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C51 Family TEMI C

1. Common Features Description

1.1. Introduction ® The Timer/Counters

This chapter presents a comprehensive description of tFle The serial Interface

on-chip hardware features of the TEMIC C51® The Interrupt System
microcontrollers. Included in this description are : ® Reset

® The port drivers and how they function both as port® The reduced Power Modes
and, for Ports 0 and 2, in bus operations

Figure 1. C51 Architecture Block Diagram.
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Table 1. The TEMIC C51 Family of Microcontrollers.

DEVICE ROMLESS ROM RAM 16-BIT PROCESS
NAME VERSION BYTES BYTES TIMERS TYPE
80C51, TSC80C51 80C31 4K 128 2 CMOS
80C52 80C32 8K 256 3 CMOS
83C154 80C154 16K 256 3* CMOS
83C154D 32K 256 3* CMOS

* included watchdog and Timer 32 bits.

The devices under consideration are listed in Table 1. Bpecial Function Registers

it becomes unwieldy to be constantly referring to each of

these devices by their individual names, we will adopt A map of the on-chip memory area called SFR (Special

convention of refering to them generically as 80C51§;unction Register) space is shown in Figure 2. SFRs

80C52s and 83C154s, unless a specific member of tim@rked by parentheses are resident in the 80C52s and
group is being refered to, in which case it will beB3C154s but not in the 80C51s. IOCON marked by a star

specifically named. The 80C51s include the TSC80CS5IK only resident in the 83C154s.

80C51 and 80C31. The 80C52s are the 80C52 and 80CRR+te that not all of the addresses are occupied.

The 83C154s are the 83C154, the 80C154 and W occupied addresses are not implemented on the chip.

83C154D. Read accesses to these addresses will in general return
Figure 1. shows a functionnal block diagram of theandom data, and write accesses will have no effect.
80C51s, 80C52s and 83C154s.

Figure 2. SFR Map. (...) Indicates Resident in 80C52s and 83C154s, not in 80C51s.

8 Bytes

F8 *[OCON FF
FO B F7
E8 EF
EO ACC E7
D8 DF
DO PSW D7
c8 (T2CON) (RCAP2L) | (RCAP2H) (TL2) (TH2) CF
(60] C7
B8 IP BF
BO P3 B7
A8 IE AF
A0 P2 A7
98 SCON SBUF 9F
90 P1 97
88 TCON TMOD TLO TL1 THO TH1 8F
80 PO SP DPL DPH PCON 87

* 83C154s only.
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C51 Family TEMI C

User software should not write 1s to these&.1.8. Timer registers

unimplemented locations, since they may be used #5‘ . .
; egister pairs (THO, TLO), (TH1, TL1), and (TH2, TL2)
future TEMIC C51 products to invoke new features. In e the 16-bit counting registers for Timer/Counters 0, 1,

that case the reset or inactive values of the new bits WE:I:] d 2 respectivel
always be 0, and their active values will be 1. - resp Y-

The functions of the SFRs are described as below.

1.1.9. Capture registers

1.1.1. Accumulator The register pair (RCAP2H, RCAP2L) are the capture
rregister for the Timer 2 “capture mode.” In this mode, in
response to a transition at the 80C52’s T2EX pin, TH2 and
TL2 are copied into RCAP2H and RCAP2L. Timer 2 also
has a 16-bit auto-reload mode, and RCAP2H and
RCAP2L hold the reload value for this mode. More about

1.1.2. B Register Timer 2’s features in Section 1.6.
The B register is used during multiply and divide

operations. For other instructions it can be treated 3S 10. Control registers
another scratch pad register. U

ACC is the Accumulator register. The mnemonics fo
accumulator-specific instructions, however, refer to th
accumulator simply as A.

Special Function Registers IP, IE, TMOD, TCON,
1.1.3. Program status word T2CON, SCON, and PCON contain control and status
bits for the interrupt system, the timer/counters, and the

The PSW register contains program status information &8l port. They are described in later sections,

detailed in Figure 3.

1.1.4. Stack pointer 1.2. Oscillator and Clock Circuit

The Stack Pointer register is 8 bits wide. It is incremented

before data is stored during PUSH and CALL executionXTAL1 and XTAL2 are the input and output of a
While the stack may reside anywhere in On_chip RANﬁyingle-Stage On—Chip inVerter, which can be Conﬁgured
the Stack Pointer is initialized to 07H after a reset. Thiith off-chip components as a Pierce oscillator, as shown

causes the stack to begin at location 08H. in Figure 4. The on-chip circuitry, and selection of
off-chip components to configure the oscillator are
1.1.5. Data pointer discussed in Section 1.12.

The Data Pointer (DPTR) consists of a high byte (DPH)
and a low byte (DPL). Its intended function is to hold digure 3. Crystal/Ceramic Resonator Oscillator.

16-bit address. It may be manipulated as a 16-bit register 30 pf +/- 10 pf FOR CRYSTALS

or as two independent 8-bit registers. 40 pf +/- 10 pf FOR CERAMIC RESONATORS
18

1.1.6. Ports 0 to 3 € XTAL2

PO, P1, P2 and P3 are the SFR latches of Ports 0, 1, 2 and .

3, respectively. Im L

1.1.7. Serial data buffer I€ XTALT

The Serial Data Buffer is actually two separate registers, 19

a transmit buffer an_d a receive buffer register. When da_ta 30 pf +/- 10 pf FOR CRYSTALS

is moved to SBUF, it goes to the transmit buffer where it 40 pf +/- 10 pf FOR CERAMIC RESONATORS
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.

4 MATRA MHS
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Figure 4. PSW : Program Status Work Register.

(MSB) (LSB)
‘ CYy | AC ‘ FO | RS1 | RSO | ov | - ‘ P |
Symbol Position Name and Significance
CY PSwW.7 Carry flag
AC PSW.6 Auxiliary Carry flag.
(For BCD operations.)
FO PSW.5 Flag 0
(Available to the user for general purposes.)
RS1 PSwW.4 Register bank Select control bits 1 & 0. Set/cleared by software to
determineswxkigrsguistrrbhagkdsqe Binte)
RSO PSW.3
Symbol Position Name and Significance
ov PSW.2 Overflow flag.
- PSW.1 (reserved)
P PSW.0 Parity flag.

Set/cleared by hardware each instruction cycle to indicate and odd/even
number of “one” bits in the accumulator, i.e., even parity.
Note : the contents of (RS1, RS0) enable the working register banks 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)

The oscillator, in any case, drives the internal clock.3. CPU Timing
generator. The clock generator provides the internal . . .
clocking signals to the chip. The internal clocking signals machme cycle consists Of. 6 states (12 oscnlatpr
are at half the oscillator frequency, and define the intern riods). Each state is divided into a Phase 1 half, during

phases, states, and machine cycles, which are descriﬁ' ich the_ Phase 1 clock is ac_tive, _and a Phase 2 h_alf,
in the next section. uring which the Phase 2 clock is active. Thus, a machine

cycle consists of 12 oscillator periods, numbered S1P1
(State 1, Phase 1), through S6P2 (State 6, Phase 2). Each
phase lasts for one oscillator period. Each state lasts for
two oscillator periods. Typically, arithmetic and logical
operations take place during Phase 1 and internal
register-to-register transfers take place during Phase 2.

MATRA MHS 5
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The diagrams in Figure 5 show the fetch/execute timingormally, two codes bytes are fetched from Program
referenced to the internal states and phases. Since thiemory during every machine cycle. The only exception
internal clock signals are not user accessible, the XTAL® this is when a MOVX instruction is executed. MOVX
oscillator signal and the ALE (Address Latch Enablels a 1-byte 2-cycle instruction that accesses external Data
signal are shown for external reference. ALE is normallylemory. During a MOVX, two fetches are skipped while
activated twice during each machine cycle : once duriribe external Data Memory is being addressed and strobed.
S1P2 and S2P1, and again during S4P2 and S5P1. Figure 1-5C and 1-5D show the timing for a normal
e]n—byte, 2-cycle instruction and for a MOVX instruction.

Execution of one-cycle instruction begins at S1P2, wh
the opcode is latched into the Instruction Register. If it i .

a two-byte instruction, the second byte is read during ;4' Port Structures and Operation

of the same machine cycle. If it is one-byte instructiorAll four ports in the 80C51 are bidirectional. Each
there is still a fetch at S4, but the byte read (which woultsbnsists of a latch (Special Function Register PO through
be the next opcode), is ignored, and the Program Counks), an output driver, and an input buffer.

is not incremented. In any case, execution is completeie output drivers of Ports 0 and 2, and input buffers of
the end of S6P2. Figures 1-5A and 1-5B show the timingort 0, are used in accesses to external memory. In this
for a 1-byte, 1-cycle instruction and for a 2-byte, 1-cyclgppjication, Port 0 outputs the low byte of the external
Instruction. memory address, time-multiplexed with the byte being
Most 80C51 instructions execute in one cycle. MUIwritten or read. Port 2 outputs the high byte of the external
(multiply) and DIV (divide) are the only instructions thatmemory address when the address is 16 bits wide.

take more than two cycles to complete. They take fo@therwise the Port 2 pins continue to emit the P2 SFR
cycles. content.

6 MATRA MHS
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Figure 5. 80C51 fetch/Execute Sequences.
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(A) 1-byte, 1-cycle instruction, e.g., INC A.

READ OPCODE.
READ 2ND BYTE.

]s'1|sz|ss|s'4|35|se

(B) 2-byte, 1 -cycle instruction, e.g., ADD A, #data

READ OPCODE.
READ NEXT

OPCODE (DISCARD).

READ NEXT OPCODE AGA

N.

[

1|32|33|s4|35|se

|s2 | s3 |s4 |s5 [s6

(C) 1-byte, 2'-cycle instruction, e.g., INC DPTR.

READ OPCODE

R EAD NEXT

OPCODE ( DISCARD).

N oH. NO FETCH.

l (J;NO ALE. l

|S1|82|S3|S4 s5 | s6

i READ NEXT OPCODE AGAIN.

s1|s2| s3] s4 s5 | s6f

(D) MOVX (1-byte, 2-cycle). ADDR ‘ DATA i

-/

i —_—

ACCESS EXTERNAL MEMORY

All the Port 3 pins, and (in the 80C52) two Port 1 pins arEhe alternate functions can only be activated if the
multifunctional. They are not only port pins, but als@orresponding bit latch in the port SFR contains a 1.
serve the functions of various special features as list€itherwise the port pin is stuck at 0.

below :
Port Pin Alternate Function
*P1.0 T2 (Timer/Counter 2 external input)
*P1.1 T2EX (Timer/Counter 2 capture/reload
trigger)
P3.0 RXD (serial input port)
P3.1 TXD (serial output port)
P3.2 INTO (external interrupt)
P3.3 INT1 (external interrupt)
P3.4 TO (Timer/Counter 0 external input)
P3.5 T1 (Timer/Counter 1 external input)
P3.6 WR (external Data memory write strobe)
P3.7 RD (external Data memory read strobe)

* P1.0 and P1.1 serve these alternate functions only on the 80C52,

83C154 and 83C154D.

