multiprocessor communication feature in transmission. Must be cleared by software.
mode2 and 3. In mode 2 or 3, if SM2 is set to 1, then RI
will not be activated if the received 9th data bit (RB8) is 0. RI Receive interrupt flag. Set by hardware at the end
In mode 1, if SM2= 1, then RI will not be activated if a valid of the 8th bit time in mode 0, or halfway through the
stop bit was not received. In mode 0, SM2 should be 0. stop bit in the other modes, in any serial reception
i . (except see SM2). Must be cleared by software.
REN enables serial reception. Set by software to enable
reception. Clear by software to disable reception.

Figure 3-17 Serial Port Control Register (SCON)

* fopy - CPU clock
* The fcpy is shown in Figure 3-2

Baud Rates
The baud rate in Mode 0 is fixed:

Mode 0 Baud Rate = fqp,/6

The baud rate in Mode 2 depends on the value of bit SMOD = 0
(which is the value on reset), the baud rate is 1/32 the CPU clock
frequency. If SMOD = 1, the baud rate is 1/16 the CPU clock fre-
quency.

SMOD

Mode 2 Baud Rate = T X fepu

In the HMS9XC8232, the baud rates in Modes 1 and 3 are deter-
mined by the Timer 1 overflow rate.

Using Timer 1 to Generate Baud Rates

When Timer 1 is used as the baud rate generator, the baud rates
in Modes 1 and 3 are determined by the Timer 1 overflow rate and
the value of SMOD as follows

ZSMOD
Mode 1,3 Baud Rate =

Eke (Timer 1 Overflow Rate)

The Timer 1 interrupt should be disabled in this application. The
Timer itself can be configured for either "timer" or "counter" op-
eration, and in any of its 3 running modes. In the most typical ap-
plications, it is configured for "timer" operation, in the
auto-reload mode (high nibble of TMOD = 0010B). In that case
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the baud rate is given by the formula:

2SMOD y feru
16 12x[256—(THI)]

Mode 1,3 Baud Rate =

One can achieve very low baud rates with Timer 1 by leaving the
Timer 1 interrupt enabled, and configuring the Timer to run as a
16-bit timer (high nibble of TMOD = 0001B), and using the Tim-
er 1 interrupt to do a 16-bit software reload. Figure 12 lists vari-
ous commonly used baud rates and how they can be obtained
from Timer 1. be obtained from Timer 1.

Using Timer/Counter 2 to Generate Baud Rates

In the HMS9XC8232, Timer 2 selected as the baud rate generator
by setting TCLK and/or RCLK in T2CON (see Figure 3-9 on
page 16). Note that the baud rate for transmit and receive can be
simultaneously different. Setting RCLK and/or TCLK puts Timer
into its baud rate generator mode.

The baud rate generator mode is similar to the auto-reload mode,
in that a roll over in TH2 causes the Timer 2 registers to be reload-
ed with the 16-bit value in registers RCAL2H and RCAP2L,
which are preset by software.

Now, the baud rates in Modes 1 and 3 are determined at Timer 2’s
overflow rate as follows:

Timer 2 Overflow Rate
16

Mode 1,3 Baud Rate =

The timer can be configured for either “timer” or “counter” oper-
ation. In the most typical applications, it is configured for “timer”
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operation (C/T2 = 0). “Timer” operation is a little different for
Timer 2 when it’s being used as a baud rate generator. Normally,
as a timer it would increment every machine cycle (thus at the 1/
6 the CPU clock frequency). In the case, the baud rate is given
by the formula:

fCPU
Mode 1,3 Baud Rate = T s (RCAP2H, RCAP2L)

where (RCAP2H, RCAP2L) is the content of RCAP2H and
RCAP2L taken as a 16-bit unsigned integer.

Timer 2 also be used as the baud rate generating mode. This mode
is valid only if RCLK + TCLK = 1 in T2CON. Note that a roll-
over in TH2 does not set TF2, and will not generate an interrupt.
Therefore, the Timer interrupt does not have to be disabled when
Timer 2 is in the baud rate generator mode. Note too, that if
EXEN?2 is set, a 1-to-0 transition in T2EX will set EXF2 but will
not cause a reload from (RCAP2H, RCAP2L) to (TH2, TL2).
Thus when Timer 2 is in use as a baud rate generator, T2EX can
be used as an extra external interrupt, if desired.

It should be noted that when Timer 2 is running (TR2 = 1) in “tim-
er” function in the baud rate generator mode, one should not try
to read or write TH2 or TL2. Under these conditions the timer is
being incremented every state time, and the results of a read or
write may not be accurate. The RCAP registers may be read, but
should not be written to, because a write might overlap a reload
and cause write and/or reload errors. Turn the timer off (clear
TR2) before accessing the Timer 2 or RCAP registers, in this
case.

More About Mode 0

Serial data enters and exits through RxD. TxD outputs the shift
clock. 8 bits are transmitted/received: 8 data bits (LSB first). The
baud rate is fixed a 1/6 the CPU clock frequency.

Figure 3-18 shows a simplified functional diagram of the serial
port in Mode 0, and associated timing.

Transmission is initiated by any instruction that uses SBUF as a
destination register. The "write to SBUF" signal at S6P2 also
loads a 1 into the 9th position of the transmit shift register and
tells the TX Control block to commence a transmission. The in-
ternal timing is such that one full machine cycle will elapse be-
tween "write to SBUF" and activation of SEND.

SEND enables the output of the shift register to the alternate out-
put function line of RxD and also enable SHIFT CLOCK to the
alternate output function line of TxD. SHIFT CLOCK is low dur-
ing S3, S4, and S5 of every machine cycle, and high during S6,
S1, and S2. At S6P2 of every machine cycle in which SEND is
active, the contents of the

transmit shift are shifted to the right one position.

As data bits shift out to the right, zeros come in from the left.
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When the MSB of the data byte is at the output position of the
shift register, then the 1 that was initially loaded into the 9th po-
sition, is just to the left of the MSB, and all positions to the left of
that contain zeros. This condition flags the TX Control block to
do one last shift and then deactivate SEND and set T1. Both of
these actions occur at S1P1. Both of these actions occur at S1P1
of the 10th machine cycle after "write to SBUF."

Reception is initiated by the condition REN = 1 and R1 = 0. At
S6P2 of the next machine cycle, the RX Control unit writes the
bits 11111110 to the receive shift register, and in the next clock
phase activates RECEIVE.

RECEIVE enables SHIFT CLOCK to the alternate output func-
tion line of TxD. SHIFT CLOCK makes transitions at S3P1 and
S6P1 of every machine cycle in which RECEIVE is active, the
contents of the receive shift register are shifted to the left one po-
sition. The value that comes in from the right is the value that was
sampled at the RxD pin at S5P2 of the same machine cycle.

As data bits come in from the right, 1s shift out to the left. When
the 0 that was initially loaded into the rightmost position arrives
at the leftmost position in the shift register, it flags the RX Con-
trol block to do one last shift and load SBUF. At S1P1 of the 10th
machine cycle after the write to SCON that cleared RI, RECEIVE
is cleared as RI is set.

More About Mode 1

Ten bits are transmitted (through TxD), or received (through
RxD): a start bit (0), 8 data bits (LSB first). and a stop bit (1). On
receive, the stop bit goes into RB8 in SCON. In the
HMS9XC8232 the baud rate is determined by the Timer 1 over-
flow rate.

Figure 3-19 shows a simplified functional diagram of the serial
port in Mode 1, and associated timings for transmit receive.

Transmission is initiated by any instruction that uses SBUF as a
destination register. The "write to SBUF" signal also loads a 1
into the 9th bit position of the transmit shift register and flags the
TX Control unit that a transmission is requested. Transmission
actually commences at SIP1 of the machine cycle following the
next rollover in the divide-by-16 counter. (Thus, the bit times are
synchronized to the divide-by-16 counter, not to the "write to
SBUF” signal.)

The transmission begins with activation of SEND which puts the
start bit at TxD. One bit time later, DATA is activated, which en-
ables the output bit of the transmit shift register to TxD. The first
shift pulse occurs one bit time after that.

As data bits shift out to the right, zeros are clocked in from the
left. When the MSB of the data byte is at the output position of
the shift register, then the 1 that was initially loaded into the 9th
position is just to the left of the MSB, and all positions to the left
of that contain zeros. This condition flags the TX Control unit to
do one last shift and then deactivate SEND and set TI. This occurs
at the 10th divide-by-16 rollover after "write to SBUF."
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Reception is initiated by a detected 1-to-0 transition at RxD. For
this purpose RxD is sampled at a rate of 16 times whatever baud
rate has been established. When a transition is detected, the di-
vide-by-16 counter is immediately reset, and 1FFH is written into
the input shift register. Resetting the divide-by-16 counter aligns
its rollovers with the boundaries of the incoming bit times.

The 16 states of the counter divide each bit time into 16ths. At the
7th, 8th, and 9th counter states of each bit time, the bit detector
samples the value of RxD. The value accepted is the value that
was seen in at least 2 of the 3 samples. This is done for noise re-
jection. If the value accepted during the first bit time is not 0, the
receive circuits are reset and the unit goes back to looking for an-
other 1-to-0 transition. This is to provide rejection of false start
bits. If the start bit proves valid, it is shifted into the input shift
register, and reception of the reset of the rest of the frame will
proceed.

As data bits come in from the right, 1s shift out to the left. When
the start bit arrives at the leftmost position in the shift register
(which in mode 1 is a 9-bit register), it flags the RX Control block
to do one last shift, load SBUF and RBS, and set RI. The signal
to load SBUF and RBS, and to set RI, will be generated if, and
only if, the following conditions are met at the time the final shift
pulse is generated:

1.R1=0, and
2. Either SM2 = 0, or the received stop bit=1.

If either of these two conditions is not met, the received frame is
irretrievably lost. If both conditions are met, the stop bit goes into
RBS, the 8 data bits go into SBUF, and RI is activated. At this
time, whether the above conditions are met or not, the unit goes
back to looking for a 1-to-0 transition in RxD.

More About Modes 2 and 3

Eleven bits are transmitted (through TxD), or received (through
RxD): a start bit (0), 8 data bits (LSB first), a programmable 9th
data bit, and a stop bit (1). On transmit, the 9th data bit (TB8) can
be assigned the value of 0 or 1. On receive, the th data bit goes
into RB8 in SCON. The baud rate is programmable to either 1/16
or 1/32 the CPU clock frequency in Mode 2. Mode 3 may have a
variable baud rate generated from Timer 1.

Figure 3-20 and Figure 3-21 show a functional diagram of the se-
rial port in Modes 2 and 3. The receive portion is exactly the same
as in Mode 1. The transmit portion differs from Mode 1 only in
the 9th bit of the transmit shift register.

Transmission is initiated by any instruction that uses SBUF as a
destination register. The "write to SBUF" signal also loads TBS
into the 9th bit position of the transmit shift register and flags the
TX Control unit that a transmission is requested. Transmission
commences at S1P1 of the machine cycle following the next roll-
over in the divide-by-16 counter. (Thus, the bit times are synchro-
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nized to the divide-by-16 counter, not to the "write to SBUF"
signal.)

The transmission begins with activation of SEND, which puts the
start bit at TxD. One bit time later, DATA is activated, which en-
ables the output bit of the transmit shift register to TxD. The first
shift pulse occurs one bit time after that. The first shift clocks a 1
(the stop bit) into the 9th bit position of the shift register. There-
after, only zeros are clocked in. Thus, as data bits shift out to the
right, zeros are clocked in from the left. When TBS is at the out-
put position of the shift register, then the stop bit is just to the left
of TBS, and all positions to the left of that contain zeros. This
condition flags the TX Control unit to do one last shift and then
deactivate SEND and set TI. This occurs at the 11th divide-by 16
rollover after "write to SUBF."

Reception is initiated by a detected 1-to-0 transition at RxD. For
this purpose RxD is sampled at a rate of 16 times whatever baud
rate has been established. When a transition is detected, the di-
vide-by-16 counter is immediately reset, and 1FFH is written to
the input shift register.

At the 7th, 8th, and 9th counter states of each bit time, the bit de-
tector samples the value of R-D. The value accepted is the value
that was seen in at least 2 of the 3 samples. If the value accepted
during the first bit time is not 0, the receive circuits are reset and
the unit goes back to looking for another 1-to-0 transition. If the
start bit proves valid, it is shifted into the input shift register, and
reception of the rest of the frame will proceed.

As data bits come in from the right, 1s shift out to the left. When
the start bit arrives at the leftmost position in the shift register
(which in Modes 2 and 3 is a 9-bit register), it flags the RX Con-
trol block to do one last shift, load SBUF and RB8, and set RI.

The signal to load SBUF and RBS, and to set RI, will be generat-
ed if, and only if, the following conditions are met at the time the
final shift pulse is generated:

1.RI=0, and
2. Either SM2 = 0, or the received 9th data bit = 1

If either of these conditions is not met, the received frame is irre-
trievably lost, and RI is not set. If both conditions are met, the re-
ceived 9th data bit goes into RB8, and the first 8 data bits go into
SBUF. One bit time later, whether the above conditions were met
or not, the unit goes back to looking for a 1-to-0 transition at the
RxD input.
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Figure 3-21 Serial Port Mode 3
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3.7 Standard Serial Interface (SIO 1, SIO 2)

Configuration of Serial Interface
Figure 3-22 shows the block diagram of the SIO1 and SIO2.

As shown in Figure 3-22, the shift clock control section of the
SIO is composed of a clock input/output pin block , clock gener-
ation block, wait control block, and clock count block. The serial
data control section is composed of a serial data input/output pin

block and SBUF1 and SBUF2. These blocks are controlled by the
flags of the control register. Writing of data into and reading of
data from the SBUF1 and SBUF2 are performed via the data buff-
er. The functions of each block are outlined in Outline of function
of serial interface section

Shift Clock Input/Output Pin Block

S12CON Register
SIO1TS/SI02TS
SIO1HIZ/SIO2HIZ
SI01CK1/S102CK1
SI01CKO0/SI02CK0

Latch
2 Pc_)rt
Register
O

O—O—(— READ

| P1/2MOD |

SCK1/2 * WAIT
D} P1/2 Output|, o 0utput<_ WRITE
Control Latch Port < cLkout| | sioenp |— sioenp
Reaqi T Clock | | Wait Wait
LO egister . Control Control Control
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f Output
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Figure 3-22 SIO Block Diagram
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Outline of function of serial interface

The SIO1 and SIO2 permits use of 3-wire serial I/O system. The
SIO1 and SIO2 uses SCK pin, SI pin and SO pin. The SIO1 and
SIO2 permits selection of internal clock and external clock, and
also permits selection of the reception and transmission opera-
tions. The following sections indicate the functions of blocks of
the SIOI and SIO2.

Shift clock input/output pin block

This block is used for selecting the shift clock input/ output pin.
This selection of the shift clock input/output pin is performed by
the serial I/O mode select register. See Shift clock and serial data
input/output control block section.

Serial data input/output pin block

This block is used for selecting the shift data input/ output pin.
This selection of the shift data input/output pin is performed by
the serial I/O mode select register. See Shift clock and serial data
input/output control block section.

Clock generation block

This block selects the clock frequency of the shift clock, and also
controls the shift clock output timing. Selection of the clock fre-
quency is performed by the serial I/O clock select register. See
Clock Generation Block section.

Clock counter

The clock counter counts the number of the rising edges of the
clocks output from the shift clock output pin, and issues signal at
8th clock (STIOEND signal). The SIOEND signal is used to put the
serial communication into a wait (pause). See Clock Counter sec-
tion.

Serial Buffer (SBUF1 and SBUF2)

This is a shift register which sets the serial out data and stores the
serial in data. This register performs shift operation to input or
output data by the clock input of the shift clock input pin. Setting
of the output data and reading of input data are performed via the
data buffer. See Serial Buffer (SBUF1, SBUF2) section.

Wait control block

This block controls the wait (pause) and wait cancel (communi-
cation operation) of serial communication. Wait cancel of serial
communication is performed by the serial I/O mode select regis-
ter. See Wait Block section.

Shift clock and serial data input/output control
block

The shift clock and serial data input/output control block controls
the setting of pins and sending and receiving operation related to
the SIO1 and SIO2. These are controlled by the serial I/O mode
select register. The configuration and function of the serial /O
mode select register are explained in Configuration and function
of serial 1I/0 mode select register section. The setting status of
each pin by the serial /O mode select register is explained in Set-
ting of Each pin by serial 1/O mode select register section.

Configuration and function of serial I/O mode
select register

The configuration and function of the serial I/O mode select reg-
ister are explained below. SIO1CK1 and SIO2CKO flags select
between internal clock and external clock, and also set the fre-
quency of internal clock. For the clock, see Clock Generation
Block Section. SIO2TS flag sets the wait and wait cancel state of
the SIO1 and SIO2. For the wait operation, see Wait Block sec-
tion.

S12CON: SIO1 & SI02 CONTROL REGISTER. BIT ADDRESSABLE. : AOH

SIO2TS SIO2HIZ | SIO2CK1 | SIO2CKO | SIO1TS SIO1HIZ | SIO1CK1 | SIO1CKO
SI02TS S12CON.7 Software START/STOP control for SIO2. A logic 1 starts the SI02
SIO2HIZ S12CON.6 Software Port control for SIO2. A logic 1 assigns general I/O port to SIO2 port
SI02CK1 S12CON.5 See Table 3-2
SI02CKO0 S12CON .4 See Table 3-2
SIOITS S12CON.3 Software START/STOP control for SIO1. A logic 1 starts the SIO1
SIO1HIZ S12CON.2 Software Port control for SIO1. A logic 1 assigns general I/O port to SIO1 port
SIO1CK1 S12CON.1 See Table 3-2
SIO1CKO S12CON.0 See Table 3-2
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Set input/output clock frequency of SIO1/SI02 ( fgc )

MagnaChip~
SIO1CK1/SIO2CK1 |  SIO1CKO/SIO2CKO
0 0
0 1
1 0
1 1

Slave mode : External clock
Master mode : 75KHz (fxy / 48)

Master mode : 150KHz (fyx / 24)
Master mode : 450KHz (fyx / 8)

Table 3-2 SIO1 and SIO2 Control Register

Setting of Each pin by serial /O mode select reg-
ister

The setting of each pin also requires handling of the input/output
setting flags. When using SO pin as serial out pin, SO pin must
be set as the output port by the port5 mode select register
(PSMOD). Similarly, SI pin must be set as input port. When us-
ing the external clock, SCK pin must be set as the general purpose
input port. It must be set as output port when using the internal
clock.

Clock Generation Block

The clock generation block controls the clock generation and
clock output timing when the internal clock is used (master oper-

ation mode). The internal clock frequency fgc is set by SIO2CK1
and SIO2CKO flags of the serial I/O mode select register. The
shift clock is output until the value of the clock counter, to be
mentioned later, reaches “8”. Internal shift clock generation tim-
ing section shows the clock output waveform and generation tim-
ing.

Internal shift clock generation timing

(1) Wait cancel from initialization state

The initialization state indicated the state where the internal clock
operation mode is selected and “high” level is output to SCK pin
which is set as output pin. During the wait state, “High” level is
output to the shift clock pin.

Initialization Wait cancel

H
450 KHz / |||||||||||||||
L —
1|1
OR
H 1hsc
<P
150 KHz /
L —|
R L 1fsc R
H
75 KHz
L — .
Wait state - |

Figure 3-23 SIO Clock ( fgc )

(2)When wait operation is performed

For the details of wait operation, see Wait Block section 21.19.

APR. 2005 Ver1.2
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(a) Ordinary wait with clock counter reached “8”

| Content of
output latch
Wait canceled state wait period 1fsc
Wait Wait cancel
(b)Forced wait during a wait
Cantent of Cantent of
output latch output latch
wait period wait period
><

T

Forced wait by SIO2TS

(c) Forced wait during wait canceled state

Content of
output latch
wait period

Wait canceled state

"l

T

Forced wait by SIO2TS

1fise

{

Wait cancel

Content of
output latch
wait period

L

Wait canceled state

1ffgc

Ll

T

Forced wait by SIO2TS

(D) Wait cancel during wait canceled state

No change occurs in the clock output waveform. The clock
counter is not reset.

(e) When clock frequency change and wait cancel are effected
at the same time.

The setting of clock frequency and cancellation of wait are per-
formed by the register of the same address, and cancellation of

32

i
<

T

Wait cancel

wait (setting of SIO2TS flag) and changing of the clock frequen-
cy can be performed by single instruction. If wait cancellation
and clock frequency change are performed at the same time, the
same state is resulted as the wait cancel state from the initializa-
tion state mentioned in item (1) above.

Clock Counter
The operation of clock counter is shown in Figure 3-24. The
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Figure 3-24 Clock Counter Operation

initial value of the clock counter is 0, and counter value incre-
ments (+1) upon each detection of the falling edge of the clock
pin waveform. When counted up to 8, the counter is reset to 0 at
the rising edge of next shift clock. The serial communication is
put to wait state at the time the clock counter is reset to 0.

Clock Counter Reset 0 Condition
The clock counter resetting conditions are listed below:

(1) Power ON
(2) Writing of 0 into SIO2TS flag
(3) Rising of shift clock when wait is canceled and clock counter

is 8.

Serial Buffer (SBUF1, SBUF2)
The serial buffer (SBUF1 and SBUF2) is an 8-bit shift register

APR. 2005 Ver1.2

which is used to set the serial out data and read the serial in data.
Setting (writing) of data to and reading of data from the serial
buffer are performed respectively by MOV instruction. The data
shift operation of the serial buffer is performed in synchroniza-
tion with the clock applied to the shift clock pin (SCK pin). The
content of the most significant bit of the serial buffer is output to
serial data pin in synchronization with the falling edge of the shift
clock. The data of the serial data pin is read into the least signifi-
cant bit of the serial buffer in synchronization with the rising edge
of the clock waveform.

Operation of Serial buffer section shows the operation and pre-
cautions concerning this shift register. Precautions in Data set-
ting and Data reading Section shows precautions concerning
data writing into and data reading from the serial buffer. During
the wait state, the serial buffer does not perform data shift opera-
tion.
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Operation of Serial buffer
The operation is shown below.

SCK 1 2 3 w\6_ 7 8
\

Clock \O\

oc

Counter 0 1 2 3 N 6 7 8 0
\\
\\

Sl d7 dé d5 d2 d1 do

N\ N \_C N N\

I | N | |
T T A T T
SO \)_><'D7Q_><'D6 D5ID29_><|D1Q_><|DO

Ve | Ve | N\l Ve ! P |

| [ \ | |
f | f | | f | f |
D7 : D6 : D5 ! D1 : DO : d7
D6 , D5 , D4 | DO , a7 | 6
D5 | D4 | D3 | d7 | d6 | d5
D4 [ D3 [ D2 ! d6 [ d5 [ d4
D3 : D2 : D1 : d5 : d4 : d3
D2 | D1 \ DO \ d4 | d3 | d2
D1 | DO | d7 | d3 | d2 | d1
DO -9 g7 - d6 - d2 -9 [d1 =% do

Figure 3-25 SIO1 and SIO2 Timing Diragram

Data shift operation of Serial buffer

Serial I/0 system

Serial input operation

Serial output operation

The status of Sl is entered by shifting from LSB at the rising
edge of shift clock pin wave form. If the Sl pin is set as input
port, the content of output latch is entered.

The data is output to SO pin by shifting from MSB at the fall-
ing edge of shift clock pin waveform. If the SO pin is set as
input port, if SIO2HIZ flag is 0, then no serial output is pro-
vide.

Table 3-3

Precautions in Data Setting and Data reading

Data writing into the serial buffer is performed by MOV instruc-
tion. Reading of data is performed by MOV instruction. Data set-
ting and data reading must be performed while the wait status
exists. During the wait cancel, data setting and data carrying may
fail depending on the status of the shift clock pin.

Wait Block

The wait block controls pause (wait) and cancel of communica-
tion of the SIO1 and SIO2. This control is performed by the
SIO2TS flag. Wait Operation and Precautions section shows the
wait operation and precautions.

34

Wait Operation and Precautions

The wait state means a state when the clock generation block, se-
rial buffer, etc. stop their operation, and the serial communication
is suspended. When the wait state if canceled, serial communica-
tion operation is started. Wait state is canceled by writing 1 into
SIO2TS flag. When 1 is written into the SIO2TS flag, the internal
clock is output to the shift clock output pin (master operation
mode), and the serial buffer and clock counter start operation.
When the clock counter is 8 and shift clock rises, the wait cancel
state turns into the wait state. In this case, the SIO2TS flag is reset
(0) automatically. The operation status of serial communication
can be known by detecting the content of SIO2 TS flag while the
wait is canceled. After starting the serial communication by writ-
ing 1 to SIO2TS flag, the data can be read or set by detecting the
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SIO2TS flag turning to 0. This means that correct data setting and
reading may fail if data setting or data reading is executed to the
serial buffer during the wait canceled state. See Precautions in
data setting and data reading section. Writing of 0 to SIO2TS
flag during the wait cancel state causes the wait state to be estab-
lished. This is called as “forced wait”.

An example of wait operation is shown below.

When wait is canceled, the serial data is output at the falling edge
of the next clock, and the flag turns into the wait canceled state.
When eight shift clock pulses are entered, the value of the output
latch (usually high level) is output from the shift clock pin, and
this causes the operation of the clock counter and serial buffer to
be stopped. Note that correct data will not be set if data writing to
and data reading from the serial buffer are attempted while the
wait is in the canceled state and the shift clock pin is at high level.
If data is written into the serial buffer while the wait is in the can-
celed state and the shift clock pin is at low level, the content of
MSB will be output to the serial data output pin at the time when
MOV instruction is executed. If forced wait is effected during the
wait canceled state, a wait state is resumed upon writing of 0 into
SIO2TS flag.

Usage of SIO1 and SI02

Figure 3-27 and Figure 3-28 shows the input/output blocks and
communication method of the SIO. As shown in Figure 3-27 and
Figure 3-28, there are internal clock operation mode and external
clock operation mode, and each mode permits transmission and
reception. Master and slave operation modes are selected by
SIOxCK1 and SIOxCKO flags. Reception and transmission are
set according to the pins used. In the master operation mode, SCK
pin outputs internal clock. In this case, however, the SCK pin
must be set as output port. In the slave operation mode, SCK pin
is set in the floating state for receiving external clock. In this case,
however, the SCK pin must be set as input port. Serial data is out-
put from SO pin at the falling edge of the shift clock irrespective
of the internal clock or external clock. In this case, however, SO
pin must be set as output port, and SIO2HIZ flag be set. Serial
data is input to the serial buffer as the status of SI pin at the rising
edge of the shift clock irrespective of the internal clock or exter-
nal clock. SCK pin reads the current status of output latch during
a wait , or reads the status of the current pin during a wait cancel.
SO pin reads the current status of output latch.

Shift Clock Content of 1 2 3 7 8
output latch
N\
Serial Data D7 D5 \\ >< DA DO
\\\_
1\\_
Serial Output  Previous D7 D5 >< D1 DO
value N
\\_
A\
Clock Counter 0 1 2 3 7 8 0
N
\\
N
SI02TS flag -
> AN >
Wait state T Wait canceled state T Wait state
Wait cancel Wait
Figure 3-26 Example of Wait Operation
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\
Serial Data \\
d7 dé d5 d1 do
Input " N
U \\
. Al
Serial Data b7 \
Output D6 D5 N D1 DO
T \&
Shift Clock 4 N 3 —| . 8
T Data reading
Dat: tput .
ata outpy Hardware control " Wait state
4 \ T ; 4—

Wait cancel

Figure 3-27 Input/Ouitput Block of the SIO and Communication Method
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P1/2 Input/Output Control Block
p12moD | | siot/sio21s | [ siot/siozcko |
Wait Signal
I
Shift Clock Output v
10 O 'O0—
— P_Cg—o 00 Output |
utpu I
@ Latch WRITE !
— SCK1/2 }—C}L Port :
L L ¢ Register |
= = oX |
READ
o0° :
; v
Shift Clock Input
O To—
P1/2 Input/Output Control Block :
I
| Puzmop| | siowsiozts | !
I
Serial Data Output v
10 o o—
}_l P_Cg—q % o I
ra 4 utput I
}_] [N Latch WRITE I
S01/2 }_CF—« oot :
e e s egister, |
O1 !
2 O READ
00 :
I
I
I
I
P1/2 Input/Output Control Block |
I
| P1/2MOD | |
I
I
= = |
I
‘{ b—@_< Output
b WRITE |
@ Latch |
- P |
Isz Si1/2 JT;I v Register| I
— — I
- - O—:)Q READ |
Serial Data Input v
o o—

Figure 3-28 Operation of Each Mode of the SIO
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3.8 Port Structure and Operation

Ports 0 to 7 Port Pin Alternate Function
The direction of each port is controlled by the value of PXMOD -

register and On/Off control of pull-up transistor in ports is select- P3.0 SEG28 (LCD Segment 28 signal Output)
ed by the content of PXCON register. PODATA, PIDATA, P3.1 SEG27 (LCD Segment 27signal Output)
P2DATA, P3DATA, PADATA, PSDATA, P6DATA and .

P7DATA are the SFR latches of Ports 0, 1,2, 3,4, 5, 6 and 7, re- P32 SEG26 (LCD Segment 26 signal Output)
spectively. Writing a one to a bit of a port SFR causes the corre- P3.3 SEG25 (LCD Segment 25 signal Output)
sponding por.t output'pm to switch high. ertlng a zero causes the P3.4 SEG24 (LCD Segment 24 signal Output)
port output pin to switch low. When used as an input, the external
state of a port pin will be held in the port SFR (i.e., if the external P4.0 SEG23 (LCD Segment 23 signal Output)

state of a pin is low, the corresponding port SFR bit will contain P4.1 SEG22 (LCD Segment 22 signal Output)
a 0, if it is high, the bit will contain a 1). '

P4.2 SEG21 (LCD Segment 21 signal Output)

All eight ports in the HMS9XC8232 are bi-directional. P4.3 SEG20 (LCD Segment 20 signal Output)

P4.4 SEG19 (LCD Segment 19 signal Output)
All pins of eight ports pins are multifunctional. They are not only P4.5 SEG18 (LCD Segment 18 signal Output)
port pins, but also serve the functions of various special features P4.6 SEG17 (LCD Segment 17 signal Output)

as listed below:
P4.7 SEG16 (LCD Segment 16 signal Output)

P5.0 SEG15 (LCD Segment 15 signal Output)

Port Pin Alternate Function P5.1 SEG14 (LCD Segment 14 signal Output)
PO.0 /INTO (External Interrupt 0) P5.2 SEG13 (LCD Segment 13 signal Output)
PO.1 /INT1 (External Interrupt 1) P5.3 SEG12 (LCD Segment 12 signal Output)
P0.2 /INT2 (External Interrupt 2) P5.4 SEG11 (LCD Segment 11 signal Output)
P0.3 /INT3 (External Interrupt 3) P5.5 SEG10 (LCD Segment 10 signal Output)
PO0.4 /INT4 (External Interrupt 4) P5.6 SEG9 (LCD Segment 9 signal Output)
P0.5 /INT5 (External Interrupt 5) P5.7 SEGS8 (LCD Segment 8 signal Output)
P0.6 /INT6 (External Interrupt 6) P6.0 SEG7 (LCD Segment 7signal Output)
PO.7 Beeper Output P6.1 SEG6 (LCD Segment 6 signal Output)
P1.0 TO (Timer/Counter 0 External Input) P6.2 SEG5 (LCD Segment 5 signal Output)
P1.1 T1 (Timer/Counter 1 External Input) P6.3 SEG4 (LCD Segment 4 signal Output)
P1.2 T2 (Timer/Counter 2 External Input) P6.4 SEG3 (LCD Segment 3 signal Output)
P1.3 TxD (serial output port, UART) P6.5 SEG2 (LCD Segment 2 signal Output)
P1.4 RxD (serial input port, UART) P6.6 SEG1 (LCD Segment 1 signal Output)
P1.5 SO1 (SIO1 output port) P6.7 SEGO (LCD Segment 0 signal Output)
P1.6 SI1 (SIO1 input port) P7.0 ANIO (Analog input channel 0 for ADC)
P1.7 SCK1 (S101 clock port) P7.1 ANI1 (Analog input channel 1 for ADC)
P2.0 SO2 (SI02 output port) P7.2 ANI2 (Analog input channel 2 for ADC)
P2.1 SI2 (SIO2 input port) P7.3 ANI3 (Analog input channel 3 for ADC)
pP2.2 SCK2 (S102 clock port) P7.4 ANI4 (Analog input channel 4 for ADC)
P2 3 TgEX (Timer/Counter 2 Capture/Reload P7.5 ANI5 (Analog input channel 5 for ADC)

Trigger) P76 | ANI6 (Analog input channel 6 for ADC)
P7.7 ANI7 (Analog input channel 7 for ADC)

38 APR. 2005 Ver1.2



MagnaChip=’

HMS91C8232/97C8232

I/0 Configurations

Figure 3-29 and Figure 3-30 shows a simplified functional dia-
gram in each of the ports. The bit latch (one bit in the port's SFR)
is represented as a Type D flip-flop, which will clock in a value
from the internal bus in response to a "write to latch" signal from
the CPU. The level of the port pin itself is placed on the internal
bus in response to a "read pin" signal from the CPU. Some in-
structions that read a port activate the "read latch" signal, and oth-
ers activate the "read pin" signal.

All ports have internal pullups controlled by the user software.
Por11.0 - Port1.3 have open drain outputs, which are contolled by
POPEN SEFR that is set by user software. Each I/O line can be in-
dependently used as an input or an output.

All the port latches in the HMS9XC8232 have 1s written to them
by the reset function. If a 0 is subsequently written to a port latch,
it can be reconfigured as an input by writing a 1 to it.

Writing to a Port

Users, who want to use port as output, must set PXMOD register
as output. When a port specify as output mode, attempt to read
from the port will not be guaranteed.

In the execution of an instruction that changes the value in a port
latch, the new value arrives at the latch during S6P2 of the final
cycle of the instruction.

Consequently, the new value in the port latch won't actually ap-
pear at the output pin until the next Phase 1, which will be at S1P1
of the next machine cycle.

PXCON
—

Data_Output
%w
PAD
S w—ay
PXMOD
Data_Input
= =

Figure 3-29 PO ~ P7 Ports Schematic (Except P1.0,
P1.1, P1.2 and P1.3)
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i

OPENX

J

Data_Output PAD

-0

J

PXMOD

@

Data_Input

[

Figure 3-30 P1.0, P1.1, P1.2 and P1.3 Ports Schematic

Read-Modify-Write Feature

Some instructions that read a port read the latch and others read
the pin. Which ones do latch and others read the pin. The instruc-
tions that read the latch rather than the pin are the ones that read
a value, possibly change it, and rewrite it to the latch. These are
called "read -modify-write" instructions. The instructions listed
below are read-modify-write instructions. When the destination
operand is a port, or a port bit, these instructions read the latch
rather than the pin:

It is not obvious that the last three instructions in this list are
read-modify-write instructions, but they are. They read the port
byte, all 8 bits, modify the addressed bit, then write the new byte
back to the latch.

The reason that read-modify-write instructions are directed to the
latch rather than the pin is to avoid a possible misinterpretation of
the voltage level at the pin. For example, a port bit might be used
to drive the based of a transistor. When a 1 is written to the bit,
the transistor is turned on. If the CPU then reads the same port bit
at the pin rather than the latch, it will read the base voltage of the
transistor and interpret it as a 0. Reading the latch rather than the
pin will return the correct value of 1.

ANL (logical AND, e.g., ANL P1, A)

ORL (logical OR, e.g., ORL P2, A)

XRL (logical EX-OR, e.g., XRL P3, A)

JBC (jump if bit = 1 and clear bit, e.g.,
JBCPI.1, LABEL)

CPL (complement bit, e.g., CPL P3.0)

INC (increment, e.g., INC P2)

DEC (decrement, e.g., DEC P2)

DINZ (decrement and jump if not zero, e.g.,

DJNZ P3, LABEL)
MOV PX.Y,C (move carry bit to bit Y of Port X)
CLR PX.Y  (clear bit Y of Port X)
SET PX.Y  (setbitY of Port X)
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3.9 Watch Dog Timer

Watchdog Timer Functions
The watchdog timer has the following functions.

* Non-maskable watchdog timer interrupt

* Maskable watchdog timer interrupt

Watchdog Timer Configuration
The watchdog timer consists of the following hardware.

WDTCON: BEEPER & WATCHDOG TIMER CONTROL REGISTER. BIT ADDRESSABLE. : F8H

RUNBEEP | BEEPMD1 | BEEPMDO | RUNWDT WDTMK WDTMD2 WDTMD1 WDTMDO
RUNWDT WDTCON.4 Restart watchdog timer (This bit is automatically cleared to “0” after restart.).
WDTMK WDTCON .3 \?Vogy?;;ﬁggtbﬁllvlﬁisable NMI (Non Maskable Interrupt) for WDT. A logic 1 makes
WDTMD2 WDTCON.2 See Table 3-4
WDTMD1 WDTCON.1 See Table 3-4
WDTMDO WDTCON.0 See Table 3-4

WDTMD[2:0] Selects of WDT input

0 0 0 |fxx

0 0 1 fxx /23 * The fyy is shown in Figure 3-2 on page 11

0 1 0 |fxx/2M

0 1 1 | fxx/2"5

1 0 0 |fyxx/2°7

1 0 1 | fxx/2"9

1 1 0 |fyxx/2M1

1 1 1 | fxx/2M3

Table 3-4 Selects of WDT

WDTDR: WATCHDOG TIMER DATA REGISTER. : F9H

WDTDR7 WDTDR®6 WDTDR5 WDTDR4 WDTDR3 WDTDR2 WDTDR1 WDTDRO
* WDTDRO ~ 7 is counting value of the watchdog timer.
Watchdog Timer Operations register.

When WDTRUN flag is set to 1, the 8-bit watchdog timer begins
to increment with the selected watchdog timer counting clock.
The initial value of this 8-bit counter is determined by WDTDR

Watchdog timer interrupt

If the counter continues to increment and overflow is generated,
the watchdog timer interrupt occurs. The types of the watchdog
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fxx
"IN woroR (ot }———»
M >
1/23
1/24
1/25
Prescaler | 1/27 8-bit »| IRQWD >
1/29 Counter
1211 A
1/213
/ NMI [P
RUNWDT [wotwK |
Figure 3-31 Watchdog Timer Block Dragram
timer interrupt(Maskable Interrupt or Non Maskable Interrupt) makes the 8-bit watchdog counter restart from the initial value
are selected by WDTMK flag. If maskable interrupt is selected by determined by WDTDR register. Once the watchdog timer starts,
WDTMK flag, the watchdog timer interrupt can be disabled by setting RUNWDT flag to 1 does not stop the watchdog timer.

IEWDT flag of the IE3 register. Refer Figure 3-31.

Watchdog timer restart

The watchdog timer continues operating in the IDLE mode but it

After the watchdog timer starts, resetting RUNWDT flag to 1 stops in the Power Down mode.
WDTMD[2:0] Inadvertent Program Loop Detection Time

000 fyxx (0.139us x 2)

001 fxx / 2*3 (1.1us x 2)

010 fxx / 24 (2.2us x 2)

011 fxx / 25 (4.4us x 2)

100 fxx / 277 (17.8us x 2)

101 fxx / 2"9 (71.1us x 2)

110 fxx / 21 (284us x 2)

111 fxx / 213 (1138us x 2)

Table 3-5 Watchdog Timer Inadvertent Program Loop Detection Times

NOTE:Assume that system clock frequency is 7.2MHz.

APR. 2005 Ver1.2
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3.10 Buzzer

Buzzer Output Control Circuit Functions

The buzzer output control circuit outputs 1.2KHz, 2.4KHz,
4.5KHz, 8KHz frequency square waves. The buzzer frequency
selected with the watchdog timer register(WDTCON) is output
from the P4.7/BEEP pin.

Follow the procedure below to output the buzzer frequency.

(1) Select the buzzer output frequency with bits 5 to 7 of WDT-

CON.
(2) Set the P4.7 output latch to 1.
(3) Set the P4.7 port mode register to output mode.

Buzzer Output Control Circuit Configuration
The buzzer output control circuit consists of the following hard-
ware.