1.4.1. 1/0O Configurations

Figure 6. shows a functional diagram of a typical bit latch
and I/O buffer in each of the four 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
Q output of the flip-flop is placed on the internal bus in
response to a “read 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
instructions that read a port activate the “read latch”
signal, and others activate the “read latch” signal, and
others activate the “read pin” signal.

MATRA MHS
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Figure 6. 80C51 Port Bit Latches and I/O Buffers.
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* See Figure 7. for details of the internal pullup.

As shown in Figure 6., the output drivers of Ports 0 anfdort O differs in not having internal pullups. The pullup

2 are switchable to an internal ADDR and ADDR/DATAFET in the PO output driver (see Figure 1-6A) is used only
bus by an internal CONTROL signal for use in externalthen the Port is emitting 1s during external memory
memory accesses. During external memory accesses, dlceesses. Otherwise the pullup FET is off. Consequently
P2 SFR remains unchanged, but the PO SFR gets P& lines that are being used as output port lines are open
written to it. drain. Writing a 1 to the bit latch leaves both output FETs

Also shown in Figure 6., is that if a P3 bit latch contain€ff; SO the pin floats. In that conditions it can be used as
a 1, then the output level is controlled by the signd Nigh-impedance input.

labeled “alternate output function.” The actual P3.X piBecause Ports 1, 2, and 3 have fixed internal pullups they
level is always available to the pin's alternate inpudire sometimes called “quasi-bidirectional” ports. When

function, if any. configured as inputs they pull high and will source current

Ports 1, 2, and 3 have internal pull-ups. Ports 0 h&4L. in the data sheets) when externally pulled low. Port

open-drain outputs. Each I/O line can be independenfly on the other hand, is considered “true” bidirectional,

used as an input or an output. (Ports 0 and 2 may not@cause when configured as an input it floats.

used as general purpose I/O when being used as Hiethe port latches in the 80C51 have 1s written to them

ADDR/DATA BUS). To be used as an input, the port biby the reset function. If a 0 is subsequently written to a
latch must contain a 1, which turns off the output drivegort latch, it can be reconfigured as an input by writing a

FET. Then, for Ports 1, 2, and 3, the pin is pulled high byto it.

the internal pull-up, but can be pulled low by an external

source.

8 MATRA MHS
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1.4.2. Writing to a Port In the CMOS versions, the pull-up consists of three
IpFETs. It should be noted that an n-channel FET (nFET)

in a port latch, the new value arrives at the latch duri lﬂgrtrl: ér&egf? T,er\]lgﬁnaa Ifgil((:::ll ](.)lfsagggﬁg(;otgsitgsageétzndAIS

IS?PhZ of the_flnfal (t:ycle 0]; tgebln?;ru_ctlorl. HtO\t/Jvef\r/er, POIY_ channel FET (PFET) is the opposite : it is on when its
atches are in fact sampled by their output DUTErs Oniyoiq sees g 0, and off when its gate sees a 1.

during Phase 1 of any clock period. (During Phase 2 the o . . .
output buffer holds the value it saw during the previou8FET 1 in Figure 7. is the transistor that is turned on 2
Phase 1). Consequently, the new value in the port lateRcillator periods after a 0-to-1 transition in the port latch.
won't actually appear at the output pin until the nexyVhileit's on, it turns on pFET 3 (a weak pull-up), through

Phase 1, which be at S1P1 of the next machine cycle. the inverter. This inverter and pFET form a latch which

. L hold the 1.
If the change requires a 0-to-1 transition in Port 1, 2, or

3, an additional pull-up is turned on during S1P1 anijote thatif the pin is emitting a 1, a negative glitch on the
S1P2 of the cycle in which the transition occurs. This iin from some external source can turn off pFET 3,
done to increase the transition speed. The extra pull-Gausing the pin to go into a float state, pFET 2 is a very
can source about 100 times the current that the norn¥g¢ak pull-up which is on whenever the nFET is off, in

pull-up can. It should be noted that the internal pull-upaditional CMOS style. It's only about 1/10 the strenght

are field-effect transistors, not linear resistors. Thef PFET3. Its function is to restore a 1 to the pin in the
pull-up arrangements are shown in Figure 7. event the pirhada 1 and lost it to a glitch.

In the execution of an instruction that changes the va

Figure 7. Ports 1 and 3 CMOS Internal Pull-up Configurations.
Port 2 is similar except that it holds the strong pullup on while emitting 1s that are address bits.
(See test, “Accessing External Memory™.)

Voo Ve Ve

CMOS Configuration. pFET 1 is turned on
for 2 osc. periods after Q makes a 1-to-0
transition. During this time, pFET 1 also turns
on pFET 3 through the inverter to form a

PglﬁT latch which holds the 1. pFET 2 is also on.

2 08C. PERIODS

a
FROM PORT™
LATCH

INPUT
DATA

READ
PORT PIN

1.4.3. Port loading and interfacing Figure 8. Port Interfacing.

The output buffer of Ports 1, 2 and 3 can each drive 3LS

TTL inputs. The pins can be driven by open-collector and

open-drain outputs, but note that 0-to-1 transition will not P2

be fast. In the CMOS device, an input O turns off pullup — Pa
P3, leaving only the weak pullup P2 to drive the transistor.

The Figure 8. shows an example where the port is driven

by an open drain transistqgy.tThe parasitic capacitance

is equal to 100pF. 1X

MATRA MHS 9
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The Figure 9. shows the behaviour of the port durinfhe reason that read-modify-write instructions are
0-to-1 transition. directed to the latch rather than the pin is to avoid a

In the area A only pullup P2 sinks the capacitor and takB§SSiPle misinterpretation of the voltage level at the pin.
5 us to switch from 0 volt to 2 volts. In the area B, pullug ©f €xample, a port bit might be used to drive the base of
P2 and P3 feed the capacitor and the time to charge ghransistor. When a 1 is written to the bit, the transistor
capacitor is divide roughly by ten. So this figure shows 1§ turned on. If the CPU then reads the same port bit at the

takes some machine cycles before having a true high lePdl rather than the latch, it will read the base voltage of
during a O-to-1 transition. the transistor and interpret it as a 0. Reading the latch

rather than the pin will return the correct value of 1.

Figure 9. Port Behaviour During 0-to-1 Further details are given in the next chapter concerning
Transition. the powerful functions of the 83C154 I/O PORTS.

1.5. Accessing External Memory

Accesses to external memory are of two types : accesses
to external Program Memory and accesses to external
Data Memory. Accesses to external Program Memory use
signal PSEN(program store enable) as the read strobe.
Accesses to external Data Memory use RDWR
(alternate function of P3.7 and P3.6) to strobe the
memory.

L L Fetches from external Program memory always use a
> 4 & s 10 12 14 s 16-bit address. Accesses to external Data Memory can
use either a 16-bit address (MOVX @DPTR) or an 8-bit
address (MOVX @Ri).

1.4.4. Read-Modify-Write Feature Whenever a 16-bit address is used, the high byte of the
Some instructions that read a port read the latch aaddress comes out on Port 2, where it is held for the
others read the pin. Which ones do which ? Thguration of the read or write cycle. Note that the Port 2
instructions that read the latch rather than the pin are thelvers use the strong pullups during the entire time that
ones that read a value, possibly change it, and then rewtiiey are emitting address bits that are 1s. This is during
it to the latch. These are called “read-modify-write’the execution of a MOVX @DPTR instruction. During
instructions. The instructions listed below arehis time the Port 2 latch (the Special Function register)
read-modify-write instructions. When the destinatiorioes not have to contain 1s, and the contents of the Port
operand is a port, or a port bit, these instructions read tPeSFR are not modified. If the external memory cycle is

latch rather than the pin : not immediately followed by another external memory
ANL (logical AND, e.G., ANL P1,A) cycle, the undisturbed contents of the Port 2 SFR will
ORL (logical OR, e.g., ORL P2,A) reappear in the next cycle.

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

If an 8-bit address is being used (MOVX @RIi), the

JBC S;’?P:L@L‘L)l and clear bit, e.g., JBC contents of the Port 2 SFR remain at t.he Eort 2 pins
CPL (complement bit, e.g., CPL P3.0) thro_ughout the external memory cycle. This will facilitate
INC (increment, e.g., INC P2) paging.
DEC (decrement, e.g., DEC P2)
DJINZ (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)
SETB PX.Y (set bit Y of Port X)

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.

10 MATRA MHS
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In any case, the low byte of the address ighen the CPU is executing out of external Program
time-multiplexed with the data byte on Port 0. Thélemory, all 8 bits of Port 2 are dedicated to an output
ADDR/DATA signal drives both FETs in the Port 0 outpufunction and may not be used for general purpose 1/0.
buffers. Thus, in this application the Port 0 pins are n@uring external program fetches they output the high byte
open-drain outputs, and do not require external pull-upst the PC. During this time the Port 2 drivers use the
Signal ALE (address latch enable) should be used $trong pullups to emit PC bits that are 1s.

capture the address byte into an external latch. The

address byte is valid at the negative transitions of ALE.

Then, in a write cycle, the data byte to be written apped?sSEN

on Port 0 just before Wi activated, and remains thereThe read strobe for external fetches is PSESENis not

until after WR is deactivated. In a read cycle, thectivated for internal fetches. When the CPU is accessing
incoming byte is accepted at Port 0 just before the reastternal Program Memory, PSE#activated twice every
strobe is desactivated. cycle (except during a MOVX instruction) whether or not
During any access to external memory, the CPU writdse byte fetched is actually needed for the current
OFFH to the Port O latch (the Special Function Registeiijstruction. When PSERM activated its timing is not the
thus obliterating whatever information the Port 0 SFRame as RDA complete RDcycle, including activation

may have been holding. and deactivation of ALE and RDakes 12 oscillator
External program Memory is accessed under tweriods. A complete PSENycle, including activation
conditions : and deactivation of ALE and PSEMkakes 6 oscillator

periods. The execution sequence for these two types of

1) Whenever signal Es active ; or rgad cycles are shown in Figure 10 for comparison.

2) Whenever the program counter (PC) contains
number that is larger than OFFFH (1FFFH for the
80C52, 3FFFH for the 83C154 and 7FFFH for the
83C154D.

This requires that the ROMless versions havevired

low to enable the lower 4K (8K for the 80C32, 16K for the

80C154 and 32K for the 80C154D) program bytes to be

fetched from external memory.

MATRA MHS 11
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Figure 10. External Program Memory Execution.
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ALE Overlapping External Program and Data Memory

) ) ) . ) Spaces
The main function of ALE is to provide a properly timed

signal to latch the low byte of an address from PO to 4f S0me applications it is desirable to execute a program
external latch during fetches from external Prograrffom the same physical memory that is being used to store

Memory. For that purpose ALE is activated twice ever&ga- In the 80C51, the external Program and Data
machine cycle. This activation takes place even when tifimMory spaces can be combined by ANDing P$EN

cycle involves no external fetch. The only time an ALERD: A positive-logic AND of these two signals produces
pulse doesn’t come out is during an access to exteridl active-low read strobe that can be used for the

Data Memory. The first ALE of the second cycle of £Ombined physical memory. Since the PSEy¢le is

MOVX instructions is missing (see Figure 10_)_fasterthanthﬁbycle,theexternal memory needs to be

Consequently, in any system that does not use exterf@$t enough to accomodate the PSiyhle.
Data Memory, ALE is activated at a constant rate of 1/6

the oscillator frequency, and can be used for external

clocking or timing purposes.

12 MATRA MHS
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1.6. Timer/Counters In addition to the “timer” or “counter” selection, Timer
0 and Timer 1 have four operating modes from which to

The 80C51 has two 16-bit timer/counter registers : Timgglect. Timer 2, in the 80C52, 83C154 and 83C154D has
0 and Timer 1. The 80C52, 83C154 and 83C154D hayigree modes of operation : “capture,” “auto-reload” and

these two plus one more : Timer 2. All three can b&aud rate generator.”
configured to operate either as timers or event counters.

In the “timer” function, the register is incremented every

machine cycle. Thus, one can think of it as counting

machine cycles. Since a machine cycle consists of 12
oscillator periods, the count rate is 1/12 of the oscillator
frequency.

In the “counter” function, the register is incremented in
response to a 1-to-O transition at its corresponding
external input pin, TO, T1 or (in the 80C52, 83C154 and
83C154D) T2. 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 S3P1 of the cycle following
the one in which the transition was detected. Since it takes
2 machine cycles (24 oscillator periods) to recognize a
1-to-0 transition, the maximum count rate is 1/24 of the
oscillator frequency. 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 machine cycle.

Figure 11. TMOD : Timer/Counter Mode Control Register.

(MSB) (LSB)
GATE | CIT ‘ M1 | MO GATE | CIT | M1 ‘ MO
TIMER 1 TIMER O
GATE Gating control When set. Timer/counter “x” is enabled only while “INdir is high and “TRx” control pin is
set. When cleared Timer “x” is enabled whenever “TRx” control bit is set.
CIT Timer or Counter Selector Cleared for Timer operation (input from internal system clock.) Set for Counter

operation (input from “Tx” input pin).

M1 MO Operatong Mode

0 0 MCS-48 Timer “TLx" serves as five-bit prescaler.

0 1 16 bit Timer/Counter “THx” and “TLx" are cascaded ; there is no prescaler

1 0 8 bit auto-reload timer-counter “THx” holds a value which is to be reloaded into “TLx"

each timer it overflows.
1 1 (Timer 0) TLO is an eight bit timer counter-controlled by the standard Timer O control
bits THO is an eight-bit timer only controlled by Timer 1 control bits.
1 1 (Timer 1)  Timer-counter 1 stopped.
MATRA MHS 13
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Timer 0 and Timer 1 The 13-bit register consists of all 8 bits of TH1 and the

: . ower 5 bits of TL1. The upper 3 bits of TL1 are
These timer/counter are present in both the 80C51 {Xdeterminate and should be ingored. Setting the run flag
80C52, the 83C154 and the 83C154D. The “timer O(TRl) does not clear the registers
“counter” function is selected by control bits Gf'the o - ]
Special Function Register TMOD (Figure 11.). These twijlode 0 operation is the same for Timer 0 as for Timer 1.
timer/counters have four operating modes, which af@ubstitute TRO, TFO and INTér the corresponding
selected by bit-pairs (M1, MO) in TMOD. Modes 0, 1, andImer 1 signals in Figure 12. There are two different
2 are the same for both timer/counters. Modes 3 $8ATE bits, one for Timer 1 (TMOD.7) and one for Timer
different. The four operating modes are described belof.(TMOD.3).

Mode 1

. . ) . ) . Mode 1 is the same as Mode 0, except that the Timer
Putting either Timer into mode 0 makes it look like aRegister is being run with all 16 bits.

8048 Timer, which is an 8-bit counter with a divide-by-32
prescaler. Figure 12. shows the mode 0 operation asyjbde 2
applies to Timer 1.

Mode 0

) ] ] ) ) Mode 2 configures the timer register as an 8-bit counter
In this mode, the timer register is configured as a 13-hif| 1) with automatic reload, as shown in Figure 14.
register. As the count rolls over from all 1s to all Os, it Se{Syerflow from TL1 not only sets TF1, which is preset by
the timer interrupt flag TF1. The counted input is enableghfware. The reload leaves TH1 unchanged.
to the Timer when TR1 = 1 and either GATE = 0 o

INTL = 1. (Setting GATE =1 allows the Timer to IOeF\/Iode 2 operation is the same for Timer/Counter 0.
controlled by external input INT1to facilitate pulse de 3
width measurements). TR1 is a control bit in the SpeciMo €

Function register TCON (Figure 1-10). GATE is inTimer 1in Mode 3 simply holds its count. The effect is the
TMOD. same as setting TR1 = 0.

Figure 12. Timer/Counter 1 Mode 0 : 13-bit Counter.

osc +12
CIT=0 L1 | TH
ork . . > TF1 INTERRUPT
T CIF -1 5 (5 Bits) | (8 Bits) —
T1 Pin CONTROL
TR1

GATE

INT1 PIN
14 MATRA MHS
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Figure 13. TCON : Timer/Counter Control Register.

(MSB) (LSB)
‘ TF1 | TR1 ‘ TFO | TRO | IE1 | IT1 | IEO ‘ ITO |
Symbol Position Name and Significance
TF1 TCON.7 Timer 1 overflow Flag. Set by hardware on timer/counter overflow.
Cleared by hardware when processor vectors to interrupt routine.
TR1 TCON.6 Timer 1 Run control bit. Set/cleared by software to turn timer/counter
on/off.
TFO TCON.5 Timer 0 overflow Flag. Set by hardware on timer/counter overflow.
Cleared by hardware when processor vectors to interrupt routine.
TRO TCON.4 Timer O Run control bit. Set/cleared by software to turn timer/counter
on/off.
Symbol Position Name and Significance
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.
IEO TCON.1 Interrupt O Edge flag. Set by hardware when external interrupt edge
detected. Cleared when interrupt processed.
ITO TCON.O0 Interrupt O Type control bit. Set/cleared by software to specify falling

edge/low level triggered external interrupts.

Timer 0 in Mode 3 establishes TLO and THO as twdimer 2

separate counters. The logic for Mode 3 on Timer O i . i 1 S .
shown in Figure 15. TLO uses the Timer 0 control bitslﬁmer 2 is a 16-bit timer/counter which is present only in

CIT, GATE, TRO, INTQ and TFO. THO is locked into a the 80C52, 83C154 and 83C154D. Like Timers 0 and 1,

; . . . it can operate either as a timer or as an event counter.
timer function (counting machine cycles) 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 or counter. With Timer 0 in Mode 3, an 80C51
can look like it has three timer/counters, and an 80C52,
an 83C154 and 83C154D, like it has four. 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 interrupt.

MATRA MHS 15
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Figure 14. Timer/Counter 1 Mode 2 : 8-bit Auto-reload.

osc +12
CT=0
_ oA A »| TF1 | INTERRUPT
T CT=1 : (8 Bits)
T1 Pin CONTROL
—
RELOAD
TR1
TH1
GATE (8 Bits)
INT1 PIN

Figure 15. Timer/Counter 0 Mode 3 : Two 8-bit Counters.

0sC +12 |—» V27550

112fosc
l CT=0
_ oA e TFO |—— INTERRUPT
T CT=1 : (8 Bits)
TO Pin CONTROL

TRO
GATE
INTO PIN
1 THO
112fosc ,.:( (8 Bits) TF1 }—— INTERRUPT
CONTROL
TR1
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Figure 16. T2CON : Timer/Counter 2 Control Register.

(MSB)

(LSB)

‘ TF2 | EXF2 ‘ RCLK | TCLK |EXEN2| TR2 | C/T2 ‘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 =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 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 overflows 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 (OSC/12) 1 = External event counter
(falling edge triggered).

CP/RL2 T2CON.0 Capture/Reload flag. When set, captures will occur on negative transitions 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 the timer is forced to auto—reload on Timer 2 overflow.

This is selected by bit C/Tth the Special Function In the capture mode there are two options which are
Register T2CON (Figure 16). It has three operatingelected by bit EXEN2 in T2CON. If EXEN2 = 0, then

modes : “capture,

autoload” and “baud rate generatorTimer 2 is a 16-bit timer or counter which upon

which are selected by bits in T2CON as shown in Table @verflowing sets bit TF2, the Timer 2 overflow bit, which

Table 2. Timer 2 Operating Modes.

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

RELS v el || CRIREZ | ViR IoIDiz be captured into registers RCAP2L and RCAP2H,
0 0 1 | 16-bit auto-reload respectively. (RCAP2L and RCAP2H are new Special
0 1 1 | 16-bit capure Functi(_)r_1 Registers in_t_he 80C52, 83C154 anql 83C15£_1D.
In addition, the transition at T2EX causes bit EXF2 in
1 X 1 | baud rate generator T2CON to be set, and EXF2, like TF2, can generate an
N N 0 interrupt.
The capture mode is illustrated in Figure 17.
MATRA MHS 17
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Figure 17. Timer 2 in Capture Mode.

osc 12
CfT2=0
N~ o o TL2 TH2 TE2
C/m2=1 ! (8 Bits) | (8 Bits)
T2 Pin CONTROL
TR2 —’\\// ™ /
M TIMER 2
INTERRUPT
CAPTURE
TRANSITION
DETECTION | RCAP2L | RCAP2H |
T2EX PIN—» X : »| EXF2
‘CONTROL
EXEN2

In the auto-reload mode there are again two option$.7. Serial Interface (80C51 and 80C52 only)
which are selected by bit EXEN2 in T2CON. If EXEN2 =
0, then when Timer 2 rolls over it not only sets TF2 buthe serial port is full duplex, meaning it can transmit and
also causes the Timer 2 registers to be reloaded with tiegeive simultaneously. It is also receive-buffered,
16-bit value in registers RCAP2L and RCAP2H, whichmeaning it can commence reception of a second byte
are preset by software. If EXEN2 = 1, then Timer 2 stilbefore a previoulsy received byte has been read from the
does the above, but with the added feature that a 1-tgexeive register. (However, if the first byte still hasn't
transition at external input T2EX will also trigger thebeen read by the time reception of the second byte is
16-hit reload and set EXF2. complete, one of the bytes will be lost). The serial port
The auto-reload mode is illustrated in Figure 18. receive and transmit registers are both accessed at Special
Function Register SBUF. Writing to SBUF loads the

The baud rate generator mode is selected by RCLK Syl gmjt register, and reading SBUF accesses a physically
and/or TCLK = 1. It will be described in conjunction W'thseparate receive register.

the serial port.