1.2 KHz

2.4 KHz

4.5 KHz . P4.7/BEEP

L8
8 KHz A
| BEePmD[1:0] | | RUNBEEP | [ P47 Output Laten | P4MOD.7

ON :1 ON : 1 (Port Output Value) ON : 0 ( Port Output Mode)
OFF : 0 OFF: 0 OFF : 1 ( Port input Mode)

Figure 3-32 Buzzer Output Control Circuit Block Diagram

WDTCON: BEEPER & WATCHDOG TIMER CONTROL REGISTER. BIT ADDRESSABLE. : F8H

RUNBEEP | BEEPMD1 | BEEPMDO | RUNWDT WDTMK WDTMD2 WDTMD1 WDTMDO
RUNBEEP WDTCON.7 Software START/STOP control for Beeper. A logic 1 starts the Beeper.
BEEPMD1 WDTCON.6 See Table 3-6
BEEPMDO WDTCON.5 See Table 3-6

BEEPMD[1:0] | S°lect '3(‘;(:?:;‘37"<;°|'G:;<)%quency
0 0 | 1.2KHz (fosc / 6000)
0 1| 2.4KHz (fosc / 3000)
1 0 | 4.5KHz (fosc / 1600)
1 1| 8KHz (fosc / 900)

Table 3-6 Select Beeper Clock
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Buzzer Control Register
The following two types of registers are used to control the buzz-
er output function.

Watchdog timer mode register (WDTCON)
Port mode register 4 (PAMOD)
(1) Watchdog timer mode register (WDTCON)

This register sets the buzzer output frequency.

NOTE: Besides setting the buzzer output frequency, WDTCON
sets the watchdog timer count clock.

Watchdog TimerMode Register Format.
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3.11 IF Counter

Function of Frequency Counter

The frequency counter counts the intermediate frequency (IF) of
a tuner. It counts the intermediate frequency input to the FMIFC
or AMIFC pin for a specific time (8ms, 32ms, 128ms or soft) with

a 19-bit counter. The count value of the frequency counter is
stored to the IF counter register. Figure 3-33 shows a block dia-
gram of IF counter.

»| Gate Time
Control
IFCDATA
FMIFC [Ol—»|1/4 Input 19-bit Counter 18:0
npu ,| Start/Stop »| and Register [18:01
AMIFC Select ”| Control "|  with Overflow
[ » Detection bit { W
A A
IFCDR
Register
A 4
IFCMD[1:0]| | IFCGT[1:0] | | IFCJR| | IFCST| | IFCCLR

IFCMOD Register

Figure 3-33 Frequency Counter Block Diagram

(1) Input select block

Input select block selects one of counter modes. Refer to IF
Counter Control Register section for the details.

(2) Gate time control block

The gate time control block sets a gate time (count time).

(3) Start/stop control block

The start/stop control block starts IF counter data register count-
ing and detects the end of counting.

APR. 2005 Ver1.2

(4) IF counter register block

The IF counter register block is a 19-bit register that counts up the
input frequency during the set gate time. The counted value is
stored to the IF counter register (IFC). The value of this register
is reset to 00000H at reset. When the count value reaches 3FFFH,
the overflow detection bit in IFCDR2 is set. The value of over-
flow detection bit is cleared by reset or writing 1 to IFCCLR.

IF Counter Control Register

The frequency counter is controlled by the following four regis-
ters.

IF counter mode register (IFCMOD)
IF counter data register (IFCDR2, IFCDR1, IFCDRO)
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IFCMOD: IF counter mode register. : F4H

IFCJR IFCST IFCCLR IFCGT2 IFCGT1 IFCGTO IFCMD1 IFCMDO
IF counter judge register. Set by hardware automatically when IF counting is ended,
IFCJR IFCMOD.7 Cleared by hardware automatically when software reads IFCMOD register or hardware
enter IFC interrupt routine. The IFC interrupt is prohibited when the IFCJR is used.

IFCST IFCMOD.6 Software START/STOP control for IF counter. A logic 1 starts the IF counter.
IFCCLR IFCMOD.5 A logic 1 resets the IF counter data registers.
IFCGT2 IFCMOD.4 See Table 3-7, IFC gate time (only HMS9XC8232)
IFCGT1 IFCMOD.3 See Table 3-7, IFC gate time
IFCGTO IFCMOD.2 See Table 3-7, IFC gate time
IFCMD1 IFCMOD.1 See Table 3-8, IFC FM/AM mode
IFCMDO IFCMOD.0 See Table 3-8, IFC FM/AM mode
IFCGT2 | IFCGT1 | IFCGTO | Setting of IFC gate time IFCMDI[1:0] Selects of IFC input

0 0 0 8ms  1/(fxx/28800) 0 X Disable FMIFC & AMIFC pins

0 0 1 32ms  1/(fxx/115200) 1 0 FMIFC pin select

0 0 128ms 1/(fXX/460800) 1 1 AMIFC pin select

0 1 Soft * Table 3-8 Selects of IFC input

1 0 0 1ms (Only HMS9XC8132

& HMS9XC8232)
1 0 1 4ms (Only HMS9XC8132
& HMS9XC8232)
1 0 Reserved
1 1 Reserved

Table 3-7 IFC gate time

* Software controls IFC gate time. IF counts during IFCST flag is high.

IFCDR2: IF counter data register 2. : F5H

IFCDET IFCDATA18 IFCDATA17 | IFCDATA16

IFCDET

IFCDATA18
IFCDATA17
IFCDATA16
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IFCDR2.7
IFCDR2.6
IFCDR2.5
IFCDR2.4
IFCDR2.3

IFCDR2.2
IFCDR2.1
IFCDR2.0

Reserved for future use
Reserved for future use
Reserved for future use
Reserved for future use

Detection bit of 19bit IF counter overflow. A logic 1 implies the overflow of IF counter. It
can be reset by IFCCLR. (See IF Counter Control Register

19t bit of 19bit IF counter (MSB)
18t bit of 19bit IF counter
17th bit of 19bit IF counter
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IF Counter Data Register

IF counter data registers (IFCDR2, IFCDR1 and IFCDRO) are read only registers. Attempt to write these registers is not allowed. These
registers are valid when counting operation of IF counter is terminated normally.

IFCDR1: IF counter data register 1. : F6H

IFCDATA15 | IFCDATA14 | IFCDATA13 | IFCDATA12 | IFCDATA11 | IFCDATA10 IFCDATA9 IFCDATAS8
IFCDATA15 IFCDR1.7 16th bit of 19bit IF counter
IFCDATA14 IFCDR1.6 15th bit of 19bit IF counter
IFCDATA13 IFCDR1.5 14th bit of 19bit IF counter
IFCDATA12 IFCDR1.4 13th bit of 19bit IF counter
IFCDATA11 IFCDR1.3 12th bit of 19bit IF counter
IFCDATA10 IFCDR1.2 11th bit of 19bit IF counter
IFCDATA9 IFCDR1.1 10th bit of 19bit IF counter
IFCDATAS8 IFCDR1.0 9th bit of 19bit IF counter
IFCDRO: IF counter data register 0. : F7H
IFCDATA7 IFCDATAG IFCDATA5 IFCDATA4 IFCDATA3 IFCDATA2 IFCDATA1 IFCDATAO
IFCDATA7 IFCDRO.7 8th bit of 19bit IF counter
IFCDATAG IFCDRO0.6 7t bit of 19bit IF counter
IFCDATAS5 IFCDRO.5 6th bit of 19bit IF counter
IFCDATA4 IFCDRO.4 5t bit of 19bit IF counter
IFCDATA3 IFCDRO.3 4th pit of 19bit IF counter
IFCDATAZ2 IFCDRO0.2 3d bit of 19bit IF counter
IFCDATA1 IFCDRO.1 2nd bit of 19bit IF counter
IFCDATAO IFCDRO.0 18t bit of 19bit IF counter (LSB)

* User software should not write 1s to reserved bits. These bits
may be used in future HMS9XC8232 products to invoke new fea-
tures. In that case, the reset or inactive value of the new bit will
be 0, and its active value will be 1.

Operation of Frequency Counter

(1) Select an input pin, mode and gate time using the IF counter
mode register. Figure 3-34 shows a block that selects an input pin
and mode.

(2) Set IFCCLR bit of the IF counter mode register to 1, and
clears the data of the IF counter register.

(3) Set IFCST of the IF counter mode register to 1.

APR. 2005 Ver1.2

(4) The gate is opened only for the set gate time since 1KHz in-
ternal signal has risen after IFCST was set. If the gate time is set
to be opened, the gate is opened as soon as it has been specified
to be opened. IFCJR of the IF counter gate judge register is auto-
matically set to 1 as soon as IFCST has been set to 1. When the
gate time has expired, IFCJR bit of the IF counter gate judge reg-
ister is automatically cleared to 0. If it is specified that the gate be
open, however, IFCJR is not automatically cleared. In this case,
set a gate time. Figure 3-35 shows the gate timing of the frequen-
cy counter.

(5) While the gate opens, the IF counter register counts the input
frequency of the selected AMIFC or FMIFC pin. If the FMIFC
pin is used in the FMIF count mode, however the input frequency
is divided by quarter before if is counted.
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The relationship between count value N (decimal), input frequen-
cies, and gate time is shown below.

(1) FMIF count mode (FMIFC pin)

N = (Femirc/ 4) X Tgate
N : FMIF Count Register Value

Example) FMIFC : 10.7 MHz
Gate Time : 32 ms
N=(Fpmirc /4 X Tgate
= (10.7MHz/4) x 32ms
= 85600 (decimal) = 14E60h (hexadecimal)
IFC register value of SFR
IFCDRO : 60
IFCDRI : 4E
IFCDR2 : F1 (Highest 4 bit : Only “F”)

(2) AMIF count mode (AMIFC pin)

N =Famirc X ToaTE
N : AMIF Count Register Value

Example) AMIFC : 450 KHz
Gate Time : 32 ms
N=Famirc X TGaTE
=450 KHz x 32ms
= 14400 (decimal) = 3840h (hexadecimal)
IFC register value of SFR
IFCDRO : 40
IFCDRO : 38
IFCDRO : FO (Highest 4 bit : Only “F”)

FMIFC [OF——»{AMP 1/4

Lo

FMIF Counter Mode

\O—V IF Counter
Register

AMIFC [ > y

AMIF Counter Mode >O

Figure 3-34 Input Pin and Mode Selection Block Diagram

Notes on Frequency Counter

(1) Notes on using frequency counter

Because signals are input to the frequency counter from an input
pin (FMIFC or AMIFC pin) with an AC amplifier as shown in
Figure 3-36, cut the DC component of the input signals by using

capacitor C. If the FMIFC or AMIFC pin is selected by the IF
counter mode select register, switch SW1 turns ON, and switch

(2) Error of frequency counter

Error of gate time

The gate time of the frequency counter is created by dividing
7.2MHz. Therefore, if 7.2MHz is shifted “+x”ppm, the gate time
is also shifted “-x”’ppm.
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SW2 turns OFF. As a result, the voltage on the pin is about 1/
2VDD. Unless the voltage has risen to a sufficient intermediate
level at this time, counting may not be performed normally be-
cause the AC amplifier is not in the normal operating range.
Therefore, make sure that sufficient wait time elapses after a pin
has been selected and before counting is started (IFCST = 1)

Count error

The frequency counter counts the frequency at the rising edge of
the input signal. If a high level is input to the pin when the gate is
opened, therefore, one excess pulse is counted. When the gate is
closed, however, counting is not affected by the status of the pin.
Therefore, the count error is “maximum + 1.

APR. 2005 Ver1.2
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Internal ||||||||||||||||||||||||||||||||||||||||||||||
250Hz 8ms
8ms
Q
g 32ms
|—
[ 32ms
E —
o 128ms
128ms
IFCST | | | |
K K K R Clears IFCST
Counting starts Counting ends (8/32/128ms)
Sets IFCST Clears IFCJR if IFCMOD is read or
IF counter interrupt service routine is started. ?
IFCJR | | | |
X X X Sets IFCJR
(8/32/128ms)
Figure 3-35 Gate Timing of Frequency Counter
PLL VCC
W2 HMS91C8232
Swi1
R
External C
Frequency | ‘ To Internal Counter
—0 B O
FMIFC or
AMIFC

Figure 3-36 Frquency Counter Input Pin Circuit
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3.12 PLL

The phase locked loop (PLL) frequency synthesizer is used to
lock medium frequency (MF), high frequency (HF), and very
high frequency (VHF) signals to a fixed frequency using a phase
difference comparison system.

PLL Frequency Synthesizer Configuration
Figure 3-37 shows the PLL frequency synthesizer block diagram.

As shown in Figure 3-37, the PLL frequency synthesizer consists
of an input selection circuit, programmable divider (PD), phase
comparator (Phase-DET) and reference frequency generator
(RFG). These blocks are connected to charge pump, an external
low-pass filter (LPF) and voltage controlled oscillator (VCO).
The PLL frequency synthesizer also has an internal CMOS oper-
ational amplifier so that it can be used as an external low-pass fil-
ter amplifier.

Control Register Data Buffer

> Unlock Detector

L

Circuit
v

Input Selection Programmable
Circuit Divider(PD)

Phase Comparator
(® - DET)

Charge Pump

Ul

VCOH

Reference Frequency
Generator (RFG)

T VCOL

Low Pass
Filter (LPF)

Voltage Controlled
Oscillator(VCO)

Figure 3-37 PLL Frequency Synthesizer Block Diagram

PLL Frequency Synthesizer Functions

The PLL frequency synthesizer divides the frequency of a signal
from the VCOH pin or VCOL pin using a programmable divider
and outputs the phase difference between the divided frequency
and reference frequency from EO pin.

Input Selection Circuit

The input selection circuit selects the pin to which the signal out-
put from an external voltage controlled oscillator is input. A
VCOH or VCOL pin is selected as the input pin using a PLL
mode select register (see Input Selection Circuit and Programma-
ble Divider Configuration section)

Programmable Divider

The programmable divider divides the frequency of a signal from
the VCOH or VCOL pin at the frequency division ratio that is set
using a program.

A direct frequency division system or pulse swallow system can
be selected using a PLL mode select register. The frequency divi-
sion value is set via the data buffer using a PLL data register. (See
Input Selection Circuit and Programmable Divider Configuration
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section)

Reference Frequency Generator

The reference frequency generator produces the reference fre-
quency that is compared using a phase comparator. Twelve refer-
ence frequencies can be selected using a PLL reference mode
select register. (See Reference Frequency Generator section)

Phase Comparator and Unlock Detector Circuit

The phase comparator compares the frequency divided signal
output from a programmable divider and the signal from a refer-
ence frequency generator and outputs the phase difference.

The unlock detector circuits detected the PLL unlock state. The
PLL unlock state is detected according to a PLL unlock flip-flop
judge register, PLLUL1 and PLLULO. (See Unlock Detector Cir-
cuit section)

Charge Pump

The charge pump outputs the signal from a phase comparator to
the EO pins as high, low, and floating output signals. (See Charge
Pump section)

APR. 2005 Ver1.2
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Input Selection Circuit and Programmable
Divider Configuration

Figure 3-38 shows the input selection circuit and programmable
divider configuration.

As shown in Figure 3-38, the input selection circuit consists of a
VCOH pin, VCOL pin, and two input amplifiers. The program-
mable divider consists of a prescaler(1/16, 1/17), swallow
counter (SC), programmable counter (PC), and frequency divi-
sion selection switch.

Input Selection Circuit and Programmable
Divider Functions

The input selection circuit and programmable divider select the
input pin and frequency division system of a PLL frequency syn-
thesizer.

A VCOH or VCOL pin can be selected as the input pin, and a di-
rect frequency division system or pulse swallow system can be
selected as the frequency division system.

The programmable divider divides a frequency according to the
values of PLL data register using a swallow counter and a pro-
grammable counter. Figure 3-38 shows the input pins (VCOH
and VCOL) and frequency division systems. The content of PLL
mode register controls the input pin and the frequency division
system for the programmable counter. The configuration and
functions of the PLL mode select register are described in PLL
Mode Select Register Configuration and Functions section.

The frequency division value of the programmable divider is set
via the data buffer using a PLL data register.

Programmable Divider and PLL Data Register section describes
the programmable divider and PLL data register.

PLLMOD Register

PLL Data Buffer
(PLL Data Register)

PLLMDO | [ PLLMD1 [_PLLORH || PLLDRL |
MsB | 12-bits | [ 4-bits | LsB
Binary Decoder
Swallow
Counter
VCOH VHE yy
[OF——»{ aw 112 DIV 9 | Prescaler
O | (e, 1/17)
HF
vcoL —>» AMP
¢ Fp
VHFIHF O Programmable
—O1—>  count ——>
AMP ) ounter To Phase Detect
MF

Figure 3-38 Input Selection Circuit and Programmable Divider Configuration

Frequency division system Pin used Input(:‘\;‘ligl;ency Input(sgtgl)itude POZ?J?;?O:?,(;TSSCY

Direct frequency division (MF) VCOL 0.5t03 0.1 16 to 212 — 1
Pulse swallow (HF) VCOL 21to0 55 0.1 256 to 216 — 1
Pulse swallow (VHF) VCOH 40 to 150 0.1 256 t0 216 — 1

Figure 3-39 Input Pin and Frequency Division System
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49




HMS91C8232/97C8232

MagnaChip=’

PLL Mode Select Register (PLLMOD) Configura-
tion and Functions
The PLL mode select register sets the frequency division system

PLLMOD : PLL Mode Register. : F1H

and input pin of a PLL frequency synthesizer. The PLL mode se-
lect register configuration and functions are shown below. Steps
(1) through (4) below describe the frequency division outline.

PLLRF3 PLLRF2 PLLRF1 PLLRFO PLLULA PLLULO PLLMD1 PLLMDO
PLLRF3 PLLMOD.7 See Table 3-9
PLLRF2 PLLMOD.6 See Table 3-9
PLLRF1 PLLMOD.5 See Table 3-9
PLLRFO PLLMOD.4 See Table 3-9
PLLULA1 PLLMOD.3 Detects status of unlock FF1 (1.1us). Set by hardware at 900KHz sampling when PLL
is unlock state. Cleared by software when PLL mode register is read.
Detects status of unlock FFO (0.55us or 0.44pus). Set by hardware at 1.8MHz(when sys-
PLLULO PLLMOD.2 tem frequency is 7.2MHz) or 2.25MHz(when system frequency is 4.5MHz) sampling
when PLL is unlock state. Cleared by software when PLL mode register is read.
PLLMD1 PLLMOD.1 See Table 3-10
PLLMDO PLLMOD.0 See Table 3-10
PLLMDI[1:0] Selects of PLL input pin
. Reference Frequency ; ;
o | SIS, oo oeweweersvionn
moae selec
0 0 0 0 PLL stop
0 0 0 1 1KHz 1 0 VCOL & HF mode select
0 0 1 0 1.25KHz 1 1 VCOL & MF mode select
o o T 1 2.5KHz Table 3-10 PLL MODE
0 1 0 0 3KHz
0 1 0 1 5KHz (1) Direct frequency division system (MF)
0 1 1 0 6.25KHz The VCOL pin is used, and the VCOH pin is pulled down. The
0 1 1 1 9KHz direct frequency division system divides the frequency using only
1 0 0 0 10KHz a programmable counter.
1 0 0 1 12 5KHz (2) Pulse swallow system (HF)
1 0 1 0 18KHz The VCOL pin is used, and the VCOH pin is pulled down. The
1 0 1 1 20KHz pulse swallow system divides the frequency using a swallow
counter and a programmable counter.
1 1 0 0 25KHz
(3) Pulse swallow system (VHF)
1 1 0 1 50KHz o o
1 1 1 0 Reserved for future use * The VCOH pin is used,. a.nd the VCOL pin is pulled down. The
. pulse swallow system divides the frequency in a swallow counter
1 1 1 1 Reserved for future use and programmable counter.

Table 3-9 Reference Frequency of PLL

* User software should not write 1s to reserved bits. These bits
may be used in future HMS9XC8232 products to invoke new fea-
tures. In that case, the reset or inactive value of the new bit will
be 0, and its active value will be 1.
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(4) VCOL and VCOH pin disable
VCOL and VCOH pins are pulled down internally.

Programmable Divider and PLL Data Register

The programmable divider divides the frequency of a signal from
the VCOH and VCOL pins according to the value of PLL mode
register. The swallow counter consists of a 4-bit binary down
counter, and the programmable counter consists of a 12-bit binary
down counter. The frequency division value of the swallow
counter and programmable counter is set via the data buffer using
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a PLL data register.

The PLL data register can be read and written using MOV in-
struction. The frequency division value is called value N.

The relation between the PLL data register and data buffer is de-
scribed below. For more details of the frequency division value
(N) setting in each frequency division system, see Use of PLL
Frequency Synthesizer section.

(1) PLL data register and data buffer

In the direct frequency division system, the high-order 12bits are
valid. In the pulse swallow system, all 16 bits are valid. The 12
bits in the direct frequency division system are set in a program
counter. The high-order 12 bits in the pulse swallow system are
set in a program counter, and the low-order 4bits are set in a swal-
low counter.

(2) Relation between frequency division value N and frequency
division output frequency of programmable divider

Relation between frequency division value N and frequency divi-
sion output frequency of programmable divider, fy;, is shown be-
low. For more information, see Use of PLL Frequency
Synthesizer section.

A. Direct frequency division (MF)
fN=fin/N where N is 12bits

B. Pulse swallow system (HF and VHF)
fn="f,/N where N is 16bits

Reference Frequency Generator

Figure 3-40 shows the reference frequency generator configura-
tion.

As shown in Figure 3-40, the reference frequency generator di-
vides a crystal oscillation frequency of 7.2MHz and generates
reference frequency f. of a PLL frequency synthesizer.

Twelve reference frequencies (1, 1.25,2.5, 3,5, 6.25,9, 10, 12.5,
25, S0KHz) can be selected using a PLL reference mode select
register. The PLL reference mode select register is described in
PLL Mode Select Register Configuration and Functions section-
Phase Comparator, charge pump and unlock detector circuit con-
figuration

Figure 3-41 shows the phase comparator, charge pump and un-
lock detector circuit configuration. The phase comparator com-
pares the phase of frequency division output fy from a
programmable divider and that of reference frequency output fr
from a reference frequency generator and outputs up request
(UPB) and down request (DWB) signals. The charge pump out-
puts the output of the phase comparator from error output pin
(EO). The unlock detector circuit consisting of unlock flip-flop
detects the unlock state of a PLL frequency synthesizer. .

PLLMOD Register
(Address : F1H) | PLLRF1 |
[ PLirF2 ]

PLLRF3

| PLLRFO |

Binary Decoder

PLL Disable Signal

»

f; 1 KHz
XX )

(7.2 MHz /2) 1.25 KHz
2.5 KHz

Frequency 14
o MUX

L

To Phase Comparator

Divider °
25 KHz

50 KHz

/

140) >

Figure 3-40 Referenc Frequency Generator Configuration
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PLLMOD Register
(Address : F1H)
| pPuct || PLLuro |
VCOH Lock Detect Unlock Detector
VCOL Prescaler and Circuit
——— | Programmable F
Divider P
Phase Charge Pump
Comparator
UP q EO
fxx Reference DN 4’@
——  »| Frequency I
Generator Fr

Figure 3-41 Phase Comparator, Charge Pump and Unlock Detector Circuit Configuration

Phase Comparator Functions

As shown in Figure 3-41, the comparator compares the phase of
frequency division output “fy” from a programmable divider and
that of reference frequency output f, from a reference frequency
generator and outputs up request (UP) and down request (DN)
signal. The UP signal is activated to low if divided frequency fy
is higher than reference frequency f.. The DN signal is activated
to high if the former is lower than the latter.

Figure 3-42 shows the reference frequency (f,), divided frequen-
cy (fy), UP signal, and DN signal. The up and down request sig-
nals are input to the charge pump and unlock detector circuit.

Charge Pump

As shown in Figure 3-41, the charge pump outputs the UP and
DN signal from a phase comparator from error output pins.

The relation between the error output pin output, divided frequen-
cy f, and reference frequency fr is shown below

Reference frequency fr > Divided frequency fy : Low level out-
put

Reference frequency fr < Divided frequency fy : High level out-
put

Reference frequency fr = Divided frequency fy : Floating

52

Unlock Detector Circuit

As shown in Figure 3-41, the unlock detector circuit detects the
unlock state of a PLL frequency synthesizer using the up and
down request signals from a phase comparator.

The UP and DN signal cause EO to be a low or high signal when
the PLL frequency synthesizer is in unlock state. An unlock
flip-flop (FF) is set to high when PLL is in unlock state. The un-
lock FF state is detected using a PLL unlock flip-flop judge reg-
ister. An unlock flip-flop is set according to the period of
reference frequency, fr, selected at that time. The unlock flip-flop
is also reset when the PLL unlock flip-flop judge register infor-
mation is read using a MOV command. This unlock flip-flop
must thus be detected at a period longer than period of reference
frequency f. (1/fr)

The PLL unlock flip-flop judge register that is a read only register
is reset when the register information is read in a window using a
MOV command. The unlock flip-flop is set at a period of refer-
ence frequency fr. Therefore, this register must be read at a period
longer than period of a reference frequency (1/fr) when it is read
in the window register.

Use of PLL Frequency Synthesizer

The data below is required to control a PLL frequency synthesiz-
er.
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If Fr advances Fp in phase

o T N

A N S N S B e
- _ 1 LI LI L

[ 1 [ 1

DN u

If Fr and Fp are in phase

P[]

S o W o W O S L
S e B s B s B e B

DN u

If Fp advances Fr in phase

uP ]

A I R N S B e
7 I I I A I I N A

DN |_| |_|

L L

Figure 3-42 Relation Between f, fy, UPB and DWB signals

(1) Frequency division system : Direct frequency division (MF)
and pulse swallow (HF and VHF)

(2) Pin used : VCOL and VCOH pins
(3) Reference frequency : f;

(4) Frequency division value : N

Setting the PLL data in each frequency division system (MF, HF
and VHF) is described in this section

Direct Frequency Division System
(1) Frequency division system selection

The direct frequency division system is selected using a PLL
mode select register.

(2) Pin used

APR. 2005 Ver1.2

The VCOL pin can operate when the direct frequency division
system is selected.

(3) Reference frequency ft setting

The reference frequency is set using a PLL reference mode select
register.

(4) Frequency division value N calculation
The frequency division value is calculated as follows:
N=fycoL/fr
where fycor : Input frequency at VCOL pin
fr : Reference frequency
(5) PLL data setting example

The data used to receive the MW-band broadcasting station be-
low is set as follows:
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Receive frequency : 1260KHz (MW band)
Reference frequency : 9KHz
Intermediate frequency : +450KHz
Frequency division value N is given by
N = fycor / fr = (1260 + 450) / 9 =190 (decimal)
= 0BEH (hexadecimal)
Value N shift 4 bit : 0BEOH
PLL register value of SFR
PLLDRL : 0B
PLLDRH : E0

Pulse Swallow System (HF)

(1) Frequency division system selection

The pulse swallow system is selected using a PLL mode select
register.

(2) Pin used

The VCOL pin can operate when the pulse swallow system is se-
lected.

(3) Reference frequency fr setting

The reference frequency is set using a PLL reference mode select
register.

(4) Frequency division value N calculation
The frequency division value is calculated as follows:
N=fycor/ fr

where fy o : Input frequency at VCOL pin

f, : Reference frequency

(5) PLL data setting example

The data used to receive the SW-band broadcasting station below
is set as follows:

Receive frequency : 25.50MHz (SW band)
Reference frequency : SKHz
Intermediate frequency : +450KHz
Frequency division value N is given by
N = fycoL / fr = (25500 + 450) / 5 = 5190 (decimal)
= 1446H (hexadecimal)
PLL register value of SFR
PLLDRL : 46
PLLDRH: 14
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Pulse Swallow System (VHF)

(1) Frequency division system selection

The pulse swallow system is selected using a PLL mode select
register.

(2) Pin used

The VCOH pin can operate when the pulse swallow system is se-
lected.

(3) Reference frequency fr setting

The reference frequency is set using a PLL reference mode select
register.

(4) Frequency division value N calculation
The frequency division value is calculated as follows:
N=fycon/(f; *2)

where fy oy : Input frequency at VCOH pin

f; : Reference frequency

(5) PLL data setting example

The data used to receive the FM-band broadcasting station below
is set as follows:

Receive frequency : 100.0MHz (FM band)
Reference frequency : 25KHz
Intermediate frequency : +10.7MHz

Frequency division value N is given by
N = fycon / (£, *2)= (100.0 + 10.7) / (0.025%2)
= 2214 (decimal) = 8A6H (hexadecimal)
PLL register value of SFR
PLLDRL : A6
PLLDRH : 08

Data is set in a PLL data register and PLL mode select register as
shown below.
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3.13 ADC

The analog-to-digital converter (A/D) allows conversion of an
analog input signal to a corresponding 8-bit digital value. The A/
D module has eight analog inputs, which are multiplexed into one
sample and hold. The output of the sample and hold is the input
into the converter, which generates the result via successive ap-
proximation. The analog supply voltage is connected to Avref+
of ladder resistance of A/D module.

The A/D module has two registers which are the control register
ADCCON and A/D result register ADCDR. The register ADC-
CON, shown in " ADCCON: AD CONVERTER CONTROL
REGISTER. : 84H" on page 55, controls the operation of the A/
D converter module. The Port7 pins can be configured as analog
inputs or digital I/O. To use analog inputs, I/O is selected input
mode by P7MOD register.

ADCCON: AD CONVERTER CONTROL REGISTER. : 84H

- ADCEN - ADCCH2 ADCCHA1 ADCCHO ADCST ADCSF
- ADCCON.7 Reserved for future use *
ADCEN ADCCON.6 ADC Enable flag
- ADCCON.5 Reserved for future use *
ADCCH2 ADCCON.4 See Table 3-11
ADCCH1 ADCCON.3 SeeTable 3-11
ADCCHO ADCCON.2 See Table 3-11
ADCST ADCCON.1 Software START control for ADC. A logic 1 starts A/D conversion.
ADCSF ADCCON.0 A/D conversion completion flqg. Set. by hardware when ADC operation complete.
Cleared by hardware when this flag is read.
ADCCH[2:0] Select ADC channel How to Use A/D Converter
The processing of conversion is start when the start bit ADST is
0 0 0 Select channel 0 set to 1. After one cycle, it is cleared by hardware. ADCDR con-
0 0 1 Select channel 1 tains the results of the A/D conversion. When the conversion is
0 1 0 Select channel 2 completed, the result is loaded into the ADCDR, the A/D conver-
sion status bit ADSF is set to 1, and the A/D interrupt flag AIF is
0 1 1 Select channel 3 set. The block diagram of the A/D module is shown in Figure
1 0 0 Select channel 4 3-43. The A/D status bit ADSF is set automatically when A/D
conversion is completed, cleared when A/D conversion is in pro-
1 0 1 Select channel 5 cess.
1 1 0 Select channel 6
1 1 1 Select channel 7

Table 3-11 ADCCON Register

APR. 2005 Ver1.2
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DI Ladder Resistor
Avref+ Decoder

P7.0 @J—O\O—

001
P71 [0 010_0\0_ Vin Sample
P72 [OF——F-0~0 ﬁol g

[ ]

[ ]
111
pr.7 [OF———F10~0-

Successive
Approximation
Circuit

ADC
Interrupt

-

A
| ADCDR |

Figure 3-43 ADC Block Diagram

Guideline on ADC

Programmers who want to use ADC in HMS9XC8232 series
should follow the recommended rules.

1. To enter the power down mode, programmers should pow-
er off the ADC using ADCCON.6 flag. When ADC is on,
though HMS9XC8232 is in the power down mode, static leakage
current may be.

2. While ADC is converting analog input, HMS9XC8232 core
should do nothing except NOP instruction. This is the reason
that some instructions would disrupt the ADC result. So, interrupt
function should be disabled because when unexpected interrupt is
called, some instructions in the interrupt routine may disrupt the
ADC result. Example code is as follows. ADC conversion time
can be calculate by 21*6*(1/fxx) seconds. If f;ogc is 7.2MHz
and fepy is 1/2 fyggc, conversion time is approximately 22 ma-
chine cycles. So, at least 22 NOP instructions are required for
ADC conversion.

Example code)
; Interrupt should be disabled
mov  adccon, #0e2h ; start ADC operation
nop
nop
nop

nop

56

nop
nop
nop
nop
nop
nop
nop
nop
nop
nop
nop
nop
nop
nop
nop
nop
nop
nop
nop
nop

mov

a, adcdr ; read the conversion result
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3.14 LCD DRIVER

The HMS9XC8232 has the circuit that directly drives the liquid
crystal display (LCD) and its control circuit. In addition, VCLn

pin is provided as the drive power pin.

HMS9XC8232

1/4 duty: 29 seg x 4com
1/3 duty: 30 seg x 3com
1/2 duty: 31 seg x 2com

Basically, the HMS9XC8232 has 29 seg.x 4 com. ports of LCD
driver. Extend display modes are shown in left table.

Figure 3-44shows the configuration of the LCD driver.

Static: 32 seg x 1com
—
— ] SEGO
5 — | SEG1
2 ] SEG2
3 . 5 . = .
E e ‘E o g o
Display Memory 3 ° 8 ° o °
(32 x 4 bits) @ ° O ° 2 .
© ° % ° ) °
a
> — ] SEG26
2 ] sEcar
a
" ] SsEGz28
z
a N
)
m Main Clock
z Selection - -
Z —
o o ®
i 1/32 _ )z § ] como
z foscl2 ) o 5 | 1/64 £ Ssl S s ] comisEG29
° o8 3
Clock divider mux | S 11128 | Mux 8¢ 891108 o [ Ccom2/sEG30
fose | 1 e £ o) @ b1 comsiseG31
& | 1/256 E o & o
Main clock Control frame
fo control frequenc
2]
Control Duty % _f (] BiAs
SFR s S [] vCL2
(LCR, SGEO, SGE1) Enable LCD, SEG port g § [ veLt
Control bias voltage and resistor < ] vCLo
_

LCD Control Registers

The LCD driver is controlled by the LCD control register LCR

Figure 3-44 LCD Driver Block Diagram

and SEG port enable registers SGEO, SGE1. LCD block input the
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clock from the Clock Generation Block.(See Figure 3-2)
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LCR: LCD CONTROL REGISTER. : E5H

MCSEL BTC LCDEN BRC DTY1 DTYO LCK1 LCKO
Main clock selection bit
MCSEL LCR.7
0 : fmain = fosc/2"7, 1 : fmain = fosc
BTC LCR6 Bl.as Trarl15|stor control bit. Set/cleared by software to turn on/off Bias Transistor.
0:off,1:0n
LCD Enable.
0 : LCD display all segment 0 data output
1: LCD display enable
LCDEN LCR.5 LCD display control.
Enable LCD display : LCR = xx1xxxxxB(LCDEN=1) and SGE1 = OxxxxxxxB(MCCON=0)
Disable LCD display : LCR = xx0xxxxxB(LCDEN=0) and SGE1 = 1xxxxxxxB(MCCON=1)
BRC LCR.4 Bias Resistor control. Set/cleared by software to turn on/off Bias Resistor.
DTY1 LCR.3 See Table 3-12
DTYO LCR.2 See Table 3-12
LCK1 LCR.1 See Table 3-13
LCKO LCR.O See Table 3-13
DTY[1:0] Duty mode LCK[1:0] Frame frequency
0 0 1/4 duty 0 0 fuan/ 32
0 1 1/3 duty 0 1 fuain/ 64
1 0 1/2 duty 1 0 fMAIN/ 128
1 1 Static 1 1 fuan / 256

Table 3-12 Selects of LCD Duty mode

Duty and Bias Selection of LCD driver

5 kinds of driving methods can be selected by DTY (bits 3 and 2
of LCD Control Register and connection of VCL pin externally.

SGEO: SEG PORT ENABLE REGISTER 0. : E6H

Table 3-13 Selects of LCD Frame frequency

Figure 3-45 shows typical driving waveforms for LCD.)

SEG21 SEG20 SEG19 SEG18 SEG17 SEG16 SGB1 SGBO0

SEG21 SGE.7 SEG21 enable/disable control flag. Active High.

SEG20 SGE.6 SEG20 enable/disable control flag. Active High.

SEG19 SGE.5 SEG19 enable/disable control flag. Active High.

SEG18 SGE .4 SEG18 enable/disable control flag. Active High.

SEG17 SGE.3 SEG17 enable/disable control flag. Active High.

SEG16 SGE.2 SEG16 enable/disable control flag. Active High.

SGB1 SGE.1 SEG8~SEG15 enable/disable control flag. Active High.

SGBO0 SGE.O SEGO0~SEG7 enable/disable control flag. Active High.
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SGE1: SEG PORT EANABLE REGISTER 1. : E7H.

MCCON SEG28 SEG27 SEG26 SEG25 SEG24 SEG23 SEG22

Main clock enable/disable control flag for saving the power consumption. If you want to use
LCD Driver or write LCD display data to LCD display memory, you must clear this bit.
MCCON SGE.7 LCD display control.
Enable LCD display : LCR = xx1xxxxxB(LCDEN=1) and SGE1 = 0xxxxxxxB(MCCON=0)
Disable LCD display : LCR = xx0xxxxxB(LCDEN=0) and SGE1 = 1xxxxxxxB(MCCON=1)

SEG28 SGE.6 SEG28 enable/disable control flag. Active High.
SEG27 SGE.5 SEG27 enable/disable control flag. Active High.
SEG26 SGE.4 SEG26 enable/disable control flag. Active High.
SEG25 SGE.3 SEG25 enable/disable control flag. Active High.
SEG24 SGE.2 SEG24 enable/disable control flag. Active High.
SEG23 SGE.1 SEG23 enable/disable control flag. Active High.
SEG22 SGE.O SEG22 enable/disable control flag. Active High.

Selecting Frame Frequency

Frame frequency is set to the base frequency as shown in the fol- to operate even during the IDLE mode.
lowing Table 3-13.

The LCK[1:0] of LCR determines the frequency of COM signal
scanning of each segment output. RESET clears the LCD control
register LCR values to logic zero. The LCD display can continue

COMO pin

one frame
(at 1/4 duty, 1/3 bias)
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< 1f. > < 1f. >
vCL2 : VCL2 :
VCLA1 : : vVCL1
VCLO —l _I ,—| VCLO
GND GND
-VCLO |—’ -VCLO |—
-vCL1 -veL1
-VCL2 -VCL2
TN )
['Data "1 Data "0" | Data "0" | Data "1" | Data "0"
(a) 1/4 duty, 1/3 bias (b) 1/3 duty, 1/3 bias
“ /£, > — U, —»
VCL2 : : VCL2 ) ) _I_
VCL1 = VCLO VCL1 = VCLO
GND GND
-VCL1 = -VCLO _I_ |— —I_ -VCL1 = -VCLO
-VCL2 -VCL2
Data "0" | Data "1"
(c) 1/3 duty, 1/2 bias (d) 1/2 duty, 1/2 bias
1 ¥
VCL2 | ) —
VCL1
VCLO
Note f_ : LCD Frame frequenc
GND F quency
-VCLO Note: LCD display when using, pull-up of LCD port removes.
-VCLA1
-VCL2 . —

Data "1" | Data "0"

(e) Static
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Figure 3-45 LCD drive waveform (Voltage COM-SEG Pins)
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LCD Port Selection

Segment pins are also used for normal I/O pins. The LCD seg-
ment enable register SGEO, SGE1 are used to set P3~P6 pins for
ordinary digital input/output. Refer to SGEO, SGE1 registers as
shown in page 58.

Bias Resistor

To operate LCD, built-in Bias resistor dividing Vpp to Vgg
section into several stages generates necessary voltage.

The BTC (Bit 6 of LCR) switches Transistor supplying voltage to
serially connected Bias resistor. If it is ‘1°, it turns on, and if it is
‘0, it turns off. The LCD drive voltage (V¢ ») is given by the dif-
ference in potential (Vpp-Vp,) between pins Vpp and Vi 5.
Therefore, when the MCU operating voltage is 5V and LCD drive
voltage are the same, the Bias pin is connected to the V¢ , pin as
shown in (a) of Figure 3-46.

Note: LCD display when using,
pull-up of LCD port removes.

MCU Internal MCU Internal
Voo DD
BTC >0 BTC >0
E % BIAS % % BIAS
2R 2R
o ‘ » [
2R » VCL2]  Two pins are connected 2R » VCL2| Short two pins
I < each other > < each other externally
© ©
: e I
e » VCL1 VCL2=5V 5 » VCL1 VCL2=5V
£ R ) VCL1=3.33V £ R ) VCL1=2.5V
£ % VCLO=1.67V £ VCLO0=2.5V
S — 11 = %
R » VCLO R » VCLO
Bl i
BRC . BRC .
BTC=“1" BRC=‘1" BTC=“1" BRC="1"
(a) Internal, Static or 1/3 Bias (b) Internal, Static or 1/2 Bias Typ. R=98kQ

Figure 3-46 Application Example of 5V LCD Panel

When require supply 3V output to the LCD, the voltage of V-,
becomes 3V as shown in Figure 3-47. Because Vpp is down to
3V through internal 2R resistor.