18 MATRA MHS
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Figure 18. Timer 2 in Auto-Reload Mode.

0sC +12
l CT2=0
~ e TL2 TH2
T Cm2=1 ! (8 Bits) | (8 Bits)
T2 Pin CONTROL
N
TR2 \ \
RELOAD
TRANSITION
DETECTOR RCAP2L | RCAP2H | $—» TF2
TIMER 2
INTERRUPT
T2EX PIN—s : : EXF2
CONTROL
EXEN2
The serial port can operate in 4 modes : 1.7.1. Multiprocessor Communications

Mode O : Serial data enters and exits through RXD. Txpflodes 2 and 3 have a special provision for
outputs the shift clock. 8 bits are transmitted/received :gUltiprocessor, communications. In these modes, 9 data

data bits (LSB first). The baud rate is fixed at 1/12 thBItS &re received. The 9th one goes into RB8. Then comes
oscillator frequency. a stop bit. The port can be programmed such that when the

stop bit is received, the serial port interrupt will be
Mode 1 : 10 bits are transmitted (through TXD) oractivated only if RB8 = 1. This feature is enabled by
received (through RXD) : a start bit (0), 8 data bits (LSBetting bit SM2 in SCON. A way to use this feature in
first), and a stop bit (1). On receive, the stop bit goes intoultiprocessor systems is as follows.
RB8 in Special Function Register SCON. The baud ragy

. ) hen the master processor wants to transmit a block of
is variable.

data to one of several slaves, it first sends out an address
Mode 2 : 11 bits are transmitted (through TXD) orbyte which identifies the target slave. An address byte
received (through RXD) : a start bit (0), 8 data bits (LS@iffers from a data byte in that the Sth bitis 1 in an address
first), a programmable 9th data bit, and a stop bit (1). dt¥t€ and 0 in a data byte. With SM2 = 1, no slave will be
transmit, the 9th data bit (TB8 in SCON) can be assign&ferTupt by a data byte. An address byte, however, will
the value of 0 or 1. Or, for example, the parity bit (P, in tigterrupt all slaves, so that each slave can examine the
PSW) could be moved into TB8. On receive, the 9th dafg§ceived byte and see if it is being addressed. The
bit goes into RB8 in Special Function register SCONddressed slave will clear its SM2 bit and prepare to
while the stop bit is ignored. The baud rate i§eceive the data bytes thatwill be coming. The slaves that

programmable to either 1/32 or 1/64 the oscillatoperen’t being addressed leaved their SM2s set and go on
frequency. about their business, ignoring the coming data bytes.

SM2 has no effect in Mode 0, and in Mode 1 can be used

Mode 3 : 11 bits are transmitted (through TXD) or o . X
) ’ . . 0 check the validity of the stop bit. In a Mode 1 reception,
received (through RXD) : a start bit (0), 8 data bits (LS| SM2 = 1, the receive interrupt will not be activated

first), a programmable 9th data bit and a stop bit (1). ILT less a valid stop bit is received
fact, Mode 3 is the same as Mode 2 in all respects exce& P '

the baud rate. The baud rate in Mode 3 is variable. Serial port Control Register

In all four modes, transmission is initiated in Mode O byrhe serial port control and status register is the Special
the condition Rl = 0 and REN = 1. Reception is initiate@function Register SCON, shown in Figure 19. This
in Mde 0 by the condition Rl = 0 and REN = 1. Receptioregister contains not only the mode selection bits, but also
is initiated in the other modes by the incoming start bit the 9th data bit for transmit and receive (TB8 and RB8),
REN = 1. and the serial port interrupts bits (Tl and RI).

MATRA MHS 19
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Figure 19. SCON : Serial Port Control Register.

(MSB) (LSB)
‘ SMO | SM1 | SM2 ‘ REN | TB8 ‘ RB8 | TI ‘ RI |
where SMO, SM1 specify the serial port mode, as follows : « TB8 is the 9th data bit that will be transmitted in modes 2 and 3.

o Set or clear by software as desired.
SMO SM1 Mode  Description Baud Rate

) ) * RB8 inmodes 2 and 3, is the 9th data bit that was received. In
0 0 0 shift register  dsc/12 mode 1, if SM2 = 0, RB8 is the stop bit that was received.
In mode 0, RB8 is not used.

0 1 1 8 bit UART variable
. o Tl is transmit interrupt flag. Set by hardware at the end of the
1 0 2 9 bit UART fbso;g;‘r or 8th bit time in mode 0, or at the beginning of the stop bit in
0sG the other modes, in any serial transmission. Must be
1 1 3 9bitUART  variable cleared by software.

+ SM2  enables the multiprocessor communication feature in *RI is receive interrupt flag. Set by hardware at the end of the
modes 2 and 3. In mode 2 or 3. if SM2 is set to 1 then RI 8th bit time in mode 0, or halfway through the stop bit time
will not be activated if the received 9th data bit (RB8) is 0. in the other modes, in any serial reception (except see
In mode 1, if SM2 = 1 then RI will not be activated if a SM2). Must be cleared by software.

valid stop bit is not received. In mode 0, SM2 should be 0.

« REN enables serial reception. Set by software to enable
reception. Clear by software to disable reception.

1.7.2. Baud Rates The Timer 1 interrupt should be disabled in this
The baud rate in Mode 0 is fixed : ?pplic,?tiop. The T’i,mer itS(_aIf can b_e configu_red for eiFher
i timer” or “counter” operation, and in any of its 3 running
Mode O Baud Rate= Oscillator Frequency modes. In the most typical applications, it is configured
12 for “timer” operation, in the auto-reload mode (high
The baud rate in Mode 2 depends on the value of titoble of TMOD = 0010B). In that case, the baud rate is
SMOD in Special Function Register PCON. If SMOD =given by the formula
0 (er'Ch 'fS its value I?“Sﬁég)'_tge Eaubd fadte IS 1,/6;"/?:*}\ﬂodes 1,3 pswmop . Oscillator Frequency
oscillator frequency. =1, the baud rate is 1/32%5, 4 rate = ~32 12 % [256 — (TH)]
the oscillator frequency.
2SMOD One can achieve very low baud rates with Timer 1 by
64 leaving the Timer 1 interrupt enabled, and configuring the

In the 80C51, the baud rates in Modes 1 and 3 eg' er to run as a 16-bit timer (high nibble of TMOD =
B

Mode 2 Baud Rate= X (Oscillator Frequency)

determined by the Timer 1 overflow rate. In the 80c52)001B), and using the Timer 1 interrupt to do a 16-bit
83C154 and 83C154D, these baud rates can Bgftware reload.

determined by Timer 1, or by Timer 2, or by both (one fdfigure 20. lists various commonly used baud rates and
transmit and the other for receive). how they can be obtained from Timer 1.

1.7.3. 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 :

Modes 1,3_ 2SMOD

Baud rate = 32 X (Timer 1 Overflow rate)

20 MATRA MHS
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Figure 20. Timer 1 Generated Commonly Used Baud 1.7.4. Using Timer 2 to Generate Baud Rates

Rates. In the 80C52, 83C154 and 83C154D, Timer 2 is selected
TIVER 1 as the baud rate generator by setting TCLK and/or RCLK
in T2CON (Figure 16.). Note then the baud rates for
B[R fosc |SMOD| __|  |Reload| transmit and receive can be simultaneously different.
Value Setting RCLK and/or TCLK puts Timer 2 into its baud
MODE 0 MAX - IMHZ | 12 MHZ B . B N rate generator mode, as shown in Figure 21.
MODE 2 MAX : 375K 12 MHZ 1 X X X
MODES 1,3 : 62.5K 12 MHZ 1 0 2 FFH
19.2K 11.059 MHZ 1 0 2 FDH
9.6K 11.059 MHZ 0 0 2 FDH
4.8K 11.059 MHZ 0 0 2 FAH
2.4K 11.059 MHZ 0 0 2 F4H
1.2K 11.059 MHZ 0 0 2 E8H
137.5 11.986 MHZ 0 0 2 1DH
110 6 MHZ 0 0 2 72H
110 12 MHZ 0 0 1 FEEBH

Figure 21. Timer 2 in Baud Rate Generator Mode.

TIMER 1
OVERFLOW

NOTE : OSC. FREQ. IS DIVIDED BY 2, NOT 12.

e e TL2 TH2
T CT2=1 ! (8 Bits) | (8 Bits)
T2PIN CONTROL
RELOAD
TR2

| RCAP2L | RCAP2H |

TRANSITION
DETECTOR
“TIMER 2’
T2EX PIN—»] _\_ : »| EXF2 NMER 2
CONTROL
EXEN2

L NOTE AVAILABILITY OF ADDITIONNAL EXTERNAL INTERRUPT

The baud rate generator mode is similar to the auto-relodde Timer can be configured for either “timer” or
mode, in that a rollower in TH2 causes the Timer Zounter” operation. In the most typical applications, it is
registers to be reloaded with the 16-bit value in registesnfigured for “timer” operation (C/T2 0). “Timer”

RCAP2H and RCAP2L, which are preset by software. operation is a little different for Timer 2 when it's being

Now. the baud rates in Modes 1 and 3 are determined % ed as a baud rate generator. Normally as a timer it would

Timer 2's overflow rate as follows - imcrement every machine cycle (thus at 1/12 the oscillat(_)r
_ frequency). As a baud rate generator, however, it
Modes 1. 3 Baud Rate Timer 2 Overflow rate increment every state time (thus at 1/2 the oscillator
16 frequency). In that case the baud rate is given by the
formula
MATRA MHS 21
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Modes 1,3 Oscillator Frequency As data bits shift out to the right, zeros come in from the
Baud rate ~ 32 x [655364RCAP2H, RCAP2I)] left. When the MSB of the data byte is at the output

osition of the shift register, then the 1 that was initially
where (RCAP2H, RCAP2L) is the content of RCAP2Hpaded into the 9th position, is just to the left of the MSB,
and RCAP2L taken as a 16-bit unsigned integer. and all positions to the left of that contain zeros. This
Timer 2 as a baud rate generator is shown in Figure Zpndition flags the TX Control block to do one last shift
This Figure is valid only if RCLK + TCLK = 1in T2CON. and then deactivate SEND and set T1. Both of these
Note that a rollover in TH2 does not set TF2, and will nd&ctions occur at S1P1 of the 10th machine cycle after
generate an interrupt. Therefore, the Timer 2 interruptrite to SBUF.”

does not have to be disabled when Timer 2 is in the baﬁ‘éception is initiated by the condition REN = 1 and RI =

rate generator mode. Note too, that if EXEN2 is set, @ at S6P2 of the next machine cycle, the RX Control unit

1-to-0 transition in T2EX will set EXF2 but will not cause,yites the bits 1111110 tdhe receive shift register, and

areload from (RCAP2H, RCAP2L) to (TH2, TL2). Thusi, the next clock phase activates RECEIVE.

when Timer 2 is in use as a baud rate generator, T2EX can

be used as an extra external interrupt, if desired. RECEIVE enables SHIFT CLOCK to the alternate output
function line of P3.1. Shift CLOCK makes transitions at

It should be noted that when Timer 2 is running (TR2 53p1 anq SEP1 of every machine cycle. At S6P2 of every

1) in “timer” function in the baud rate generator mode,y e in which RECEIVE is active, the contents of the
one should not try to read or write TH2 or TL2. Unde

. . ) = Feceive shift register are shifted to the left one position.
these conditions the Timer is being incremented eveRy o \51ye that comes in from the right is the value that

state time, and the results of a read or write may not je, ; ;
) s sampled at the P3.0 pin at S5P2 of the same machine
accurate. The RCAP registers may be read, but shouldp’ P P

be written to, because a write might overlap a reload an _ . _ .
cause write and/or reload errors. Turn the Timer off (cle&s data bits come in from the right, 1s shift out to the left.
TR2) before accessing the Timer 2 or RCAP registers, When the 0 that was initially loaded into the rightmost

this case. position arrives at the leftmost position in the shift and
load SBUF. At S1P1 of the 10th machine cycle after the

More About Mode 0 write to SCON that cleared RI, RECEIVE is cleared and
Rl is set.