The LCD light only when the difference in potential between the
segment and common output is +VCL2, and turn off at all other
times. During reset, the power switch of the LCD driver is turned
off automatically, shutting off the VCL voltage.

APR. 2005 Ver1.2

Some user want to use external bias resisor instead of internal,
you can connect external resistor as shown in Figure 3-48. And
the external capacitors are may required for stable display accord-
ing to your system environment.
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Note: LCD display when using,
pull-up of LCD port removes.

MCU Internal MCU Internal _
DD =5V VDD =5V
10 > arc [>o [
%[] S (]
ZR% BIAS VCL2=3V 2R ‘ D& BIAS xg::fzila\gv
® T VCL1=2V 0 2 =1.
S [1 vco=1v S [] vclo=15v
@ D‘Q—« veL?] @ Pl vels
© R R
8 @ 1
o — 1] @ .
® » VCL1 w s \VCL1 Short two pins
s R £R . externally
E %4[] £y %
R i y VCLO R i » VCLO
BRC A BRC o
BTC = “1” BRC = “1” BTC = “1” BRC = “1”
(a) Internal, Static or 1/3 Bias (b) Internal, Static or 1/2 Bias Typ. R=98kQ
Figure 3-47 Application Example of 3V LCD Panel
MCU Internal Note: LCD display when using,
pull-up of LCD port removes.
BTC >4
BTC = “0”

Internal Bias resistors

BRC =“0" VssTTT Z}
BRC— o | Evternal ciren

hd External CII’CUIt

Figure 3-48 External Resistor
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LCD Display Memory

Display data are stored to the display data area (address
2E0g-2FFp) in the data memory(See Figure 3-49).

The display data stored to the display data area are read au-
tomatically and sent to the LCD driver by the hardware.

The LCD driver generates the segment signals and com-
mon signals in accordance with the display data and drive
method.

Bit 0 1 2 3 4 5 6 7
SEG31 O— 2FF,
SEG30 O— 2FE,
SEG29 O— 2FD,
SEG28 O— 2FC,
SEG27 O—j 2FB,
SEG26 O— 2FA,
SEG25 O—j 2F9,
SEG24 O— 2F8,
SEG23 O— 2F7,
Note: SEG22 O— 2F6,,
The bit4 to 7 of every byte are SEG21 O— 2F5,
reserved. Any read or write is not SEG20 O—— 2F4,
effect. SEG19 O— | 23,
SEG18 O— 2F2,
SEG17 O— 2F1,
SEG16 O— 2F0,
SEG15 O— 2EF,
SEG14 O— 2EE,
SEG13 O— 2ED,
SEG12 O— 2EC,
SEG11 O—j 2EB,
SEG10 O— 2EA,
SEG9 O— 2E9,
SEG8 O—— 2E8,
SEG7T O— 2E7,
SEG6 O—y 2E6,
SEG5 O— 2E5,
SEG4 O— 2E4,
SEG3 O— 2E3,
SEG2 O— 2E2,
SEG1 O—— 2E1,
SEG0 O—— 2E0,
o sl N a2}
= = = =
8 8 8 8§

Figure 3-49 LCD Display Memory

Therefore, display patterns can be changed by only over-
writing the contents of the display data area with a pro-
gram. The table look up instruction is mainly used for this
overwriting.

Figure 3-49 shows the correspondence between the display
data area and the SEG/COM pins. The LCD lights when
the display data is “1” and turn off when “0”".

The number of segment which can be driven differs de-
pending on the LCD drive method, therefore, the number
of display data area bits used to store the data also differs

APR. 2005 Ver1.2

(Refer to Table 3-14). Consequently, data memory not

Drive methods | Bit3 Bit 2 Bit 1 Bit 0
1/4 duty COM3 | COM2 | COM1 | COMO

1/3 duty - COM2 | COM1 | COMO

1/2 duty - - COM1 | COMO
Static - - - COMO

Table 3-14 The duty vs. COM port Configuration
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used to store display data and data memory for which the
address are not connected to LCD can be used to store or-
dinary user’s processing data.

Blanking

Blanking is applied by setting LCDEN (bit 7 of LCR) to “0” and
turns off the LCD by outputting the non light operation level to
the COM pin. When setting Frame frequency or changing operat-
ing mode, LCD display should be oft before operation, to prevent

display flickering.
Control Method of LCD Driver

Initial Setting

Flow chart of initial setting is shown in Figure 3-50.

Note : LCD display when using, pull-up of the port removes.

Example: When operating with 1/4 duty LCD using a frame frequency of fyan / 64.

mov P3CON, #00h
Remove Pull-up of mov P4CON, #00h
LCD port mov P5CON, #00h
mov P6CON, #00h
Select Frame Frequency mov LCR, #051h
mov SGE1, #00h
mov DPTR, #02e0h
mov a, #00h
mov r0, #0eOh
init mem:
Clear movx @DPTR, a
LCD Display inc @DPTR
Memory inc r0
cjne r0, #00h,
mov SGEO, #0ffh
mov SGE1l, #07fh
Tum on LCD [ mov LCR, #071h
mov SGE1, #87fh
Turn off LCD [ mov LCR, #051h

;Disable
;Disable
;Disable
;Disable

pull-up of P3
pull-up of P4
pull-up of P5
pull-up of P6

;1/4duty, fMAIN/64
;main clock enable

(fuatn= fosc/2'7)

;set the start address of LCD Memory
;initial value

init mem

; SEGO~SEG21 enable
; SGE22~SEG28 enable,
;Enable LCD display,

0
1

Enable MCCON
Enable LCDEN

;Disable MCCON
;Disable LCDEN

1, Disable LCD display
= 0, Disable LCD display

Y

Setting of LCD drive method

l

Initialize of display memory

Enable display
(Release of blanking)

v

Figure 3-50 Initial Setting of LCD Driver
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COMO0

CcOom2
Vo com: BCOW

<

SEGO
SEG1

Example: display “2”

p— bit7 6 5 4 3 2 1 0
Tl o[ oioiiq]
o’

LUO 101H|111o|

Note: * are don’t care.

Figure 3-51 Example of Connection COM & SEG
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Display Data Setting

Normally, display data are kept permanently in the pro- COM and SEG connections to the LCD and display data
gram memory and then stored at the display data area by are the same as those shown is Figure 3-51. Programming
the table look-up instruction. This can be explained using example for displaying character is shown below .

numerical display with 1/4 duty LCD as an example. The

r mov DPTR, #1000h
mov a, #02h
movc a, @a+DPTR ; LOAD FONT DATA
Write into the mov DPTR, #02e0h
movx @DPTR, a ;write LOWER 4 BITS OF FONT DATA.
LCD Memory swap a
inc DPTR
movx @DPTR, a ;write UPPER 4 BITS OF ACC.
org 1000h
[ DB 11010111B ; N0
F d DB 00000110B ; “1
ont data DB 11100011B ;oo
DB 10100111B ; w37
DB 00110110B ; w4
DB 10110101B ; w57
DB 11110101B ; “e”
DB 00000111B ; w7
DB 11110111B ; “g”
DB 00110111B ; “o”
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3.15 Interrupts

The HMS9XC8232 provides 18 interrupt sources. (The 7 external
interrupts and 11 internal interrupts) Among the 7 external inter-
rupts (INTO through INT6), the 6 External Interrupts (INTO
through INTS5) can be configured as either level-activated or tran-
sition-activated, depending on bits in Register IT2, and the exter-
nal interrupt source, INT6, can only be transition-activated. The
flags that actually generate these interrupts are bits IRO and IR1
registers. When an external interrupt is generated, the flag that
generated it is cleared by the hardware when the service routine
is vectored to only if the interrupt was transition-activated. If the
interrupt was a level-activated, then the external requesting
source is what controls the request flag, rather than the on-chip
hardware.

The Timer0, Timerl, Timer2, Timer3 and Timer4 interrupts are
generated by TFO, TF1, TF2 (T2EX), TF3 and TF4 which are set
when rollover in their respective Timer/Counter registers (except
see Timer 0 and Timer 3 in Mode 3) occurs. When a timer inter-
rupt is generated, the flag that generated it is cleared by the
on-chip hardware when the service routine is vectored to.

The UART interrupt is generated by the logical OR of RI and TI.
And SIO1 and SIO2 Interrupt is generated by IRS1 and IRS2.
Neither of these flags is cleared by hardware when the service
routine is vectored to. In fact, the service routine will normally
have to determine whether it was RI or TI that generated the in-
terrupt, and the bit will have to be cleared in software.

The IF counter, ADC, WDT Interrupt is generated by IRIF,
IRADC and IRWDT. Neither of these flags is cleared by hard-
ware when the service routine is vectored to. Especially, WDT in-
terrupt can be NMI (Non Maskable Interrupt).

All of the bits that generate interrupts can be set or cleared by
software, with the same result as though it had been set or cleared
by hardware. That is, interrupts can be generated or pending in-
terrupts can be canceled in software.

Each of these interrupt sources can be individually enabled or dis-
abled by setting or clearing a bit in special Function Register IE,
IE2 and IE3. IE also contains a global disable bit, EA, which dis-
ables all interrupts at once.

Priority Level Structure

Each interrupt source can also be individually programmed to one
of two priority levels by setting or clearing a bit in Special Func-
tion Register IP, IP2 and IP3. A low-priority interrupt can itself
be interrupted by a high-priority interrupt, but not by another
low-priority interrupt. A high priority interrupt can't be interrupt-
ed by any other interrupt source.

If two requests of different priority levels are received simulta-
neously, the request of higher priority level is serviced. If re-
quests of the same priority level are received simultaneously, an
internal poling sequence determines which request is serviced.
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Thus within each priority level there is a second priority structure
determined by the polling sequence as follows:

Source Priority Within Level
(Highest)
INTEXO External interrupt 0
INTTO Timer0/Counter0 interrupt
INTEX1 External interrupt 1
INTT1 Timer1/Counter1 interrupt
INTSO (Rl or TI) UART interrupt
INT1I'52X(|;I'2F)2 or Timer2/Counter2 interrupt
INTWDT WDT interrupt
INTIFC IF Counter interrupt
INTAD ADC interrupt
INTEX2 External interrupt 2
INTEX3 External interrupt 3
INTEX4 External interrupt 4
INTS1 SI01 interrupt
INTS2 S102 interrupt
INTEX5 External interrupt 5
INTEX6 External interrupt 6
INTT3 Timer3/Counter3 interrupt
INTT4 &INTTS Timer4/Counter4 interrupt
(Lowest)

Note that the “priority within level” structure is only used to re-
solve simultaneous requests of the same priority level.

The IP, IP2 and IP3 register contains a number of unimplemented
bits. IP.7, IP.6, IP2.7, IP2.6, IP2.5 and IP3.7 are reserved in the
HMS9XC8232. User software should not write 1s to these posi-
tions, since they may be used in other HMS9XC8232 Family
products.

How interrupts Are Handled

The interrupt flags are sampled at S5P2 of every machine cycle.
The samples are polled during the following machine cycle. If
one of the flags was in a set condition at SSP2 of the preceding
cycle, the polling cycle will find it and the interrupt system will
generate an LCALL to the appropriate service routine, provided
this hardware-generated LCALL is not blocked by any of the fol-
lowing conditions:

1. An interrupt of equal or higher priority level is already in
progress.
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Interrupt Enable C.OI‘ItI'0| Interrupt Priority_ Control ::g: Il;z\lll?nigg(:i:itr)i’ty
IE/IE2/|E3 Register  IP /IP2/ IP3 Register
INTEXO 5 O—Cko o2 ", Wﬁty
INTTO 55010 o-Z N
INTEX1 o/o—o":/o -2 >,
INTT 0 0—0"0 o-Z N
{'I{Irgg TI) 0/040):6 0\8 > >
w;'zr %r T2EX) O/O_Oﬁ o5 > >
INTADC 0 0—0" o-Z ", ” o
INTWDT 00—070 o-Z ", ge:::r?ct:e o
INTIF 5o—G10 o-F N “
INTEX2 o/o—o?J o ",
INTEX3 00— o3 N
INTEX4 o 0—0/0 o3 N
INTS1 5 6—o10 o-Z N
INTS2 0/0—0?3 o5 ",
INTEX5 o 0—0"0 o3 gl
INTEX6 0 0—0C0 oS gl
INTT3 o010 g gl
INTT4 O/O—O% o2 R
& INTT5 4 A
Individual Enables gﬁ) E:F;t:;le [I;?: F"-;‘I’fn'g";':;::i!;y Low Level Priority
Low Polling Priority

Figure 3-52 Interrupt Control Block

2. The current (polling) cycle is not the final cycle in the execu-
tion of the instruction in progress.

3. The RETI instruction in progress or any write to the IEs or IPs
registers.

Any of these three conditions will block the generation of the
LCALL to the interrupt service routine, Condition 2 ensures that
the instruction in progress will be completed before vectoring to
any service routine. Condition 3 ensures that if the instruction in
progress is RETI or any access to IEs or IPs, then at least one
more instruction will be executed before any interrupt is vectored
to.

APR. 2005 Ver1.2

The polling cycle is repeated with each machine cycle, and the
values polled are the values that were present at S5P2 of the pre-
vious machine cycle. Note that if an interrupt flag is active but not
being responded to for one of the above conditions, and is not still
active when the blocking condition is removed, the denied inter-
rupt will not be serviced. In other words, the fact that the interrupt
flag was once active but not serviced is not remembered. Every
polling cycle is now.

The polling cycle/LCALL sequence is illustrated in Figure 3-52.

Note that if an interrupt of higher priority level goes active prior
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to S5P2 of the machine cycle labeled C3 in Figure 20, then in ac-
cordance with the above rules it will be vectored to during C5 and
C6, without any instruction of the lower priority routine having
been executed.

Thus the processor acknowledges an interrupt request by execut-
ing a hardware-generated LCALL to the appropriate servicing
routine.

In some cases it also clears the flag that generated the interrupt,
and in other cases it doesn’t. It never clears the Serial Port flag.
This has to be done in the user’s software. It clears an external in-
terrupt flag (IE or IE2) only if it was transition-activated. The
hardware-generated LCALL pushes the contents of the Program
Counter on to the stack (but it does not save the PSW) and reloads
the PC with an address that depends on the source of the interrupt
being vectored to, as shown below:

Source Vector Address
INTEXO 0003H
INTTO 000BH
INTEX1 0013H
INTT1 001BH
INTSO (RI & TI) 0023H
INTT2 (TF2 & EXF2) 002BH
INTWDT 0033H
INTIFC 003BH
INTAD 0043H
INTEX2 004BH
INTEX3 0053H
INTEX4 005BH
INTS1 0063H
INTS2 006BH
INTEX5 0073H
INTEX6 007BH
INTT3 0083H
INTT4 & INTT5 008BH

Execution proceeds from that location until the RETI instruction
is encountered. The RETT instruction informs the processor that
this interrupt routine is no longer in progress, then pops the top
two bytes from the stack and reloads the Program Counter. Exe-
cution of the interrupted program continues from where in left
off.

Note that a simple RET instruction would also have returned ex-
ecution to the interrupted program, but it would have left the in-
terrupt control system thinking an interrupt was still in progress,
making future interrupts impossible.

External Interrupts
The external sources can be programmed to be level-activated or
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transition-activated by setting or clearing bit IT2 Register. Since
the external interrupt pins are sampled once each machine cycle,
an input high or low should hold for at least 12 oscillator periods
to ensure sampling. If the external interrupt is transition-activat-
ed, the external source has to hold the request pin high for at least
one machine cycle, and then hold it low for at least one machine
cycle. This is done to ensure that the transition is seen so that in-
terrupt request flag IEx will be set. IEx will be automatically
cleared by the CPU when the service routine is called.

If the external interrupt is level-activated, the external source has
to hold the request active until the requested interrupt is actually
generated. Then it has to deactivate the request before the inter-
rupt service routine is completed, or else another interrupt will be
generated.

Response Time

The /INTx levels are inverted and latched into IE and IE2 register
at S5P2 of every machine cycle. The values are not actually
polled by the circuitry until the next machine cycle. If a request is
active and conditions are right for it to be acknowledged, a hard-
ware subroutine call to the requested service routine will be the
next instruction to be executed. The call itself takes two cycles.
Thus, a minimum of three complete machine cycle elapse be-
tween activation of an external interrupt request and the begin-
ning of execution of the first instruction of the service routine.
Figure 3-53 shows interrupt response timings.

A longer response time would result if the request is blocked by
one of the 3 previously listed conditions. If an interrupt of equal
or higher priority level is already in progress, the additional wait
time obviously depends on the nature of the other interrupt’s ser-
vice routine. If the instruction in progress is no in its final cycle,
the additional wait time cannot be more the 3 cycles, since the
longest instructions (MUL and DIV) are only 4 cycles long, and
if the instruction in progress is RETI or an access to IE or IP, the
additional wait time cannot be more than 5 cycles (a maximum of
one more cycle to complete the instruction in progress, plus 4 cy-
cles to complete the next instruction if the instruction is MUL or
DIV).

Thus, in a single interrupt system, the response time is always
more than 3 cycles and less than 9 cycles.
Single-Step Operation

The HMS9XC8232 interrupt structure allows single-step execu-
tion with very little software overhead. As previously noted, an
interrupt request will not be responded to while an interrupt of
equal priority level is still in progress, nor will it be responded to
after RETI until at least one other instruction has been executed.
Thus, once an interrupt routine has been executed, it cannot be
re-entered until at least one instruction of the interrupted program
is executed. One way to use this feature for single-step operation
is to program one of the external interrupts (e.g., INTO) to be lev-
el-activated. The service routine for the interrupt will terminate
with the following code:

JNB P3.2,5S ; Wait Till INTO Goes High
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JB P3.2,$ ; Wait Till INTO Goes Low
RETI ; Go Back and Execute One Instruction

Now if the INTO pin is held normally low, the CPU will go right
into the External Interrupt O routine and stay there until INTO is
pulsed (from low to high to low). Then it will execute RETI, go
back to the task program, execute one instruction, and immediate-
ly re-enter the External Interrupt O routine to await the next puls-
ing of INTO. One step of the task program is executed each time
INTO is pulsed.

Simulating a Third Priority Level in Software

Some applications require more than two priority levels that are
provided by on-chip hardware in HMS9XC8232 devices. In these
cases, relatively simple software can be written to produce the
same effect as a third priority level. First, interrupts that are to
have higher priority than 1 are assigned to priority 1 in the Inter-
rupt Priority (IP) register. The service routines for priority 1 in-
terrupts that are supposed to be interruptible by priority 2

interrupts are written to include the following code :

PUSH IE
MOV IE, #MASK
CALL LABEL

KAR A A I Ak Ak A h Ak Ak A hAk kA hk kA kA hhk %k

(execute service routine)
Ak hkhkhkk ko hkhkkhhhkhrhkkhhkhrhkhkhhhkkx*tx%k

POP IE
RET
LABEL: RET1

As soon as any priority interrupt is acknowledged, the Interrupt
Enable (IE) register is redefined so as to disable all but priority 2
interrupts. Then a CALL to LABEL executes the RETI instruc-
tion, which clears the priority 1 interrupt that is enabled can be
serviced, but only priority 2 interrupts are enabled.

POPing IE restores the original enable byte. Then a normal RET
(rather than another RET]I) is used to terminate the service rou-
tine.

Cl ——ple—C2 —ple—C3 —Pple—C4 —Pl¢e— C5 — —

| ssP2 | S6 |
I [ [ [ n ) I ) I _
[{§ [{§ {§
I
T T Interrupts Long Call to Interrupt Routine
Are Polled Interrupt
Interrupt Interrupt Vector
Goes Latched Address
Active

This is the fastest possible response when C2 is the final cycle of an instrcution other than RETI or an access to IE or IP.

Figure 3-53 Interrupt Response Timing Diagram

APR. 2005 Ver1.2

69



HMS91C8232/97C8232

MagnaChip=’

3.16 Reset

The reset input is the RST pin, which is the input to a Schmitt
Trigger.

A reset is accomplished by holding the RST pin high for at least
two machine cycles (24 oscillator periods), while the oscillator is
running. The CPU responds by generating an internal reset.

The external reset signal is asynchronous to the internal clock.
The RST pin is sampled during State 5 Phase of every machine
cycle. The port pins will maintain their current activities for 19
oscillator periods after a logic 1 has been sampled at the RST pin;
that is, for 19 to 31 oscillator periods after the external reset signal
has been applied to the RST pin.

The internal reset algorithm writes Os to all the SFRs except the
port latches, the Stack Pointer, and SBUF, The port latches are
initialized to FFH, the Stack Pointer to 07H, and SBUF is inde-
terminate.

The internal RAM is not affected by reset. On power up the RAM
content is indeterminate.

| 24 oscillator periodes |
- »
l Ld

VCC VCC
10uF /I\
RESET
— HMS91C8232
8.2k
GND
- ( Reset Circuit of R/C )
VCCO
VCC

1

10uF
RESETIC T RESET
(KIAT432P )

HMS91C8232

8.2k

GND

_L_

( Reset Circuit of Reset IC )

Figure 3-54 Reset Timing

3.17 Power-On Reset

An automatic reset can be obtained when Vcc is turned on by con-
necting the RST pin to Vec through a 10uf capacitor. CMOS de-
vices do not require external resistor although its presence does
no harm, because they have an internal pulldown on the RST pin.

On power up, Vcc rise time does not exceed 10 millisecond and
the oscillator start-up time will depend on the oscillator frequen-
cy. This power-on reset circuit is shown in Figure 3-55.

When power is turned on, the circuit holds the RST pin high for
an amount of time that depends on the value of the capacitor and
the rate at which it charges. To ensure a good reset, the RST pin
must be high long enough to allow the oscillator time to start-up
(normally a few ms) plus two machine cycles.

Note that the port pins will be in a random state until the oscilla-

tor has started and the internal reset algorithm has written Is to
them.
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Figure 3-55 Power-On Reset Circuit

Interrupt,
Clock Serial Port,
Gen. Timer Blocks
CPU

IDL

Figure 3-56 Idle and Power Down Hardware

With this circuit, reducing Vee quickly to 0 causes the RST pin
voltage to momentarily fall below 0V. However, this voltage is
internally limited, and will not harm the device.

Powering up the device without a valid reset could cause the CPU
to start executing instructions from an indeterminate location.
This is because the SFRs, specifically the Program Counter, may
not get properly initialized.
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3.18 Power failure detection logic

HMS9XC8232 has the power failure detection logic which is
controlled by PFDCR SFR After external reset, the power failure
detection logic is disable. To enable it, user should write 1 to
PFDEN flag of PFDCR SFR. When enabled, the power failure
detection logic detects a voltage levels and sets corresponding
power failure detection flags, PFDF. The meaning of each bit of

PFDCR SFR is described below.

Figure 3-57 shows the PFDF flag setting condition. Whenever
PFDF flag is set to 1, the internal reset caused by power failure is
generated and HMS9XC8232 goes to reset state.

PFDCR: POWER FAILURE DETECTION CONTROL REGISTER. NOT BIT ADDRESSABLE : D6H

PFDEN OPT2 OPT1 OPTO PRD1 PRDO - PFDF

The PFDCR SFR is related to the power failure detection function.

PFDEN PFDCR.7 Power fail detection enable flag. If PFDEN =1, power failure detection function is enabled, otherwise it
is disabled. After reset this flag is initialized to 0.

OPT2 PFDCR.6 Option register. The value of PFDCR[6:4] should be set to 001. After reset these bits are initialized to
001

OPT1 PFDCR.5

OPTO PFDCR.4

PRD1 PFDCR.3 Period Reset Detection register. These bits determine the duration of reset signal generated by power
failure detection logic.

PRDO PFDCR.2 We recommend that user sets these bits to 00.

- PFDCR.1 Reserved for future use.
PFDF PFDCR.0 Power failure detection flag. When CPU is working in ACTIVE mode and operating voltage drops

below 2.8V, this flag is set to 1 and the internal reset caused by power failure is generated. After exter-
nal reset, this flag initialized to 0 but the reset generated by power failure does not effect this flag.

Vee =5V

Vee=27V

Power failure reset

generated at this point.

When T¢> 30 ns and CPU warks in active mode,
the PFDF flag is set and the power failure reset is

Figure 3-57 PFDF setting conditions

APR. 2005 Ver1.2
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3.19 Power-Saving Modes of Operation

For applications where power consumption is critical the CMOS
version provides power reduced modes of operation as a standard
feature.

CMOS versions have two power reducing modes, Idle and Power
Down. The input through which backup power is supplied during
these operations is Vcc. Figure 3-56 shows the internal circuitry
which implements these features. In the Idle modes (IDL = 1), the
oscillator continues to run and the Interrupt, and Timer5 blocks
continue to be clocked, but the clock signal is gated off to the
CPU and all other peripheral blocks. In Power Down (PD=1), the
oscillator is frozen. The Idle and Power Down Modes are
activated by setting bits in Special Function Register PCON. The
address of this register is 87H. Figure 3-58 details its contents.

Idle Mode

An instruction that sets PCON.O causes that to be the last
instruction executed before going into the Idle mode. In the Idle
mode, the internal clock signal is gated off to the CPU and
peripheral blocks but not to the Interrupt, and Timer5 functions.
The CPU status is preserved in its entirety; the Stack Pointer,
Program Counter, Program Status Word, Accumulator, and all
other registers maintain their data during Idle. The port pins hold
the logical states they had at the time Idle was activated.

There is one way to terminate the Idle. Activation of any enabled
interrupt will cause PCON.0 to be cleared by hardware, terminat-
ing the Idle mode. The interrupt will be service, and following

RETI, the next instruction to be executed will be the one follow-
ing the instruction that put the device into Idle.

The flag bits GF0 and GF1 can be used to give an indication if an
interrupt occurred during normal operation or during on Idle. For
example, an instruction that activates Idle can also set on or both
flag bits. When Idle is terminated by an interrupt, the interrupt
service routine can examine the flag bits.

Power-Down Mode

An instruction that sets PCON.1 causes that to be the last instruc-
tion executed before going into the Power Down mode. In the
Power Down mode, the on-chip oscillator is stopped. With the
clock frozen, all functions are stopped, the contents of the on-chip
RAM and Special Function Registers are maintained. The port
pins output the values held by their respective SFRs. The only
exit from Power Down is a hardware reset. Reset redefines all the
SFRs, but does not change the on-chip RAM. In the Power Down
mode of operation, Vcc can be reduced to as low as 2V. Care
must be taken, however, to ensure that Vcc is not reduced before
the Power Down mode is invoked, and that Vcc is restored to its
normal operating level, before the Power Down mode is terminat-
ed. The reset that terminates Power Down also frees the oscilla-
tor. The reset should not be activated before Vcc is restored to its
normal operating level, and must be held active long enough to
allow the oscillator to restart and stabilize (normally less than
10ms).

(MSB) (LSB)
SMOD - - - GF1 GFO0 PD IDL
Symbol Position Name and Function
SMOD PCON.7 Double baud rate bit. When set to a 1 and Timer 1 is used to generate
baud rate, and the Serial Port is used in modes 1, 2 or 3.
- PCON.6 Reserved.
- PCON.5 Reserved.
- PCON.4 Reserved.
GF1 PCON.3 General-purpose flag bit.
GFO0 PCON.2 General-purpose flag bit.
PD PCON.1 Power-down bit. Setting this bit activates power-down operation.
IDL PCON.O Idle mode bit. Setting this bit activates idle mode operation.

If 1s are written to PD and IDL at the same time, PD takes precedence. The reset value of PCON is (0XXX0000). User
software should never write 1s to unimplemented bits, since they may be used in future products.

Figure 3-58 Power Control Register (PCON)
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Figure 3-59 On-Chip Oscillator Circuitry in the CMOS Version of the HMS9XC8232

3.20 The On-Chip Oscillators

The on-chip oscillator circuitry for the HMS9XC8232, shown in
Figure 3-59, consists of a single stage linear inverter intended for
use as a crystal-controlled, positive reactance oscillator.

The HMS9XC8232 is able to turn off its oscillator under software
control (by writing a 1 to the PD bit in PCON), and the internal
clocking circuitry is driven by the signal at XTAL2.

The feedback resistor Ry in Figure 3-60 consists of paralleled n-
and p-channel FETs controlled by the PD bit, such that Ry is
opened when PD = 1. The diodes D1 and D2 which act as clamps
to Vec and Vss, are parasitic to the Ry FETs. The oscillator can

APR. 2005 Ver1.2

be used with the external components, as shown in Figure 3-61.
Typically, C1 = C2 =30pF when the feedback element is a quartz
crystal, and C1 = C2 = 47pF when a ceramic resonator is used.

To drive the CMOS parts with an external clock source, apply the
external clock signal to XTAL2, and leave XTALI float, as
shown in Figure 3-61.

In the CMOS parts the internal timing circuits are driven by the
signal at XTAL2.
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Figure 3-61 Driving the CMOS Family Parts with an External Clock Source
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3.21 Power Line Configuration
Power line of the HMS9XC8232 are separated the I/OPAD, the CORE and the PLL.

VDD(Digital) : VDD1, VDD2
VDD(Analog) : VDD3

GND(Digital) : VSS1, VSS2
GND(Analog) : VSS3

O

—
~w

| 4

T
=3
HHHEE

-
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XOUT

|
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| Y |84
L2 1]l [ X
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Figure 3-62 Power Line of the HMS9XC8232
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4. SPECIAL FUNCTION REGISTERS

A map of the on-chip memory area called the Special Function
Register (SFR) space is shown in Table 4-1 and Table 4-2. Note
that in the SFRs not all of the addresses are occupied. Unoccupied
addresses are not implemented on the chip. Read accesses to
these addresses will in general return random data, and write ac-
cesses will have no effect.

4.1 Special Function Registers(SFR) Map

User software should not write 1s to these unimplemented loca-
tions, since they may be used in other HMS9XC8232 Family
products to invoke new features. In that case the reset or inactive
values of the new bits will always be 0, and their active values
will be 1.

F8 WDTCON | WDTDR RDPG WRPG SFRPG FF
FO B PLLMOD | PLLDRH | PLLDRL | IFCMOD | IFCDR2 IFCDR1 IFCDRO F7
E8 IR3 AMINC FMINC | AMPLNC | AMPHNC FMPNC EF
EO ACC LCR SGEO SGE1 E7
D8 IR2 IT2 DF
DO PSW PFDCR CPUMD D7
C8 T2CON RCAP2L | RCAP2H TL2 TH2 CF
co IE3 IP3 POPEN Cc7
B8 IP P4MOD P5MOD PEMOD P7MOD BF
BO IE2 P2 POMOD P1MOD P2MOD P3MOD B7
A8 IE P4CON P5CON P6CON P7CON AF
A0 S12CON SBUF1 SBUF2 POCON P1CON P2CON P3CON A7
98 SCON SBUF T5CON TSINITL TSINITH 9F
90 T34CON | T34MOD TL3 TL4 TH3 TH4 TL5 TH5 97
88 TCON TMOD TLO TL1 THO TH1 8F
80 SCMOD SP DPL DPH ADCCON | ADCDR | PLLDEBUG PCON 87
Table 4-1 SFRPGO0 SFR Memory Map (8 Bytes)
Bit Addressable
\
F8 P7DATA
FO B
E8 PEDATA
EO ACC |:| - in this area, the registers of SFRPGO are the same registers of SFRPG1
D8 PSDATA
DO PSW l:’ : in this area, the registers of SFRPGO are different from registers of SFRPG1
C8 P4DATA
co
B8 P3DATA
BO
A8 P2DATA
A0
98 P1DATA
90
88 PODATA
80

Table 4-2 SFRPG1 SFR Memory Map (8 Bytes)
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(MSB) (LSB)
cYy AC FO RS1 RSO ov P
Symbol Position Name and Significance
cYy PSW.7 Carry Flag.
AC PSW.6 Auxiliary Catrry flag. (For BCD Operations.)
FO PSW.5 Flag 0. (Available to the user for general purposes.)
RS1 PSW.4 Register bank select control bit 1.
Set/clear by software to determine working register bank. (See Note.)
Register bank select control bit 0.
RS0 PSW.3 Set/clear by software to determine working register bank. (See Note.)
ov PSW.2 Overflow flag.
PSW.1 User-definable flag.
P PSW.0 Parity flag.
Set/cleared by hardware each instruction cycle to indicate an odd/even
number of "one" bits in the Accumulator, i.e., even parity.
NOTE: The contents of (RS1, RS0) enable the working register bank as follows:
(0,0)-Bank 0  (00H-07H)
(0,1)-Bank 1 (08H-OFH)
(1,0)-Bank 2 (10H-17H)
(1,1)-Bank 3  (18H-1FH)

Figure 4-1 Program Status Word (PSW) Register

Accumulator

ACC is the Accumulator register. The mnemonics for accumula-
tor-specific instructions, however, refer to the accumulator sim-
ply as A.

B Register

The B register is used during multiply and divide operations. For
other instructions it can be treated as another scratch pad register.

Program Status Word

The PSW register contains program status information as detailed
in Figure 4-1.

Stack Pointer

The Stack Pointer register is 8 bits wide. It is incremented before
data is stored during PUSH and CALL executions. While the
stack may reside anywhere in on-chip RAM, the Stack Pointer is
initialized to 07H after a reset. This causes the stack to begin at
locations O8H. But, it is forbidden to use the area of 00H to
7FH as the Stack. Thus the stack pointer should be set to the
address larger than 7FH when it is initialized.

Data Pointer

The Data Pointer (DPTR) consists of a high byte (DPH) and a low
byte (DPL). Its intended function is to hold a 16-bit address. It
may be manipulated as a 16-bit register or as two independent

APR. 2005 Ver1.2

8-bit registers.

Serial Data Buffer

SBUF, SBUF1 and SBUF?2 are Serial Buffers. SBUF register is
used by UART, SBUF1 used by SIO1 and SBUF2 used by SIO2.

The SBUF is actually two separate registers, a transmit buffer and
a receive buffer. When data is moved to SBUF, it goes to the
transmit buffer and is held for serial transmission. (Moving a byte
to SBUF is what initiates the transmission.) When data is moved
from SBUF, it comes from the receive buffer.

Unlike SBUF, SBUF1(SBUF2) is one register. If the SIO1(SI02)
run flag is activated, receive and transmit of serial data is done si-
multaneously using SBUF1(SBUF2).

Timer Registers Basic to HMS9XC8232

Register pairs (THx, TLx) are the 16-bit Counting registers for
Timer/Counters 0, 1, 2, 3 and 4, respectively.

Control Register for the HMS9XC8232

Special Function Registers IPx, [Ex, TMOD, T34MOD, TCON,
T2CON, SCON, S12CON, PCON and etc. contain control and
status bits for the various peripherals in HMS9XC8232. They are
described in later sections.
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4.2 Reset Value of the SFRs

Address Symbol Register Description Fi:\:gz w:i]til MSBTTT_;/:lue Hex
FF SFRPG SFR Page Selecter com R/W XXXXXXXO0 x0
FE - - com - X XX
FD WRPG F?ég’:yﬁﬁ%g;%%ggfﬂg&;eg'Ster com RIW 00000000 00
FC | ROPG | o Ca232 Mode) RAM Page Selecter | O™ | RMW | 00000000 | 00
FB - - com - X XX
FA - - com - X XX
F9 WDTDR | Watchdog Timer Data Register com R/W 00000000 00
F8 WDTCON | Watchdog and Beeper Timer Control 0 R/W 00000000 00
F8 P7DATA | Port 7 Data Register 1 R/W 11111111 FF
F7 IFCDRO IFC Data Register0 com R 00000000 00
F6 IFCDR1 IFC Data Register1 com R 00000000 00
F5 IFCDR2 IFC Data Register2 com R 11110000 FO
F4 IFCMOD | IFC Mode Selecter and Control com R,R/W 00000000 00
F3 PLLDRL | PLL Data Register Low com R/W 00000000 00
F2 PLLDRH | PLL Data Register High com R/W 00000000 00
F1 PLLMOD | PLL Mode Selecter com R,R/W 00000000 00
FO B B Register com R/W 00000000 00
EF FMPNC | (Only HMS9XC8232) com R/W 10000000 80
EE AMPHNC | (Only HMS9XC8232) com R/W 10000000 80
ED AMPLNC | (Only HMS9XC8232) com R/W 10000000 80
EC FMINC (Only HMS9XC8232) com R/W 10000000 80
EB AMINC (Only HMS9XC8232) com R/W 10000000 80
EA - - com - X XX
E9 - - com - X XX
E8 IR3 Interrupt Request Register3 0 R 00000000 00
E8 P6DATA | Port 6 Data Register 1 R/W 11111111 FF
E7 SGE1 SEG Port Enable Register 1 com R/W 00000000 00
E6 SGEO SEG Port Enable Register 0 com R/W 00000000 00
ES LCR LCD Control Register com R/W 00000000 00
E4 - - com - X XX
E3 - - com - X XX
E2 - - com - X XX
E1 - - com - X XX
EO ACC Accumulator Register com R/W 00000000 00

I:’ :in this area, Bit registers of SFR

* com(Common) : The com can both SFR Page( and SFR Pagel
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Reset Value of SFR

Address Symbol Register Description Fi:\:gz w:i]ti/ MSB (Iie_s)eLtS\éalue Hex
DF - - com - X XX
DE - - com - X XX
DD - - com - X XX
DC - - com - X XX
DB - - com - X XX
DA - - com - X XX
D9 IT2 External Interrupt Type Control com R,R/W 00000000 00
D8 IR2 Interrupt Request Register2 0 R xxx00000 x0
D8 P5DATA | Port 5 Data Register 1 R/W 11111111 FF
D7 CPUMD | (Only HMS9XC8232) com R/W 00000001 01
D6 PFDCR (Only HMS9XC8232) com R,R/W 00010000 10
D5 - - com - X XX
D4 - - com - X XX
D3 - - com - X XX
D2 - - com - X XX
D1 - - com - X XX
DO PSW Program Status Word com R,R/W 00000000 00
CF - - com - X XX
CE - - com - X XX
CD TH2 Timer/Counter 2 Register High com R/W 00000000 00
CcC TL2 Timer/Counter 2 Register Low com R/W 00000000 00
CB RCAP2H | Timer2 Capture/Reload Register High com R/W 00000000 00
CA RCAP2L | Timer2 Capture/Reload Register Low com R/W 00000000 00
C9 - - com - X XX
C8 T2CON Timer2/Counter2 Control 0 R,R/W 00000000 00
Cc8 P4DATA | Port 4 Data Register 1 R/W 11111111 FF
c7 PSLOPE | (Only HMS9XC8232) com R/W 00000111 07
C6 POPEN Open-Drain Port Enable Register com R/W 00000000 00
C5 - - com - X XX
Cc4 - - com - X XX
C3 - - com - X XX
Cc2 - - com - X XX
C1 1P3 Interrupt Priority Register 3 com R/W x0000000 x0
Co IE3 Interrupt Enable Register 3 0 R/W 00000000 00
Co - - 1 - X XX

|:| :in this area, Bit registers of SFR
* com(Common) : The com can both SFR Page0 and SFR Pagel
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Reset Value of SFR

Address Symbol Register Description Ifggi w:ti/ MSBTftg:lue Hex
BF P7MOD Port7 In/Out Mode Control com R/W 11111111 FF
BE P6MOD Port6 In/Out Mode Control com R/W 11111111 FF
BD P5MOD Port5 In/Out Mode Control com R/W 11111111 FF
BC P4MOD Port4 In/Out Mode Control com R/W 11111111 FF
BB - - com - X XX
BA - - com - X XX
B9 - - com - X XX
B8 IP Interrupt Priority Register 0 R/W xx000000 x0
B8 P3DATA | Port3 Data Register 1 R/W xxx11111 xF
B7 P3MOD Port3 In/Out Mode Control com R/W xxx11111 xF
B6 P2MOD Port2 In/Out Mode Control com R/W xxxx1111 xF
B5 P1MOD Port1 In/Out Mode Control com R/W 11111111 FF
B4 POMOD Port0 In/Out Mode Control com R/W 11111111 FF
B3 - - com - X XX
B2 - - com - X XX
B1 1P2 Interrupt Priority Register2 com R/W xxx00000 x0
BO IE2 Interrupt Enable Register2 0 R/W xxx00000 x0
BO - - 1 - X XX
AF P7CON Port7 Full-up TR Control com R/W 11111111 FF
AE P6CON Port6 Full-up TR Control com R/W 11111111 FF
AD P5CON Port5 Full-up TR Control com R/W 11111111 FF
AC P4CON Port4 Full-up TR Control com R/W 11111111 FF
AB - - com - X XX
AA - - com - X XX
A9 - - com - X XX
A8 IE Interrupt Enable Register 0 R/W 0x000000 x0
A8 P2DATA | Port2 Data Register 1 R/W xxxx1111 xF
A7 P3CON Por3t Full-up TR Control com R/W xxx11111 xF
A6 P2CON Port2 Full-up TR Control com R/W xxxx1111 xF
A5 P1CON Port1 Full-up TR Control com R/W 11111111 FF
A4 POCON Port0 Full-up TR Control com R/W 11111111 FF
A3 - - com - X XX
A2 SBUF2 Serial Port2 Data Buffer com R/W 00000000 00
A1 SBUF1 Serial Port1 Data Buffer com R/W 00000000 00
AO S12CON | Serial Port1/2 Control Register (SIO) 0 R/W 00000000 00
AO - - 1 - X XX

I:’ :in this area, Bit registers of SFR

* com(Common) : The com can both SFR Page( and SFR Pagel
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Reset Value of SFR

Address Symbol Register Description Ifjgz 3\7;,[2/ Msslf—eift;/:lue Hex
9F T5INITH | Timer5 Initialization High (Only HMS9XC8232) com R/W 00000000 00
9E T5INITL | Timer5 Initialization Low (Only HMS9XC8232) com R/W 00000000 00
9D T5CON Timer5 Control Register (Only HMS9XC8232) com R,R/W 00000000 00
9C - - com - X XX
9B - - com - X XX
9A - - com - X XX
99 SBUF | Serial Port0 Data Buffer com RIW '”dr?;f;m" 00
98 SCON Serial Port0 Control Register (UART) 0 R,R/W 00000000 00
98 P1DATA | Port1 Data Register 1 R/W 11111111 FF
97 TH5 Timer5 High Counter (Only HMS9XC8232) com R/W XXXXXXXX XX
96 TL5 Timer5 Low Counter (Only HMS9XC8232) com R/W XXXXXXXX XX
95 TH4 Timer4 High Counter Register com R/W 00000000 00
94 TH3 Timer3 High Counter Register com R/W 00000000 00
93 TL4 Timer4 Low Counter Register com R/W 00000000 00
92 TL3 Timer3 Low Counter Register com R/W 00000000 00
91 T34MOD | Timer3/4 and Counter3/4 Mode Control com R/W 00000000 00
90 T34CON | Timer3/4 and Counter3/4 Control Register 0 R,R/W,W 00000000 00
90 - - 1 - X XX
8F - - com - X XX
8E - - com - X XX
8D TH1 Timer1 High Counter Register com R/W 00000000 00
8C THO Timer0 High Counter Register com R/W 00000000 00
8B TL1 Timer1 Low Counter Register com R/W 00000000 00
8A TLO Timer0 Low Counter Register com R/W 00000000 00
89 TMOD Timer0/1 and Counter0/1 Mode Control com R/W 00000000 00
88 TCON Timer0/1 and Counter0/1 Control Register 0 R,R/W 00000000 00
88 PODATA | Port0 Data Register 1 R/W 11111111 FF
87 PCON Power Control Register com R/W 00000000 00
86 PLLDEBUG | Chip Test, User have not com R/W 00000000 FF
85 ADCDR | ADC Data Register com R/W 00000000 00
84 ADCCON | ADC Control Register com R,W 11111110 FF
83 DPH Data Pointer High (High of DPTR) com R/W 00000000 00
82 DPL Data Pointer Low (Low of DPTR) com R/W 00000000 00
81 SP Stack Pointer com R/W 00000111 07
80 SCMOD | System Clock & Power Control Register 0 R/W 00000000 00
80 - - 1 - X XX

|:| :in this area, Bit registers of SFR
* com(Common) : The com can both SFR Page0 and SFR Pagel
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4.3 Summary of SFR

ADCCON: ADC CONTROL REGISTER. BIT ADDRESSABLE. : 84H

- ADCEN - ADCCH2 | ADCCH1 | ADCCHO ADCST ADCSF
- ADCCON.7 Reserved for future use *
ADCEN ADCCON.6 ADC Enable flag. This bit is a write-only register. 1: enable, 0: disable
- ADCCON.5 Reserved for future use *
ADCCH2 ADCCON.4 See Table 4-3. This bit is a write-only register.
ADCCHI1 ADCCON.3 See Table 4-3. This bit is a write-only register.
ADCCHO ADCCON.2 See Table 4-3. This bit is a write-only register.
ADCST ADCCON.1 Software START control for ADC. A logic 1 starts A/D conversion. This bit is a write-only register.
ADCSF ADCCON.0 A/D conversion completion flag. Set by hardware when ADC operation complete. Cleared by hardware
when this flag is read.
ADCCH2 ADCCH1 ADCCHO Select ADC channel
0 0 0 Select channel 0
0 0 1 Select channel 1
0 1 0 Select channel 2
0 1 1 Select channel 3
1 0 0 Select channel 4
1 0 1 Select channel 5
1 1 0 Select channel 6
1 1 1 Select channel 7

82

Table 4-3 ADC Channel Select
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AMINC: AM IF NOISE CONFIGURATION REGISTER. NOT BIT ADDRESSABLE : EBH

AMIFNF3 | AMIFNF2 [ AMIFNF1 | AMIFNFO | AMIFST3 | AMIFST2 | AMIFST1 | AMIFSTO

AMINC SFR is used to remove noise on AMIF amp output signal. AMIFST[3:0] field determines the characteristics of the
schmit trigger buffer which is connected to the AMIF amp output. The following table shows the characteristics of the schmit
trigger buffer accroding to AMIFST[3:0] value. The default value of AMIFST[3:0] is 0000.

AMIFNF3  AMINC7 Select minimum time fo the AM IF Noise Filter
AMIFNF2  AMINC6 Select minimum time fo the AM IF Noise Filter
AMIFNF1 AMINCS Select minimum time fo the AM IF Noise Filter
AMIFNFO  AMINC4 Select minimum time fo the AM IF Noise Filter
AMIFST3 AMINC3 Voltage configuration of the AM IF Schmit Trigger
AMIFST2 AMINC2 Voltage configuration of the AM IF Schmit Trigger
AMIFST1 AMINC1 Voltage configuration of the AM IF Schmit Trigger
AMIFSTO AMINCO Voltage configuration of the AM IF Schmit Trigger
AMIFST[3:0] Schmit Trigger buffer characteristics

1XXX Vr=3.33V, Vf=1.65V @ 5V

01XX Vr=2.96V, Vf=2.02V @ 5V

001X Vr=2.74V, Vf=2.26 @ 5V

0001 Vr=2.74V, Vf=2.26 @ 5V

0000 Schmit trigger buffer is bypassed

Vr means that when schmit trigger buffer output is LOW, input voltage above it makes the output of schmit trigger buffer to HIGH. Vf
means that when schmit trigger buffer output is HIGH, input voltage below it makes the output of schmit trigger buffer to LOW. The AM-
IFNF[3:0] field is used to remove noise at the output of AMIF amp. The signal at the output of the AMIF amp of which duration is less
than a specified time will be ignored and will not affect the IFC count value. The minimum signal duration according to AMIFNF[3:0]

value is described below. The default value of AMIFNF[3:0] is 1000.

The number of 1’s in Minimum signal time of the Noise Filter
AMIFNF[3:0] (ns)
0 0000 5
1 1000 20
2 1100 40
3 1110 60
4 1111 80
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AMPHNC: AM PLL HIGH NOISE CONFIGURATION REGISTER. NOT BIT ADDRESSABLE : EEH

- - - AMPHST3 | AMPHST2 | AMPHST1

AMPHSTO

AMPHNC SFR is used to remove noise on the VCOL amp output signal in high frequency(HF) mode. AMPHST/[3:0]

field determines the characteristics of the schmit trigger buffer which is connected to the VCOL amp output in HF mode. The
following table shows the characteristics of the schmit trigger buffer accroding to AMPHST[3:0] value. The default value of
AMPHSTI[3:0] is 0000.

AMPHST3 AMPHNC3 Voltage configuration of the AM PLL High(HF) Schmit Trigger
AMPHST2  AMPHNC2 Voltage configuration of the AM PLL High(HF) Schmit Trigger
AMPHST1 AMPHNCI Voltage configuration of the AM PLL High(HF) Schmit Trigger
AMPHST0O AMPHNCO Voltage configuration of the AM PLL High(HF) Schmit Trigger

AMPHST[3:0]

Schmit Trigger buffer characteristics

1XXX
01XX
001X
0001

0000

Vr=3.33V, Vf=1.65V @ 5V
Vr=2.96V, Vf=2.02V @ 5V
Vr=2.74V, Vf=2.26 @ 5V
Vr=2.74V, Vf=2.26 @ 5V

Schmit trigger buffer is bypassed

Vr means that when schmit trigger buffer output is LOW,

input voltage above it makes the output of schmit trigger buffer to HIGH.
Vf means that when schmit trigger buffer output is HIGH,

input voltage below it makes the output of schmit trigger buffer to LOW.
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AMPLNC: AM PLL LOW NOISE CONFIGURATION. NOT BIT ADDRESSABLE : EDH

AMPLNF3 | AMPLNF2 | AMPLNF1 | AMPLNFO | AMPLST3

AMPLST2

AMPLST1

AMPLSTO

AMPLNC SFR is used to remove noise on the VCOL amp output signal in medium frequency(MF) mode. AMPLST][3:0]
field determines the characteristics of the schmit trigger buffer which is connected to the VCOL amp output in MF mode. The
following table shows the characteristics of the schmit trigger buffer accroding to AMPLST[3:0] value. The default value of

AMPLST[3:0] is 0000.

AMPLNF3  AMPLNC7
AMPLNF2  AMPLNC6
AMPLNF1  AMPLNCS
AMPLNFO0 AMPLNC4
AMPLST3  AMPLNC3
AMPLST2  AMPLNC2
AMPLST1  AMPLNCI1
AMPLSTO  AMPLNCO

AMPLST[3:0]

Schmit Trigger buffer characteristics

1XXX
01XX
001X
0001

0000

Vr=3.33V, Vf=1.65V @ 5V
Vr=2.96V, Vf=2.02V @ 5V
Vr=2.74V, Vf=2.26 @ 5V
Vr=2.74V, Vf=2.26 @ 5V

Schmit trigger buffer is bypassed

Select minimum time fo the AM PLL Low(MF) Noise Filter
Select minimum time fo the AM PLL Low(MF) Noise Filter
Select minimum time fo the AM PLL Low(MF) Noise Filter
Select minimum time fo the AM PLL Low(MF) Noise Filter
Voltage configuration of the AM PLL Low(MF) Schmit Trigger
Voltage configuration of the AM PLL Low(MF) Schmit Trigger
Voltage configuration of the AM PLL Low(MF) Schmit Trigger
Voltage configuration of the AM PLL Low(MF) Schmit Trigger

Vr means that when schmit trigger buffer output is LOW, input voltage above it makes the output of schmit trigger buffer to HIGH. Vf

means that when schmit trigger buffer output is HIGH, input voltage below it makes the output of schmit trigger buffer to LOW.

The AMPLNF[3:0] field is used to remove noise at the output of the VCOL amp in MF mode. The signal at the output of VCOL
amp of which duration is less than a specified time will be ignored. The minimum signal duration according to AMPLNF[3:0]

value is described below. The default value of AMPLNF[3:0] is 1000.

The number of 1’s in Minimum signal time of the Noise Filter
AMPLNF[3:0] (ns)
0 0000 3
1 1000 10
2 1100 20
3 1110 30
4 1111 40
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CPUMD: CPU MODE REGISTER. NOT BIT ADDRESSABLE : D7H

MD

The CPUMD SFR determines the power detection level, internal RAM access method and extends the IFC gating time.

MD CPUMD.0

This flag determines the internal RAM access scheme and extends the IFC gating time option. When
this flag is set to 0, the internal RAM access scheme and IFC gating time option are the same to
HMS9XC8232. When set to 1, the internal RAM can be accessed by MOVX instruction and WRPG
SFR is ignored for page access. Additionally, the IFC gating times of 1ms and 4ms are available.

FMINC: FM IF NOISE CONFIGURATION REGISTER. NOT BIT ADDRESSABLE : ECH

FMIFNF3 | FMIFNF2

FMIFNF1

FMIFNFO | FMIFST3 | FMIFST2 | FMIFST1

FMIFSTO

FMINC SFR is used to remove noise on FMIF amp output signal. FMIFST[3:0] field determines the characteristics of

the schmit trigger buffer which is connected to the FMIF amp output. The following table shows the characteristics of the schmit
trigger buffer accroding to FMIFST([3:0] value. The default value of FMIFST[3:0] is 0000.
Select minimum time fo the FM IF Noise Filter

Select minimum time fo the FM IF Noise Filter

Select minimum time fo the FM IF Noise Filter

Select minimum time fo the FM IF Noise Filter

Voltage configuration of the FM IF Schmit Trigger
Voltage configuration of the FM IF Schmit Trigger
Voltage configuration of the FM IF Schmit Trigger
Voltage configuration of the FM IF Schmit Trigger

FMIFNF3 FMINC7
FMIFNF2 FMINC6
FMIFNF1 FMINCS
FMIFNFO FMINC4
FMIFST3 FMINC3
FMIFST2 FMINC2
FMIFST1 FMINC1
FMIFSTO FMINCO

FMIFST[3:0] Schmit Trigger buffer characteristics

1XXX Vr=3.33V, Vf=1.65V @ 5V

01XX Vr=2.96V, Vf=2.02V @ 5V

001X Vr=2.74V, Vf=2.26 @ 5V

0001 Vr=2.74V, Vf=2.26 @ 5V

0000 Schmit trigger buffer is bypassed

Vr means that when schmit trigger buffer output is LOW, input voltage above it makes the output of schmit trigger buffer to
HIGH. Vf means that when schmit trigger buffer output is HIGH, input voltage below it makes the output of schmit trigger
buffer to LOW. The FMIFNF[3:0] field is used to remove noise at the output of the FMIF amp. The signal at the output of FMIF
amp of which duration is less than a specified time will be ignored and will not affect the IFC count value. The minimum signal

duration according to FMIFNF[3:0] value is described below. The default value of FMIFNF[3:0] is 1000.

The Fll\lnﬁ?\le;[gro},s in Minimum signal time of the Noise Filter (ns)
0 0000 1.5
1 1000
2 1100 6
3 1110 9
4 1111 12
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FMPNC: FM PLL NOISE CONFIGURATION REGISTER. NOT BIT ADDRESSABLE : EFH

- - - - FMPST3 | FMPST2 | FMPST1 FMPSTO

FMPNC SFR is used to remove noise on the VCOH amp output signal. FMPST[3:0] field determines the characteristics of
theschmit trigger buffer which is connected to the VCOH amp output. The following table shows the characteristics of
the schmit trigger buffer accroding to FMPST[3:0] value. The default value of FMPST[3:0] is 0000.

FMPST3 FMPNC3 Voltage configuration of the FM PLL Schmit Trigger

FMPST2 FMPNC2 Voltage configuration of the FM PLL Schmit Trigger

FMPSTI FMPNC1 Voltage configuration of the FM PLL Schmit Trigger

FMPSTO FMPNCO Voltage configuration of the FM PLL Schmit Trigger
FMPST[3:0] Schmit Trigger buffer characteristics

1XXX Vr=3.33V, Vf=1.65V @ 5V

01XX Vr=2.96V, Vf=2.02V @ 5V

001X Vr=2.74V, Vf=2.26 @ 5V

0001 Vr=2.74V, Vf=2.26 @ 5V

0000 Schmit trigger buffer is bypassed

Vr means that when schmit trigger buffer output is LOW, input voltage above it makes the output of schmit trigger buffer to HIGH.
Vf means that when schmit trigger buffer output is HIGH, input voltage below it makes the output of schmit trigger buffer to LOW.

IE: INTERRUPT ENABLE REGISTER. BIT ADDRESSABLE. : A8H

If the bit is 0, the corresponding interrupt is disabled. If the bit is 1, the corresponding interrupt is enabled.

EA - IET2 IESO IET1 IEX1 IETO IEXO
EA IE.7 Disables all interrupt. If EA = 0. no interrupt will be acknowledged. IF EA = 1, each interrupt source is
individually enabled or disabled by setting or clearing its enable bit.
- IE.6 Not implemented, reserved for future use.*
IET2 IE.S Enable or disable the Timer 2 overflow or capture interrupt
IESO IE4 Enable or disable the serial port interrupt.
IET1 IE.3 Enable or disable the Timer 1 overflow interrupt.
[EX1 IE.2 Enable or disable External Interrupt 1
IETO IE.1 Enable or disable the Timer 0 overflow interrupt.
IEX0 IE.0 Enable or disable External Interrupt 0.

* User software should not write 1s to reserved bits. These bits may be used in future DTS3 products to invoke new features. In that case,
the reset or inactive value of the new bit will be 0, and its active value will be 1.
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INTERRUPTS:

In order to use any of the interrupt in the DTS3, the following three steps must be taken.

1. Set the EA (Enable All) bit in the IE Register to 1.

2. Set the corresponding individual interrupt enable bit in the IE, IE2 and IE3 register to 1.

3. Begin the interrupt service routine at the corresponding Vector Address of that interrupt. See Table below.

Interrupt Vector
Source Address
INTEXO 0003H

INTTO 000BH
INTEX1 0013H
INTT1 001BH

INTSO (RI & TI) 0023H
INTT2 (TF2 & EXF2) 002BH

INTWDT 0033H
INTIFC 003BH
INTAD 0043H
INTEX2 004BH
INTEX3 0053H
INTEX4 005BH

INTS1 0063H
INTS2 006BH
INTEX5 0073H
INTEX6 007BH
INTT3 0083H
INTT4 & INTT5 008BH

Table 4-4 Intrrupt Vector

IE2: INTERRUPT ENABLE REGISTER 2. BIT ADDRESSABLE. : BOH

If the bit is 0, the corresponding interrupt is disabled. If the bit is 1, the corresponding interrupt is enabled.

- IEX6 IEX5

IEX4

IEX3

IEX2

IEX6
IEXS
IEX4
IEX3
IEX2

IE2.7
IE2.6
IE2.5
IE2.4
IE2.3
IE2.2
IE2.1
IE2.0

Not implemented, reserved for future use.*
Not implemented, reserved for future use.*
Not implemented, reserved for future use.*
Enable or disable External Interrupt 6 * IEX6 is only falling edge mode.

Enable or disable External Interrupt 5
Enable or disable External Interrupt 4
Enable or disable External Interrupt 3

Enable or disable External Interrupt 2.

* User software should not write 1s to reserved bits. These bits may be used in future DTS3 products to invoke new features. In that case,
the reset or inactive value of the new bit will be 0, and its active value will be 1.
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IE3: INTERRUPT ENABLE REGISTER 3. BIT ADDRESSABLE. : COH

If the bit is 0, the corresponding interrupt is disabled. If the bit is 1, the corresponding interrupt is enabled.

- IEWDT IEADC IEIF IES2 IES1 IET4 IET3
- 1E3.7 Not implemented, reserved for future use.*
IEWDT 1IE3.5 Enable or disable Watchdog timer interrupt
IEADC IE3.6 Enable or disable A/D conversion completion interrupt
IEIF IE3.4 Enable or disable IF counter interrupt
1ES2 1E3.3 Enable or disable SIO2 interrupt
IES1 IE3.2 Enable or disable SIO1 Interrupt
IET4 IE3.1 Enable or disable the Timer 4 overflow interrupt.
IET3 IE3.0 Enable or disable the Timer 3 overflow interrupt.

* User software should not write s to reserved bits. These bits may be used in future DTS3 products to invoke new features. In that case,
the reset or inactive value of the new bit will be 0, and its active value will be 1.

IFCDR2 : IF counter data register 2. : F5H

IFCDET IFCDATA18 IFCDATA17 | IFCDATA16

IFCDET

IFCDATA18
IFCDATA17
IFCDATA16

IFCDR2.7
IFCDR2.6
IFCDR2.5
IFCDR2.4
IFCDR2.3

IFCDR2.2
IFCDR2.1
IFCDR2.0

Reserved for future use
Reserved for future use
Reserved for future use
Reserved for future use

Detection bit of 19bit IF counter overflow. A logic 1 implies the overflow of IF counter. It can
be reset by IFCCLR. (See IF Counter Control Register

19th bit of 19bit IF counter (MSB)
18t bit of 19bit IF counter
17t bit of 19bit IF counter

IFCDRH1 : IF counter data register 1. : F6H

IFCDATA15 | IFCDATA14 | IFCDATA13 | IFCDATA12 | IFCDATA11 | IFCDATA10 IFCDATA9 IFCDATAS

IFCDATA15 IFCDR1.7 16 bit of 19bit IF counter
IFCDATA 14 IFCDR1.6 15t bit of 19bit IF counter
IFCDATA13 IFCDR1.5 14t bit of 19bit IF counter
IFCDATA12 IFCDR1.4 13t bit of 19bit IF counter
IFCDATAI11 IFCDR1.3 12th bit of 19bit IF counter
IFCDATA10 IFCDR1.2 11th bit of 19bit IF counter
IFCDATA9 IFCDRI1.1 10th bit of 19bit IF counter
IFCDATAS IFCDR1.0 9th bit of 19bit IF counter
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IFCDRO : IF counter data register 0. : F7TH

IFCDATA7 IFCDATAG IFCDATAS IFCDATA4 IFCDATA3 IFCDATA2 IFCDATA1 IFCDATAOQ
IFCDATA7 IFCDRO.7 8th bit of 19bit IF counter
IFCDATA®6 IFCDRO.6 7th bit of 19bit IF counter
IFCDATAS IFCDRO.5 6 bit of 19bit IF counter
IFCDATA4 IFCDRO.4 5th bit of 19bit IF counter
IFCDATA3 IFCDRO.3 4t bit of 19bit IF counter
IFCDATA2 IFCDRO.2 31d bit of 19bit IF counter
IFCDATA1 IFCDRO.1 20d bit of 19bit IF counter
IFCDATAO IFCDRO.0 15t bit of 19bit IF counter (LSB)

IFCMOD : IFC MODE SELECT & CONTROL REGISTER. BIT ADDRESSABLE. : F4H

IFCJR IFCST IFCCLR IFCGT2 IFCGT1 IFCGTO IFCMD1 IFCMDO
IFCJR IFCMOD.7 IF counter judge register. Set by hardware automatically when IF counting is ended, Cleared by hard-
ware automatically when software reads IFCMOD register or IF interrupt service routine is started. The
IFC interrupt is prohibited when the IFCJR is used.
IFCST IFCMOD.6 Software START/STOP control for IF counter. A logic 1 starts the IF counter.
IFCCLR IFCMOD.5 A logic 1 resets the IF counter.
IFCMOD.4 Reserved for future use *
IFCGT1 IFCMOD.3 See Table 4-5
IFCGTO IFCMOD.2 See Table 4-5
IFCMD1 IFCMOD.1 See Table 4-6
IFCMDO IFCMOD.0 See Table 4-6
IFCGT2 | IFCGT1 | IFCGTO | Setting of IFC gate time IFCMD1 | IFCMDO Selects of IFC input
0 0 0 8ms  1/(fxx/28800) 0 X Disable FMIFC & AMIFC pins
0 0 1 32ms  1/(fxx/115200) 1 0 FMIFC pin select
0 1 0 128ms 1/(fyx/460800) 1 1 AMIFC pin select
0 1 1 Soft * Table 4-6 Selects of IFC input
1 0 0 1ms (OnlyHMS9XC8232)
1 0 1 4ms (Only HMS9XC8232)
1 1 0 Reserved
1 1 1 Reserved

Table 4-5 IFC gate time

* User software should not write 1s to reserved bits. These bits may be used in future DTS3 products to invoke new features. In that case,
the reset or inactive value of the new bit will be 0, and its active value will be 1.
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IP: INTERRUPT PRIORITY REGISTER. BIT ADDRESSABLE. : B8H

If the bit is 0, the corresponding interrupt has a lower priority and If the bit is 1, the corresponding interrupt has a higher priority.

IPT2 IPSO IPT1 IPX1 IPTO IPXO0

IPT2
IPS
IPT1
IPX1
IPTO
IPX0

IP.7
IP.6
IP.5
P4
IP3
Ip.2
IP.1
1P.0

Not implemented, reserved for future use.*
Not implemented, reserved for future use.*
Defines the Timer 2 interrupt priority level
Defines the Serial Port interrupt priority level.
Defines the Timer 1 interrupt priority level.
Defines External Interrupt 1 priority level.
Defines the Timer 0 interrupt priority level.
Defines the External Interrupt 0 priority level.

* User software should not write 1s to reserved bits. These bits may be used in future DTS3 products to invoke new features. In that case,
the reset or inactive value of the new bit will be 0, and its active value will be 1.

ASSIGNING HIGHER PRIORITY TO ONE OR MORE INTERRUPTS:

In order to assign higher priority to an interrupt the corresponding bit in the IPO, IP1 and IP2 register must be set to 1.

Remember that while an interrupt service is progress, it cannot be interrupted by a lower or same level interrupt.

PRIORITY WITHIN LEVEL:

Priority within level is only to resolve simultaneous requests of the same priority level.

From high to low, interrupt sources are listed below:

INTEXO0

INTTO

INTEX1

INTT1

INTSO (RI or TT)
INTT2 (TF2 or EXF2)
INTWDT
INTIFC

INTAD

INTEX2
INTEX3
INTEX4

INTS1

INTS2

INTEXS
INTEX6

INTT3

INTT4 & INTTS
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IP2: INTERRUPT PRIORITY REGISTER 2. : B1H

If the bit is 0, the corresponding interrupt has a lower priority and If the bit is 1, the corresponding interrupt has a higher priority.

- IPX6 IPX5 IPX4 IPX3 IPX2

IPX6
IPX5
IPX4
IPX3
IPX2

1P2.7
1P2.6
1P2.5
1P2.4
1P2.3
1p2.2
IP2.1
1P2.0

Not implemented, reserved for future use.*
Not implemented, reserved for future use.*
Not implemented, reserved for future use.*
Defines External Interrupt 6 priority level.
Defines External Interrupt 5 priority level.
Defines External Interrupt 4 priority level.
Defines External Interrupt 3 priority level.
Defines External Interrupt 2 priority level.

* User software should not write 1s to reserved bits. These bits may be used in future DTS3 products to invoke new features. In that case,
the reset or inactive value of the new bit will be 0, and its active value will be 1.

IP3: INTERRUPT PRIORITY REGISTER 3. : C1H

If the bit is 0, the corresponding interrupt has a lower priority and If the bit is 1, the corresponding interrupt has a higher priority.

- IPWDT IPADC IPIFC IPS2 IPS1 IPT4 IPT3
- 1P3.7 Not implemented, reserved for future use.*
IPWDT 1P3.6 Defines the Watchdog timer interrupt priority level.
IPADC 1P3.5 Defines ADC interrupt priority level.
IPIFC 1P3.4 Defines IF counter interrupt priority level.
1PS2 1P3.3 Defines SIO2 interrupt priority level.
IPS1 1P3.2 Defines SIO1 Interrupt priority level.
IPT4 IP3.1 Defines the Timer 4 interrupt priority level.
IPT3 1P3.0 Defines the Timer 3 interrupt priority level.

* User software should not write 1s to reserved bits. These bits may be used in future DTS3 products to invoke new features. In that case,
the reset or inactive value of the new bit will be 0, and its active value will be 1.

IR2: INTERRUPT REQUEST REGISTER 2. BIT ADDRESSABLE. : D8H

- IRX6 IRX5 IRX4 IRX3 IRX2

II-{X6
IRXS5
IRX4
IRX3

IRX2

IR2.7
IR2.6
IR2.5
IR2.4
IR2.3
IR2.2
IR2.1

IR2.0

Reserved for future use *

Reserved for future use *

Reserved for future use *

External interrupt 6 flag. Set by hardware when External interrupt is detected. Cleared by hardware
when interrupt is processed. * IEX6 is only falling edge mode.

External interrupt 5 flag. Set by hardware when External interrupt is detected. Cleared by hardware
when interrupt is processed.

External interrupt 4 flag. Set by hardware when External interrupt is detected. Cleared by hardware
when interrupt is processed.

External interrupt 3 flag. Set by hardware when External interrupt is detected. Cleared by hardware
when interrupt is processed.

External interrupt 2 flag. Set by hardware when External interrupt is detected. Cleared by hardware
when interrupt is processed.

* User software should not write 1s to reserved bits. These bits may be used in future DTS3 products to invoke new features. In that case,
the reset or inactive value of the new bit will be 0, and its active value will be 1.
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IR3: INTERRUPT REQUEST REGISTER 3. BIT ADDRESSABLE. : E8H

- IRWDT IRADC IRIFC IRS2 IRS1 IRT4 IRT3
- IR3.7 Reserved for future use *

IRWDT IR3.6 Watchdog timer overflow flag. Set by hardware when WDT overflows. Cleared by hardware as proces-
sor vectors to the interrupt service routine.

IRADC IR3.5 A/D conversion completion flag. Set by hardware when ADC completes. Cleared by hardware as pro-
cessor vectors to the interrupt service routine.

IRIFC IR3.4 IF counter interrupt flag. Set by hardware when run time of IF counter reaches to gate time. Cleared by
hardware as processor vectors to the interrupt service routine.

IRS2 IR3.3 SIO2 interrupt flag. Set by hardware when one TX/RX is completed. Cleared by hardware as processor
vectors to the interrupt service routine.

IRS1 1IR3.2 SIO1 interrupt flag. Set by hardware when one TX/RX is completed. Cleared by hardware when inter-
rupt is processed.

IRT4 IR3.1 Timer 4 Overflow flag. Set by hardware when the Timer/Counter 4 overflows. Cleared by hardware as
processor vectors to the interrupt service routine.

IRT3 IR3.0 Timer 3 Overflow flag. Set by hardware when the Timer/Counter 3 overflows. Cleared by hardware as

processor vectors to the interrupt service routine.

* User software should not write s to reserved bits. These bits may be used in future DTS3 products to invoke new features. In that case,
the reset or inactive value of the new bit will be 0, and its active value will be 1.

IT2: EXTERNAL INTERRUPT TPYE REGISTER 2. BIT ADDRESSABLE. : D9H

IT5M1 IT5MO IT4AM1 IT4AMO IT3M1 IT3MO IT2M1 IT2MO
IT5M1 1T2.7 See Table 4-7
1T5MO 1T2.6 See Table 4-7
IT4M1 1T2.5 See Table 4-7
1T4MO 1T2.4 See Table 4-7
1T3M1 1T2.3 See Table 4-7
1T3MO 1T2.2 See Table 4-7
1T2M1 1T2.1 See Table 4-7
1T2MO 1T2.0 See Table 4-7

* |[EX6 is only falling edge mode.

ITxM[1:0] Select interrupt detect mode
0 0 Both rising & falling edge detection
0 1 Rising edge detect mode
1 0 Falling edge detect mode
1 1 Level (high) detect mode

Table 4-7 Interrupt Detect Mode

APR. 2005 Ver1.2 93



HMS91C8232/97C8232

MagnaChip=’

LCR:LCD CONTROL REGISTER. NOT BIT ADDRESSABLE. : E5H

MCSEL BTC LCDEN BRC DTY1 DTYO LCK1 LCKO
MCSEL LCR.7 Main clock selection bit.
0 : fmain = fosc/2'7, 1 fwain = fosc
BTC LCR.6 Bias Transistor control bit. Set/cleared by software to turn on/off Bias Transistor.
0: off, 1 :on.
LCDEN LCR.S LCD Enable.
0 : LCD display all segment 0 data output
1 : LCD display enable.
LCD display control
Enable LCD display : LCR =xx1xxxxxB(LCDEN=1) and SGE1 = 0xxxxxxxB(MCCON=0)
Disable LCD display : LCR = xx0xxxxxB(LCDEN=0) and SGE1 = 1xxxxxxxB(MCCON=1)
BRC LCRA4 Bias Resistor control. Set/cleared by software to turn on/off Bias Resistor.
DTY1 LCR.3 Duty selector bitl. (See Table 4-24).
DTYO LCR.2 Duty selector bit0. (See Table 4-24).
LCK1 LCR.1 Frame Frequency selector bitl. (See Table 4-25).
LCKO LCR.O Frame Frequency selector bit0. (See Table 4-25).
DTY[1:0] Duty mode LCK[1:0] Frame frequency
0 0 1/4 duty 0 0 faain/ 32
1 0 1/2 duty 1 0 fuan/ 128
1 1 Static
1 1 fuwain/ 256

Table 4-8 Selects of LCD Duty mode

Table 4-9 Selects of LCD Frame frequency

PCON: POWER CONTROL REGISTER. NOT BIT ADDRESSABLE. : 87H

SMOD - - - GF1 GFO PD IDL
SMOD PCON.7 Double baud rate bit. If Timer 1 is used to generate baud rate and SMOD = 1, the baud rate is doubled
when the Serial Port is used in modes 1, 2, or 3.
- PCON.6 Not implemented, reserved for future use.*
- PCON.5 Not implemented, reserved for future use.*
- PCONA4 Not implemented, reserved for future use.*
GF1 PCON.3 General purpose flag bit.
GFO0 PCON.2 General purpose flag bit.
PD PCON.1 Power Down bit. Setting this bit activates Power Down operation.
IDL PCON.O dle Mode bit. Setting this bit activates Idle Mode operation.

If 1s are written to PD and IDL at the same time, PD takes precedence.

*User software should not write 1s to reserved bits. These bits may be used in future DTS3 products to invoke new features. In that case,
the reset or inactive value of the new bit will be 0, and its active value will be 1.

94

APR. 2005 Ver1.2



>

MagnaChip~ HMS91C8232/97C8232
POCON: PORT0 CON REGISTER. NOT BIT ADDRESSABLE. : A4H
POCON7 | POCON6 | POCON5 | POCON4 | POCON3 | POCON2 [ POCON1 [ POCONO

POCON7 POCON.7 Software Enable/Disable pull-up TR control flag for P0.7. A logic 1 pulls up P0.7
POCONG6 POCON.6 Software Enable/Disable pull-up TR control flag for P0.6. A logic 1 pulls up P0.6.
POCONS5 POCON.5 Software Enable/Disable pull-up TR control flag for P0.5. A logic 1 pulls up P0.5.
POCON4 POCON 4 Software Enable/Disable pull-up TR control flag for P0.4. A logic 1 pulls up P0.4.
POCON3 POCON.3 Software Enable/Disable pull-up TR control flag for P0.3. A logic 1 pulls up P0.3.
POCON2 POCON.2 Software Enable/Disable pull-up TR control flag for P0.2. A logic 1 pulls up P0.2.
POCON1 POCON.1 Software Enable/Disable pull-up TR control flag for P0.1. A logic 1 pulls up PO.1.
POCONO POCON.0 Software Enable/Disable pull-up TR control flag for P0.0. A logic 1 pulls up P0.0.

P1CON: PORT1 CON REGISTER. NOT BIT ADDRESSABLE. : A5H

P1CON7 | P1ICON6 | PICON5 | PICON4 | P1CON3 | P1CON2 [ P1CON1 P1CONO
P1CON7 P1CON.7 Software Enable/Disable pull-up TR control flag for P1.7. A logic 1 pulls up P1.7.
P1CONG6 P1CON.6 Software Enable/Disable pull-up TR control flag for P1.6. A logic 1 pulls up P1.6.
P1CONS P1CON.5 Software Enable/Disable pull-up TR control flag for P1.5. A logic 1 pulls up P1.5.
P1CON4 P1ICON.4 Software Enable/Disable pull-up TR control flag for P1.4. A logic 1 pulls up P1.4.
P1CON3 P1CON.3 Software Enable/Disable pull-up TR control flag for P1.3. A logic 1 pulls up P1.3.
PICON2 PICON.2 Software Enable/Disable pull-up TR control flag for P1.2. A logic 1 pulls up P1.2.
P1ICON1 PICON.1 Software Enable/Disable pull-up TR control flag for P1.1. A logic 1 pulls up P1.1.
P1CONO P1CON.O Software Enable/Disable pull-up TR control flag for P1.0. A logic 1 pulls up P1.0.

P2CON: PORT2 CON REGISTER. NOT BIT ADDRESSABLE. : A6H

P2CON7 | P2CON6 | P2CON5 | P2CON4 | P2CON3 | P2CON2 [ P2CON1 P2CONO

- P2CON.7 Reserved for future use.

- P2CON.6 Reserved for future use.

- P2CON.5 Reserved for future use.

- P2CON .4 Reserved for future use.
P2CON3 P2CON.3 Software Enable/Disable pull-up TR control flag for P2.3. A logic 1 pulls up P2.3.
P2CON2 P2CON.2 Software Enable/Disable pull-up TR control flag for P2.2. A logic 1 pulls up P2.2.
P2CON1 P2CON.1 Software Enable/Disable pull-up TR control flag for P2.1. A logic 1 pulls up P2.1.
P2CONO P2CON.0 Software Enable/Disable pull-up TR control flag for P2.0. A logic 1 pulls up P2.0.

P3CON: PORT3 CON REGISTER. NOT BIT ADDRESSABLE. : A7H

P3CON7 | P3CON6 | P3CON5 | P3CON4 | P3CON3 | P3CON2 [ P3CON1 P3CONO

- P3CON.7 Reserved for future use.

- P3CON.6 Reserved for future use.
- P3CON.5 Reserved for future use.
P3CON4 P3CON.4 Software Enable/Disable pull-up TR control flag for P3.4. A logic 1 pulls up P3.4.
P3CON3 P3CON.3 Software Enable/Disable pull-up TR control flag for P3.3. A logic 1 pulls up P3.3.
P3CON2 P3CON.2 Software Enable/Disable pull-up TR control flag for P3.2. A logic 1 pulls up P3.2.
P3CON1 P3CON.1 Software Enable/Disable pull-up TR control flag for P3.1. A logic 1 pulls up P3.1.
P3CONO P3CON.0 Software Enable/Disable pull-up TR control flag for P3.0. A logic 1 pulls up P3.0.
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P4CON: PORT4 CON REGISTER. NOT BIT ADDRESSABLE. : ACH

P4CON7 | PACONG | PACONS | PACON4 | P4CON3 | P4CON2 [ P4CON1 P4CONO
P4CON7 P4CON.7 Software Enable/Disable pull-up TR control flag for P4.7. A logic 1 pulls up P4.7.
P4CON6 P4CON.6 Software Enable/Disable pull-up TR control flag for P4.6. A logic 1 pulls up P4.6.
P4CONS5 P4CON.5 Software Enable/Disable pull-up TR control flag for P4.5. A logic 1 pulls up P4.5.
PACON4 P4CON 4 Software Enable/Disable pull-up TR control flag for P4.4. A logic 1 pulls up P4.4.
P4CON3 P4CON.3 Software Enable/Disable pull-up TR control flag for P4.3. A logic 1 pulls up P4.3.
P4CON2 P4CON.2 Software Enable/Disable pull-up TR control flag for P4.2. A logic 1 pulls up P4.2.
P4CON1 P4CON.1 Software Enable/Disable pull-up TR control flag for P4.1. A logic 1 pulls up P4.1.
P4CONO P4CON.0 Software Enable/Disable pull-up TR control flag for P4.0. A logic 1 pulls up P4.0.

P5CON: PORTS5 CON REGISTER. NOT BIT ADDRESSABLE. : ADH

P5CON7 | P5CON6 | P5CON5 | P5CON4 | P5CON3 | P5CON2 [ P5CON1 P5CONO
P5CON7 P5CON.7 Software Enable/Disable pull-up TR control flag for P5.7. A logic 1 pulls up P5.7.
P5CON6 P5CON.6 Software Enable/Disable pull-up TR control flag for P5.6. A logic 1 pulls up P5.6.
PSCONS5 P5SCON.5 Software Enable/Disable pull-up TR control flag for P5.5. A logic 1 pulls up P5.5.
P5CON4 P5CON.4 Software Enable/Disable pull-up TR control flag for P5.4. A logic 1 pulls up P5.4.
P5SCON3 P5CON.3 Software Enable/Disable pull-up TR control flag for P5.3. A logic 1 pulls up P5.3.
PSCON2 PSCON.2 Software Enable/Disable pull-up TR control flag for P5.2. A logic 1 pulls up P5.2.
PSCON1 PSCON.1 Software Enable/Disable pull-up TR control flag for P5.1. A logic 1 pulls up P5.1.
P5CONO P5CON.0 Software Enable/Disable pull-up TR control flag for P5.0. A logic 1 pulls up P5.0.