Serial data enters and exits through RXD. TXD outputs
the shift clock. 8 bits are transmitted/receivecdiag bits
(LSB first). The baud rate is fixed at 1/12 the oscillatoMore About Mode 1

frequency. Ten bits are transmitted (through TXD), or received
Figure 22. shows a simplified functional diagram of théhrough RXD) : a start bit (0), 8 data bits (LSB first), and
serial port in mode 0, and associated timing. a stop bit (1). On receive, the stop bit goes into RB8 in

o . . SCON. In the 80C51 the baud rate is determined by the
Transmission is initiated by any instruction that usefimer 1 overflow rate. In the 80C52 83C154 and

SBUF as a destination register. The “write to SBUF; o . : !
. ) . " 3C154D it is determined either by the Timer 1 overflow
signal at S6P2 also loads a 1 into the 9th bit position Oftrgte, or the Timer 2 overflow rate, or both (one for

transmit shift register ar)d tells thg TX Contrgl bI_ock tqhansmit and the other for receive).
commence a transmission. The internal timing is such o _ _
that one full machine cycle will elapse between “write térigure 23. shows a simplified functional diagram of the

SBUF”, and activation of SEND. serial port in Mode 1, and associated timings for transmit
SEND enables the output of the shift register to th%nd receive.

alternate output function line of P3.0, and also enabld@sansmission is initiated by any instruction that uses
SHIFT CLOCK to the alternate output function line ofSBUF as a destination register. The “write to SBUF”
P3.1. SHIFT CLOCK is low during S3, S4, and S5 o$ignal also loads a 1 into the 9th bit position of the
every machine cycle, and high during S6, S1 and S2. &ansmit shift register and flags the TX Control unit that
S6P2 of every machine cycle in which SEND is activeg transmission is requested. Transmission actually
the contents of the transmit shift register are shifted to tatemmences at S1P1 of the machine cycle following the
right one position. next rollower in the divide-by-16 counter. (Thus, the bit
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times are synchronized to the divide-by-16 counter, not Reception is initiated by a detected 1-to-0 transition at
the “write to SBUF” signal). RXD. For this purpose RXD is sampled at a rate of 16
The transmission begins with activation of SEN@ich times whatever baud rate has been established. When a

puts the start bit at TXD. One bit time later, DATA jstransition is detected, the divide-by-16 counter is
activated, which enables the output bit of the transmiitmediately reset, and 1FFH is written into the input shift

shift register to TXD. The fisrt shift pulse occurs one bifegister. Resetting the divide-by-16 counter aligns its
time after that. rollovers with the boundaries of the incoming bit times.

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 zeroes. This
condition flags the TX Control unit to do one last shift and
then deactivate SENBnd set TI. This occurs at the 10th
divide-by-16 rollower after “write to SBUF".

MATRA MHS 23
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Figure 22. Serial Port Mode 0.
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Figure 23. Serial Port Mode 1. TCLK, RCLK, and Timer 2 are present in the 80C32/80C52, 80C154/83C154
and 83C154D.
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The 16 states of the counter divide each bit time infbhe transmission begins with activation of SEND, which
16ths. At the 7th, 8th, and 9th counter states of each biits the start bit at TXD. One bit time later, DATA is
time, the bit detector samples the value of RXD. Thactivated, which enables the output bit of the transmit
value accepted is the value that was seen in at least Zbift register to TXD. The first shift pulse occurs one bit
the 3 samples. This is done for noise rejection. If the valtiene after that. The first shift clocks a 1 (the stop bit) into
accepted during the first bit time is not 0, the receivihe 9th bit position of the shift register. Thereafter, only
circuits are reset and the unit goes back to looking faeroes are clocked in. Thus, as data bits shift out to the
another 1-to-0 transition. This is to provide rejection ofight, zeroes are clocked in from the left. When TB8 is at
false start bits. If the start bit proves valid, it is shifted intthe output position of the shift register, then the stop bit
the input shift register, and reception of the rest of this just to the left of TB8, and all positions to the left of that
frame will proceed. contain zeroes. This condition flags the TX Control unit

As data bits come in from the right, 1s shift out to the left® d0 one last shift and then deactivate SEMID set Tl.
When the start bit arrives at the leftmost position in thEhiS occurs at the 11th divide-by-16 rollover after “write
shift register, (which in mode 1 is a 9-bit register), it flagtéj SBUF".

the RX Control block to do one last shift, load SBUFF anReception is initiated by a detected 1-to-0 transition at
RB8, and set RI. Will be generated if, and only if, th@&XD. For this purpose RXD is sampled at a rate of 16
following conditions are met at the time the final shiftimes whatever is detected, the divide-by-16 counter is

pulse is generated. immediately reset, and 1FFH is written to the input shift
1) RI=0, and register.
2) Either SM2 = 0, or the received stop bit = 1 At the 7th, 8th and 9th counter states of each bit time, the

If either of these two confitions is not met, the receivellit detector samples the value of RXD. The value
frame is irretrievably lost. If both conditions are met, th@ccepted is the value that was seen in at least 2 of the 3
stop bit goes into RB8, the 8 data bits go into SBUF, ars@mples. If the value accepted during the first bit time is
Rl is activated. At this time, whether the above conditiori#ot O, the receive circuits are reset and the unit goes back
are met or not, the unit goes back to looking for a 1-to1@ looking for another 1-to-O transition. If the start bit

transition in RXD. proves valid, it is shifted into the input shift register, and
reception of the rest of the frame will proceed.
More About Modes 2 and 3 As data bits come in from the right, 1s shift out to the left.

Eleven bits are transmitted (through TXD), or receivedVhen the start bit arrives at the leftmost position in the
(through RXD) : a start bit (0), 8 data bits (LSB first), &shift register (which in modes 2 and 3 is a 9-bit register),
programmable 9th data bit, and a stop bit (1). On transnilt flags the RX Control block to do one last shift, load
the 9th data bit goes into RB8 is SCON. The baud rate$8UF and RB8, and set RI. The signal to load SBUF and
programmable to either 1/32 or 1/64 the oscillatoRB8, and to set RI, will be generated if, and only if, the
frequency in mode 2. Mode 3 may have a variable bad@llowing conditions are met at the time the final shift
rate generated from either Timer 1 or 2 depending on thglse is generated :

state of TCLK and RCLK. 1) RI =0, and

Figures 1-24 A and B show a functional diagram of th&) Either SM2 = 0 or the received 9th data bit = 1

serial portin modes 2 and 3. The receive portion is exacyeither of these conditions is not met, the received frame
the same as in mode 1. The transmit portion differs fro@ jiretrievably lost, and Rl is not set. If both conditions
mode 1 only in the 9th bit of the transmit shift register. 5. met, the received 9th data bit goes into RB8, and the
Transmission is initiated by any instruction that usefirst 8 data bits go into SBUF. One bit time later, whether
SBUF as a destination register. The “write to SBUFthe above conditions were met or not, the unit goes back
signal also loads TBS8 into the 9th bit position of theo looking for a 1-to-0 transition at the RXD input.
transmit §h|ft re.g|ster and flags the T.x Qontrol unit thaI"\lote that the value of the received stop bit is irrelevant to
a transmission is requested. Transmission commencessgl ;= rRB8. or R|

S1P1 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.)
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Figure 24. Serial Port Mode 2.
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Figure 25. Serial Port Mode 3. TCLK, RCLK and Timer 2 are present in the 80C32/80C52, 80C154/83C154 and
in the 83C154D.
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1.8. Interrupts

The Timer 0 and Timer 1 Interrupts are generated by TFO
and TF1, which are set by a rollover in their respective

The 80C51 provides 5 interrupt sources. The 80CSgner/counter registers (except see Section 1.6 for Timer
83C154 and 83C154D provide 6. Theses are shown @#Nn mode 3). When a timer interrupt is generated, the flag

Figure 25.

Figure 26. TEMIC C51 Interrupt Sources.

TFO

o=

! INTERRUPT
SOURCES

TF1

TF2.
EXF2

The external interrupts INT&nd INT1can each be either

(80C52, 83C154
and 83C154D only)

that generated it is cleared by the on-chip hardware when
the service routine is vectored to.

The Serial Port Interrupt is generated by the logical OR
of Rl and TI. 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 Tl that generated the interrupt, and the bit will have to
be cleared in software.

In the 80C52, 83C154 and 83C154D, the Timer 2

Interrupt is generated by the logical OR of TF2 and EXF2.

Neither of these flags is cleared by hardware when the
service routine is vectored to. In fact, the service routine
may have to determine whether it was TF2 or EXF2 that
generated the interrupt, and the bit will have to be cleared
in software.

All of the bits that generate interrupts can be set or cleared
by sofware, with the same result as though it had been set
or cleared by hardware. That is, interrupts can be

generated or pending interrupts can be canceled in
sofware.

Each of these interrupt sources can be individually
enabled or disabled by setting or clearing a bit in Special
Function Register IE (Figure 26.). Note that IE contains
also a global disable bit, EA, which disables all interrupts
at once.

level-activated or transition-activated, depending on bits
ITO and IT1 in Register TCON. The flags that actually

generate these interrupts are bits IEO and IE1 in TCON.
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 level-activated,
then the external requesting source is what controls the
request flag, rather than the on-chip hardware.

MATRA MHS
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Figure 27. IE : Interrupt Enable Register.