P6CON: PORT6 CON REGISTER. NOT BIT ADDRESSABLE. : AEH

P6CON7 | P6CON6 | P6CON5 | P6CON4 | P6CON3 | P6CON2 [ P6CON1 P6CONO
P6CON7 P6CON.7 Software Enable/Disable pull-up TR control flag for P6.7. A logic 1 pulls up P6.7.
P6CON6 P6CON.6 Software Enable/Disable pull-up TR control flag for P6.6. A logic 1 pulls up P6.6.
P6CONS5 P6CON.5 Software Enable/Disable pull-up TR control flag for P6.5. A logic 1 pulls up P6.5.
P6CON4 P6CON .4 Software Enable/Disable pull-up TR control flag for P6.4. A logic 1 pulls up P6.4.
P6CON3 P6CON.3 Software Enable/Disable pull-up TR control flag for P6.3. A logic 1 pulls up P6.3.
P6CON2 P6CON.2 Software Enable/Disable pull-up TR control flag for P6.2. A logic 1 pulls up P6.2.
P6CON1 P6CON.1 Software Enable/Disable pull-up TR control flag for P6.1. A logic 1 pulls up P6.1.
P6CONO P6CON.0 Software Enable/Disable pull-up TR control flag for P6.0. A logic 1 pulls up P6.0.

P7CON: PORT7 CON REGISTER. NOT BIT ADDRESSABLE. : AFH

P7CON7 | P7CON6 | P7CON5 | P7CON4 | P7CON3 | P7CON2 [ P7CON1 P7CONO
P7CON7 P7CON.7 Software Enable/Disable pull-up TR control flag for P7.7. A logic 1 pulls up P7.7.
P7CONG6 P7CON.6 Software Enable/Disable pull-up TR control flag for P7.6. A logic 1 pulls up P7.6.
P7CONS5 P7CON.5 Software Enable/Disable pull-up TR control flag for P7.5. A logic 1 pulls up P7.5.
P7CON4 P7CON.4 Software Enable/Disable pull-up TR control flag for P7.4. A logic 1 pulls up P7.4.
P7CON3 P7CON.3 Software Enable/Disable pull-up TR control flag for P7.3. A logic 1 pulls up P7.3.
P7CON2 P7CON.2 Software Enable/Disable pull-up TR control flag for P7.2. A logic 1 pulls up P7.2.
P7CON1 P7CON.1 Software Enable/Disable pull-up TR control flag for P7.1. A logic 1 pulls up P7.1.
P7CONO P7CON.0 Software Enable/Disable pull-up TR control flag for P7.0. A logic 1 pulls up P7.0.
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POMOD: PORT0 MODE REGISTER. NOT BIT ADDRESSABLE. : B4H
POMD7 POMD6 POMD5 POMD4 POMD3 POMD2 POMD1 POMDO

POMD7 POMOD.7 Software Input/Output mode control flag for P0.7. A logic 1 changes P0.7 to input mode.
POMD6 POMOD.6 Software Input/Output mode control flag for P0.6. A logic 1 changes P0.6 to input mode.
POMDS5 POMOD.5 Software Input/Output mode control flag for P0.5. A logic 1 changes P0.5 to input mode.
POMDA4 POMOD.4 Software Input/Output mode control flag for P0.4. A logic 1 changes P0.4 to input mode.
POMD3 POMOD.3 Software Input/Output mode control flag for P0.3. A logic 1 changes P0.3 to input mode.
POMD2 POMOD.2 Software Input/Output mode control flag for P0.2. A logic 1 changes P0.2 to input mode.
POMDI1 POMOD.1 Software Input/Output mode control flag for PO.1. A logic 1 changes P0.1 to input mode.
POMDO POMOD.0 Software Input/Output mode control flag for P0.0. A logic 1 changes P0.0 to input mode.

P1MOD: PORT1 MODE REGISTER. NOT BIT ADDRESSABLE. : B5H

P1MD7 P1MD6 P1MD5 P1MD4 P1MD3 P1MD2 P1MD1 P1MDO
P1IMD7 P1IMOD.7 Software Input/Output mode control flag for P1.7. A logic 1 changes P1.7 to input mode.
PIMD6 PIMOD.6 Software Input/Output mode control flag for P1.6. A logic 1 changes P1.6 to input mode.
P1MD5 PIMOD.5 Software Input/Output mode control flag for P1.5. A logic 1 changes P1.5 to input mode.
P1MD4 P1IMOD.4 Software Input/Output mode control flag for P1.4. A logic 1 changes P1.4 to input mode.
PIMD3 PIMOD.3 Software Input/Output mode control flag for P1.3. A logic 1 changes P1.3 to input mode.
P1MD2 P1IMOD.2 Software Input/Output mode control flag for P1.2. A logic 1 changes P1.2 to input mode.
PIMD1 PIMOD.1 Software Input/Output mode control flag for P1.1. A logic 1 changes P1.1 to input mode.
PIMDO PIMOD.0 Software Input/Output mode control flag for P1.0. A logic 1 changes P1.0 to input mode.
P2MOD: PORT2 MODE REGISTER. NOT BIT ADDRESSABLE. : B6H

P2MD7 P2MD6 P2MD5 P2MD4 P2MD3 P2MD2 P2MD1 P2MDO
- P2MOD.7 Reserved for future use.
- P2MOD.6 Reserved for future use.
- P2MOD.5 Reserved for future use.
- P2MOD.4 Reserved for future use.
P2MD3 P2MOD.3 Software Input/Output mode control flag for P2.3. A logic 1 changes P2.3 to input mode.
P2MD2 P2MOD.2 Software Input/Output mode control flag for P2.2. A logic 1 changes P2.2 to input mode.
P2MD1 P2MOD.1 Software Input/Output mode control flag for P2.1. A logic 1 changes P2.1 to input mode.
P2MDO0 P2MOD.0 Software Input/Output mode control flag for P2.0. A logic 1 changes P2.0 to input mode.

P3MOD: PORT3 MODE REGISTER. NOT BIT ADDRESSABLE. : B7H

P3MD7 P3MD6 P3MD5 P3MD4 P3MD3 P3MD2 P3MD1 P3MDO

- P3MOD.7 Reserved for future use.

- P3MOD.6 Reserved for future use.
- P3MOD.5 Reserved for future use.
P3MD4 P3MOD.4 Software Input/Output mode control flag for P3.4. A logic 1 changes P3.4 to input mode.
P3MD3 P3MOD.3 Software Input/Output mode control flag for P3.3. A logic 1 changes P3.3 to input mode.
P3MD2 P3MOD.2 Software Input/Output mode control flag for P3.2. A logic 1 changes P3.2 to input mode.
P3MD1 P3MOD.1 Software Input/Output mode control flag for P3.1. A logic 1 changes P3.1 to input mode.
P3MDO P3MOD.0 Software Input/Output mode control flag for P3.0. A logic 1 changes P3.0 to input mode.
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P4MOD: PORT4 MODE REGISTER. NOT BIT ADDRESSABLE. : BCH

P4MD7 P4MD6 P4MD5 P4MD4 P4MD3 P4MD2 P4MD1 P4MDO
P4AMD7 P4MOD.7 Software Input/Output mode control flag for P4.7. A logic 1 changes P4.7 to input mode.
PAMD6 P4AMOD.6 Software Input/Output mode control flag for P4.6. A logic 1 changes P4.6 to input mode.
PAMDS PAMOD.5 Software Input/Output mode control flag for P4.5. A logic 1 changes P4.5 to input mode.
PAMDA4 PAMOD.4 Software Input/Output mode control flag for P4.4. A logic 1 changes P4.4 to input mode.
PAMD3 P4AMOD.3 Software Input/Output mode control flag for P4.3. A logic 1 changes P4.3 to input mode.
PAMD?2 P4AMOD.2 Software Input/Output mode control flag for P4.2. A logic 1 changes P4.2 to input mode.
P4AMDI1 P4MOD.1 Software Input/Output mode control flag for P4.1. A logic 1 changes P4.1 to input mode.
PAMDO P4AMOD.0 Software Input/Output mode control flag for P4.0. A logic 1 changes P4.0 to input mode.

P5MOD: PORT5 MODE REGISTER. NOT BIT ADDRESSABLE : BDH

P5MD7 P5MD6 P5MD5 P5MD4 P5MD3 P5MD2 P5MD1 P5MDO
P5SMD7 P5MOD.7 Software Input/Output mode control flag for P5.7. A logic 1 changes P5.7 to input mode.
P5SMD6 P5MOD.6 Software Input/Output mode control flag for P5.6. A logic 1 changes P5.6 to input mode.
P5SMD5 P5MOD.5 Software Input/Output mode control flag for P5.5. A logic 1 changes P5.5 to input mode.
P5MD4 P5MOD.4 Software Input/Output mode control flag for P5.4. A logic 1 changes P5.4 to input mode.
P5MD3 P5MOD.3 Software Input/Output mode control flag for P5.3. A logic 1 changes P5.3 to input mode.
PSMD2 PSMOD.2 Software Input/Output mode control flag for P5.2. A logic 1 changes P5.2 to input mode.
P5MD1 P5MOD.1 Software Input/Output mode control flag for P5.1. A logic 1 changes P5.1 to input mode.
P5SMDO P5MOD.0 Software Input/Output mode control flag for P5.0. A logic 1 changes P5.0 to input mode.

P6MOD: PORT6 MODE REGISTER. NOT BIT ADDRESSABLE. : BEH

P6MD7 PE6MD6 P6MD5 P6MD4 P6MD3 P6MD2 P6MD1 P6MDO
P6MD7 P6MOD.7 Software Input/Output mode control flag for P6.7. A logic 1 changes P6.7 to input mode.
P6MD6 P6MOD.6 Software Input/Output mode control flag for P6.6. A logic 1 changes P6.6 to input mode.
P6MD5 P6MOD.5 Software Input/Output mode control flag for P6.5. A logic 1 changes P6.5 to input mode.
P6MDA4 P6MOD.4 Software Input/Output mode control flag for P6.4. A logic 1 changes P6.4 to input mode.
P6MD3 P6MOD.3 Software Input/Output mode control flag for P6.3. A logic 1 changes P6.3 to input mode.
P6MD2 P6MOD.2 Software Input/Output mode control flag for P6.2. A logic 1 changes P6.2 to input mode.
P6MD1 P6MOD.1 Software Input/Output mode control flag for P6.1. A logic 1 changes P6.1 to input mode.
P6MDO P6MOD.0 Software Input/Output mode control flag for P6.0. A logic 1 changes P6.0 to input mode.

P7MOD: PORT7 MODE REGISTER. NOT BIT ADDRESSABLE. : BFH

P7MD7 P7MD6 P7MD5 P7MD4 P7MD3 P7MD2 P7MD1 P7MDO
P7MD7 P7MOD.7 Software Input/Output mode control flag for P7.7. A logic 1 changes P7.7 to input mode.
P7MD6 P7MOD.6 Software Input/Output mode control flag for P7.6. A logic 1 changes P7.6 to input mode.
P7MD5 P7MOD.5 Software Input/Output mode control flag for P7.5. A logic 1 changes P7.5 to input mode.
P7MD4 P7MOD.4 Software Input/Output mode control flag for P7.4. A logic 1 changes P7.4 to input mode.
P7MD3 P7MOD.3 Software Input/Output mode control flag for P7.3. A logic 1 changes P7.3 to input mode.
P7MD2 P7MOD.2 Software Input/Output mode control flag for P7.2. A logic 1 changes P7.2 to input mode.
P7MD1 P7MOD.1 Software Input/Output mode control flag for P7.1. A logic 1 changes P7.1 to input mode.
P7MDO P7MOD.0 Software Input/Output mode control flag for P7.0. A logic 1 changes P7.0 to input mode.
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PFDCR: POWER FAILURE DETECTION CONTROL REGISTER. NOT BIT ADDRESSABLE : D6H

PFDEN

OPT2

OPT1 OPTO PRD1 PRDO - PFDF

The PFDCR SFR is related to the power failure detection function.

PFDEN
OPT2

OPT1
OPTO

PRD1

PRDO

PFDF

APR. 2005 Ver1.2

PFDCR.7

PFDCR.6

PFDCR.5
PFDCR .4

PFDCR.3

PFDCR.2

PFDCR.1
PFDCR.0

Power fail detection enable flag. If PFDEN =1, power failure detection function is enabled, otherwise it
is disabled. After reset this flag is initialized to 0.

Option register. The value of PFDCR[6:4] should be set to 001. After reset these bits are initialized to
001

Period Reset Detection register. These bits determine the duration of reset signal generated by power
failure detection logic.
We recommend that user sets these bits to 00.

Reserved for future use.

Power failure detection flag. When CPU is working in ACTIVE mode and operating voltage drops
below 2.8V, this flag is set to 1 and the internal reset caused by power failure is generated. After exter-
nal reset, this flag initialized to 0 but the reset generated by power failure does not effect this flag.
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PLLMOD : PLL MODE & REFERENCE FREQUENCY SELECT REGISTER. BIT ADDRESSABLE. : F1H

PLLRF3 PLLRF2 PLLRF1 PLLRFO PLLUL1 PLLULO PLLMD1 PLLMDO
PLLRF3 PLLMOD.7 See Table 4-10
PLLRF2 PLLMOD.6 See Table 4-10
PLLRF1 PLLMOD.5 See Table 4-10
PLLRFO PLLMOD .4 See Table 4-10
PLLUL1 PLLMOD.3 Detects status of unlock FF1 (1.1us). Set by hardware when PLL locks 900KHz
PLLULO PLLMOD.2 Detects status of unlock FFO (0.55us or 0.44us). Set by hardware when PLL locks 1.8MHz or
2.25MHz
PLLMDI1 PLLMOD.1 See Table 4-11
PLLMDO PLLMOD.O See Table 4-11
PLLRF3 | PLLRF2 | PLLRF1 PLLRFO Reference Frequency of PLL (fosc = 7.2 MHz)
0 0 0 0 PLL stop
0 0 0 1 1KHz
0 0 1 0 1.25KHz
0 0 1 1 2.5KHz
0 1 0 0 3KHz
0 1 0 1 5KHz
0 1 1 0 6.25KHz
0 1 1 1 9KHz
1 0 0 0 10KHz
1 0 0 1 12.5KHz
1 0 1 0 18KHz
1 0 1 1 20KHz
1 1 0 0 25KHz
1 1 0 1 50KHz
1 1 1 0 Reserved for future use *
1 1 1 1 Reserved for future use *

Table 4-10 PLL Reference Frequency

* User software should not write 1s to reserved bits. These bits may be used in future DTS3 products to invoke new features. In that case,
the reset or inactive value of the new bit will be 0, and its active value will be 1.

PLLMD1 PLLMDO Selects of PLL input pin (fogc = 7.2 MHz)
0 0 Disable VCOL & VCOH pins
0 1 VCOH & VHF mode select
1 0 VCOL & HF mode select
1 1 VCOL & MF mode select
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POPEN:OPEN-DRAIN PORT ENABLE REGISTER. NOT BIT ADDRESSABLE. : C6H

POPEN3 | POPEN2 | POPEN1 | POPENO

POPEN3
POPEN2
POPEN1
POPENO

POPEN.7
POPEN.6
POPEN.5
POPEN.4
POPEN.3
POPEN.2
POPEN.1
POPEN.O

Reserved for future use.
Reserved for future use.
Reserved for future use.
Reserved for future use.
Software Open-Drain Enable control flag for P1.3. A logic 1 changes P1.3 to Open-Drain Port.
Software Open-Drain Enable control flag for P1.2. A logic 1 changes P1.2 to Open-Drain Port.
Software Open-Drain Enable control flag for P1.1. A logic 1 changes P1.1 to Open-Drain Port.
Software Open-Drain Enable control flag for P1.0. A logic 1 changes P1.0 to Open-Drain Port.

PSLOPE: PORT SLOPE CONTROL REGISTER. NOT BIT ADDRESSABLE : C7H

SLOPE2 | SLOPE1 SLOPEO

The PSLOPE SFR determines the slope of output port signals. As the slope of an output port signal becomes steepy, the

more surge current flows when a transition of the output port signal occurs. And this increases the noise

caused by the transition but the delay of the output port is reduced. While, as the slope of an output port signal becomes slow, the
less surge current flows when a transition of the output port signal occurs. And this reduces the noise caused by the transition

but the delay of the output port is increased. The PSLOPE SFR controls the output signal’s slope of the following ports
:P0[7:0],P1[7:0],P2[7:0],P3[5:0], P4[7:0], P5[7:0], P6[7:0]. User should not write 000 to SLOE[2:0]. The SLOPE[2:0] field is ini
tialized to 111 afte reset. The steepness of the slope of those port’s output signal is proportional to the following equation;

Steepness of slope = 2*SLOPE2 + SLOPE1 + SLOPEO;

PSW: PROGRAM STATUS WORD. BIT ADDRESSABLE. : DOH

CcY AC FO RS1 RSO ov - P
CY PSW.7 Carry Flag.
AC PSW.6 Auxiliary Carry Flag.
FO PSW.5 Flag 0 available to the user for general purpose.
RS1 PSW.4 Register Bank selector bit 1 (See NOTE 1).
RSO PSW.3 Register Bank selector bit 0 (See NOTE 1).
oV PSW.2 Overflow Flag.
- PSW.1 User flag.
P PSW.0 Parity flag. Set/cleared by hardware each instruction cycle to indicate an odd/even number of ‘1’ bits in

th accumulator.

NOTE I: The value presented by RS0 and RS1 selects the corresponding register bank.

RS1 RS0 Register Bank Addresss
0 0 0 00H-07H
0 1 1 08H-0FH
1 0 2 10H-17H
1 1 3 18H-1FH

APR. 2005 Ver1.2

101



HMS91C8232/97C8232

MagnaChip=’

SCMOD : SYSTEM CLOCK & POWER CONTROL REGISTER. BIT ADDRESSABLE. : 80H

- SCSTOP SCsw SCMOD2 | SCMOD1

SCMODO

- SCMOD.7 Reserved for future use *
- SCMOD.6 Reserved for future use *
- SCMOD.5 Reserved for future use *
SCSTOP SCMOD.4 Software control of the main system oscillator. A logic 1 pulls down the main system oscillator
(7.2MHz).
SCSEL SCMOD.3 Main system clock selection bit. If user uses 4.5MHz clock for main system clock, must set this bit.
0:7.2MHz, 1:4.5 MHz
SCMOD2 SCMOD.2 See Table 4-12
SCMOD1 SCMOD.1 See Table 4-12
SCMODO0 SCMOD.0 See Table 4-12
SCMOD2 SCMOD1 SCMODO Select system clock
0 0 0 fxx
0 0 1 fxx /2
0 1 0 fxx /4
0 1 1 fxx /8
1 0 0 fxx /16
1 0 1 fxx /32
1 1 0 fxx / 64
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SCON: SERIAL PORT CONTROL REGISTER.(UART) BIT ADDRESSABLE. : 98H

SMO SM1 SM2 REN TB8 RB8 TI RI
SMO SCON.7 Serial Port mode specifier. (See Table 4-13).
SM1 SCON.6 Serial Port mode specifier. (See Table 4-13).
SM2 SCON.5 Enables the multiprocessor communication feature in modes 2&3. In modes 2 or 3, if SM2 is set to 1
then RI will not be activated if the received 9th data bit (RB8) is 0. In mode 1, if SM2 = 1 then RI will
not be activated if a valid stop bit was not received. In mode 0, SM2 should be 0.
REN SCON.4 Set/Cleared by software to Enable/Disable reception.
TB8 SCON.3 The 9th bit that will be transmitted in modes 2 & 3. Set/Cleared by software.
RB8 SCON.2 In modes 2 & 3, is the 9th data bit that was received. In mode 1, if SM2 = 0, RBS is the stop bit that was
received, In mode 0, RB8 is not used.
TI SCON.1 Transmit interrupt flag. Set by hardware at the end 8th bit time in mode 0, or at the beginning of the stop
bit in the other modes. Must be cleared by software.
RI SCON.0 Receive interrupt flag. Set by hardware at the end 8th bit time in mode 0, or halfway through the stop bit
in the other modes (except see SM2). Must be cleared by software.
SMO SM1 Mode Description Baud Rate
0 0 0 SHIFT REGISTER fepu/6”
0 1 1 8-Bit UART Variable
1 0 2 9-Bit UART fepu/32* or fopy/16*
1 1 3 9-Bit UART Variable

Table 4-13 UART Mode

* fCPU : CPU Clock Frequency (fosc/z, fosc/4, fosc/g, fosc/16, fosc/32)

fosc : Oscillator Clock Frequency

SERIAL PORT SET-UP

MODE SCON SM2 VARIATION
0 10H Single Processor
1 50H :

Environment

2 90H (SM2 = 0)
3 DOH
0 NA Multiprocessor
! 70H Environment
2 BOH (SM2 = 1)
3 FOH
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Table 4-14 Serial Port
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GENERATING BAUD RATES
Serial Port in Mode 0:

Timer/Counters need to be stop. Only the SCON register needs to
be defined.

2 x
Baud Rate = %

Serial Port in Mode 1:

Mode 1 has a variable baud rate. The baud rate can be generated
by either Timer 1 or Timer 2

USING TIMER/COUNTER 1 TO GENERATE BAUD
RATES:

For this purpose, Timer 1 is used in mode 2 (Auto-Reload). Refer
to Timer Setup section of this chapter.

Kx2xfopy

Baud Rate = 331256 - (TH )]

If SMOD = 0, then K =1.
If SMOD = 1, then K =2. (SMOD is the PCON register).

Most of the timer the user knows the baud rate and needs to know
the reload value for THI.

Therefore, the equation to calculate TH1 can be written as:

Kx2xfeopy

THI = 236 = e Baud Rate

TH1 must be an integer value. Rounding off TH1 to the nearest
integer may not produce the desired baud rate. In this case, the
user may have to choose another crystal frequency.

Since the PCON register is not bit addressable, one way to set the
bit is logical ORing the PCON register. (i.e., ORL PCON, #80H).
The address of PCON is 8§7H.

USING TIMER/COUNTER 2 TO GENERATE BAUD
RATES:

For this purpose, Timer 2 must be used in the baud rate generating

104

mode. If Timer 2 is being clocked through pin T2 the baud rate is:

Timer2 Overflow Rate

Baud Rate = 76

And if it is being clocked internally the baud rate is:

2xfepy

Baud Rate = 55155536 (RCAP2H, RCAPZL)]

To obtain the reload value for RCAP2H and RCAP2LI the above
can be rewritten as:

2xfepy

RCAP2H, RCAP2L = 65535 — 37 % Baud Rate

SERIAL PORT IN MODE 2:

The baud rate is fixed in this mode and is !/;4 or 1/3, of the CPU
clock depending on the value of the SMOD bit in the PCON reg-
ister.

In this mode, the Timers are used and the clock comes from the
internal phase 2 clock.

SMOD = 1
2 fepy
Baud Rate = -
SMOD =0
2xfepu
Baud Rate = 7

To set the SMOD bit: ORL
PCON is 87H.

PCON, #80H. The address of

SERIAL PORT IN MODE 3:

The baud rate in mode 3 is variable and sets up exactly the same
as in mode 1.
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S12CON: SIO1 & SI02 CONTROL REGISTER. BIT ADDRESSABLE. : AOH
SIO2HIZ SIO2TS | SIO2CK1 | SIO2CKO | SIO1HIZ SIOITS SIO1CK1 | SIO1CKO
SIO2HIZ S12CON.7 Software Port control for SiO2. A logic 1 assigns general I/O port to SIO2 port
SIO2TS S12CON.6 Software START/STOP control for SIO2. A logic 1 starts the SIO2
SIO2CK1 S12CON.5 See Table 4-15
SIO2CKO0 S12CON.4 See Table 4-15
SIOIHIZ S12CON.3 Software Port control for SiO1. A logic 1 assigns general I/O port to SIO1 port
SIOITS S12CON.2 Software START/STOP control for SIO1. A logic 1 starts the SIO1
SIO1CK1 S12CON.1 See Table 4-15
SIO1CKO S12CON.0 See Table 4-15:
S101/2CK1 SI01/2CK0 Set input/output clock frequency of SI01 (fogc = 7.2 MHz)
0 0 Slave mode : External clock
0 1 Master mode : 75KHz
1 0 Master mode : 150KHz
1 1 Master mode : 450KHz

SFRPG: SFR PAGE REGISTER. NOT BIT ADDRESSABLE. :

Table 4-15 SIO Clock

FFH

SFRP

SFRPG.7
SFRPG.6
SFRPG.5
SFRPG.4
SFRPG.3
SFRPG.2
SFRPG.1
SFRPG.0

APR. 2005 Ver1.2

Reserved for future use *
Reserved for future use *
Reserved for future use *
Reserved for future use *
Reserved for future use *
Reserved for future use *
Reserved for future use *

Software SFR page0/pagel control flag. A logic 1 switches to SFR page 1.
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SGEO0:OPEN-DRAIN PORT ENABLE REGISTER. NOT BIT ADDRESSABLE. : E6H
SEG21 SEG20 SEG19 SEG18 SEG17 SEG16 SGB1 SGBO
SEG21 SGE7.7 SEG21 enable/disable control flag. Active High.
SEG20 SGE7.6 SEG20 enable/disable control flag. Active High.
SEG19 SGE7.5 SEG19 enable/disable control flag. Active High.
SEG18 SGE7.4 SEG18 enable/disable control flag. Active High.
SEG17 SGE7.3 SEG17 enable/disable control flag. Active High.
SEG16 SGE7.2 SEG16 enable/disable control flag. Active High
SGB1 SGE7.1 SEG8~SEG15 enable/disable control flag. Active High.
SGBO SGE7.0 SEGO~SEG7 enable/disable control flag. Active High.
SGE1:0OPEN-DRAIN PORT ENABLE REGISTER. NOT BIT ADDRESSABLE. : E7TH
MCCON SEG28 SEG27 SEG26 SEG25 SEG24 SEG23 SEG22
MCCON SGE1.7 Main clock enable/disable control flag for saving the power consumption. If you want to use LCD
Driver or write LCD display data to LCD display memory, you must clear this bit.
LCD display control
Enable LCD display : LCR = xx1xxxxxB(LCDEN=1) and SGE1 = 0xxxxxxxB(MCCON=0)
Disable LCD display : LCR = xx0xxxxxB(LCDEN=0) and SGE1 = 1xxxxxxxB(MCCON=1)
SEG28 SGEL.6 SEG28 enable/disable control flag. Active High.
SEG27 SGEL.5 SEG27 enable/disable control flag. Active High.
SEG26 SGE1.4 SEG26 enable/disable control flag. Active High.
SEG25 SGE1.3 SEG25 enable/disable control flag. Active High.
SEG24 SGE1.2 SEG24 enable/disable control flag. Active High.
SEG23 SGEL.1 SEG23 enable/disable control flag. Active High.
SEG22 SGEL1.0 SEG22 enable/disable control flag. Active High.
106 APR. 2005 Ver1.2
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TCON: TIMERO1/COUNTERO01 CONTROL REGISTER. BIT ADDRESSABLE. : 88H

TF1 TR1 TFO TRO IE1 1T IEO ITO

TF1 TCON.7 Timer 1 Overflow flag. Set by hardware when the Timer/Counter 1 overflows. Cleared by hardware as
processor vectors to the interrupt service routine.

TR1 TCON.6 Timer 1 run control bit. Set/cleared by software to turn Timer/Counter 1 ON/OFF.

TFO TCON.5 Timer 0 Overflow flag. Set by hardware when the Timer/Counter 0 overflows. Cleared by hardware as
processor vectors to the interrupt service routine.

TRO TCON.4 Timer 0 run control bit. Set/cleared by software to turn Timer/Counter 0 ON/OFF.

IE1 TCON.3 Interrupt 1 Edge flag. Set by hardware when external interrupt edge detected. Cleared when interrupt
processed.

IT1 TCON.2 Interrupt 1 Type control bit. Set/cleared by software to specify falling edge/low level triggered external
interrupts.

1EO TCON.1 Interrupt 0 Edge flag. Set by hardware when external interrupt edge detected. Cleared when interrupt
processed.

ITO TCON.0 Interrupt 0 Type control bit. Set/cleared by software to specify falling edge/low level triggered external

interrupts.

T2CON: TIMER/COUNTER 2 CONTROL REGISTER. BIT ADDRESSABLE. : C8H

TF2 EXF2 RCLK TCLK EXEN2 TR2 CIT2 CP/RL2

TF2 T2CON.7 Timer 2 Overflow flag set by hardware and cleared by software. TF2 cannot be set when either RCLK
=1 or TCLK = 1.

EXF2 T2CON.6 Timer 2 external flag set when either a capture or reload is caused by a negative transition on T2EX, and
EXEN2 = 1. When Timer 2 interrupt is enabled, EXF2 = 1 will cause the CPU to vector to the Timer 2
interrupt routine. EXF2 must be cleared by software.

RCLK T2CON.5 Receive clock flag. When set, causes the Serial Port to use Timer 2 overflow pulses for its receive clock
in modes 1 & 3. RCLK = 0 causes Timer 1 overflow to be used for the receive clock.

TCLK T2CON.4 Transmit clock flag. When set, causes the Serial Port to use Timer 2 overflow pulses for its transmit
clock in modes 1 & 3. TCLK = 0 causes Timer 1 overflow to be used for the transmit clock.

EXEN2 T2CON.3 Timer 2 external enable flag. When set, allows a capture or reload to occur as a result of negative transi-
tion on T2EX if Timer 2 is not being used to clock the Serial Port.

EXEN2 = 0 causes Timer 2 to ignore events at T2EX.
TR2 T2CON.2 Software START/STOP control for Timer 2 . A logic 1 starts the Timer.
C/T2 T2CON.1 Timer or Counter selector.
0 = Internal Timer
1 = External Event Counter (falling edge triggered).
CP/RL2 T2CON.O Capture/Reload flag. When set, captures will occur on negative transitions at T2EX if EXEN2 = 1.

APR. 2005 Ver1.2

When cleared, Auto-Reloads will occur either with Timer 2 overflows or negative transitions at T2EX
when EXEN2 =1. When either RCLK =1 or TCLK = 1, this bit is ignored and the Timer is forced to
Auto-Reload on Timer 2 overflow.
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TIMER/COUNTER 2 SET-UP

Except for the baud rate generator mode, the value given for T2CON do not include the setting of the TR2 bit. Therefore, bit TR2 must be

set, separately, to turn the Timer on.

T2CON
INTERNAL EXTERNAL
MODE CONTROL CONTROL
16-bit Auto-Reload O0H 08H
16-bit Capture 01H 09H
BAUD rate generator receive & transmit 34H 36H
same baud rate
receive only 24H 26H
transmit only 14H 16H
Table 4-16 Timer 2 Mode
TMOD
INTERNAL EXTERNAL
MODE CONTROL CONTROL
16-bit Auto-Reload 02H 0AH
16-bit Capture 03H 0BH

NOTES:

Table 4-17 Counter 2 Mode

1. Capture/Reload occurs only on Timer/Counter overflow.
2. Capture/Reload occurs on Timer/Counter overflow and a 1 to 0 transition on T2EX pin except when Timer 2 is used in the baud rate

generating mode.

T34CON: TIMER34/COUNTER34 CONTROL REGISTER. BIT ADDRESSABLE. : 90H

TF4 TR4 TF3

TR3

TF4 TCON.7

processor vectors to the interrupt service routine.

processor vectors to the interrupt service routine.

TR4 TCON.6
TF3 TCON.5
TR3 TCON.4

- TCON.3

Timer 4 Overflow flag. Set by hardware when the Timer/Counter 4 overflows. Cleared by hardware as

Timer 4 run control bit. Set/cleared by software to turn Timer/Counter 4 ON/OFF.
Timer 3 Overflow flag. Set by hardware when the Timer/Counter 3 overflows. Cleared by hardware as

Timer 3 run control bit. Set/cleared by software to turn Timer/Counter 3 ON/OFF.
Reserved for future use *

* User software should not write s to reserved bits. These bits may be used in future DTS3 products to invoke new features. In that case,

the reset or inactive value of the new bit will be 0, and its active value will be 1.
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T5CON: TIMERS CONTROL REGISTER. NOT BIT ADDRESSABLE : 9DH

T5EN TF5 T50VC - - T5CSEL2 | TSCSEL1 | TSCSELO
T5EN T5CON.7 Timer 5 enable flag. When this flag is set to 1, Timer 5 is enabled. Otherwise Timer5 is disabled. After
reset, TSEN flag is set to 0.
TF5 T5CON.6 Timer 5 Overflow flag. Set by hardware when the Timer5 overflows. After reset, TF5 flag is set to 0.
T50VC T5CON.5 Timer 5 overflow condition flag. When the flag is set to 1, TF5 flag is set to high and timer 4 interrupt

occurs when overflow occurs from 16-th bit of 16 bits TSREG register. When the flag is set to 1,TF5
flag is set to high and timer 4 interrupt occurs when overflow occurs from 8-th bit of TSREG register.
After reset, TSOVC flag is set to 0.

T5CSEL T5CON.2 Timer 5 counting clock selection bit. This field determines the counting clock of timer 5. Refer the table
below. After reset, TSCSEL[2:0] is set to 000.

THCSEL[2:0] Counting clock Frequency
000 fyosc/32 225Khz
001 fMOSC/64 112.5Khz
010 fyosc/128 56.25Khz

Assume that fusoc = 7.2Mhz

TS5INITL / TSINITH: TIMERS INITIALIZATION REGISTERS. NOT BIT ADDRESSABLE : 9EH,9FH.

TSINITH7 | TSINITH6 | TSINITHS [ TSINITH4 | TSINITH3 | TSINITH2 | T5INITH1 | TSINITHO

The TSINITL and T5INITH SFRs are used to initialize timer 5 counter registers, TLS and THS5, respectively.
When TSCON.7 flag goes to 1 from 0 or timer 5 overflow occurs, the 16-bits value of TSINITH and T5INITL is loaded into
16-bits timer 5 counting register THS and TL5, respectively.

TL5/ TH5: TIMERS LOW / HIGH COUNTING REGISTERS. NOT BIT ADDRESSABLE : 96H,97H

TL5.7 TL5.6 TL5.5 TL5.4 TL5.3 TL5.2 TL5.1 TL5.0

THS5.7 TH5.6 THS5.5 TH5.4 THS5.3 THS5.2 THS5.1 THS5.0

The TL5 and THS. SFRs are the 16-bits timer 5 counter register. The TL5 is lower 8-bits counter register and the
THS. is upper 8-bits counter register. When TSCON.7 flag goes to 1 from 0 or timer 5 overflow occurs, the 16-bits value of
TSINITH and T5INITL is loaded into 16-bits timer 5 counting register THS. and TL5, respectively.
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TMOD: TIMER/COUNTER MODE CONTROL REGISTER. NOT BIT ADDRESSABLE. : 89H

GATE CIT M1 MO GATE CIT M1 MO
Timer 1 Timer 0

GATE TMOD.7 When TRx (in TCON) is set and GATE = 1, TIMER/COUNTERX will run only while INTx pin is high
(hardware control). When GATE = 0, TIMER/COUNTERX will run only while TRx = 1 (software con-
trol).

C/T TMOD.6 Timer or Counter selector. Cleared for Timer operation (input from internal system clock). Set for
Counter operation (input from Tx input pin).

M1 TMOD.5 Mode selector bit. (See Table 4-18)

MO TMOD.4 Mode selector bit. (See Table 4-18)

GATE TMOD.3 When TRx (in TCON) is set and GATE = 1, TIMER/COUNTERX will run only while INTx pin is high
(hardware control). When GATE = 0, TIMER/COUNTERXx will run only while TRx = 1 (software con-
trol).

C/T TMOD.2 Timer or Counter selector. Cleared for Timer operation (input from internal system clock). Set for
Counter operation (input from Tx input pin).

M1 TMOD.1 Mode selector bit. (See Table 4-18)

MO TMOD.0 Mode selector bit. (See Table 4-18)

M1 MO Mode Operating Mode
0 0 13-bit Timer
1 1 16-bit Timer/Counter
1 0 2 8-bit Auto-Reload Timer/Counter
1 1 3 (Timer 0) TLO is an 8-bit Timer/Counter controlled by the standard Timer 0
control bits, THO is an 8-bit Timer and is controlled by Timer 1 control bits.
1 1 3 (Timer 1) Timer/Counter 1 stopped.
Table 4-18 Timer 0 and Timer 1 Mode
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>

MagnaC

hip=

HMS91C8232/97C8232

T34MOD: TIMER/COUNTER MODE CONTROL REGISTER. NOT BIT ADDRESSABLE. : 91H

GATE M1 MO GATE M1 MO
Timer 4 Timer 3

GATE T34MOD.7 When TRx (in TCON) is set and GATE = 1, TIMER/COUNTERx will run only while INTx pin is high
(hardware control). When GATE = 0, TIMER/COUNTERXx will run only while TRx = 1 (software con-
trol).

M1 T34MOD.5 Mode selector bit. (See Table 4-19)

MO T34MOD.4 Mode selector bit. (See Table 4-19)

GATE T34MOD.3 When TRx (in TCON) is set and GATE = 1, TIMER/COUNTERx will run only while INTx pin is high
(hardware control). When GATE = 0, TIMER/COUNTERx will run only while TRx = 1 (software con-
trol).

M1 T34MOD.1 Mode selector bit. (See Table 4-19)

MO T34MOD.0 Mode selector bit. (See Table 4-19)

M1 MO0 Mode Operating Mode
0 0 13-bit Timer
0 1 1 16-bit Timer
1 0 2 8-bit Auto-Reload Timer
1 1 3 (Timer 3) TL3 is an 8-bit Timer controlled by the standard Timer 3 control bits,
TH3 is an 8-bit Timer and is controlled by Timer 4 control bits.
1 1 3 (Timer 4) Timer 4 stopped.

Table 4-19 Timer 3 and Timer 4 Mode
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TIMER SET-UP

TIMER/COUNTER 0 (TIMER 3)

TMOD (T34MOD)

MODE TIMER 0 (TIMER 3) INTERNAL EXTERNAL
FUNTION CONTROL CONTROL
(NOTE 1) (NOTE 2)
0 13-bit Timer 00H 08H
1 16-bit Timer 01H 09H
2 8-bit Auto-Reload 02H 0AH
3 two 8-bit Timers 03H 0BH
Table 4-20 Timer0 and Timer3 TMOD
TMOD (T34MOD)
MODE COUNTER 0 INTERNAL EXTERNAL
FUNTION CONTROL CONTROL
(NOTE 1) (NOTE 2)
0 13-bit Timer 04H OCH
1 16-bit Timer 05H ODH
2 8-bit Auto-Reload 06H OEH
3 One 8-bit Counter 07H OFH
Table 4-21 Counter0 TMOD
NOTES:

1. The Timer is turned ON/OFF by setting/clearing bit TR0 (TR3) by the software.

2. The Timer is turned ON/OFF by the 1 to 0 transition on /INTO (/INT3) when TR0 = 1 (hardware control).
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TIMER/COUNTER 1 (TIMER 4)

TMOD (T34MOD)
MODE TIMER 1 (TIMER 4) INTERNAL EXTERNAL
FUNTION CONTROL CONTROL
(NOTE 1) (NOTE 2)
0 13-bit Timer 00H 80H
1 16-bit Timer 10H 90H
2 8-bit Auto-Reload 20H AQOH
3 does not run 30H BOH
Table 4-22 Timer1 and Timer4 TMOD
TMOD (T34MOD)
MODE COUNTER 1 (COUNTER 4) INTERNAL EXTERNAL
FUNTION CONTROL CONTROL
(NOTE 1) (NOTE 2)
0 13-bit Timer 40H COH
1 16-bit Timer 50H DOH
2 8-bit Auto-Reload 60H EOH
3 not available - -
Table 4-23 Counter1 TMOD
NOTES:

1. The Timer is turned ON/OFF by setting/clearing bit TR0 (TR3) by the software.
2. The Timer is turned ON/OFF by the 1 to 0 transition on /INT1 (/INT4) when TR1 = 1 (hardware control).
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WDTCON: BEEPER & WATCHDOG TIMER CONTROL REGISTER. BIT ADDRESSABLE. : F8H

RUNBEEP | BEEPMD1 BEEPMDO RUNWDT WDTMK WDTMD2 WDTMD1 WDTMDO
RUNBEEP WDTCON.7 Software START/STOP control for Beeper. A logic 1 starts the Beeper.
BEEPMD1  WDTCON.6 See Table 4-24
BEEPMDO WDTCON.5 See Table 4-24
RUNWDT  WDTCON.4 Restart Watchdog timer (This bit is automatically cleared to “0” after restart.).
WDTMK WDTCON.3 Software Enable/Disable NMI(Non Maskable Interrupt) for WDT. A logic 1 makes WDT interrupt NMI
WDTMD2  WDTCON.2 See Table 4-25
WDTMD!  WDTCON.1 See Table 4-25
WDTMDO  WDTCON.0 See Table 4-25

BEEPMD1 BEEPMDO Select Beeper Clock Frequency (fogc = 7.2 MHz)
0 0 1.2KHz (fogc / 6000)
0 1 2.4KHz (fogc / 3000)
1 0 4.5KHz (fogc / 1600)
1 1 8KHz (fOSC / 900)
Table 4-24 BEEP Mode
WDTMD2 WDTMD1 WDTMDO Selects of WDT input (fogc = 7.2 MHz)
0 0 0 fxx (fxx = fosc/2)
0 0 1 fxx /23
0 1 0 fxx /274
0 1 1 fxx /275
1 0 0 fxx 1 277
1 0 1 fxx /279
1 1 0 fxx /2™M1
1 1 1 fxx /2M3
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Table 4-25 Watchdog Timer
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5. INSTRUCTION SET

The HMS9X(C8232 instruction set is optimized for 8-bit control applications. It provides a variety of fast addressing modes for accessing
the internal RAM to facilitate byte operations on small data structures. The instruction set provides extensive support for one-bit variables
as a separate data type, allowing direct bit manipulation in control and logic systems that require Boolean processing.

5.1 Program Status Word

The Program Status Word (PSW) contains several status bits that
reflect the current state of the CPU. The PSW, shown in Figure
5-1, resides in the SFR space. It contains the Carry bit, the Aux-
iliary Carry (for BCD operations), the two register bank select

bits, the Overflow flag, a Parity bit, and two user-definable status
flags.

The Carry bit, other than serving the functions of a Carry bit in
arithmetic operations, also serves as the “Accumulator” for a
number of Boolean operations.

cYy AC FO RS1

RSO oV - P

r
PSW 7 —I

Carry flag receives carry out
from bit 7 of ALU operands

PSW 6

Auxiliary carry flag receives
carry out from bit 3

of addition operands

PSW 5
General purpose status flag

PSW 4
Register bank select bit 1

L PSW 0

Parity of accumulator
set by hardware to 1 if it
contains an odd number
of 1s; otherwise it is
reset to 0

PSW 1
User-definable flag

PSW 2
Overflow flag set by
arithmetic operation

PSW 3
Register bank select bit 0

Figure 5-1 PSW (Program Status Word) Register in HMS9XC8232 Devices

RSO and RS1 are used to select one of the four register banks.
Each register bank composed of eight registers.(R0O to R7) The
selection of a register bank is made at execution time.

The parity bit reflects the number of 1s in the Accumulator: P=1
if the Accumulator contains an odd number of 1s, and P = 0 if the
Accumulator contains an even number of 1s. Thus the number of
1s in the Accumulator plus P is always even. Two bits in the PSW
are uncommitted and may be used as general-purpose status
flags.

5.2 Addressing Modes

The addressing modes in the HMS9XC8232 instruction set are as
follows:

Direct Addressing

In direct addressing the operand is specified by an 8-bit address
field in the instruction. Only internal Data RAM and SFRs can be
directly addressed.

APR. 2005 Ver1.2

Indirect Addressing

In indirect addressing the instruction specifies a register which
contains the address of the operand. Both internal and external
RAM can be indirectly addressed.

The address register for 8-bit addresses can be R0 or R1 of the se-
lected bank, or the Stack Pointer. The address register for 16-bit
addresses can only be the 16-bit "data pointer" register, DPTR.

Register Instructions

The register banks, containing registers RO through R7, can be
accessed by certain instructions which carry a 3-bit register spec-
ification within the opcode of the instruction. Instructions that ac-
cess the registers this way are code efficient, since this mode
climinates an address byte. When the instruction is executed, one
of the eight registers in the selected bank is accessed. One of four
banks is selected at execution time by the two bank select bits in
the PSW.
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Register-Specific Instructions

Some instructions are specific to a certain register. For example,
some instructions always operate on the Accumulator, or Data
Pointer, etc., so no address byte is needed to point to it. The op-
code itself does that. Instructions that refer to the Accumulator as
A assemble as accumulator specific opcodes.

Immediate Constants

The value of a constant can follow the opcode in Program Mem-
ory. For example,
MOV A, #100

loads the Accumulator with the decimal number 100. The same
number could be specified in hex digits as 64H.

Indexed Addressing

Only Program Memory can be accessed with indexed addressing,
and it can be read. This addressing mode is intended for reading
look-up tables in Program Memory. A 16-bit base register (either
DPTR or the Program Counter) points to the base of the table, and
the Accumulator is set up with the table entry number.

The address of the table entry in Program Memory is formed by
adding the Accumulator data to the base pointer.

Another type of indexed addressing is used in the "case jump" in-
struction. In this case the destination address of a jump instruction
is computed as the sum of the base pointer and the Accumulator

data.

5.3 Arithmetic Instructions

The arithmetic instructions is listed in Table 5-1. The table indi-
cates the addressing modes that can be used with each instruction
to access the <byte> operand. For example, the ADD A, <byte>
instruction can be written as:

ADD  a, 7FH (direct addressing)
ADD A, @RO (indirect addressing)
ADD  a,R7 (register addressing)
ADD A, #127 (immediate constant)

Note that any byte in the internal Data Memory space can be in-
cremented without going through the Accumulator.

One of the INC instructions operates on the 16-bit Data Pointer.
The Data Pointer is used to generate 16-bit addresses for external
memory, so being able to increment it in one 16-bit operations is
a useful feature.

The MUL AB instruction multiplies the Accumulator by the data
in the B register and puts the 16-bit product into the concatenated
B and Accumulator registers.

The DIV AB instruction divides the Accumulator by the data in
the B register and leaves the 8-bit quotient in the Accumulator,
and the 8-bit remainder in the B register.

MNEMONIC OPERATION ADDRESSING MODES
Dir Ind Reg Imm

ADD A,<byte> A = A+<byte> X X X X
ADDC A, <byte> A = A+<byte>+C X X X X
SUBB A, <byte> A = A-<byte>-C X X X X
INC A=A+1 Accumulator only

INC <byte> <byte> = <byte>+1 X x| x|

INC DPTR DPTR = DPTR+1 Data Pointer only

DECA A=A1 Accumulator only

DEC <byte> <byte> = <byte>-1 x | x| x|

MUL AB B:AA=BxA ACC and B only

DIV AB ';‘ : :\222[/2/]3] ACC and B only

DA A Decimal Adjust Accumulator only

Table 5-1 HMS9XC8232 Arithmetic Instructions

Oddly enough, DIV AB finds less use in arithmetic "divide" rou-
tines than in radix conversions and programmable shift opera-
tions. An example of the use of DIV AB in a radix conversion will
be given later. In shift operations, dividing a number by 2n shifts
its n bits to the right. Using DIV AB to perform the division com-
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pletes the shift in 4pus and leaves the B register holding the bits
that were shifted out. The DA A instruction is for BCD arithmetic
operations. In BCD arithmetic, ADD and ADDC instructions
should always be followed by a DA A operation, to ensure that
the result is also in BCD. Note that DA A will not convert a bina-
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ry number to BCD. The DA A operation produces a meaningful
result only as the second step in the addition of two BCD bytes.

5.4 Logical Instructions

Table 5-2 shows list of HMS9XC8232 logical instructions. The
instructions that perform Boolean operations (AND, OR, Exclu-
sive OR, NOT) on bytes perform the operation on a bit-by-bit ba-
sis. That is, if the Accumulator contains 00110101B and byte
contains 01010011B, then :

ANL A, <byte>

will leave the Accumulator holding 00010001B.

The addressing modes that can be used to access the <byte> op-
erand are listed in Table 5-2.

The ANL A, <byte> instruction may take any of the forms:

ANL A,7FH(direct addressing)

ANL A, @R1 (indirect addressing)
ANL A,R6 (register addressing)
ANL A#53H (immediate constant)

Note that Boolean operations can be performed on any byte in the
internal Data Memory space without going through the Accumu-
lator. The XRL <byte>, #data instruction, for example, offers a
quick and easy way to invert port bits, as in

XRL P1, #OFFH.

If the operation is in response to an interrupt, not using the Accu-
mulator saves the time and effort to push it onto the stack in the
service routine.

The Rotate instructions (RL A, RLC A, etc.) shift the Accumula-
tor 1 bit to the left or right. For a left rotation, the MSB rolls into
the LSB position. For a right rotation, the LSB rolls into the MSB
position.

The SWAP A instruction interchanges the high and low nibbles
within the Accumulator. This is a useful operation in BCD ma-
nipulations. For example, if the Accumulator contains a binary
number which is known to be less than 100, it can be quickly con-
verted to BCD by the following code:

MNEMONIC OPERATION ADDRESSING MODES
Dir Ind Reg Imm
ANL A, <byte> A=A .AND. <byte> X X X X
ANL <byte> A <byte> = <byte> .AND. A X
ANL <byte> #data <byte> = <byte> .AND. #data X
ORL A,<byte> A=A .OR. <byte> X X X X
ORL <byte>,A <byte> = <byte> .OR. A X
ORL <byte> #data <byte> = <byte> .OR. #data X
XRL A,<byte> A=A XOR. <byte> X X X X
XRL <byte>,A <byte> = <byte> .XOR. A X
XRL <byte> #data <byte> = <byte> .XOR. #data X

CRLA

A =00H

Accumulator only

CPLA A= .NOT.A Accumulator only
RL A Rotate ACC Left 1 bit Accumulator only
RLC A Rotate Left through Carry Accumulator only
RR A Rotate ACC Right 1 bit Accumulator only
RRC A Rotate Right through Carry Accumulator only
SWAP A Swap Nibbles in A Accumulator only

Table 5-2 HMS9XC8232 Logical Instructions

MOVE  B#10
DIV AB
SWAP A
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ADD  AB

Dividing the number by 10 leaves the tens digit in the low nibble
of the Accumulator, and the ones digit in the B register. The
SWAP and ADD instructions move the tens digit to the high nib-
ble of the Accumulator, and the ones digit to the low nibble.
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5.5 Data Transfers

Internal RAM

Table 5-3 shows the menu of instructions that are available for
moving data around within the internal memory spaces, and the
addressing modes that can be used with each one.

The MOV <dest>, <src> instruction allows data to be transferred
between any two internal RAM or SFR locations without going
through the Accumulator. Remember, the Upper 128 bytes of
data RAM can be accessed only by indirect addressing, and SFR
space only by direct addressing.

Note that in HMS9XC8232 devices, the stack resides in on-chip
RAM, and grows upwards. The PUSH instruction first incre-
ments the Stack Pointer (SP), then copies the byte into the stack.
PUSH and POP use only direct addressing to identify the byte be-
ing saved or restored, but the stack itself is accessed by indirect
addressing using the SP register. This means the stack can go into
the Upper 128 bytes of RAM, if they are implemented, but not
into SFR space.

The Data Transfer instructions include a 16-bit MOV that can be
used to initialize the Data Pointer (DPTR) for look-up tables in
Program Memory.

The XCH A, <byte> instruction causes the Accumulator and ad-
dressed byte to exchange data. The XCHD A, @Ri instruction is
similar, but only the low nibbles are involved in the exchange.

To see how XCH and XCHD can be used to facilitate data manip-
ulations, consider first the problem of shifting and 8-digit BCD
number two digits to the right. Figure 5-2 shows how this can be
done using XCH instructions. To aid in understanding how the
code works, the contents of the registers that are holding the BCD
number and the content of the Accumulator are shown alongside
each instruction to indicate their status after the instruction has
been executed.

After the routine has been executed, the Accumulator contains
the two digits that were shifted out on the right. Doing the routine
with direct MOVs uses 14 code bytes. The same operation with
XCHs uses only 9 bytes and executes almost twice as fast.

To right-shift by an odd number of digits, a one-digit must be ex-
ecuted.

Figure 5-3 shows a sample of code that will right-shift a BCD
number one digit, using the XCHD instruction. Again, the con-
tents of the registers holding the number and of the accumulator
are shown alongside each instruction.

MNEMONIC OPERATION ADDRESSING MODES
Dir Ind Reg Imm

MOV A,<src> A = <src> X
MOV <dest>A <dest>=A
MOV <dest>,<src> <dest> = <src> X X X
MOV DPTR, #data16 DPTR = 16-bit immediate constant
PUSH <src> INC SP:MOV “@SP”, <src> X
POP <dest> MOV <dest>, “@SP":DEC SP
XCH A,<byte> ACC and <byte> exchange data X X X
XCHD A @RI ACC and @Ri exchange low nibbles X

Table 5-3 Data Transfer Instruction that Access Internal Data Memory Space
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MOV  A2EH 00 | 12 34 | 56 | 78 78
MOV 2EH,2DH 00 | 12 34 | 56 | 56 78
MOV  2DH,2CH 00 | 12 34 | 34 | 56 78
MOV  2CH,2BH 00 | 12 12 | 34 | 56 78
MOV  2BH#0 00 | 00 12 | 34 | 56 78

A. Using direct MOVs: 14 bytes, 9us

CLR A 00 | 12 34 | 56 | 78 00
XCH  A2BH 00 | 00 34 | 56 | 78 12
XCH  A2CH 00 | 00 12 | 56 | 78 34
XCH  A2DH 00 | 00 12 | 34 | 78 56
XCH  AZ2EH 00 | 00 12 | 34 | 56 78

B. Using XCHs: 9 bytes, 5us

Figure 5-2 Shifting a BCD Number Two Digits to the
Right

2A | 2B 2C 2D 2E | ACC

MOV  R1#2EH 00 | 12 34 56 |78 XX
MOV  RO,#2DH 00 | 12 34 56 |78 XX

loop for R1 = 2EH

Loop: MOV A@R1 00 |12 | 34 | 56 | 78| 78
XCHD ~ A@RO 00 |12 |34 | 58 | 78| 76
SWAP A 0 |12 |34 | 58 | 78| 67
MOV @R1.A 00 |12 |34 | 58 | 67| 67
DEC R1 00 |12 |34 | 58 | 67| 67
DEC RO 0 |12 |34 | 58 | 67| 67
CIJNE  R1#2AH,LOOP
loop for R1 = 2DH: 00 | 12 | 38 | 45 | 67 | 45
loop for R1 = 2CH: 00 | 18 | 23 | 45 | 67 | 23
loop for R1 = 2BH: 08 | o1 |23 |45 |67 |o1
CLR A 00 | 01 | 23 | 45 | 67 |00
XCH  A2AH 08 | 01 | 23 | 45 |67 | o8

Figure 5-3 Shifting a BCD Number One Digits to the
Right

First, pointers R1 and RO are set up to point to the two bytes con-
taining the last four BCD digits. Then a loop is executed which
leaves the last byte, location 2EH, holding the last two digits of
the shifted number. The pointers are decremented, and the loop is
repeated for location 2DH. The CJNE instruction (Compare and
Jump if Not equal) is a loop control that will be described later.

The loop executed from LOOP to CINE for R1 = 2EH, 2DH,
2CH, and 2BH. At that point the digit that was originally shifted
out on the right has propagated to location 2AH. Since that loca-
tion should be left with Os, the lost digit is moved to the Accumu-
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lator.

External RAM

HMC9XC8232 series do NOT support external RAM access
mode. But you can use MOVX instruction to access internal
RAM. Refer to "2.2 Data Memory" on page 6.

Only indirect addressing can be used. The choice is whether to
use a one-byte address, @Ri where Ri can be either RO or R1 of
the selected register bank, or a two-byte address, @DPTR.

ADDRESS | MNEMONIC OPERATION
WIDTH
8 bits MOVX A, @Ri Read internal RAM @Ri
8 bits MOVX @Ri, A Write internal RAM @Ri
16 bits MOVX A, @DPTR | Read internal
RAM @DPTR
16 bits MOVX @DPTR, A | Write internal
RAM @DPTR

Table 5-4 A List of the MOVX Instructions that Access
Internal Data Memory Space

5.6 Lookup Tables

Table 5-5 shows the two instructions that are available for read-
ing lookup tables in Program Memory. Since these instructions
access only Program Memory, the lookup tables can only be read,
not updated.

The mnemonic is MOVC for "move constant." The first MOVC
instruction in Table 5-5 can accommodate a table of up to 256 en-
tries numbered 0 through 255. The number of the desired entry is
loaded into the Accumulator, and the Data Pointer is set up to
point to the beginning of the table. Then:

MOVC A, @A+DPTR

copies the desired table entry into the Accumulator.

The other MOVC instruction works the same way, except the
Program Counter (PC) is used as the table base, and the table is
accessed through a subroutine. First the number of the desired en-
try is loaded into the Accumulator, and the subroutine is called:
MOV A, ENTRY NUMBER

CALL TABLE

The subroutine "TABLE" would look like this:

TABLE: MOVC A, @A+PC
RET

The table itself immediately follows the RET (return) instruction
is Program Memory. This type of table can have up to 255 entries,
numbered 1 through 255. Number 0 cannot be used, because at
the time the MOVC instruction is executed, the PC contains the
address of the RET instruction. An entry numbered 0 would be
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the RET opcode itself.

MNEMONIC

OPERATION

MOVC A, @A+DPTR

Read program memory at (A + DPTR)

MOVC A, @A+PC

Read program memory at (A + PC)

Table 5-5 HMS9XC8232 Data Transfer Instruction that Access Internal Data Memory Spcace

5.7 Boolean Instructions

HMS9X(C8232 devices contain a complete Boolean (single-bit)
processor. One page of the internal RAM contains 128 address-
able bits, and the SFR space can support up to 128 addressable
bits as well. All of the port lines are bit-addressable, and each one
can be treated as a separate single-bit port. The instructions that
access these bits are not just conditional branches, but a complete
menu of move, set, clear, complement, OR and AND instruc-
tions. These kinds of bit operations are not easily obtained in oth-
er architectures with any amount of byte-oriented software.

The instruction set for the Boolean processor is shown in Table
5-6. All bits accesses are by direct addressing.

Bit addresses O0H through 7FH are in the Lower 128, and bit ad-
dresses 80H through FFH are in SFR space.

Note how easily an internal flag can be moved to a port pin:
MOV CFLAG
MOV P1.0,C

In this example, FLAG is the name of any addressable bit in the
Lower 128 or SFR space. An I/O line (the LSB of Port 1, in this
case) is set or cleared depending on whether the flag bitis 1 or 0.

The Carry bit in the PSW is used as the single-bit Accumulator of
the Boolean processor. Bit instructions that refer to the Carry bit
as C assemble as Carry-specific instructions (CLR C, etc.). The
Carry bit also has a direct address, since it resides in the PSW reg-
ister, which is bit-addressable.

MNEMONIC OPERATION
ANL C,bit C = A .AND. bit
ANL  C,/bit C = C .AND..NOT. bit
ORL C,bit C=A.OR. bit
ORL C,/bit C = C .OR..NOT. bit
MOV C,bit C = bit
MOV  bit,C bit=C
CLR C C=0
CLR bit bit=10
SETB C C=1
SETB bit bit = 1

Table 5-6 HMIS9XC8232 Boolean Instructions
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CPL C C=.NOT.C

CPL bit bit = .NOT.bit

JC el Jump if C =1

JNC rel JumpifC=0

JB  bit,rel Jump if bit =1

JNB Dbit,rel Jump if bit=0

JBC bit,REL Jump if bit = 1;CLR bit

Table 5-6 HMS9XC8232 Boolean Instructions

Note that the Boolean instruction set includes ANL and ORL op-
erations, but not the XRL (Exclusive OR) operation. An XRL op-
eration is simple to implement in software. Suppose, for example,
it is required to form the Exclusive OR of two bits:

C=bit 1 .XRL. bit2

The software to do that could be as follows:

MOV  C,bitl
INB bit2, OVER
CPL C

OVER: (continue)

First, bitl is moved to the Carry. If bit2 = 0, then C now contains
the correct result. That is, bitl . XRL. bit2 = bitl if bit2 = 0. On
the other hand, if bit2 = 1, C now contains the complement of the
correct result. It need only be inverted (CPL C) to complete the
operation.

This code uses the JNB instruction, one of a series of bit-test in-
structions which execute a jump if the addressed bit is set (JC, JB,
JBC) or if the addressed bit is not set (JNC, INB). In the above
case, bit2 is being tested, and if bit2 = 0, the CPL C instruction is
jumped over.

JBC executes the jump if the addressed bit is set, and also clears
the bit. Thus a flag can be tested and cleared in one operation. All
the PSW bits are directly addressable, so the Parity bit, or the gen-
eral-purpose flags, for example, are also available to the bit-test
instructions.

5.8 Relative Offset

The destination address for these jumps is specified to the assem-
bler by a label or by an actual address in Program memory. How-
ever, the destination address assembles to a relative offset byte.
This is a signed (two's complement) offset byte which is added to
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the PC in two's complement arithmetic if the jump is executed.

The range of the jump is therefore -128 to +127 Program Memory
bytes relative to the first byte following the instruction.

5.9 Jump Instructions

Table 5-7 shows the list of unconditional jumps.

MNEMONIC OPERATION
JMP  addr Jump to addr
JMP  @A+DPTR Jump to A+DPTR
CALL addr Call subroutine at addr
RET Return from subroutine
RETI Return from interrupt
NOP No operation

Table 5-7 Unconditional Jumps in HMS9XC8232
Devices

The table lists a single "JMP add" instruction, but in fact there are
three SIMP, LIMP, and AJMP, which differ in the format of the
destination address. JMP is a generic mnemonic which can be
used if the programmer does not care which way the jump is en-
coded.

The SIMP instruction encodes the destination address as a rela-
tive offset, as described above. The instruction is 2 bytes long,
consisting of the opcode and the relative offset byte. The jump
distance is limited to a range of -128 to +127 bytes relative to the
instruction following the SIMP.

The LIMP instruction encodes the destination address as a 16-bit
constant. The instruction is 3 bytes long, consisting of the opcode
and two address bytes. The destination address can be anywhere
in the 64K Program Memory space.

The AJMP instruction encodes the destination address as an
11-bit constant. The instruction is 2 bytes long, consisting of the
opcode, which itself contains 3 of the 11 address bits, followed by
another byte containing the low 8 bits of the destination address.
When the instruction is executed, these 11 bits are simply substi-
tuted for the low 11 bits in the PC. The high 5 bits stay the same.
Hence the destination has to be within the same 2K block as the
instruction following the AJMP.

In all cases the programmer specifies the destination address to
the assembler in the same way: as a label or as a 16-bit constant.
The assembler will put the destination address into the correct
format for the given instruction. If the format required by the in-
struction will not support the distance to the specified destination
address, a "Destination out of range" message is written into the
List file.

The JMP @A+DPTR instruction supports case jumps. The desti-
nation address is computed at execution time as the sum of the
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16-bit DPTR register and the Accumulator. Typically. DPTR is
set up with the address of a jump table. In a 5-way branch, for ex-
ample, an integer 0 through 4 is loaded into the Accumulator. The
code to be executed might be as follows:

MOV  DPTR#JUMP TABLE
MOV  A,INDEX NUMBER
RL A

JMP @A+DPTR

The RL A instruction converts the index number (0 through 4) to
an even number on the range 0 through 8, because each entry in
the jump table is 2 bytes long:

JUMP TABLE:

AJMP CASEO
AJMP CASE1
AJMP  CASE2
AJMP CASE3
AJMP CASE4

Table 5-7 shows a single "CALL addr" instruction, but there are
two of them, LCALL and ACALL, which differ in the format in
which the subroutine address is given to the CPU. CALL is a ge-
neric mnemonic which can be used if the programmer does not
care which way the address is encoded.

The LCALL instruction uses the 16-bit address format, and the
subroutine can be anywhere in the 64K Program Memory space.
The ACALL instruction uses the 11-bit format, and the subrou-
tine must be in the same 2K block as the instruction following the
ACALL.

In any case, the programmer specifies the subroutine address to
the assembler in the same way: as a label or as a 16-bit constant.
The assembler will put the address into the correct format for the
given instructions.

Subroutines should end with a RET instruction, which returns ex-
ecution to the instruction following the CALL.

RETI is used to return from an interrupt service routine. The only
difference between RET and RETTI is that RET]I tells the interrupt
control system that the interrupt in progress is done. If there is no
interrupt in progress at the time RETI is executed, then the RETI
is functionally identical to RET.

Table 5-8 shows the list of conditional jumps available to the
HMS9XC8232 user. All of these jumps specify the destination
address by the relative offset method, and so are limited to a jump
distance of -128 to +127 bytes from the instruction following the
conditional jump instruction. Important to note, however, the user
specifies to the assembler the actual destination address the same
way as the other jumps: as a label or a 16-bit constant.

There is no Zero bit in the PSW. The JZ and JNZ instructions test
the Accumulator data for that condition.
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The DINZ instruction (Decrement and Jump if Not Zero) is for
loop control. To execute a loop N times, load a counter byte with

N and terminate the loop with a DJNZ to the beginning of the (end loop)
loop, as shown below for N = 10: DINZ COUNTER, LOOP
(continue)
MOV COUNTER,#10
LOOP:(begin loop)
MNEMONIC OPERATION ADDRESSING MODES
DIR IND REG IMM
JZ rel JumpifA=0 Accumulator only
JINZ rel JumpifA=0 Accumulator only
DJINZ <byte>rel Decrement and jump if not Zero X X
CJUNE A, <byte> rel Jump if A = <byte> X X
CJINE <byte> #data,rel Jump if <byte> = #data X X

Table 5-8 Conditional Jumps in HMS9XC8232 Devices

The CINE instruction (Compare and Jump if Not Equal) can also
be used for loop control as in Figure 5-3. Two bytes are specified
in the operand field of the instruction. The jump is executed only
if the two bytes are not equal. In the example of Shifting a BCD
Number One Digits to the Right, the two bytes were data in R1
and the constant 2AH. The initial data in R1 was 2EH. Every time
the loop was executed, R1 was decremented, and the looping was
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to continue until the R1 data reached 2AH.

Another application of this instruction is in "greater than, less
than" comparisons. The two bytes in the operand field are taken
as unsigned integers. If the first is less than the second, then the
Carry bit is set (1). If the first is greater than or equal to the sec-
ond, then the Carry bit is cleared
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5.10 Instruction Set Summary
Mnemonic Description Byte OSC
Interrupt Response Time : Refer to Hardware Description Chap- Period
ter ARITHMETIC OPERATIONS
Instructions that Affect Flag Settings(1) ADD  ARn Add register to 1 12
Accumulator
Instruction Flag Instruction  Flag ADD A,direct Add direct byte to 2 12
C OV AC C OV AC Accumulator
ADD X X X CLRC (0] ADD A @Ri Add indirect RAM 1 12
ADDC X X X CPLC X to Accumulator
SUBB X X X ANL C,b.it X ADD A, #data Add immediate 2 12
MUL O X ANLGC/bit X data to Accumulator
DIV. O X ORLCpit X ADDC  ARn Add register to 1 12
DA X ORL C’blt. X Accumulator
RRC X MOV Cpbit X .
RLC X CINE X with Carry
SETBC 1 ADDC  Adirect Add direct byte to 2 12
Accumulator
(1) Note that operations on SFR byte address 208 or bit addresses with Carry
209-215 (i.e., the PSW or bits in the PSW) will also affect flag ADDC A@Ri Add indirect 1 12
settings. RAM to
Accumulator
with Carry
Note on instruction set and addressing modes: ADDC A, #data Add immediate 2 12
Rn - Register R7-R0 of the currently selected Register data to Acc
Bank. with Carry
direct - 8-bit internal data location's address. This could be SUBB  ARn fSubtr:ct R(?tghlster ! 12
an Internal Data RAM location (0-127) or a SFR gg:owcc w
[i.e., I/O port, control register, status register, etc. SUBB  Adirect Subtract direct 5 12
(128-255)]. byte from Acc
@Ri - 8-bit internal data RAM location (0-255) addressed _ with borrow
indirectly through register R1 or RO. SUBB  A@RI Subtract indirect 1 12
) ) o ) RAM from ACC
#data - 8-bit constant included in instruction. with borrow
#data 16 - 16-bit constant included in instruction. SUBB A, #data Subtract 2 12
. o immediate data
addr 16 - 16-bit destination address. Used by L.CALL & from Acc with
LIJMP. A branch can be anywhere within the borrow
64K-byte Program Memory address space. INC A Increment 1 12
addr 11 - 11-bit destination address. Used by ACALL & ING R IAccumuIattor ist 1 12
AJMP. The branch will be within the same 2K-byte " nerement regisier
INC direct Increment direct 2 12
page of program memory as the first byte of the fol- byte
lowing instruction. INC @Ri Increment direct 1 12
rel - Signed (two's complement) 8-bit offset byte. Used RAM
by SIMP and all conditional jumps. Range is-128 to DEC A Decrement 1 12
+127 bytes relative to first byte of the following in- Accumulator
. DEC Rn Decrement 1 12
struction. :
Register
bit - Direct Addressed bit in Internal Data RAM or Special DEC direct Decrement direct 2 12
Function Register byte
gister. DEC @R Decrement 1 12
indirect RAM
INC DPTR Increment Data 1 24

Pointer
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Instruction Set Summary (Continued)

Mnemonic Description Byte OSC Mnemonic Description Byte OSC
Period Period
ARITHMETIC OPERATIONS (Continued) LOGICAL OPERATIONS (Continued)
MUL AB Multiply A & B 1 48 RL A Rotate 1 12
DIV AB Divide A by B 1 48 Accumulator Left
DA A Decimal Adjust 1 12 RLC A Rotate 1 12
Accumulator Accumulator Left
LOGICAL OPERATIONS through the Carry
ANL A,Rn AND Register to 1 12 AR A Rotate 1 12
Accumulator Accumulator Right
ANL A, direct AND direct byte 2 12 RRC A Rotate 1 12
to Accumulator Accumulator
ANL A,@Ri AND indirect 1 12 Right through
RAM to the Carry
Accumulator SWAP A Swap nibbles 1 12
ANL A #data AND immediate 2 12 within the
data to Accumulator
Accumulator DATA TRANSFER
ANL direct,A AND Accumulator 2 12 MOV A,Rn Move register 1 12
to direct byte to Accumulator
ANL direct,#data AND immediate 3 24 MOV A,direct Move indirect 2 12
data to direct byte byte to
ORL A,Rn OR register to 1 12 Accumulator
Accumulator MOV A,@Ri Move indirect 1 12
ORL A, direct OR direct byte to 2 12 RAM to
Accumulator Accumulator
ORL A @Ri OR indirect RAM 1 12 MOV A #data Move 2 12
to Accumulator immediate
ORL A, #data OR immediate 2 12 data to Accumulator
data to Accumulator MOV Rn,A Move 1 12
ORL direct,A OR Accumulator 2 12 Accumulator
to direct byte to register
ORL direct,#data OR immediate 3 24 MOV Rn,direct Move direct 2 24
data to direct byte byte to register
XRL A,Rn Exclusive-OR 1 12 MOV Rn #data Move 2 12
register to immediate data
Accumulator to register
XRL A, direct Exclusive-OR 2 12 MOV direct,A Move 2 12
direct byte to Accumulator
Accumulator to direct byte
XRL A@Ri Exclusive-OR 1 12 MOV direct,Rn Move register 2 24
indirect RAM to to direct byte
Accumulator MOV direct,direct  Move direct 3 24
XRL A #data Exclusive-OR 2 12 byte to direct
immediate data to MOV direct, @Ri Move indirect 2 24
Accumulator RAM to direct byte
XRL direct,A Exclusive-OR 2 12 MOV direct,#data Move 3 24
Accumulator to immediate data
direct byte to direct byte
XRL direct,#data  Exclusive-OR 3 24 MOV @Ri,A Move 1 12
immediate data Accumulator to
to direct byte indirect RAM
CLR A Clear Accumulator 1 12 MOV @Ri,direct Move direct 2 24
CPL A Complement 1 12 byte to
Accumulator indirect RAM
MOV @Ri#data Move immediate 2 12
data to indirect RAM
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Instruction Set Summary (Continued)
Mnemonic Description Byte OSC Mnemonic Description Byte OSC
Period Period
DATA TRANSFER (Continued) PROGRAM BRANCHING
MOV DPTR,#data16 Load Data 3 24 ACALL addr 11 Absolute 2 24
Pointer with a Subroutine
16-bit constant Call
MOVC A ,@A+DPTR  Move Code 1 24 LCALL addr 16 Long 3 24
byte relative to Subroutine
DPTR to Acc Call
MOVC A ,@A+PC Move Code 1 24 RET Return from 1 24
byte relative to Subroutine
PC to Acc RETI Return from 1 24
PUSH  direct Push direct 2 24 interrupt
byte onto stack AJMP addr 11 Absolute 2 24
POP direct Pop direct 2 24 Jump
byte from stack LJMP addr 16 Long Jump 3 24
XCH A,Rn Exchange 1 12 SIMP  rel Short Jump 3 24
register with (relative addr)
Accumulator JMP @A+DPTR Jump indirect 1 24
XCH A, direct Exchange 2 12 relative to the
direct byte DPTR
with Accumulator Jz rel Jump if 2 24
XCH A @Ri Exchange 1 12 Accumulator
indirect RAM is Zero
with Accumulator JNZ rel Jump if 2 24
XCHD A@Ri Exchange low- 1 12 Accumulator
order Digit is Not Zero
indirect RAM with CJINE A, direct,rel Compare 3 24
Acc direct byte to
BOOLEAN VARIABLE MANIPULATION Acc and Jump
CLR C Clear Carry 1 12 if Not Equal
CLR bit Clear direct bit 2 12 CJINE A #data,rel Compare 3 24
SETB C Set Carry 1 12 immediate to
SETB  bit Set direct bit 2 12 Acc and Jump
CPL C Complement Carry 1 12 if Not Equal
CPL bit Complement 2 12 CJINE Rn,#data,rel Compare 3 24
direct bit immediate to
ANL C,bit AND direct bit 2 24 register and
to Carry Jump if Not
ANL C,/bit AND Complement 2 24 Equal
of direct bit CJINE @Ri,#data,rel Compare 3 24
to Carry immediate to
ORL C,bit OR direct bit 2 24 indirect and
to Carry Jump if Not
ORL C,/bit OR Complement 2 24 Equal
of direct bit DJNZ Rn,rel Decrement 2 24
to Carry register and
MOV C,bit Move direct bit 2 12 Jump if Not
to Carry Zero
MOV bit,C Move Carry to 2 24 DJNZ direct,rel Decrement 3 24
direct bit direct byte
JC rel Jump if Carry 2 24 and Jump if
is set Not Zero
JNC rel Jump if Carry 2 24 NOP No Operation 1 12
is not set
JB bit,rel Jump if direct 3 24
Bit is set
JNB bit,rel Jump if direct 3 24
Bit is not set
JBC bit,rel Jump if direct 3 24
Bit is set & clear bit
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5.11 Instruction Definitions

ACALL addr11

Function:

Description:

Example:

Bytes:
Cycles:

Encoding:

Operation:

Absolute Call

ACALL unconditionally calls a subroutine located at the indicated address. The instruction increments
the PC twice to obtain the address of the following instruction, then pushes the 16-bit result onto the
stack (low-order byte first) and increments the Stack Pointer twice. The destination address is obtained
by successively concatenating the five high-order bits of the incremented PC, opcode bits 7-5, and the
second byte of the instruction. The subroutine called must therefore start within the same 2K block of
the program memory as the first byte of the instruction following ACALL. No flags are affected.

Initially SP equals 07H. The label "SUBRTN" is at program memory location 0345H. After executing the
instruction,

ACALL SUBRTN

at location 0123H, SP will contain 09H, internal RAM locations 08H and 09H will contain 25H and 01H,
respectively, and the PC will contain 0345H.

2
2

a10 a9 a8 1 000 1 ‘ ‘a7a6a5a4 a3 a2at a0

ACALL

(PC) « (PC)+2

(SP) « (SP) +1

((SP)) < (PC7.9)

(SP) « (SP) +1

((SP)) « (PCq5.8)
(PC10-0) < page address

ADD A,<src-byte>

Function:

Description:

126

Example:

Add

ADD adds the byte variable indicated to the Accumulator, leaving the result in the Accumulator. The
carry and auxiliary-carry flags are set, respectively, if there is a carry-out from bit 7 or bit 3, and cleared
otherwise. When adding unsigned integers, the carry flag indicates an overflow occurred.

OV is set if there is a carry-out of bit 6 but not out of bit 7, or a carry-out of bit 7 but not bit 6; otherwise
OV is cleared. When adding signed integers, OV indicates a negative number produced as the sum of
two positive operands, or a positive sum from two negative operands.

Four source operand addressing modes are allowed: register, direct, register-indirect, or immediate.
The Accumulator holds 0C3H (11000011B) and register 0 holds 0OAAH (10101010B). The instruction,

ADD ARO

will leave 6DH (01101101B) in the Accumulator with the AC flag cleared and both the carry flag and OV
setto 1.
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ADD A,Rn
Bytes: 1
Cycles: 1
Encoding: 0010 1T rrr

Operation: ADD
(A) < (A) +(Rn)

ADD A,direct
Bytes: 2
Cycles: 1
Encoding: 0010 010 1 ‘ ‘ direct address

Operation: ADD
(A) < (A) + (direct)

ADD A,@Ri
Bytes: 1
Cycles: 1
Encoding: 0010 01 1

Operation: ADD
(A) < (A) + (Ri)

ADD A #data
Bytes: 2
Cycles: 1
Encoding: 0010 0100 ‘ ‘ immediate data

Operation: ADD
(A) < (A) + #data
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ADDC A,<src-byte>

Function:

Description:

Example:

ADDC A,Rn

Bytes:
Cycles:

Encoding:

Operation:

ADDC A,direct

Bytes:
Cycles:

Encoding:

Operation:

128

Add with Carry

ADDC simultaneously adds the byte variable indicated, the carry flag and the Accumulator contents,
leaving the result in the Accumulator. The carry and auxiliary-carry flags are set, respectively, if there is
a carry-out from bit 7 or bit 3, and cleared otherwise. When adding unsigned integers, the carry flag
indicates an overflow occurred.

QV is set if there is a carry-out of bit 6 but not out of bit 7, or a carry-out of bit 7 but not out of bit 6; oth-
erwise OV is cleared. When adding signed integers, OV indicates a negative number produced as the
sum of two positive operands or a positive sum from two negative operands.

Four source operand addressing modes are allowed: register, direct, register-indirect, or immediate.

The Accumulator holds 0C3H (11000011B) and register 0 holds 0AAH (10101010B) with the carry flag
set. The instruction,

ADDC ARO

will leave 6EH (01101110B) in the Accumulator with AC cleared and both the Carry flag and OV set to 1.

ADDC
(A) < (A)+(C) +(Rp)

0101

‘ direct address

ADDC
(A) < (A)+ (C) + (direct)
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ADDC A,@Ri

Bytes:
Cycles:

Encoding:

Operation:

ADDC
(A) < (A) +(C) + ((Ri))

ADDC A #data
Bytes: 2
Cycles: 1
Encoding: 001 1 0100 ‘ ‘ immediate data
Operation: ADDC
(A) < (A) + (C) + #data
AJMP addr11
Function:  Apsolute Jump
Description: AJMP transfers program execution to the indicated address, which is formed at run-time by concatenat-
ing the high-order five bits of the PC (after incrementing the PC twice), opcode bits 7-5, and the second
byte of the instruction. The destination must therefore be within the same 2K block of program memory
as the first byte of the instruction following AJMP.
Example: The label "JMPADR" is at program memory location 0123H. The instruction,
AJMP JMPADR
is at location 0345H and will load the PC with 0123H.
Bytes: 2
Cycles: 2
Encoding: a10 a9 a8 0 000 1 ‘ ‘ a7 a6 a5 ad a3 a2 al a0
Operation: AJMP

(PC) < (PC) + 2
(PC10-0) < page address
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ANL <dest-byte> , <src-byte>

Function:

Description:

Example:

ANL A,Rn

Bytes:
Cycles:

Encoding:

Operation:

ANL A,direct

Bytes:
Cycles:

Encoding:

Operation:

130

Logical-AND for byte variables

ANL performs the bitwise logical-AND operation between the variables indicated and stores the results
in the destination variable. No flags are affected.

The two operands allow six addressing mode combinations. When the destination is the Accumulator,
the source can use register, direct, register-indirect, or immediate addressing; when the destination is a

direct address, the source can be the Accumulator or immediate data.

Note: When this instruction is used to modify an output port, the value used as the original port data will
be read from the output data latch, not the input pins.

If the Accumulator holds 0C3H (11000011B) and register 0 holds 55H (01010101B) then the instruction,

ANL ARO

will leave 41H (01000001B) in the Accumulator.