(MSB) (LSB)
EA X ET2 ES ET1 EX1 ETO EXO
Symbol Position Function
EA IE.7 disables all interrupts. If EA = 0, no interrupt will be acknowledged. If EA = 1, each interrupt
source is individually enabled or disabled by setting or clearing its enables bit.
- IE.6 reserved.
ET2 IE.5 enables or disables the Timer 2 overflow or capture interrupt. If ET2 = 0, the Timer 2 interrupt is
disabled.
ES IE.4 enables or disables the Serial Port interrupt is disabled.
ET1 IE.3 enables or disables the Timer 1 Overflow interrupt. If ET1 = 0, the Timer 1 interrupt is disabled.
EX1 IE.2 enables or disables External Interrupt 1. If EX1 = 0, External interrupt 1 is disabled.
ETO IE.1 enables or disables the Timer 0 Overflow interrupt. If ETO = 0, the Timer O interrupt is disabled.
EX0 IE.O enables or disables External Interrupt 0. If EXO = 0, External Interrupt 0 is disabled.

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 Function Register IP (Figure 27.).
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 interrupted by
any other interrupt source.

Figure 28. IP : Interrupt Priority Register.

(MSB) (LSB)
X X PT2 PS PT1 PX1 PTO PX0
Symbol Position Function
- IP.7 reserved
- IP.6 reserved
PT2 IP.5 defines the Timer 2 interrupt priority level. PT2 = 1 programs it do the higher priority level.
PS IP.4 defines the Serial Port Interrupt priority level. PS = 1 programs it to the higher priority level.
PT1 IP.3 defines the Timer 1 interrupt priority level. PT1 = 1 programs it to the higher priority level.
PX1 IP.2 defines the external interrupt 1 priority level. PX1 = 1 programs it to the higher priority level.
PTO IP.1 defines the Timer O interrupt priority level. PTO = 1 programs it to the higher priority level.
PX0 IP.0 defines the External Interrupt O priority level. PX0 = 1 programs it to the higher priority level.
30 MATRA MHS
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If two requests of different priority levels are received

simultaneoulsy, the request of higher priority level is

serviced. If requests of the same priority level are
received simultaneously, an internal polling sequence
determine which request is serviced. Thus within each
priority level is a second priority structure determined by
the polling sequence, as follows :

SOURCE PRIORITY WITHIN LEVEL

IEO (highest)
TFO
IE1
TF1
RI+TI
TF2 + EXF2 (lowest)

ok whpE

Note that the “priority within level” structure is only used3. The instruction in progress is RETI or any access to the
to resolvesimultaneous requests of the same priorityE or IP registers.

level The polling cycle is repeated with each machine cycle,
and the values polled are the values that were present at
How Interrupts Are Handled S5P2 of the previous machine cycle. Note then that if an

. interrupt flag is active but not being responded to for one
'(I:'hgént(_arr;léptsf;?ﬁ]slgée ;?empla?ezt iizﬁ Oftﬁ\ée% "rg 3;2'8? the above conditions, if the flag is rstill active when

ycle. P P 9 N%he blocking condition is removed, the denied interrupt
machine cycle. If one of the flags was in a set condltloniII not be serviced. In other words. the facts that the
at S5P2 of the preceding cycle, the polling cycle will find" ' '

it and the interrupt system will generate an LCALL to thénterrupt flag was once active b.Ut not serviced is not
. ) 4 : . Ffemembered. Every polling cycle is new.
appropriate service routine, provided this

hardware-generated LCALL is not clocked by any of théhe polling cycle/LCALL sequence is illustrated in
following conditions : Figure 28.

1. An interrupt of equal or higher priority level is alreadyNOt€ that if an interrupt of higher priority level goes
in P a gherp Y Ja\llctlve prior to S5P2 of the machine cycle labeled C3 in
progress. . . . =2 7

_ . _ ~ Figure 28., then in accordance with the above rules it will
2. The current (polling) cycle is not the final cycle in thgye vectored to during C5 and C6, without any instruction
execution of the instruction in progress. of the lower priority routine having been executed.

Figure 29. Interrupt response Timing Diagram.

Cc1 - Cc2 t C3 t ca > Cc5

LONG CALLTO
NTERRUPTS INTERRUPT INTERRUPT ROUTINE
VECTOR ADDRESS
€
INTERRUPTS INTERRUPTS o . . )
This is the fastest possible response when C2 is the final cycle of
GOES  LATCHED an instruction other than RETI or an access to |E or IP
ACTIVE
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Thus the processor acknowledges an interrupt request®ince the external interrupt pins are sampled once each
executing a hardware-generated LCALL to thenachine cycle, an input high or low should hold for at
appropriate servicing routine. In some cases it also cledesast 12 oscillator periods to ensure sampling. If the
the flag that generated the interrupt, and in other casegxiternal interrupt is transition-activated, the external
doesn't. It never clears the Serial Port or Timers 2 flagsource has to hold the request pin high for at least one
This has to be done in the user’s software. It clears awcle, and then hold it low for at least one cycle to ensure
external interrupt flag (IEO or IE1) only if it was thatthe transition is seen so that interrupt request flag IEx
transition-activated. The hardware-generated LCALMill be set. IEx will be automatically cleared by the CPU
pushes the contents of the Program Counter onto the stadien the service routine is called.
(but it does not save the PSW) and reloads t_he PC W'thl?Qhe external interrupt is level-activated, the external
address that depends on the source of the interrupt beg?)%rce has to hold the request active until the requested
vectored to, as shown below. interrupt is actually generated. Then it has to deactivate
the request before the interrupt service routine is

completed, or else another interrupt will be generated.
SOURCE VECTOR ADDRESS
IEO 0003H :
TFO 000BH Response Time
ITIIE:11 88113: The INTOand INT1levels are inverted and latched into
Rl + Tl 0023H IEO and IE1 and S5P2 of every machine cycle. The values
TE2 + EXE2 002BH 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 hardware subroutine
Execution proceeds from that location until the RETtall to the requested service routine will be the next
instruction is encountered. The RETI instruction inform#struction to be executed. The call itself takes two
the processor that this interrupt routine is no longer ieycles. Thus, a minimum of three complete machine
progress, then pops the top two bytes from the stack arytles elapse between activation of an external interrupt
reloads the Program Counter. Execution of theequest and the beginning of execution of the service
interrupted program continues from where it left off.  routine. Figure 28. shows interrupt response timings.

Note that a simple RET instruction would also havé longer response time would result if the request is
returned execution to the interrupted program, but Blocked by one of the 3 previously listed conditions. If an
would have left the interrupt control system thinking ainterrupt of equal or higher priority level is already in

interrupt was still in progress. progress, the additional wait time obviously depends on
the nature of the other interrupt’s service routine. If the
External Interrupts instruction in progress is not in its final cycle, the

The external sources can be programmed to ditional wait time cannot be more than 3 cycles, since
level-activated or transition-activated by setting o € longest instructions (MUL and DIV) are only 4 cycles

clearing bit IT1 or ITO in Register TCON. If ITx = 0 ong, and if the instruction in progress is RETI or an
external interrupt x is triggered by a detected low at t ccess to IE or IP, the additional wait time cannot be more

INTX pin. If ITx = 1, external interrupt x is an 5 cycles (a maximum of one more cycle to complete

edge-triggered. In this mode if successive samples of tmee Instruction in progress, p_Ius 4 cycles to complete the
TNTX pin show a high in one cycle and a low in the ne)Hext instruction if the instruction is MUL or DIV).

cycle, interrupt request flag IEx in TCON is set. Flag biThus, in a single-interrupt system, the response time is
IEX then requests the interrupt. always more than 3 cycles and less than 8 cycles.
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1.9. Single Step Operation A reset accomplished by holding the RST pin high for at
least two machine cycles (24 oscillator periodsiije the

The 80C51 interrupt structure allows single-stepscillator is running The CPU responds by executing an

execution with very little software overhead. Asnternal reset. It also configures the ALE and P3N

previously noted, an interrupt request will not bes inputs. (They are quasi-bidirectional). The internal

responded to while an interrupt of equal priority level iseset is executed during the second cycle in which RST

still in progress, nor will it be responded to after RETjs high and is repeated every cycle until RST goes low. It
until at least one other instruction has been executagayes the internal registers as follows :

Thus, once an interrupt routine has been entered, it can
be re-entered until IOat least once instruction of th ?_ZIGISTER CONTENT
interrupted program is executed. One way to use t sC 0000H
feature for single-step operation is to program one of tléCC 00H
external interrupts (say, INJ@o be level-activated. The O0H
service routine for the interrupt will terminate with thePSW O0H
following code : SP 07H
DPTR 0000H
JNB P3.2,$ WAIT HERE TILL INTO PO-P3 OFFH
GOES HIGH IP (80C51) XXX00000B
JB  P32% NOW WAIT HERE TILL IP (80C52, 83C154 and 83C154D) XX000000B
IT GOES LOW IE (80C51) 0XX00000B
RETI GO BACK AND EXECUTE IE (80C52, 83C154 and 83C154D) 0X000000B
ONE INSTRUCTION TMOD O00H
Now, if the INTOpin, which is also the P3.2 pin, is holdTCON 00H
normally low, the CPU will go right into the External T2CON (80C52, 83C154 and 83C154D) OOH
interrupt O routine and stay there until INT® pulsed THO O0H
(from low to high to low). Then it will execute RETI, go TLO O00H
back to the task program, execute one instruction, artil OOH
immediately re-enter the External Interrupt O routine tdL1 O00H
await the next pulsing of P3.2. One step of the taskH2 OOH
program is executed each time P3.2 is pulsed. TL2 OOH
RCAP2H (80C52 83C154 and 83C154D) OOH
RCAP2L (80C52, 83C154 and 83C154D) OOH
1.10. Reset SCON 00H
The reset input is the RST pin, which is the input to @BUF Indeterminate
Schmitt Trigger. IOCON O0H
PCON (80C51 and 80C52) 0XXX0000B
PCON (83C154 and 83C154D) 000X0000B

Figure 30. Power on Reset Circuit.
The internal RAM is not affected by reset. When VCC is

vee turned on, the RAM content is indeterminate unless the
part is returning from a reduced power mode of operation.
i+
T —— VGC
80C51
RST
[—vss
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Power-on reset Idle Mode

An automatic reset can be obtained when VCC is turneth instruction that sets PCON.0 causes that to be the last
on by connecting the RST pin to VCC through afl instruction executed before going into the Idle mode. In
capacitor providing the VCC risetime does not exceedtBe Idle mode, the internal clock signal is gated off to the
millisecond and the oscillator start-up time does natPU, but not to the interrupt, Timer, and Serial Port
exceed 10 milli-seconds. This power-on reset circuit Einctions. The CPU status is preserved in its entirely : the
shown in Figure 1-29. When power comes on, the curregtack Pointer, Program Counter, Program Status Word,
drawn by RST commences to charge the capacitor. TAgcumulator and all other registers maintain their data
voltage at RST is the difference between VCC and thturing Idle. The port pins hold the logical states they had
capacitor voltage, and decreases from VCC as the capthe time Idle was activated. ALE and PSEdId at
charges. The larger the capacitor, the more slowly VRSdgic high levels.
decreases. VRST must remain above the lower thresthH . S

! . ere are two ways to terminate the Idle. Activation of
of the Schmitt Trigger long enough to effect a complete . .