When the destination is a directly addressed byte, this instruction will clear combinations of bits in any
RAM location or hardware register. The mask byte determining the pattern of bits to be cleared would
either be a constant contained in the instruction or a value computed in the Accumulator at run-time.

The instruction,

ANL P1,#01110011B

will clear bits 7, 3, and 2 of output port 1.

0101

1r

ANL

(A) < (A) A (Rn)

0101

0101

ANL

(A) < (A) A (direct)

‘ direct address
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ANL A,@Ri
Bytes: 1
Cycles: 1
Encoding: 0101 01 1 i

Operation: ANL
(A) < (A) A ((Ri))

ANL A #data
Bytes: 2
Cycles: 1
Encoding: 0101 0100 ‘ immediate data

Operation: ANL
(A) < (A) A #data

ANL direct,A
Bytes: 2
Cycles: 1
Encoding: 0101 0010 ‘ direct address

Operation: ANL
(direct) < (direct) A (A)

ANL direct,#data

Bytes: 3
Cycles: 2
Encoding: 0101 0011 ’ ’ direct address ’ ’ immediate data

Operation: ANL
(direct) « (direct) A #data
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ANL C,<src-bit>

Function: Logical-AND for bit variables

Description: If the Boolean value of the source bit is a logical 0 then clear the carry flag; otherwise leave the carry flag
in its current state. A slash ("/") preceding the operand in the assembly language indicates that the log-
ical complement of the addressed bit is used as the source value, but the source bit itself is not affected.
No other flags are affected.

Only direct addressing is allowed for the source operand.
Example: Set the carry flag if, and only if, P1.0 =1, ACC. 7 =1, and OV = 0:

MOV C,P1.0 ;LOAD CARRY WITH INPUT PIN STATE
ANL C,ACC.7 ;AND CARRY WITH ACCUM. BIT 7

ANL C,/OV  ;AND WITH INVERSE OF OVERFLOW FLAG

ANL C,bit
Bytes: 2
Cycles: 2
Encoding: 1000 0010 ‘ ‘ bit address

Operation: ANL
(C) « (C) A (bit)

ANL C,/bit
Bytes: 2
Cycles: 2
Encoding: 101 1 0000 bit address

Operation: ANL
(C) < (C) A — (bit)
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CJNE <dest-byte>,<src-byte>,rel

Function:

Description:

Example:

CJNE A,direct,rel

Bytes:
Cycles:

Encoding:

Operation:

Compare and Jump if Not Equal.

CJUNE compares the magnitudes of the first two operands, and branches if their values are not equal.
The branch destination is computed by adding the signed relative-displacement in the last instruction
byte to the PC, after incrementing the PC to the start of the next instruction. The carry flag is set if the
unsigned integer value of <dest-byte> is less than the unsigned integer value of <src-byte>; otherwise,
the carry is cleared. Neither operand is affected.

The first two operands allow four addressing mode combinations: the Accumulator may be compared
with any directly addressed byte or immediate data, and any indirect RAM location or working register
can be compared with an immediate constant.

The Accumulator contains 34H. Register 7 contains 56H. The first instruction in the sequence,

CINE R7#60H,NOT_EQ
; e e ; R7 = 60H.
NOT_EQ: JC REQ_LOW ; IF R7 < 60H.
; ; R7 > 60H.

sets the carry flag and branches to the instruction at label NOT_EQ. By testing the carry flag, this
instruction determines whether R7 is greater or less than 60H.

If the data being presented to Port 1 is also 34H, then the instruction,
WAIT: CJINE A,P1,WAIT
clears the carry flag and continues with the next instruction in sequence, since the Accumulator does

equal the data read from P1. (If some other value was being input on P1, the program will loop at this
point until the P1 data changes to 34H.)

3
2

1011 0101 ‘ ‘directaddress‘ ‘ rel. address

(PC) « (PC) +3
IF (A) < > (direct)
THEN
(PC) « (PC) + relative offset

IF (A) < (direct)
THEN

(C) <1
ELSE

(C)«0
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CJNE A #data,rel

Bytes: 3
Cycles: 2
Encoding: 101 1 0100 ‘ immediate data ’ ‘ rel. address
(PC) « (PC)+3
Operation: IF (A) <> data
THEN
(PC) « (PC) + relative offset
IF (A) < data
THEN
(C) <1
ELSE
(C)«0
CJNE Rn.,#data,rel
Bytes: 3
Cycles: 2
Encoding: 10 1 1 1 rrr ‘ ‘immediatedata ’ ’rel.address
Operation: (PC) « (PC)+3

IF (Rn) < > data
THEN
(PC) « (PC) + relative offset

IF (Rn) < data
THEN
(C) <1
ELSE
(C)«0

134
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CJNE @Ri,#data,rel
Bytes: 3
Cycles: 2
Encoding: 1011 01 1 ’ ‘ immediate data ‘ rel. address
Operation: (PC) <~ (PC)+3
IF ((Ri)) < > data
THEN
(PC) « (PC) + relative offset
IF (Ri) < data
THEN
(C) «1
ELSE
(C)«<0
CLR A
Function: Clear Accumulator
Description: The Accumulator is cleared (all bits set on zero). No flags are affected.
Example: The Accumulator contains 5CH (01011100B). The instruction,
CLR A
will leave the Accumulator set to 00H (00000000B).
Bytes: 1
Cycles: 1
Encoding: 1110 0100
Operation: CLR
(A) <0
CLR bit
Function: Clear bit
Description: The indicated bit is cleared (reset to zero). No other flags are affected. CLR can operate on the carry
flag or any directly addressable bit.
Example: Port 1 has previously been written with 5DH (01011101B). The instruction,

CLRP1.2

will leave the port set to 59H (01011001B).

APR. 2005 Ver1.2
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CLR C
Bytes: 1
Cycles: 1
Encoding: 1100 0011

Operation: CLR

(C) <0
CLR bit
Bytes: 2
Cycles: 1
Encoding: 1100 0010 ‘ ‘ bit address

Operation: CLR

(bit) < 0
CPL A
Function: Complement Accumulator
Description: Each bit of the Accumulator is logically complemented (one's complement). Bits which previously con-

tained a one are changed to a zero and vice-versa. No flags are affected.
Example: The Accumulator contains 5CH (01011100B). The instruction,

CPL A

will leave the Accumulator set to 0A3H (10100011B).

Bytes: 1
Cycles: 1
Encoding: 11 1 1 0100

Operation: CPL
(A) <= (A)
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CPL bit
Function: Complement bit
Description: The bit variable specified is complemented. A bit which had been a one is changed to zero and
vice-versa. No other flags are affected. CLR can operate on the carry or any directly addressable bit.
Note.- When this instruction is used to modify an output pin, the value used as the original data will be
read from the output data latch, not the input pin.
Example: Port 1 has previously been written with 5BH (01011011B). The instruction sequence,
CPL P11
CPL P1.2
will leave the port set to 5BH (01011011B).
CPL C
Bytes: 1
Cycles: 1
Encoding: 10 1 1 0011
Operation: CPL
(C) «—=(C)
CPL bit
Bytes: 2
Cycles: 1
Encoding: 101 1 0010 ‘ ‘ bit address
Operation: CPL

(bit) < — (bit)

APR. 2005 Ver1.2
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DA A
Function: Decimal-adjust Accumulator for Addition

Description: DA A adjusts the eight-bit value in the Accumulator resulting from the earlier addition of two variables
(each in packed-BCD format), producing two four-bit digits. Any ADD or ADDC instruction may have
been used to perform the addition.
If Accumulator bits 3-0 are greater than nine (xxxx1010-xxxx1111), or if the AC flag is one, six is added
to the Accumulator producing the proper BCD digit in the low-order nibble. This internal addition would
set the carry flag if a carry-out of the low-order four-bit field propagated through all high-order bits, but it
would not clear the carry flag otherwise.
If the carry flag is now set, or if the four high-order bits now exceed nine (1010xxxx-1111xxxx), these
high-order bits are incremented by six, producing the proper BCD digit in the high-order nibble. Again,
this would set the carry flag if there was a carry-out of the high-order bits, but wouldn't clear the carry.
The carry flag thus indicates if the sum of the original two BCD variables is greater than 100, allowing
multiple precision decimal addition. OV is not affected.
All of this occurs during the one instruction cycle. Essentially, this instruction performs the decimal con-
version by adding 00H, 06H, 60H. or 66H to the Accumulator, depending on initial Accumulator and
PSW conditions.
Note: DA A cannot simply convert a hexadecimal number in the Accumulator to BCD notation, nor does
DA A apply to decimal subtraction.

Example: The Accumulator holds the value 56H (01010110B) representing the packed BCD digits of the decimal
number 56. Register 3 contains the value 67H (01100111B) representing the packed BCD digits of the
decimal number 67. The carry flag is set. The instruction sequence.

ADDC AR3
DA A
will first perform a standard twos-complement binary addition, resulting in the value OBEH (10111110B)
in the Accumulator. The carry and auxiliary carry flags will be cleared.
The Decimal Adjust instruction will then alter the Accumulator to the value 24H (00100100B), indicating
the packed BCD digits of the decimal number 24, the low-order two digits of the decimal sum of 56, 67,
and the carry-in. The carry flag will be set by the Decimal Adjust instruction, indicating that a decimal
overflow occurred. The true sum 56, 67, and 1 is 124.
BCD variables can be incremented or decremented by adding 01H or 99H. If the Accumulator initially
holds 30H (representing the digits of 30 decimal), then the instruction sequence,
ADD A, #99H
DA A
will leave the carry set and 29H in the Accumulator, since 30 + 99 = 129. The low-order byte of the sum
can be interpreted to mean 30 - 1 = 29.
Bytes: 1
Cycles: 1
Encoding: 1710 1 0100
Operation: DA

138

-contents of Accumulator are BCD
IF [[(A3-0) > 9] V [(AC) = 1]]
THEN(A3_g) < (A3.0) + 6
AND

IF [[(A7-4) > 9] V [(C) = 1]]
THEN (A7.4) <~ (A7.4) + 6
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DEC byte
Function: Decrement
Description: The variable indicated is decremented by 1. An original value of 00H will underflow to OFFH. No flags

Example:

DEC A

Bytes:
Cycles:

Encoding:

Operation:

DEC Rn
Bytes:
Cycles:

Encoding:

Operation:

DEC direct

Bytes:
Cycles:

Encoding:

Operation:

APR. 2005 Ver1.2

are affected. Four operand addressing modes are allowed: accumulator, register, direct, or regis-
ter-indirect.

Note: When this instruction is used to modify an output port, the value used as the original port data will
be read from the output data latch, not the input pins.

Register 0 contains 7FH (01111111B). Internal RAM locations 7EH and 7FH contain 00H and 40H,
respectively. The instruction sequence,

DEC @RO
DEC RO
DEC @RO

will leave register 0 set to 7EH and internal RAM locations 7EH and 7FH set to OFFH and 3FH.

0001 0100

DEC
(A) < (A) -1

0 001 1T rrr

DEC
(Rn) < (Rn) -1

000 1 0101 ‘ ‘ direct address

DEC
(direct) < (direct) - 1
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DEC @Ri
Bytes: 1
Cycles: 1
Encoding: 0001 01 1
Operation: DEC
((Ri)) « ((Ri)) -1
DIV AB
Function: Divide
Description: DIV AB divides the unsigned eight-bit integer in the Accumulator by the unsigned eight-bit integer in reg-

Example:

Bytes:
Cycles:

Encoding:

Operation:

140

ister B. The Accumulator receives the integer part of the quotient; register B receives the integer remain-

der. The carry and OV flags will be cleared.

Exception: if B had originally contained 00H, the values returned in the Accumulator and B-register will
be undefined and the overflow flag will be set. The carry flag is cleared in any case.

The Accumulator contains 251 (OFBH or 11111011B) and B contains 18 (12H or 00010010B). The

instruction,

DIV AB

will leave 13 in the Accumulator (ODH or 00001101B) and the value 17 (11H or 00010001B) in B, since

251 =(13 X 18) + 17. Carry and OV will both be cleared.

1
4

1000

0100

DIV

(A)15.8 < (A)(B)

(B)7-0
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DJNZ <byte>,<rel-addr>

Function: Decrement and Jump if Not Zero

Description: DJNZ decrements the location indicated by 1, and branches to the address indicated by the second
operand if the resulting value is not zero. An original value of 00H will underflow to OFFH. No flags are
affected. The branch destination would be computed by adding the signed relative-displacement value
in the last instruction byte to the PC, after incrementing the PC to the first byte of the following instruc-
tion.

The location decremented may be a register or directly addressed byte.

Note.- When this instruction is used to modify an output port, the value used as the original port data will
be read from the output data latch, not the input pins.

Example: Internal RAM locations 40H, 50H, and 60H contain the values 01H, 70H, and 15H. respectively. The
instruction sequence,

DJNZ 40H,LABEL_1
DJNZ 50H,LABEL_2
DJNZ 60H,LABEL_3

will cause a jump to the instruction at label LABEL-2 with the values 00H, 6FH, and 15H in the three
RAM locations. The first jump was not taken because the result was zero.

This instruction provides a simple way of executing a program loop a given number of times, or for add-
ing a moderate time delay (from 2 to 512 machine cycles) with a single instruction. The instruction
sequence,

MOV R2,#8
TOGGLE: CPL P1.7
DJNZ R2,TOGGLE

will toggle P1.7 eight times, causing four output pulses to appear at bit 7 of output Port 1.
Each pulse will last three machine cycles; two for DUNZ and one to alter the pin.

DJNZ Rn,rel
Bytes: 2
Cycles: 2
Encoding: 1101 1rrr ‘ ‘ rel. address

Operation: DJNZ
(PC) < (PC) + 2
(Rn) < (Rn) -1
IF (Rn)>0or(Rn)<0
THEN
(PC) < (PC) +rel
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DJNZ direct,rel

Bytes: 3
Cycles: 2
Encoding: 110 1 0101 ‘ ‘ direct address ’ ‘ rel. address

Operation: DJNZ
(PC) « (PC) + 2
(direct) < (direct) - 1
IF (direct) > 0 or (direct) <0
THEN
(PC) < (PC) +rel

INC <byte>
Function: Increment
Description: INC increments the indicated variable by 1. An original value of OFFH will overflow to 00H. No flags are

affected. Three addressing modes are allowed: register, direct, or register-indirect.

Note.- When this instruction is used to modify an output port, the value used as the original port data will
be read from the output data latch, not the input pins.

Example: Register 0 contains 7EH (01111110B). Internal RAM locations 7EH and 7FH contain OFFH and 40H,
respectively. The instruction sequence,

INC @RO
INC RO
INC @RO
will leave register 0 set to 7FH and internal RAM locations 7EH and 7FH holding (respectively) 00H and
41H.
INC A
Bytes: 1
Cycles: 1
Encoding: | 0000 | 0100

Operation: INC

(A) < (A) +1
INC Rn
Bytes: 1
Cycles: 1
Encoding: ‘ 00O00O ‘ 1 rrr

Operation: INC
(Rn) < (Rn) +1

142 APR. 2005 Ver1.2



MagnaChip=’ HMS91C8232/97C8232

INC direct

Bytes: 2
Cycles: 1

Encoding: 0000 010 1 ‘ ‘ direct address

Operation: INC
(direct) < (direct) + 1

INC @RI
Bytes: 1
Cycles: 1
Encoding: 00O00O0 01 1

Operation: INC

((Ri)) « ((Ri)) + 1
INC DPTR
Function: Increment Data Pointer
Description: Increment the 16-bit data pointer by 1. A 16-bit increment (modulo 216) is per-formed; an overflow of the
low-order byte of the data pointer (DPL) from OFFH to 00H will increment the high-order byte (DPH). No
flags are affected.
This is the only 16-bit register which can be incremented.
Example: Registers DPH and DPL contain 12H and OFEH. respectively. The instruction sequence,
INC DPTR
INC DPTR
INC DPTR
will change DPH and DPL to 13H and O1H.
Bytes: 1
Cycles: 2
Encoding: 1010 0011

Operation: INC
(DPTR) < (DPTR) + 1
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JB bit,rel
Function: Jump if Bit set

Description: If the indicated bit is a one, jump to the address indicated; otherwise proceed with the next instruction.
The branch destination is computed by adding the signed relative-displacement in the third instruction
byte to the PC, after incrementing the PC to the first byte of the next instruction. The bit tested is not
modified. No flags are affected.

Example: The data present at input port 1 is 11001010B. The Accumulator holds 56 (01010110B). The instruc-
tion sequence,
JB P1.2,LABEL1
JB ACC.2,LABEL2
will cause program execution to branch to the instruction at label LABEL2.
Bytes: 3
Cycles: 2
Encoding: 0010 ‘ 00O00O ‘ ‘ bit address ‘ ‘ rel. address
Operation: JB
(PC) « (PC)+3
IF (bit) =1
THEN
(PC) < (PC) + rel
JBC bit,rel
Function: Jump if Bit is set and Clear bit

Description: If the indicated bit is one, branch to the address indicated; otherwise proceed with the next instruction.
The bit will not be cleared if it is already a zero. The branch destination is computed by adding the
signed relative-displacement in the third instruction byte to the PC, after incrementing the PC to the first
byte of the next instruction. No flags are affected.

Note.- When this instruction is used to test an output pin, the value used as the original data will be read
from the output data latch, not the input pin.
Example: The Accumulator holds 56H (01010110B). The instruction sequence,
JBC ACC.3,LABEL1
JBC ACC.2,LABEL2
will cause program execution to continue at the instruction identified by the label LABEL2, with the Accu-
mulator modified to 52H (01010010B).
Bytes: 3
Cycles: 2
Encoding: 00O0 1 ‘ 00O00O ‘ ‘ bit address ’ ‘ rel. address
Operation: JBC
(PC) <~ (PC)+3
IF (bit) =1
THEN
(bit) < 0
(PC) < (PC) + rel
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JC rel
Function: Jump if Carry is set
Description: If the carry flag is set, branch to the address indicated; otherwise proceed with the next instruction. The
branch destination is computed by adding the signed relative-displacement in the second instruction
byte to the PC, after incrementing the PC twice. No flags are affected.
Example: The carry flag is cleared. The instruction sequence,
JC LABEL1
CPLC
JC LABEL 2
will set the carry and cause program execution to continue at the instruction identified by the label
LABEL2.
Bytes: 2
Cycles: 2
Encoding: 0100 0000 ‘ ‘ rel. address
Operation: JC
(PC) « (PC) +2
IF (C)=1
THEN

JMP @A + DPTR

(PC) < (PC) + rel

Function:

Description:

Example:

Bytes:
Cycles:

Encoding:

Operation:

Jump indirect

Add the eight-bit unsigned contents of the Accumulator with the sixteen-bit data pointer, and load the
resulting sum to the program counter. This will be the address for subsequent instruction fetches. Six-
teen-bit addition is performed (modulo 216): a carry-out from the low-order eight bits propagates through
the higher-order bits. Neither the Accumulator nor the Data Pointer is altered. No flags are affected.

An even number from 0 to 6 is in the Accumulator. The following sequence of instructions will branch to
one of four AUDMP instructions in a jump table starting at JMP_TBL:

MOV DPTR, # JMP_TBL
JMP @A +DPTR

JMP_TBL: AJMP LABELO
AJMP  LABEL1
AJMP LABEL2
AJMP LABEL3

If the Accumulator equals 04H when starting this sequence, execution will jump to label LABEL2.
Remember that AJMP is a two-byte instruction, so the jump instructions start at every other address.

1
2

JMP
(PC) < (A) + (DPTR)
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JNB bit,rel
Function: Jump if Bit Not set

Description: If the indicated bit is a zero, branch to the indicated address; otherwise proceed with the next instruction.
The branch destination is computed by adding the signed relative-displacement in the third instruction
byte to the PC, after incrementing the PC to the first byte of the next instruction. The bit tested is not
modified. No flags are affected.

Example: The data present at input port | is 11001010B. The Accumulator holds 56H (01010110B). The instruc-
tion sequence,
JNB P1.3,LABEL1
JNB ACC.3,LABEL2
will cause program execution to continue at the instruction at label LABEL2.
Bytes: 3
Cycles: 2
Encoding: 0011 ‘ 00O00O ‘ ‘ bit address ‘ ‘ rel. address
Operation: JNB
(PC) « (PC)+3
IF (bit)=0
THEN
(PC) « (PC) +rel
JNC rel
Function: Jump if Carry not set

Description: If the carry flag is a zero, branch to the address indicated; otherwise proceed with the next instruction.
The branch destination is computed by adding the signed relative-displacement in the second instruc-
tion byte to the PC, after incrementing the PC twice to point to the next instruction. The carry flag is not
modified.

Example: The carry flag is set. The instruction sequence,
JNC LABELA1
CPLC
JNC LABEL2
will clear the carry and cause program execution to continue at the instruction identified by the label
LABEL2.
Bytes: 2
Cycles: 2
Encoding: 0101 [ 0000 | | rel. address
Operation: JNC
(PC) « (PC) + 2
IF (C)=0
THEN
(PC) < (PC) +rel
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JNZ rel

Function:

Jump if Accumulator Not Zero

Description: If any bit of the Accumulator is a one, branch to the indicated address; otherwise proceed with the next
instruction. The branch destination is computed by adding the signed relative-displacement in the sec-
ond instruction byte to the PC, after incrementing the PC twice. The Accumulator is not modified. No
flags are affected.

Example: The Accumulator originally holds 00H. The instruction sequence,
JNZ LABEL1
INC A
JNZ LABEL2
will set the Accumulator to 01H and continue at label LABEL2.
Bytes: 2
Cycles: 2
Encoding: 0111 \ 0000 \ \ rel. address
Operation: JNZ
(PC) « (PC) + 2
IF (A)_O
THEN
(PC) « (PC) +rel
JZ rel
Function: Jump if Accumulator Zero

Description: If all bits of the Accumulator are zero, branch to the address indicated otherwise proceed with the next
instruction. The branch destination is computed by adding the signed relative-displacement in the sec-
ond instruction byte to the PC, after incrementing the PC twice. The Accumulator is not modified. No
flags are affected.

Example: The Accumulator originally contains 01H. The instruction sequence,
JZ  LABEL1
DEC A
JZ LABEL2
will change the Accumulator to 00H and cause program execution to continue at the instruction identi-
fied by the label LABEL2.
Bytes: 2
Cycles: 2
Encoding: 0110 0000 ‘ ‘ rel. address
Operation: Jz
(PC) « (PC) +2
IF (A)=0
THEN

(PC) < (PC) + rel
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LCALL addr16

Function:

Description:

Example:

Bytes:
Cycles:

Encoding:

Operation:

Long call

LCALL calls a subroutine located at the indicated address. The instruction adds three to the program
counter to generate the address of the next instruction and then pushes the 16-bit result onto the stack
(low byte first), incrementing the Stack Pointer by two. The high-order and low-order bytes of the PC are
then loaded, respectively, with the second and third bytes of the LCALL instruction. Program execution
continues with the instruction at this address. The subroutine may therefore begin anywhere in the full
64K-byte program memory address space No flags are affected.

Initially the Stack Pointer equals 07H. The label "SUBRTN" is assigned to program memory location
1234H. After executing the instruction,

LCALL SUBRTN

at location 0123H, the Stack Pointer will contain 09H, internal RAM locations 08H and 09H will contain
26H and 01H, and the PC will contain 1234H.

3
2

00 0 1 0010 ‘ ‘ addr15-addr8 ‘ ‘ addr7-addr0

LCALL
(PC) < (PC) +3
(SP) « (SP) +1
((SP)) < (PC7.0)
(SP) « (SP) +1
((SP)) « (PC15.8)

(PC) «— addrq5.g
LJMP addr16
Function: Long Jump
Description: LJMP causes an unconditional branch to the indicated address, by loading the high-order and low-order
bytes of the PC (respectively) with the second and third instruction bytes. The destination may therefore
be anywhere in the full 64K program memory address space. No flags are affected.
Example: The label "JMPADR" is assigned to the instruction at program memory location 1234H- The instruction,
LJMP JMPADR
at location 0123H will load the program counter with 1234H.
Bytes: 3
Cycles: 2
Encoding: 0000 0010 ‘ ‘ addr15-addr8 ’ ‘ addr7-addr0
Operation: LJMP
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(PC) « addrq5.o
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MOV <dest-byte>,<src-byte>

Function:

Description:

Example:

MOV A,Rn

Bytes:
Cycles:

Encoding:

Operation:

*MOV A,direct

Bytes:
Cycles:

Encoding:

Operation:

Move byte variable

The byte variable indicated by the second operand is copied into the location specified by the first oper-
and. The source byte is not affected. No other register or flag is affected.

This is by far the most flexible operation. Fifteen combinations of source and destination addressing
modes are allowed.

Internal RAM location 30H holds 40H. The value of RAM location 40H is 10H. The data present at input
port | is 11001010B (OCAH).

MOV RO, # 30H ;R0 < = 30H

MOV A,@RO ;A <= 40H

MOV R1,A ;R1 < =40H

MOV B,@R1 ;B <= 10H

MOV @R1,P1;RAM (40H) < = 0CAH
MOV P2,P1 ;P2 #0CAH

leaves the value 30H in register 0, 40H in both the Accumulator and register 1, 10H in register
B, and 0CAH (11001010B) both in RAM location 40H and output on port 2.

17110 1T rrr
MOV
(A) < (Rn)
2
1
1110 010 1 ‘ ‘ direct address
MOV

(A) « (direct)

MOV A, ACC is not a vaild instruction.
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MOV A,@Ri
Bytes: 1
Cycles: 1
Encoding: 1110 01 1
Operation: MOV
(A) < ((Ri))
MOV A #data
Bytes: 2
Cycles: 1
Encoding: 0111 0100 ‘ immediate data
Operation: MOV
(A) « #data
MOV Rn,A
Bytes: 1
Cycles: 1
Encoding: 171 1 1 1Trrr
Operation: MOV
(Rn) < (A)
MOV Rn,direct
Bytes: 2
Cycles: 2
Encoding: 1010 1 rrr ‘ ‘ direct addr.
Operation: MOV
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(Rn) « (direct)
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MOV Rn,#dara

Bytes:
Cycles:

Encoding:

Operation:

MOV direct,A

Bytes:
Cycles:

Encoding:

Operation:

MOV direct,Rn

Bytes:
Cycles:

Encoding:

Operation:

immediate data

MOV
(A) < #data

0101 ‘ ‘ direct address

MOV
(direct) < (A)

‘ 1000 ‘ 1T rrr ‘ ‘ direct address

MOV
(direct) < (Rn)

MOV direct,direct

Bytes:
Cycles:

Encoding:

Operation:

0101 ‘ ‘ direct addr.(src) ’

‘ dir. addr.(dest) ’

MOV
(direct) < (direct)

MOV direct,@Ri

Bytes:
Cycles:

Encoding:

Operation:

\ 1000 \ 01 1 i Hdirectaddress

MOV
(direct) < ((Ri))
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MOV direct,#data

Bytes: 3
Cycles: 2
Encoding: 0111 0101 ‘ ‘ direct address ‘ ‘ immediate data
Operation: MOV
(direct) < #data
MOV <dest-bit>,<src-bit>
Function:  Move bit data
Description: The Boolean variable indicated by the second operand is copied into the location specified by the first

operand. One of the operands must be the carry flag; the other may be any directly addressable bit. No
other register or flag is affected.

Example: The carry flag is originally set. The data present at input Port 3 is 11000101IB. The data previously writ-
ten to output Port 1 is 35H (00110101B).

MOV P1.3,C
MOV C,P3.3
MOV P1.2,C

will leave the carry cleared and change Port | to 39H (00111001B).

MOV C,bit
Bytes: 2
Cycles: 1
Encoding: 1010

0010 ’ bit address

Operation: MOV

(C) « (bit)
MOV bit,C
Bytes: 2
Cycles: 2

Encoding: ‘1 0 0 1

\o 010 \ ‘bitaddress

Operation: MOV
(bit) « (C)
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MOV DPTR,#data16

Function: Load Data Pointer with a 16-bit constant

Description: The Data Pointer is loaded with the 16-bit constant indicated. The 16-bit constant is loaded into the sec-
ond and third bytes of the instruction. The second byte (DPH) is the high-order byte, while the third byte
(DPL) holds the low-order byte. No flags are affected.

This is the only instruction which moves 16 bits of data at once.
Example: The instruction,

MOV DPTR, # 1234H

will load the value 1234H into the Data Pointer: DPH will hold 12H and DPL will hold 34H.

Bytes: 3
Cycles: 2
Encoding: | 1001 | 0000 | |[immeddatal5-8 | | immed.data7-0

Operation: MOV
(DPTR) «— #dataq5_g

DPH - DPL < #dataq5.g - #dataz_g

MOVC A ,@A + <base-reg>

Function: Move Code byte

Description: The MOVC instructions load the Accumulator with a code byte, or constant from program memory. The
address of the byte fetched is the sum of the original unsigned eight-bit Accumulator contents and the
contents of a sixteen-bit base register, which may be either the Data Pointer or the PC. In the latter
case, the PC is incremented to the address of the following instruction before being added with the
Accumulator; otherwise the base register is not altered. Sixteen-bit addition is performed so a carry-out
from the low-order eight bits may propagate through higher-order bits. No flags are affected.

Example: A value between 0 and 3 is in the Accumulator. The following instructions will translate the value in the
Accumulator to one of four values defined by the DB (define byte) directive.

REL_PC:INC A
MOVC A,@A+PC
RET

DB 66H

DB 77H

DB 88H

DB 99H

If the subroutine is called with the Accumulator equal to 01H, it will return with 77H in the Accumulator.
The INC A before the MOVC instruction is needed to "get around" the RET instruction above the table.
If several bytes of code separated the MOVC from the table, the corresponding number would be added
to the Accumulator instead.
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MOVC A,@A + DPTR

Bytes: 1
Cycles: 2
Encoding: 10 0 1 00 1
Operation: MOVC
(A) < ((A) + (DPTR))
MOVC A,@A + PC
Bytes: 1
Cycles: 2
Encoding: 1000 00 1
Operation: MOVC
(PC) « (PC) +1
(A) < ((A) + (PC))
MOVX A,@Ri
Bytes: 1
Cycles: 2
Encoding: | 1110 | 001
Operation: MOVX
(A) « ((Ri))
MOVX A,@DPTR
Bytes: 1
Cycles: 2
Encoding: ‘ 1100 \ 0000
Operation: MOVX
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(A) < ((DPTRY))
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MOV @Ri,A
Bytes: 1
Cycles: 2
Encoding: ‘ 1111 ‘ 00 1

Operation: MOVX
((Ri)) « (A)

MOVX @DPTR,A

Bytes: 1
Cycles: 2
Encoding: ] 111 1 \ 0000

Operation: MOVX
((DPTR)) < (A)

MUL AB

Function: Multiply

Description: MUL AB multiplies the unsigned eight-bit integers in the Accumulator and register B. The low-order byte
of the sixteen-bit product is left in the Accumulator, and the high-order byte in
B. If the product is greater than 255 (OFFH) the overflow flag is set; otherwise it is cleared.
The carry flag is always cleared.
Example: Originally the Accumulator holds the value 80 (50H). Register B holds the value 160 (OAOH). The
instruction,

MUL AB

will give the product 12,800 (3200H), so B is changed to 32H (00110010B) and the Accumulator is
cleared. The overflow flag is set, carry is cleared.

Bytes: 1
Cycles: 4
Encoding: \ 1010 \ 0100

Operation: MUL
(A)7.0 < (A) X (B)

(B)15-8
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NOP
Function: No Operation
Description: Execution continues at the following instruction. Other than the PC, no registers or flags are affected.
Example: It is desired to produce a low-going output pulse on bit 7 of Port 2 lasting exactly 5 cycles. A simple
SETB/CLR sequence would generate a one-cycle pulse, so four additional cycles must be inserted.
This may be done (assuming no interrupts are enabled) with the instruction sequence,
CLR P2.7
NOP
NOP
NOP
NOP
SETB P2.7
Bytes: 1
Cycles: 1
Encoding: 0000 0000
Operation: NOP

(PC) « (PC) +1

ORL <dest-byte>,<src-byte>

Function:

Description:

Example:

156

Logical-OR for byte variables

ORL Performs the bitwise logical-OR operation between the indicated variables, storing the results in
the destination byte. No flags are affected.

The two operands allow six addressing mode combinations. When the destination is the Accumulator,
the source can use register, direct, register-indirect, or immediate addressing; when the destination is a
direct address, the source can be the Accumulator or immediate data.

Note: When this instruction is used to modify an output port, the value used as the original port data will
be read from the output data latch, not the input pins.

If the Accumulator holds 0C3H (11000011B) and RO holds 55H (01010101B) then the instruction,
ORL ARO

will leave the Accumulator holding the value OD7H (11010111B).

When the destination is a directly addressed byte, the instruction can set combinations of bits in any
RAM location or hardware register. The pattern of bits to be set is determined by a mask byte, which
may be either a constant data value in the instruction or a variable computed in the Accumulator at
run-time. The instruction,

ORL P1,#00110010B

will set bits 5, 4, and 1 of output Port 1.
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ORL A,Rn
Bytes: 1
Cycles: 1
Encoding: 0100 1rrr
Operation: ORL
(A) < (A) V (Rn)
ORL A.,direct
Bytes: 2
Cycles:
Encoding: 0100 0101 ‘ direct address
Operation: ORL
(A) < (A) V (direct)
ORL A,@Ri
Bytes: 1
Cycles: 1
Encoding: 0100 01 1
Operation: ORL
(A) < (A) V ((Ri)
ORL A, i#data
Bytes: 2
Cycles:
Encoding: 0100 0100 ‘ ‘ immediate data
Operation: ORL
(A) < (A) V #data
ORL direct,A
Bytes: 2
Cycles: 1
Encoding: 0100 0010 ‘ ‘ direct address
Operation: ORL
(direct) < (direct) V (A)
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ORL direct,#data

Bytes: 3
Cycles: 2
Encoding: 0100 0011 ‘ ‘ direct address ’ ‘ immediate data

Operation: ORL
(direct) < (direct) V #data

ORL C,<src-bit>

Function: Logical-OR for bit variables

Description: Set the carry flag if the Boolean value is a logical 1; leave the carry in its current state otherwise . A
slash ("/") preceding the operand in the assembly language indicates that the logical complement of the
addressed bit is used as the source value, but the source bit itself is not affected. No other flags are
affected.

Example: Set the carry flag if and only if P1.0=1, ACC. 7 =1, or OV = 0:
MOV C,P1.0 ;LOAD CARRY WITH INPUT PIN P10
ORL C,ACC.7 ;OR CARRY WITH THE ACC. BIT 7

ORL C,/OV ;OR CARRY WITH THE INVERSE OF OV.

ORL C,bit
Bytes: 2
Cycles: 2
Encoding: [0 1 1 1 0010 ‘ ‘bitaddress

Operation: ORL
(C) « (C) V (bit)

ORL C,/bit
Bytes: 2
Cycles: 2
Encoding: 1010 0000 ‘ ‘ bit address

Operation: ORL
(C) « (C) V (bit)
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POP direct

Function:

Pop from stack.

Description: The contents of the internal RAM location addressed by the Stack Pointer is read, and the Stack Pointer
is decremented by one. The value read is then transferred to the directly addressed byte indicated. No
flags are affected.

Example: The Stack Pointer originally contains the value 32H, and internal RAM locations 30H through 32H con-
tain the values 20H, 23H, and 01H, respectively. The instruction sequence,
POP DPH
POP DPL
will leave the Stack Pointer equal to the value 30H and the Data Pointer set to 0123H. At this point the
instruction,
POP SP
will leave the Stack Pointer set to 20H. Note that in this special case the Stack Pointer was decre-
mented to 2FH before being loaded with the value popped (20H).
Bytes: 2
Cycles: 2
Encoding: 110 1 0000 ‘ ‘ direct address
Operation: POP
(direct) < ((SP))
(SP) « (SP) -1
PUSH direct
Function: Push onto stack

Description: The Stack Pointer is incremented by one. The contents of the indicated variable is then copied into the

internal RAM location addressed by the Stack Pointer. Otherwise no flags are affected.
Example: On entering an interrupt routine the Stack Pointer contains 09H. The Data Pointer holds the value
0123H. The instruction sequence,
PUSH DPL
PUSH DPH
will leave the Stack Pointer set to 0BH and store 23H and 01H in internal RAM locations 0AH and OBH,
respectively.
Bytes: 2
Cycles: 2
Encoding: 1100 0000 ‘ direct address
Operation: PUSH

(SP) < (SP) +1
((SP)) « (direct)
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RET
Function: Return from subroutine
Description: RET pops the high- and low-order bytes of the PC successively from the stack, decrementing the Stack
Pointer by two. Program execution continues at the resulting address, generally the instruction immedi-
ately following an ACALL or LCALL. No flags are affected.

Example: The Stack Pointer originally contains the value OBH. Internal RAM locations OAH and OBH contain the

values 23H and 01H. respectively. The instruction,
RET
will leave the Stack Pointer equal to the value 09H. Program execution will continue at location 0123H.
Bytes: 1
Cycles: 2
Encoding: 0010 0010
Operation: RET
(PC15.8) < ((SP))
(SP) « (SP) -1
(PC7.9) < ((SP))
(SP) « (SP) -1
RETI
Function: Return from interrupt
Description: RETI pops the high- and low-order bytes of the PC successively from the stack, and restores the inter-
rupt logic to accept additional interrupts at the same priority level as the one just processed. The Stack
Pointer is left decremented by two. No other registers are affected; the PSW is not automatically
restored to its pre-interrupt status. Program execution continues at the resulting address, which is gen-
erally the instruction immediately after the point at which the interrupt request was detected. If a lower-
or same-level interrupt had been pending when the RETI instruction is executed, that one instruction will
be executed before the pending interrupt is processed.

Example: The Stack Pointer originally contains the value OBH. An interrupt was detected during the instruction
ending at location 0122H. Internal RAM locations OAH and OBH contain the values 23H and 01H,
respectively. The instruction,

RETI
will leave the Stack Pointer equal to 09H and return program execution to location 0123H.
Bytes: 1
Cycles: 2
Encoding: 0011 0010
Operation: RETI
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(PC15.8) < ((SP))
(SP) < (SP) - 1
(PC7.0) < ((SP))
(SP) < (SP) - 1
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RL A
Function: Rotate Accumulator Left
Description: The eight bits in the Accumulator are rotated one bit to the left. Bit 7 is rotated into the bit 0 position. No
flags are affected.
Example: The Accumulator holds the value 0C5H (11000101B). The instruction,
RL A
leaves the Accumulator holding the value 8BH (10001011IB) with the carry unaffected.
Bytes: 1
Cycles: 1
Encoding: 0010 0011
Operation: RL
(An+1) <« (An)s n=0-6
(A0) « (A7)
RLC A
Function: Rotate Accumulator Left through the Carry flag
Description: The eight bits in the Accumulator and the carry flag are together rotated one bit to the left. Bit 7 moves
into the carry flag; the original state of the carry flag moves into the bit O position. No other flags are
affected.
Example: The Accumulator holds the value 0C5H (11000101B), and the carry is zero. The instruction,
RLC A
leaves the Accumulator holding the value 8BH (10001011B) with the carry set.
Bytes: 1
Cycles: 1
Encoding: 0011 0011
Operation: RLC
(Angq) < (A,),n=0-6
(A0) « (C)
(C) < (A7)
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RR A
Function:

Rotate Accumulator Right

Description: The eight bits in the Accumulator are rotated one bit to the right. Bit O is rotated into the bit 7 position.
No flags are affected.
Example: The Accumulator holds the value 0C5H (11000101B). The instruction,
RR A
leaves the Accumulator holding the value OE2H (111100010B) with the carry unaffected.
Bytes: 1
Cycles: 1
Encoding: 0000 0011
Operation: RR
(An) < (Ap+1), n=0-6
(A7) « (A0)
RRC A
Function: Rotate Accumulator Right through Carry flag
Description: The eight bits in the Accumulator and the carry flag are together rotated one bit to the right. Bit 0 moves
into the carry flag; the original value of the carry flag moves into the bit 7 position. No other flags are
affected.
Example: The Accumulator holds the value 0C5H (11000101B), the carry is zero. The instruction,
RRC A
leaves the Accumulator holding the value 62 (01100010B) with the carry set.
Bytes: 1
Cycles: 1
Encoding: 000 1 0011
Operation: RRC
(An) < (An+1),n=0-6
(A7) < (C)
(C) < (A0)
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SETB <bit>

Function: Set Bit

Description: SETB sets the indicated bit to one. SETB can operate on the carry flag or any directly addressable bit.
No other flags are affected.

Example: The carry flag is cleared. Output Port 1 has been written with the value 34H (00110100B). The instruc-
tions,

SETB C
SETB P1.0

will leave the carry flag set to | and change the data output on Port | to 35H (00110101B).

SETB C
Bytes: 1
Cycles: 1
Encoding: 1710 1 0011

Operation: SETB

(C) <1
SETB bit
Bytes: 2
Cycles:
Encoding: 110 1 0010 ‘ ‘ bit address

Operation: SETB
(bit) « 1
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SJMP rel
Function: Short Jump
Description: Program control branches unconditionally to the address indicated. The branch destination is computed
by adding the signed displacement in the second instruction byte to the PC, after incrementing the PC
twice. Therefore, the range of destinations allowed is from 128 bytes preceding this instruction to 127
bytes following it.
Example: The label "RELADR" is assigned to an instruction at program memory location 0123H. The instruction,
SJMP RELADR
will assemble into location 0100H. After the instruction is executed, the PC will contain the value 0123H.
(Note.- Under the above conditions the instruction following SIMP will be at 102H. Therefore, the dis-
placement byte of the instruction will be the relative offset (0123H-0102H) = 21H. Put another way, an
SJMP with a displacement of OFEH would be a one-instruction infinite loop.)
Bytes: 2
Cycles: 2
Encoding: 1000 0000 ‘ ‘ rel. address
Operation: SJMP

(PC) < (PC) + 2
(PC) < (PC) + rel

SUBB A,<src-byte>4

Function:

Description:

164

Example:

Subtract with borrow

SUBB subtracts the indicated variable and the carry flag together from the Accumulator, leaving the
result in the Accumulator. SUBB sets the carry (borrow) flag if a borrow is needed for bit 7, and clears C
otherwise. (If C was set before executing a SUBB instruction, this indicates that a borrow was needed
for the previous step in a multiple precision subtraction, so the carry is subtracted from the Accumulator
along with the source operand.) AC is set if a borrow is needed for bit 3, and cleared otherwise. OV is
set if a borrow is needed into bit 6, but not into bit 7, or into bit 7, but not bit 6.

When subtracting signed integers OV indicates a negative number produced when a negative value is
subtracted from a positive value, or a positive result when a positive number is subtracted from a nega-
tive number.

The source operand allows four addressing modes: register, direct, register-indirect, or immediate.

The Accumulator holds 0C9H (11001001B), register 2 holds 54H (01010100B), and the carry flag is set.
The instruction,

SUBB A,R2
will leave the value 74H (01110100B) in the accumulator, with the carry flag and AC cleared but OV set.
Notice that OC9H minus 54H is 75H. The difference between this and the above result is due to the

carry (borrow) flag being set before the operation. If the state of the carry is not known before starting a
single or multiple-precision subtraction, it should be explicitly cleared by a CLR C instruction.
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SUBB A,Rn
Bytes: 1
Cycles: 1
Encoding: 10 0 1 1Trrr

Operation: SUBB
(A) < (A) -(C) - (Rn)

SUBB A,direct

Bytes: 2
Cycles: 1
Encoding: ‘ 100 1 ‘ 0101 ‘ ‘ direct address

Operation: SUBB
(A) < (A) - (C) - (direct)

SUBB A,@Ri
Bytes: 1
Cycles: 1
Encoding: 100 1 01 1

Operation: SUBB
(A) < (A) - (C) - ((Ri))

SUBB A #data

Bytes: 2
Cycles: 1
Encoding: ‘ 100 1 ‘ 0100 ‘ ‘ immediate data

Operation: SUBB
(A) < (A) - (C) - #data
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SWAP A
Function: Swap nibbles within the Accumulator
Description: SWAP A interchanges the low- and high-order nibbles (four-bit fields) of the Accumulator (bits 3-0 and
bits 7-4). The operation ran also be thought of as a four-bit rotate instruction. No flags are affected.
Example: The Accumulator holds the value 0C5H (11000101B). The instruction,
SWAP A
leaves the Accumulator holding the value 5CH (01011100B).
Bytes: 1
Cycles: 1
Encoding: 17100 0100
Operation: SWAP

XCH A,<byte>

(A3-0) (A7.4)

Function:

Description:

Example:

XCH A,Rn

Bytes:
Cycles:

Encoding:

Operation:
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Exchange Accumulator with byte variable

XCH loads the Accumulator with the contents of the indicated variable, at the same time writing the orig-
inal Accumulator contents to the indicated variable. The source/destination operand can use register,
direct, or register-indirect addressing.

RO contains the address 20H. The Accumulator holds the value 3FH (00111111B). Internal RAM loca-
tion 20H holds the value 75H (01110101B). The instruction,

XCH A,@R0

will leave RAM location 20H holding the value 3FH (00111111B) and 75H (01110101B) in the Accumu-
lator.

XCH
(A) = (Rn)
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XCH A,direct

Bytes: 2
Cycles: 1

Encoding: 1100 0101 ‘ ‘ direct address

Operation: XCH
(A) == (direct)

XCH A,@Ri
Bytes: 1
Cycles: 1
Encoding: 1100 011

Operation: XCH
(A) — ((Ri))

XCHD A,@Ri
Function: Exchange Digit
Description: XCHD exchanges the low-order nibble of the Accumulator (bit 3-0), generally representing a hexadeci-

mal or BCD digit, with that of the internal RAM location indirectly addressed by the specified register.
The high-order nibbles (bit7-4) of each register are not affected. No flags are affected.

Example: RO contains the address 20H. The Accumulator holds the value 36H (00110110B). Internal RAM loca-
tion 20H holds the value 75H (01110101B). The instruction,

XCHD A,@RO
will leave RAM location 20H holding the value 76H (01110110B) and 35H (00110101B) in the Accumu-
lator.
Bytes: 1
Cycles: 1
Encoding: 1710 1 01 1

Operation: XCHD
(A3-0) = ((Ri3-0))
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XRL <dest-byte>,<src-byte>

Function:

Description:

Example:

XRL A,Rn

Bytes:
Cycles:

Encoding:

Operation:

XRL A,direct

Bytes:
Cycles:

Encoding:

Operation:

168

Logical Exclusive-OR for byte variables

XRL performs the bitwise logical Exclusive-OR operation between the indicated variables, storing the
results in the destination. No flag are affected.

The two operands allow six addressing mode combinations. When the destination is the Accumulator,
the source can use register, direct, register-indirect, or immediate addressing; when the destination is a
direct address, the source can be the Accumulator or immediate data.

(note: When this instruction is used to modify an output port, the value used as the original port data will
be read from the output data latch, not the input pins.)

If the Accumulator holds 0C3H (11000011B) and register 0 holds 0OAAH (10101010B) then the instruc-
tion,

XRL ARO

will leave the Accumulator holding the value 69H (01101001B).

When the destination is a directly addressed byte, this instruction can complement combinations of bits
in any RAM location or hardware register. The pattern of bits to be complemented is then determined by
a mask byte, either a constant contained in the instruction or a variable computed in the Accumulator at
run-time. The instruction,

XRL P1,#00110001B

will complement bits 5, 4, and 0 of output Port 1.

XRL
(A) < (A) ¥ (Rn)

0101 ‘ ‘ direct address

XRL
(A) < (A) ¥ (direct)
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XRL A,@Ri
Bytes: 1
Cycles: 1
Encoding: 0110 01 1

Operation: XRL
(A) « (A) ¥ ((Ri))

XRL A #data
Bytes: 2
Cycles: 1
Encoding: 0110 0100 ‘ immediate data

Operation: XRL
(A) « (A) ¥ #data

XRL direct,A
Bytes: 2
Cycles: 1
Encoding: 0110 0010 ‘ direct address

Operation: XRL
(direct) « (direct) ¥ (A)

XRL direct,#data

Bytes: 3
Cycles: 2
Encoding: 0110 001 1 ‘ direct address ‘ ‘ immediate data

Operation: XRL
(direct) « (direct) ¥ #data
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6. ELECTRICAL CHARACTERISTICS

6.1 Absolute Maximum Ratings
Power Supply voltage.........cccceevereriencnnene -03t0o+6.0V

Storage Temperature ...........cceceeeveeeeneenneene. -65 to +150 °C

Note: Stresses above those listed under “Absolute Maxi-
mum Ratings” may cause permanent damage to the de-

6.2 Operating Conditions

vice. This is a stress rating only and functional operation of
the device at any other conditions above those indicated in
the operational sections of this specification is not implied.
Exposure to absolute maximum rating conditions for ex-
tended periods may affect device reliability.

Specifications
Symbol Descriptions i " Unit
in. ax.
TopPr Operating Temperature -40 +85 °C
Vpp Supply Voltage 45 5.5 \Y
fosc Oscillator Frequency 4.5 7.2 MHz
6.3 AC Characteristics
AC TIMING TEST POINT
0.8 VDD :>Test pOintS<: 0.8 VDD
0.8 Vpp 0.8 Vpp
BASIC OPERATION (Tp = -40 to +85 °C, Vpp = 4.5 to 5.5V)

Parameter Symbol Variable MIN. TYP. MAX. Unit
Oscillator frequency fy 0 7.2 10 MHz
Interrupt input high/ | TiNTHA/ Mini - 13%(1/f Not

low-level width TINTLR inimurm : 13*(1/6) 1870 He
RESET 'high level TrsL Minimum : 30*(1/f,) 4.17Note us
width
TO,T1,T2 input . . _
frequenc; frm Maximum : fr,, = f,/28 3.89Note us
TO,T1,T2 input TrHm/ o qar
- M T 13*(1/f Not
High/low level width | Trypm inirmum = 13%(1/f) 1.870%¢ us

* Note. When f is 7.2 MHz.
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INTERRUPT TIMING WAVEFORM

TINTLR TiINTHN
INTO to INT6
RESET TIMING WAVEFORM
TrsL
RESET
TIMER INPUT TIMING WAVEFORM
1y
T TTH
TO to T4 \_
N N
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SERIAL INTERFACE(SIO) (T = -40° to +85°, Vpp = 4.5 t0 5.5 V)

e 3-wire serial /0 mode (SCKO ... internal clock output)

Parameter Symbol Variable MIN. TYP. | MAX. Unit
SCKO cycle time Tkey1 Minimum : (1/f,)*2*8 2290Note1 ns
. : Tint/ - .
SCKO high/low-level width T Minimum : Tkcy4/2-100 1010Note1 ns
KL1
SIO setup time (to SCKO ) Tsik1 300 ns
SIO hold time (to SCKO ) Tksi1 400 ns
SO0 output delay time from SCKO Tkso1 C =100 pF Note2 300 ns
* Note 1. When f is 7.2 MHz
2. Cis the load capacitance of SO0 output line.
3-wire serial /0 mode (SCKO ... external clock input)* Note 1. When f, is 7.2MHz.
Parameter Symbol Variable MIN. TYP. | MAX. Unit
SCKO cycle time Tkevz Minimum : (1/f,)*2*8 2200Note1 ns
. . TKHZ/ . . Note1
SCKO high/low-level width T Minimum : Tkcy/2-100 1010Note ns
KL1
SIO setup time (to SCKO ) Tsike 100 ns
SIO hold time (to SCKO ) Tksi2 400 ns
SO0 output delay time from SCKO Tkso2 C =100 pF Note2 300 ns
SCKO at rising or falling edge time Tr2. TE2 100 ns
* Note 1. When f is 7.2 MHz
2. Cis the load capacitance of SO0 output line.
3-WIRE SERIAL I/O MODE TIMING WAVEFORMS
TKCYm
D P>
TKLm TKHm
< e [ T
SCKO0,SCK1 \ 4
N N
TSIKm TKSIm
Input Data
SI0,S11
TKSOm
P
500,501 >§ Output ><:
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SERIAL PORT(UART) TIMING
Test Conditions : Over Operation Conditions ; Load Capacitance = 80 pF

Parameter Symbol Variable Min Max Units
Serial Port Clock Cycle Time Txixe Minimum : 13*(1/f,) 1.81Note us
Output Data Setup to Clock Rising Edge TavxH 1.39 us
Output Data Hold After Clock Rising Edge TxHax 280 ns
Input Data Hold After Clock Rising Edge TxHDX 0 ns
Clock Rising Edge to Input Data Valid TxHDV 1.39 us

* Note. When f, is 7.2MHz.

SHIFT REGISTER MODE TIMING WAVEFORMS

| TxLxL
Serial Clock
TavxH ) e Typax
Output Data nm—_ ’47
(Write to SBUF) \ 0 X 1 X 2 X 3 X 4 X 5 X 6 X 7
Input Data M ~ I‘_TXHDX il
(Clar R) 890890800800800808.0
*V : Valid Data *Set RI
A/D CONVERTER CHARACTERISTIC (TA =-40° to +85°, VDD = 3.0 to 5.5 V)
Parameter Symbol Variables MIN. TYP. MAX. Unit
Resolution 8 8 8 bit
Conversion total error 4.5 LSB
Conversion time Tconv 21*12%(1/fy) 35 us
Sampling time Tsamp 4.5"12*(1/fy) 15/fxx 7.5 us
Analog input voltage TiAN AVggs-0.2 AVppt+0.2 \Y;

APR. 2005 Ver1.2 173



HMS91C8232/97C8232 MagnaChip=’

PLL CHARACTERISTIC (Tp =-40° to +85°, Vpp =4.5t0 5.5V)

Parameter | Symbol Test Conditions MIN. | TYP. | MAX. | Unit
fiNT VCOL Pin MF Mode Sine wave input V| = 0.1 Vp_p 0.5 3.0 MHz

Operating . . . _

Frequency fiNT VCOL Pin HF Mode Sine wave input V5 = 0.1 Vp_p 2.0 55 MHz
fin2 VCOH Pin VHF Mode Sine wave input V| = 0.1 Vp_p 40 150 MHz

IFC CHARACTERISTIC (T5 =-40° to +85°, Vpp =4.5t0 5.5 V)

Parameter Symbol Test Conditions MIN. TYP. | MAX. Unit
f AMIFC Pin AMIF Count Mode 0.4 0.5 MH
IN4 Sine wave input V|y = 0.1 Vp_p NOTE ' : z
Operating f FMIFC Pin FMIF Count Mode
Frequency INS Sine wave input Vj\ = 0.1 Vp_p NOTE 10 " MHz
f FMIFC Pin AMIF Count Mode 0.4 0.5 MH
IN6 Sine wave input V\ = 0.1 Vp_p NOTE ‘ : z

Note The condition of a sine wave input of V= 0.1 Vp_p is the standard value of operation of this device during stand-alone operation,
so in consideration of the effect of noise, it is recommended that operation be at an input amplitude condition of Vijy =0.15 Vp_p.
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6.4 DC Characteristics
Power Specification (HMS 91C8232) (T, = -40° to +85°, Vpp =5.0V)
Parameter Symbol Test Condition Typ. Max. Unit
. RESET is high
Active Mode Ibp (Xtal = 7.2 MHz) 8 10 mA
CPU stops, Only timer works 06 07 mA
(Xtal1 = 4.5 MHz, 1/64 Core Clock) ' ’
Idle Mode Ibp
CPU stops, Only timer works
(Xtal1 = 7.2 MHz, 1/64 Core Clock) 0.8 0.9 mA
Power Down | Crystal oscnlgtor is stoped
Mode DD Xtin1 0.5 1 pA
Stuck at VSS
Power Specification (HMS 97C8232) (T, = -40° to +85°, Vpp =5.0V)
Parameter Symbol Test Condition Typ. Max. Unit
. RESET is high
Active Mode Ibp (Xtal1 = 7.2 MHz) 13 16 mA
CPU stops, Only timer works 08 09 mA
(Xtal1 = 4.5 MHz, 1/64 Core Clock) ' ’
Idle Mode Ibp
CPU stops, Only timer works
(Xtal1 = 7.2 MHz, 1/64 Core Clock) 10 11 mA
Crystal oscillator is stoped
P°""N‘|*; g:‘"“ Ioo Xtin1, Xtin2 0.5 15 LA
Stuck at VSS
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Port Type 1 (P0.7, P1.5, P2.0, P3, P4, P5, P6)

Parameter Symbol Test Condition Min. Typ. Max. Unit
Input Voltage High Viy 0.7 Vpp Vpp \Y
Input Voltage Low VIL 0 0.3 Vpp vV

lOH =-1mA VDD'1'O V

Output Voltage High VoH
lOH =-100uA VDD'O'5 V
loL = 10mA, VDD = 5V 1.0 2.0 \

Output Voltage Low VoL
loL = 1.0mA, VDD = 3V 0.3 Vpp Y,
Leakage Current High ILH V =Vdd 3 uA
Leakage Current Low L V=0 -3 uA
Pull-up Resistors VDD = 5V (I=36uA) 100 140 250 kQ

Port Type 2 (P7)

Parameter Symbol Test Condition Min. Typ. Max. Unit
Input Voltage High V4 0.7 Vpp Vpop \Y;
Input Voltage Low VL 0 0.3 Vpp \Y

IOH =-1mA VDD-1.0 V

Output Voltage High VoH
lOH =-100uA VDD-0.5 V
loL = 10mA, VDD = 5V 1.0 2.0 V

Output Voltage Low VoL
lOL = 10mA, VDD = 3V 0.3 VDD V
Leakage Current High ILH V =Vdd 3 uA
Leakage Current Low IL V=0 -3 uA
Pull-up Resistors VDD = 5V (I=36uA) 100 140 250 kQ
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Port Type 3 (P0.0 — P0.6, P1.3, P1.4, P1.6, P1.7, P2.1 - P2.3, RESET)
Parameter Symbol Test Condition Min. Typ. Max. Unit
Input Voltage High ViH 0.8 Vpp Vpp \Y
Input Voltage Low Vi 0 0.2 Vpp \%
lOH =-1mA VDD'1'O \%
Output Voltage High VoH
lOH = -100uA VDD'0-5 \%
loL = 10mA, VDD = 5V 1.0 2.0 \
Output Voltage Low VoL
loL = 1.0mA, VDD = 3V 0.3 Vpp \Y
Leakage Current High ILH V =Vdd 3 uA
Leakage Current Low L V=0 -3 uA
Pull-up Resistors VDD = 5V (I=36uA) 100 140 250 kQ
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Port Type 4 (P1.0 — P1.3, Open Drain)

Parameter Symbol Test Condition Min. Typ. Max. Unit

Input Voltage High Viy 0.7 Vpp Vpp \Y

Input Voltage Low VIL 0 0.3 Vpp vV

Output Voltage High VoH lon = 10mA, VDD = 5V 5.0 6.0 Vv

loL = 10mA, VDD = 5V 1.0 2.0 \

Output Voltage Low VoL

IOL = 10mA, VDD = 3V 0.3 VDD V

Leakage Current High ILH V =Vdd 3 uA
Leakage Current Low L V=0 -3 uA

LCD CHARACTERISTIC (Tp =-40° to +85°, Vpp =4.5t0 5.5 V)

Parameter Symbol Test Condition Min. Typ. Max. Unit
tLo(iD Voltage Dividing Resis- Rico Vpp=5.5V 78 98 118 KO
Voltage Drop Vpp=2.7 ~ 5.5V ) )
|Vpp-COMn| , n=0~3 Ve -15pA per common pin 120 mv
Voltage Drop Vpp=2.7 ~ 5.5V ) )
|Vpp-SEGn| , n=0~26 Vos -15pA per segment pin 120 mv
A\ Output Voltage VCL2 VDD'0'3 VDD VDD+0 3

Vpp=2.7 ~ 5.5V, 1/3 bias 0.66Vpp- | 0.66V, 0.66Vpp+
\V; DD , DD D DD
Vet Output Voltage CL1 BIAS pin and VCL2 pin 0.2 D 0.3 Vv
are shorted
.33Vpp- Vppt
VcLo Output Voltage Vero 0 33 3DD O'ngD 0 32 3DD
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6.5 CPU Timing

All HMS9X(C8232 microcontrollers have an on-chip oscillator
which can be used if desired as the clock source for the CPU. To
use the on-chip oscillator, connect a crystal or ceramic resonator
between the Xout and Xin pins of the microcontroller, and capac-
itors to ground as shown in Figure 6-1 Using the On-Chip Oscil-

lator.

Examples of how to drive the clock with an external oscillator are
shown in Figure 6-2. In the CMOS devices (HMS9XC8232, etc.),
the signal at the Xout pin drives the internal clock generator. The
internal clock generator defines the sequence of states that make

up the HMS9XC8232 machine cycle.

Xout
Quartz crystal
or ceramic C1
resonator \ I_
=
[ e .
g Xin

NC

EXTERNAL
OSCILLATOR
SIGNAL

CMOS GATE

J I S—

Xout

Xin

Vss

DTS4

Figure 6-2 Using an External Clock
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Figure 6-1 Using the On-Chip Oscillator

Main Clock
7.2 MHz Oscillator : Xout, Xin
C1 =C2=30pF °+ 10pF
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7. EPROM CHARACTERISTICS

The HMS97C8232 has internal 32K bytes OTP ROM. The HMS97C8232 is programmed with a modified quick-pulse programming ™
algorithm. It differs from older methods in the value used for Vpp (programming supply voltage) and in the width and number of the ALE/
pulses. The HMS97C8232 contains two signature bytes that can be read and used by an EPROM programming system to identify the de-
vice. The signature bytes identify the device as a manufactured by MagnaChip. Figure 7-1 shows the logic levels for reading the signature
bytes. The circuit configuration is shown in Figure 7-2. For programming the program memory, the encryption table, and the lock bits,
refer Figure 7-4 and Figure 7-5. Figure 7-3 shows the circuit configuration for normal program memory verification.

7.1 Reading the Signature Bytes:

The HMS97C8232 signature bytes are in locations 030y and
060y. To read these bytes, refer Figure 7-1. Location of each sig-
nature byte should be represented by 15 bits address. In Figure
7-1, PO[7:0] and P1[6:0] receive lower 8 bits and higher 7 bits of
the 15 bits address, respectively. Signature value is read through
P6[7:0]. For timing parameters, refer Table 7-3. The row labeled
“Read Signature Byte” in Table 7-2 defines the valid states of
“CONTROL SIGNALS” in Figure 7-1.

The following table defines the signature values of

HMS97C8232 :

Device Location | Contents Remarks
304 EOy Manufacturer ID
HMS97C8232 60, 58,, Device ID

ADDRESS

>_

P1[6:0]
PO[7:0]
TasTP

Tevpv

>
P6[7:0] " DATA OUT

TpHLD
CONTROL
SIGNALS
(ENABLE) A__vaup A

Figure 7-1 Real Signature Waveform

7.2 Modified Quick-Pulse Programming

The waveform for micro-controller quick-pulse programming is
shown in Figure 7-4 ( See the programming part of Figure 7-4).
For timing parameters, refer Table 7-3. Note that the
HMS97C8232 is running with a 4 to 6MHz oscillator. The reason
the oscillator needs to be running is that the device is executing
internal address and program data transfers. Note that the TS-
TEN/VPP pin must not be allowed to go above the maximum

U : un-programmed, P : programmed
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specified Vpp level for any amount of time. Even a narrow glitch
above that voltage can cause permanent damage to the device.
The Vpp source should be regulated and free glitches and over-
shoot.

Programming the code memory

The address of the EPROM location to be programmed is applied
to PO[7:0] and P1[6:0](0000h ~7FFFh), as shown in Figure 7-2.
The code byte to be programmed is applied to P6[7:0]. RESET,
(P4.6) and pins of P4 are held at the “Program Code Data” levels
indicated in Table 7-2. The P4.7/(ALE) is pulsed low 5 times as
shown in Figure 3 to program code data. The initial value of ev-
ery code memory byte is 00h.

Programming the encryption table

To program the encryption table, the P4.7/(ALE) is pulsed low 25
times as shown in Figure 7-4. The address of the Encryption Ar-
ray to be programmed is applied to PO[5:0] and a encryption byte
to be programmed is applied to P6[7:0]. RESET, (P4.6) and pins
of P4 are held at the “Program Encryption Array Address” levels
indicated in Table 7-2.

Within the EPROM array are 64 bytes of Encryption Ar-
ray(00h~3Fh) that are initially not programmed. Every time that
a program memory byte is addressed during a verification or read
operation, the lower 6 bits (PO[5:0]) of address lines are used to
select a byte from the Encryption array. The encryption array byte
is then exclusive-NORed (XNOR) with the code byte, creating an
Encrypted Verify byte.

The initial value of every encryption byte is 00h. Thus, when a
blank program memory byte is read, The HMS97C8232 will re-
turn FFh since the initial code value is 00h. It is recommended
that whenever the Encryption Array is used, at least one of the
Lock Bits be programmed as well.

Programming the lock bits

To program the lock bits, the P4.7/(ALE) is pulsed low 25 times
as shown in Figure 7-4 using the “Program lock Bit” levels shown
in Table 7-2. For lock bits programming, address and data are not
required. After one of the lock bits is programmed, further pro-
gramming of the code memory and encryption table is disabled.
However, the other lock bit can still be programmed.

The following table shows function of each lock bit.
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Mode LB1 LB2 Protection Type
1 U U No program lock features
Further programming of the EPROM is
2 P U -
Disabled
3 P P Same as mode 2, also verify is disabled
Table 7-1 Lock bit function
+5V
A0 - A7 N PO VDD1,2,3 4—(
A8 -A14 N P1.0-P16
P6 PROGRAM DATA
1 — | RESET
; »| pa2 (E_;/S\;I—FI’EF”\; «— +115V
HMS97C8232 P47 |4——— 20us PULSES TO GROUND
vec@syy T % (ALE/PROG)
P2 P46 e— 0
(PSEN)
F——1 Xout P45 |&——— 0
4-6 MHz —
F=— xin P44 |¢—— 1
VSS1,2,3 P43 |¢— 1

Programming Code Data Configuration

Figure 7-2 Programming Configuration

7.3 Program Verification

If lock bit 2 (LB2 in Table 7-1) has not been programmed, the
on-chip program memory can be read out for program verifica-
tion. The address of the program memory location to be read is
applied to PO[7:0] and P1[6:0] (0000h ~7FFFh) as shown in Fig-
ure 7-3. The other pins are held at the “Verify Code Data” levels
indicated in Table 7-2. The contents of the address location will
be emitted on P6[7:0] for this operation. The value on P6[7:0] is
always exclusive NORed value of the program code byte and cor-
responding encryption array byte. The lower 6 bits (P0[5:0]) of
address lines are used to select a byte from the Encryption ar-

APR. 2005 Ver1.2

ray(00h~3Fh). To restore original code byte, user should know
the encryption table. The original code byte could be restored by
doing exclusive NOR of the value on P6[7:0] and corresponding
encryption array byte.

The encryption table itself cannot be read out. Figure 7-4 shows
wave form of program verification waveform (see verification
part). Figure 7-5 shows two consecutive program memory read
waveform. For timing parameter, refer Table 7-3.

181



MagnaChip=’

HMS91C8232/97C8232
+5V
A0 - A7 { PO vDD1,2,3 4—(
A8-A14 P1.0-P1.6
P6 PROGRAM DATA
1 — | RESET
TSTEN
1 ——»| Pa2 @nwveey [ 7
b4t HMS97C8232 P47 ]
vee (1|5_V) ! ' (ALE/PROG)
p2 P46 |g— o0
(PSEN)
== xout P45 |l&—— 0
4-6MHz =
F=— Xin P44 |¢&— 0
VSS1,2,3 P43 |¢— 0
Programming Code Data Configuration
Figure 7-3 Program Verification
P4.6 P4.7 | TETEN
MODE RESET (PSEN) | (ALE) (VPP) P4.5 P4.4 P4.3 P4.2 P4.1
Program Code Data H L L 11.5V L H H
Verify Code Data H L H H L
Program Encryption
Array Address H L L 11.5V L H H L H
(0OOH ~ 3FH)
Program .
Lock Bits Bit 2 H L L | 11.sv H H H L L
Read Signature Byte H L H H L L L L L

Table 7-2 EPROM programming modes

Notes:
“0” = Valid low for that pin, “1” = Valid high for that pin.
Vpp =11.5V £ 0.2V

Ve = 5V £ 10% during programming and verification.
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Programming
P1[6:0] , X
PO[7:0] e Address >
P6[7:0] < DataIn )
ToveL <+ —»| [ ¢— TeHpx
TaveL > <« Torax
P4.7
(ALE/PROG) |
T
; GLGH; TameL
SHGL
TSTEN Ver >
(Vep) Vee /
-
Other EHSH
Control X
Signals
Figure 7-4 EPROM Programming
P1[6:0] B
PO[7:0] —_— ADDRESS >
Tavav
P6[7:0] ——— < DATA OUT »
TeLav R

Other | |4« —Tenaz

Control

Signals ) )

(Enable)

T7=21°C to 27°C; V= 5V£10%; Vgg=0V

APR. 2005 Ver1.2

Figure 7-5 EPROM Verification
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Parameter Symbol Min Max Units
Programming Supply Voltage Vpp 11.3 11.7 \Y
Programming Supply Current Ipp 75 mA

Oscillator Frequency MTeLeoL 4 6 MH
Address Setup to P4.7(ALE) Low TaveL 48TcLoL
Address Hold after P4.7(ALE) High TeHAX 48TcLcL
Data Setup to P4.7(ALE) Low TovaL 48TcicL
Data Hold after P4.7(ALE) High TGHDX 48TcLcL
P4.4 High to Vpp TEHSH 48TcicL
Vpp Setup to P4.7(ALE) Low TsHeL 10 us
Vpp Hold after P4.7(ALE) High TGHsL 10 us
P4.7(ALE) Low Width TeLeH 18 22 us
Address to Data Valid Tavav 48TcicL
Enable Low to Data Valid Telav 48TcLeL
Data float after Enable TeHaz 0 48T oL

Table 7-3 EPROM Programming and Verification Characteristics
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[0 ]

v

Set VDD=5'OV
| |

v

Set Vpp=1 1.5V
| |

NO
Verify Blank

YES

Report
Programming
Failure

First Address
Location

g
Next Address EPROM Write | N=N+1

Location 2Qus Program Time Yy
A

First Address
Location

| gl
Next Address EPROM Write
Location 20us Program Time

T

Note : Verify blank step is optional

Figure 7-6 Program Algorithm
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8. OTP PROGRAMMING

8.1 HMS97C8232 OTP Programming

Blank Check

Since the initial values of program memory and encryption ta-
ble memory are all Os, the HMS97C8232 will return FFh if a
blank program memory byte is read. We recommend the follow-
ing blank check method for a not programmed HMS97C8232
chip.

1.Set every ROM writer program encryption array(00~3Fh) val-
ue to 00h.

2.Read a program memory byte from a HMS97C8232.

3.If the read value in step 2 is FFh, the program memory byte is
blank.

Program writing
To burn program file, refer following procedure.

Make program OTP file.
Check blank.

Burn program OTP file (Set chip target address
0000h ~ 7FFFh)

Some ROM writers skip FFh data writing to program memory or
encryption array, assuming that the initial value is FFh. But for
the HMS97C8232 device , the initial value of program memory
byte or encryption array is 00h, so you should not skip FFh data
Wwrite to program memory or encryption array.

8.2 Device Configuration Data
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Figure 8-1 Pin Confiuration in OTP Diagram Mode
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MagnaE Ip* HMS91C8232/97C8232
Intel87C58 (ADAPTER) HMS97C8232 P0.0(D1) 39 P6.0(D0) 47
P1.0(A0) 1 P0.0(AO0) 72 vVCC 40 VDD1 12
P11(A1) 2 POAAT) 7 Table 8-1 Pin Mapping Table bet Intel87C58 and
P1.2(A2) 3 P0.2(A2) 74 e T R soroanss an
P1.3(A3) 4 P0.3(A3) 75
P1.4(A4) 5 P0.4(A4) 76 Pin Name Pin Number Connect to
P1.5(A5) 6 P0.5(A5) 7 P1.7 16 Not Connect
P1.6(AB) 7 P0.6(A6) 78 P2.0 ~P2.3 9,10,11,13 vCcC
P1.7(A7) 8 P0.7(A7) 79 P3.0 ~ P3.4 26 ~ 30 Not Connect
RESET 9 RESET 17 P4.0 31 Not Connect
P3.0 10 P5.0~P5.7 39 ~ 46 Not Connect
P3.1 11 VSS2 55 GND
P3.2 12 VDD2 56 VCC
P3.3_ 13 P4.3 34 P7.0 ~P7.7 57 ~ 64 Not Connect
P3.4(A14) 14 P1.6(A14) 6 AMIFC 65 Not Connect
P3.5 15 FMIFC 66 Not Connect
P3.6_ 16 P4.2 33 VSS3 67 GND
P3.7_ 17 P4.1 32 VCOH 68 Not Connect
XTAL2 18 Xout 15 VCOL 69 Not Connect
XTAL1 19 Xin 16 VDD3 70 VCC
VSS 20 VSS1 14 EO 71 Not Connect
P2.0(A8) 21 P1.0(A8) 80
P2.1(A9) 22 P1.1(A9) 1 Table 8-2 Connection of Other Pins of HMS97C8232 in
OTP Mode

P2.2(A10) 23 P1.2(A10) 2
P2.3(A11) 24 P1.3(A11) 3
P2.4(A12) 25 P1.4(A12) 4
P2.5(A13) 26 P1.5(A13) 5
P2.6_ 27 P4.5 36
P2.7 28 P4.4 35

29 P4.6 37
ALE/ 30 P4.7 38
Npp 31 TSTEN 8
P0.7(D7) 32 P6.7(D7) 54
P0.6(D6) 33 P6.6(D6) 53
P0.5(D5) 34 P6.5(D5) 52
P0.4(D4) 35 P6.4(D4) 51
P0.3(D3) 36 P6.3(D3) 50
P0.2(D2) 37 P6.2(D2) 49
P0.1(D2) 38 P6.1(D1) 48

Table 8-1 Pin Mapping Table between Intel87C58 and

HMS97C8232
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9. DEVELOPMENT TOOLS

The HMS97C8232 and HMS91C8232 are supported by a macro
assembler, an in-circuit emulator iC1000 HMS9X8232 and OTP
programmers. For mode detail, refer to OTP Programming chap-
ter. Macro assembler operates under the MS-Windows 95/98™T™,

Please contact sales part of MagnaChip Semiconductor Ltd.

- MS- Window base assembler

Software - Linker / Debugger
Hardware -iSYSTEM. www.isystem.com
(Emulator) -iC1000 . HMS9XC8232 POD

- CHOICE-SIGMA2

- Standalone-gang4

- ADAPTER :
HMS9XC8232-ADAPTER

OTP program-
mer

- www.magnachipmcu.com

Figure 9-1 iC1000 Emulator with POD HMS9XC8232

188

Figure 9-2 CHOICE-SIGMA2 Programmer
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9.1 HMS91C8232 Emulator POD Connector

HMS9XC8232 Emulator POD
(HMS91C8232/HMS97C8232)
e | e | S 79
'y 00000000
. £ 00000000
A I 63 66 80
25
o 00| 64 2lool |t
— 00 00
E 00 00
S 00 00
5 oo Bott 83
2 00 ottom 00
= OO OO
= 00 00
@ 00 00
o c 00 00
=z £ Q| 42 PP|l23
IR I 4l 40 26
o
v ©0000000
9000000
39 25
0.60IN 0.60IN
15.24mm 15.24mm
2.10IN [53.34mm]
< P
Target POD Pinout
[TO[77[75[73[71]69[6 7]65]
[B0[78[76[74[72[70[68[66]
112 64[6
314 6261
516 60[59
718 58[57
9110 56|55
11T 5415
13|14 TOp 5251
15[16 50[49
17(18 48147
19]20 46|45
21|22 44143
23|24 42141
[26]28]30[32[34[36[38[40]
[25]27[293133[35[3739|

Figure 9-3 HMS91C8232 Emulator POD
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9.2 HMS9XC8232 POD Hardware Settings

4.375IN [111.125mm] -
A
000000000000
_LI_ _LI_ |OOOOOOOOOOOO|
sol 150 i 1 J3 8
Jl1 0
HiIR LieH BB rel b
I gal ek 35
—_ 00| | o0 1 88 88 Target
g og og Q0 Q0 Congector
N 90| | 90 Q0 J6 37|99
S ool |20 J13 00 00
OB I
e 00| | o0
— 00 00 1 [OIOIOIO
= oo [ o0 2 75 _J8
S el 138 RS U2 |oooooooooooo|
™ o0 o0 [ 0)O] 71 000000000000
™ 00 00
00| | o0
00| |00 BNC
gg gg J37 Connector
00 00 H
00| | oo
Top View 00 [0f
I {H H1
Figure 9-4 HMS91C8232 Emulator POD Settings
Voltage Settings Signal connector
Jumper selector J13 determines the operational voltage. A signal connector, marked J11, is located on the POD.
Position Vcc Level 2 4 6 8 10
Set 5.0V (default) GND AUXO0 AUXO0 AUXO0 AUXO0
Removed 3.3V GND GND BPEXT RESO | TRESET
1 3 5 7 9

Figure 9-5 Jumper J13 Settings

) Figure 9-7 U11 connector signal pinout
This jumper must be set in any way regardless if the power supply

is set to Emulator or to Target. Jumper selector J13 determines the operational voltage.
Jumper J2 selects the CPU voltage when Emulator is the supply si . Signal
source. ignal Description Direction
CPU Voltage (Emulator) J2 Setting BPEXT External Breakpoint Input
3.3V 1-2 RESO Reset Output Output
5V 2-3 (default) TRESET Target Reset Input
AUXO0..3 Auxilliary inputs Input

Figure 9-6 Jumper J2 Settings
Figure 9-8 U11 Connector signal description
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Signal Source Settings

Four CPU inputs, AMIFC, VCOH and VCOL, can be lead to the LCD Voltage levels
POD ceither through the target or via BNC connectors, present on Jumpers J3, J4, J9, 710, J11 and the R14 potentiometer define the
the bottom board. The input source must be selected by setting voltage level for the LCD.

the jumpers J5 through J8. L
R14 (100k) is adjusted LCD contrast.

Jumper | Signal c BNC Target
onnector Connector
J5 AMIFC 1-2 2-3 (default)
Jé FMIFC 1-2 2-3 (default)
J7 VCOH 1-2 2-3 (default)
J8 VCOL 1-2 2-3 (default)

Figure 9-9 BNC or Target connector Settings

BIAS
1 J3 Voo
2 Jo r- i‘ -1 R14
16 : J : Adjust Contrast
VCL2 2 Lo J- -4
Ve o o
HMS91C8232 3O 1
HMS97C8232 , — J10 >
@]
VCLA1 D 2 o
J4 3|0 1
1 ]
Z@ T ;
O
VCLO D 2 O
3 9 1
i i
Vss

Figure 9-10 LCD Voltage Level Settings

Other jumpers on the POD (J1 and J37) are for factory testing
purposes and should not be moved.

Other Jumper Settings
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10. PACKAGE DIMENSION

HMS97C8232/91C8232 (80 pin package)

5 23.90£0.25
[ e 20.00£0.10 ='
0 Y o
Co— — 1
Co— — 1
= () ==
— ol v o
== ==k :
E= =83 g
cr o |~ i
80 ~ v
A
2 g
s
S8OMQFP ®
«s O
UNIT : mm i /O
v ]

+3 13
0.90 47

0.23+0.13
A
0.1840.05
"
0.25

DETAIL “A”

Figure 10-1 HMS91C8232 PACKAGE DIMENSION
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MASK ORDER & VERIFICATION SHEET
HMS91C82 -DC

Customer should write inside thick line box.

1. Customer Information 2. Device Information
Company Name ROM size Package Freq.
Application
PP L &K []4.5MHz
YYYy MM DD (116K 8OMQFP
Order Date
. . [ 32K []7.2MHz
Tel: Fax:
Name & ROM Protection  [_]Without [ |Normal [ ] Super
Signature:
File Name : ( .HEX)
]
© HEX Format : Intel
3. Marking Specification ~ U . ]
nuse te : “00”, “FF”
80MQFP g Y L
MagnaChip»__— | roMisKor3K Check Sum : |:| |:| |:| |:|
—

HMs91c82] | |-pc| | | |

(Please check mark into ] )
YYww KOREA \_|

[—» MagnaChip ROM Code Number

[ J
\P Lot Number
4. Delivery Schedule
Date Quantity MagnaChip Confirmation
YYYY MM DD
Customer Sample . . pcs
Risk Order e MM PP pcs
5. ROM Code Verification This box is written after “5. Verification”.
. . . YYYY MM DD YYYY MM DD
Verification Date: . . Approval Date:

Please confirm our verification data. I agree with your verification data and confirm you to

make mask set.

Check Sum:
Tel: Fax:
Tel: Fax: Name &
Name & Signature:
Signature:

MagnaChip Semiconductor Ltd.
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