X . - : . —any enabled interrupt will cause PCON.0 to be cleared by
reset. The time required is the oscillator start-up t|m%
plus 2 machine cycles.

ardware, terminating the Idle mode. The interrupt will
be serviced, and following RETI the next instruction to be
executed will be the one following the instruction that put
1.11. Power-Saving Modes of Operation the device into idle.

For applications where power consumption is a criticdl"® flag bits GFO and GF1 can be used to give and
factor, the TEMIC C51 parts provide two power mode |_nd|cat!on if an interrupt occured during n(_)rmal operation

power-down and idle mode. The first one reduces tf¥ during and lIdle. For example, an instruction that

consumption up to few microamperes and the second 0_qz.%tlvat(_as Idle can al_so set one or _both flag blts._ When !dle
divides the consumption roughly by 25 %. Both of th& terminated by an interrupt, the interrupt service routine
modes are controlled by software via the PCON regist&2n examine the flag bits.

In Power-Down mode (PD = 1, PCON = 87H => XXXXThe over way of terminating the Idle mode is with a

XX1X) the oscillator is frozen. In idle mode (IDL = 1, hardware reset. Since the clock oscillator is still running,

PCON =87H => XXXX XX01). The oscillator the hardware reset needs to be held active for only two
continues to run and the interrupt, serial port, and timesachine cycles (24 oscillator periods) to complete the
blocks continue to be clocked but the clock signal is gatedset.

off the CPU. The activities of the CPU no longer exists

unless waiting for an interrupt request. Both Power-Down

and Idle mode are explained below. Further function

concerning the TEMIC C154 parts will be explain in the

next chapter.

Figure 31. PCON : Power Control Register.

(MSB) (LSB)
SMOD - - - GF1 GFO0 PD IDL
Symbol Position Name and Function
SMOD PCON.7 Double Baud rate bit. When set to a 1, the baud rate is doubled when the serial port is being used in
either modes 1, 2 or 3.
- PCON.6 (Reserved)
- PCON.5 (Reserved)
- PCON.4 (Reserved)
GF1 PCON.3 General-purpose flag bit.
GFO PCON.2 General-purpose flag bit.
PD PCON.1 Power Down bit. Setting this bit activates power down operation.
IDL PCON.0 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).
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Power Down Mode

An instruction that sets PCON.1 causes that to be the last
instruction 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,
but the on-chip RAM and Special Function Registers are
held. The port pins output the values held by their
respective SFRs. ALE and PSENtput lows.

Figure 32. Idle and Power Down Hardware.

|

XTAL2 XTALA1

L osC

INTERRUPT,
CLORK —e——> SERIALPORT,
: TIMER BLOCKS
PD — Y

| >

g
S]

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 minimize power consumption. Care must be
taken, however, to ensure that VCC is not reduced before
the Power Down mode is invoken, and that VCC is
restored to its normal operating level, before the Power
Down mode is terminated. The reset that terminates
Power Down also frees the oscillator. 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 10 msec).
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This table shows the state of ports during idle and power-down modes.

MODE T\AREOMG(I;QIK\A ALE PSEN PORTO PORT1 PORT2 PORT3
Idle Internal 1 1 Port Data Port Data Port Data Port Data
Idle External 1 1 Floating Port Data Address Port Data

Power Down Internal 0 0 Port Data Port Data Port Data Port Data
Power Down External 0 0 Floating Port Data Port Data Port Data

1.12. More about the On-chip Oscillator

shown in Figure 32., consists of a single stage linegh a fundamental mode.
inventer for use as a crystal-controlled, positive reactance

oscillator.

Figure 33. On-chip oscillator Circuit.

The on-chip oscillator is able to run with a crystal or with
) ) o _ceramic resonnator. The Figure 33. shows the schematic
The on-chip oscillator circuitry for 80C51's family, to work which a crystal and a ceramic resonnator working

TO INTERNAL Yee
TIMIN(E CKTS
E Q3
D1 ZS Zg D4
R1
XTAL1 [} Lo 2% [] XTAL2
400 Q
D2 Zx ZS 03
Q2
v E
_ Ql
PD—| Eﬂ i
v
Vss
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Figure 34. Fundamental Resonance.

e

C

/

1 crystal or
—"ceramic resonnateur

The Figure 34. shows the use of a crystal working on an

il

Tcz

overtone 3 resonance.

An overtone 3 crystal doesn’t work on its fundamental
resonance but on its third overtone. So it's necessary to
catch in its fundamental frequency. The trap consists of
the inductor L and the capacitance C. The trap frequency
is the running frequency of the crystal divides by 3. An
external resistor of 1 B is connected on the both side of
the crystal to decrease the gain on the amplifier. Cause the
equivalent inductor for a overtone 3 crystal is more larger
than a fundamental crystal, the oscillator needs less

The TEMIC-51 parts can by controlled by an external
clock. In this case the external clock signal is connected
directly on XTAL1 input and XTALZ2 in left floating
(Figure 35.).

1.13. Internal Timing

Figure 36. through Figure 39. show when the various
strobe and port signals are clocked internally. The figures
do not show rise and fall times of the signals, nor do they
show propagation delays between the XTAL2 signal and
events at other pins.

Figure 36. Driving the C51 parts with an external
clock source.

80C51
NC XTAL2
EXTERNAL
XTAL1
OSCILLATOR
SIGNAL

VSS

CMOS GATE -

energy. Without external resistor the level on pin XTAL1 =
isn’t enough to control the internal clock circuitry.

Figure 35. Overtone 3 Resonance.

e

0

AAAAA.

L
> TRAP

—

YVWy
1 MQ

overtone 3

—

Rise and gall times are dependent on the external loading
that each pin must drive. They are often taken to be
something in the neighborhood of 10 nsec, measured
between 0.8 V and 2.0 V.

Propagation delays are different for different pins. For a
given pin they vary with pin loading, temperature, VCC,
and manufacturing lot. If the XTAL2 waveform is taken
as the timing reference, prop delays may vary from 25 to
125 nsec.

The AC Timings section of the data sheets do not
reference any timing to the XTAL2 waveform. Rather,
they relate the critical edges of control and input signals
to each other. The timing published in the data sheets
include the effects of propagation delays under the
specified test conditions.
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1.14. C51 Pin Description PORT PIN  ALTERNATE FUNCTION
P3.0 RXD (serial input port)

VCC : Supply voltage. P3.1 _TXD (serial output port)
P3.2 INTO(external interrupt 0)

VSS : Circuit ground potential. P3.3 TNT1(external interrupt 1)

. . i L . P3.4 TO (Timer O external input)
Port O : Port 0 is an 8-bit open drain bidirectional 1/0 35 T1 (Timer 1 external input

Port. As an open drain output por'g itcan sink 8 LS TT _ “WR(external data memory write strobe)
loads. Port O pins that have 1s written to them float, a RD(external data memory read strobe)

in that state will functions as high-impedance inputs. Poﬁ1'e Port 3 output buffers can source/sink 4 LS TTL loads
0 is also the multiplexed low-order address and data b, '

during accesses to external memory. In this applicationl%%r : reﬁﬁt '?]pUt' A_”h|gh_on th|§ pin for tV\;]o r(rjlaghlne
uses strong internal pullups when emitting 1s. Port 0 al§§¢'€S While the oscillator is running resets the device.

emits code bytes during program verification. In thafLE : Address Latch Enable output pulse for latching the
application, external pullups are required. low byte of the address during accesses to external

_ ) o ) . memory. ALE is emitted at a constant rate of 1/6 of the
Port 1 : Port 1 is an 8-bit bidirectional 1/0O port with yecillator frequency, for external timing or clicking

internal pullups. The port 1 output buffers can sink/sour rposes, even when there are no accesses to external

4 LS TTL loads. Port 1 pins that have 1s written to the’ﬁ‘uemory. (However, one ALE pulse is skipped during
are pulled high by the internal pullups, and in that statg.n access to external Data Memory).

can be used_ as Inputs. As INputs, Port 1 pins that PEEN: Program Store Enable is the read strobe to
externally being pulled low will source current (lIL, on P Memorv. When the device is executin
the data sheet) because of the internal pullups. external Program Memory. en the device 1s executing
out of external Program Memory, PSiENactivated twice
In the 80C52, 83C154 and 83C154D pins P1.0 and Plkch machine cycle (except that two PS&dtivations
also serve the alternate functions of T2 and T2EX. T2 ige skipped during accesses to external Data Memory).
the Timer 2 external input. T2EX is the input througlPSENis not activated when the deviced is executing out
which a Timer 2 “capture” is triggered. of internal Program Memory.
Port 2 : Port 2 is an 8-bit bidirectional 1/0O port with EA : When EAis held high, the CPU executes out of
internal pullups. The port 2 output buffers can sink/sourdaternal Program Memory (unless the Program Counter
4 LS TTL loads. Port 2 emits the high-order addres bytsxceeds OFFFH in the 80C51, or 1FFFH in the 80C52, or
during accesses to external memory that use 16-BitFFFH in the 83C154 or 7FFFH in the 83C154D).
addresses. In this application it uses the strong interriéblding EAlow forces the CPU to execute out of external
pullups when emitting 1s. memory regardless of the Program Counter value. In the
Port 3 : Port 3 is an 8-bit bidirectional /O port with 80C31, 80C32 and 80C154. EAust be externally wired
internal pullups. It also serves the functions of variougW.
special features of the TEMIC-C51 Family, as listeKTAL1 : Input to the inverting oscillator amplifier.

below : XTAL2 : Output from the inverting oscillator amplifier.

38 MATRA MHS
Rev. E (14 Jan. 97)



TEMIC C51 Family

Figure 37. External Program Memory Fetches.

‘ STATE 1 ‘ STATE 2 ‘ STATE 3 ‘ STATE 4 ‘ STATE 5 ‘ STATE 6 ‘ STATE 1 ‘ STATE 2 ‘

P1|P2|Pt|P2|P1|P2|P1t|P2|P1|P2|P1|P2|P1|P2]|P1|P2
ALE:
PSEN:
DATA DATA DATA
—»| |je—sAMPLED —»| |e—SAMPLED —»| |e—SAMPLED
PO PCL PCL PCL |
' ouT ouT ouT
P2: PCH OUT PCH OUT PCH OUT

Figure 38. External Data Memory Read Cycle.

‘ STATE 4 ‘ STATE 5 ‘ STATE 6 ‘ STATE 1 ‘ STATE 2 ‘ STATE 3 ‘ STATE 4 ‘ STATE 5 ‘

P1|P2|Pt|P2|P1|P2|P1|P2|P1 |P2|P1|P2|P1|P2]|P1|P2
ALE:
RD
PCL OUT IF
PROGRAM MEMORY
IS EXTERNAL
DATASAMPLED —»}  |je—o
PO: DPL ORRI FLOAT FLOAT [\ L
' — | our
. PCH OR PCH OR
P2: B S DPH OR P2 SFR OUT B S
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Figure 39. External Data Memory Write Cycle.

‘ STATE 4 ‘ STATE 5 ‘ STATE 6 ‘ STATE 1

P1 | P2

XTAL2:

P1|P2|P1|P2|P1|P2

1

STATE 2 | STATE 3 | STATE 4 | STATE 5
P1 | P2 |P1 |P2|P1 |P2|P1 |P2

JUUUDUOUUUUUUL

ALE:
WR
PCL OUT IF
PROGRAM MEMORY
N\ S EXTERNAL
Po: DPL OR R DATA OUT PCL [\ =
' ouT ouT
. PCH OR PCH OR
p2: "CH OF DPH OR P2 SFR OUT "CH OF

Figure 40. Port Operation.

STATE 4
P1 | P2

XTAL2:

P1 | P2 |P1|P2

«— PO, P1
INPUTS SAMPLED: l——L_
—»l P2, P3, RST

MOV PORT, SRC:

SERTIAL PORT
SHIFT CLOCK
(MODE 0)

‘ STATE 5 ‘ STATE 6 ‘ STATE 1 ‘ STATE 2 ‘ STATE 3 ‘ STATE 4 ‘ STATE 5 ‘
P1 | P2

JUUUDUDUUUUU UL

P1 |P2|P1 |P2|P1 |P2|P1|P2

PO, P1_.‘_<:L_

P2, P3, RST—»

OLD DATA

NEW DATA

-

—»  |«—RXD PIN SAMPLED RXDSAMPLED —  |&—
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2. More Features for C154 Parts

This chapter explains, in details, the new features of tig&1. 1/O Port Impedance

83C154 and 83C154D. The only one difference between

83C154 and 83C154D is the internal ROM sizdhe structure and behaviour of the 83C154s’ports P1, P2
(respectively 16 K bytes and 32 K bytes long). and P3 are indentical to those of the 80C52. Only the
control block for the different pullups and pulldowns has

The major new features of TEMICC154 is listed below : /
been changed. The pullup resistance value can be

® /O partimpedance selection programmed by means of the IOCON register.
e \Watchdog and 32-Bit TIMER/Counter Mode There are three possible values :
e Power-down mode — three states (P1, P2, P3 and N are OFF),
e Software control — high impedance (100% P2 = ON),
e Hardware control — low impedance (10<, P3 = ON).
® Frame and Overrun error serial link detection. Figure 41. is a functional diagram of the PORT.
All these new features are controlled via the IOCONigure 42. shows the configuration of the IOCON register
register (new one) and the PCON register. which is used to set the right value of the impedance port.

Figure 41. /0O Port Block Diagram.

2 osc. PERIODS
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P > o —
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Figure 42. IOCON Register Configuration.

(MSB) (LSB)

‘ WDT | T32 | SERR‘ 1zC | P3HZ ‘ P2HZ | P1HZ ‘ ALF |

Symbol Position Function
ALF IOCON.0 — Set to 1 and in Power mode PORTS 1, 2 and 3 are floating.
P1HZ IOCON.1 —If P1HZ =0 and 1ZC = 0, PORT P1 is at low impedance.

—If P1HZ = 0 and 1ZC = 0, PORT P1 is at high impedance.
—If PAHZ = 1, PORT PL1 is floating.

P2HZ IOCON.2 —If P2HZ = 0 and 1ZC = 0, PORT P2 is at low impedance.
—If P2HZ = 0 and 1ZC = 0, PORT P2 is at high impedance.
—If p2HZ = 1, PORT P2 is floating.

P3HZ IOCON.3 —If P3HZ = 0 and 1ZC = 0, PORT P3 is at low impedance.
—1f P3HZ = 0 and 1ZC = 0, PORT P3 is at high impedance.
—If P3HZ = 1, PORT P3 is floating.

1zC IOCON.4 — In conjunction with PnHZ selects the output pullup value.

Low impedance Whenever PnHZ is set to 1, the part is in three states

. . . mode. If ALF is set to 1, at each time the Power-Down

Icr)ﬁ rz:t?lfllg J\it;hce:;iefglrjtl; rpl’ﬁgecounaiorljrgtiroer?itf fggolt Rode is called all the three parts are in the three states.
P parts. g hen the C154 part exist from the Power-Down mode,

is explained by the Figure 42. Whenever PnHZ and 1Z . d is the i d st bef )
are equal to zero, P1, P2 and P3 are in this mode. In t s part impedance s the impedance just before entering
case 3 LS TTL Io:':lds ,can be interfaced ' in"this mode (the part switches as soon as the interrupt
' request is generated, not after the oscillator start-up). The
o three states mode switch-off all the transistor.
High impedance
This mode is invoked by setting PnHZ = 0 and Iz = 12.2 Watchdog and 32-bit Timer/Counter

Only the transistor PZ of the Figure 41. is on and one Uglode

TTL load can be interfaced. TIMER/COUNTER of C51 family can be configured in
four modes. With C154 parts, two new modes can be used.

Three states mode Both of them use TIMERO and/or TIMER 1. The first one

Two different modes can be used. The first one allows t® used like a 32-Bit Timer/Counter and the second one is

set each of the 3 ports in three states during a norntged like a 8/13/16/32-Bit Watch-Dog. Both of this two

operation. The second one allows to set all the 3 partsfpdes is programmed by software by using the IOCON

three states by entering in the Power-Down mode. register. The 32-Bit mode is on by setting the Bit T32. The
Watchdog mode is on by setting the bit WDT. The
Figure 43. shows the configuration of the register
IOCON.
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Figure 43. 32 Bit/Watchdog Mode.
(MSB) (LSB)

‘ WDT | T32 ‘ SERR| 12C | P3HZ | P2HZ | P1HZ ‘ ALF |

Symbol Position Function

T32 IOCON.6 —1fT32=1and if C/TO =0, T1 and TO are programmed as a 32 bit TIMER.
—1fT32=1and if C/TO =1, T1 and TO are programmed as a 32 bit COUNTER.

WDT IOCON.7 — If WDT =1 and according to the mode selected by TMOD, and 8 bit or 32 bit WATCHDOG
is configured from TIMERS 0 and 1.

Figure 44. 32 Bit Mode.

[ 2]
osc * 12|

_D—| TIMER 0 |—| TIMER 1 |—| TF1 |

c/To 16 bits 16 bits

TO PIN 4D—

32 Bit Mode 32 Bit Timer

T32 = 1 enables access to this mode. As shown in FigyrRyure 45 illustrates the 32 Bit TIMER mode.
44. this 32 bit mode consists in cascading TIMER O for the
LSBs and TIMER 1 for the MSBs.

T32 = 1 starts the timer/counter and T32 = 0 stops it.

It should be noted that as soon as T32 =0, TIMERs 0 and
1 assume the configuration specified by register TMOD.
Moreover, if TRO = 1 or if TR1 = 1, the content of the
TIMERSs evolves. Consequently, in 32 bit mode, if the
TIMER/COUNTER must be stopped (T32 = 0). TRO and
TR1 must be set to 0.

Figure 45.

0sC +12 TIMER | TIMER TF1

In this mode, T32 = 1 and C/T90, the 32 bit timer is The following formula should be used to calculate the
incremented on each S3P1 state of each machine cyekquired frequency :

An overflow of TIMER 0 (TFO has not been set to 1) 0sC

increme.nts. TIMER 1 anq the overflow of the 32 bif = 12 x (65536470, T1))

TIMER is signalled by setting TF1 (S5P1) to 1.
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32 Bit Counter
Figure 46. illustrates the 32 BIT COUNTER mode.

Figure 46. 32 Bit Counter Configuration.

fEXT TO TIMER O] TIMER 1 TF1

In this mode, T32 = 0 and C/T91. Before it can make

an increment, the 83C154 must detect two transitions on
its TO input. As shown in Figure 47. input TO is sampled
on each S5P2 state of every machine cycle or, in other
words, every OSG 12.

Figure 47. Counter Incrementation Condition.

*TOPIN

READING OF INPUT TO

COUNTER INCREMENTATION ?ssm

The counter will only evolve if a level 1 is detected duringvatchdog Mode

state S5P2 of cycle Ci and if a level 0 is detected duriRgnT = 1 enables access to this mode. As shown in
state S5P2 of cycle Ci + n ) ) Figure 48. all the modes of TIMERs 0 and 1, of which the
Consequently, the minimal period of signal fEXToverflows act on TF1 (TF1 = 1), activate the watchdog
admissible by the counter must be greater than or equabde.

to two machine cycles. The_following formula should b(?f CIT = 0, the watchdog is a TIMER that is incremented
used to calculate the operating frequency. every machine cycle. If C/E 1, the watchdog is a

f = fEXT counter that is incremented by an external signal of which
(6553610, T1)) the frequency cannot exceed OSg4.
OSC
fEXT < a4
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The overflow of the TIMER/COUNTER is signalled by2.3 Power-Reducing Mode

raising flag TF1 to 1. The reset of the 83C154/83C154D

is executed during the next machine cycle and lasts for tBasically the Power-Reducing Mode of the TEMIC C154

next 5 machine cycles. The results of this reset aparts are 100 % compatible with the 80C51 and 80C52
identical to those of a hardware reset. The internal RAp&rts. However both Idle and Power-Down mode are
is not affected and the special register assume the valiraproved with some new powerful features.

shown in Table 2. Idle mode is improved by giving the software possibility

Table 3. Content of the SFRs after a reset to execute or not the software interrupt routine when an
triggered by the WATCHDOG. interrupt request occurs (Recover Power Mode).
Power-Down mode is now more powerful because an

REGISTER CONTENT interrupt request can avake the TEMIC C154 parts. In
PC 0000H addition an external hardware signal can control entirely
QCC 88: the mode (Hardware Power Mode).
PSW 00H Details on these new features are given below.
SP 00H
DPTR 0000H
PO-P3 OFFH
> o0 Idle Mode
IE 0X000000B . . . . .
T™MOD 00H This mode is basically compatible with the TEMIC C51
TCON O0H parts (refer to the chapter 1.11). The new feature concerns
T2CON 00H the way to exit from this mode. Now with the Recover
K‘g 88: Power Mode, the software interrupt routine is or not
THL 00H executed when the interrupt routine occurs. This mode is
TL1 00H activated by setting the bit RPD in PCON register. In this
TH2 00H case the next instruction executed is the next following
TL2 00H the IDLE instruction (MOV PLON, # 01).
RCAP2H 00H
RCAP2L 00H
E(B:LOJF’:\I Indetermci)r?;e Power-Down Mode
IOCON 00H

As there are no precautions for protecting bit WDT fron§ oftware control

spurious writing in the IOCON register, special care mudthis mode is basically compatible with the C51 parts
be taken when writing the program. In particular, the usérefer to the chapter 1.11). The new features concern the
should use the IOCON register bit handing instructionsway to exit from this mode.

— SETB and CLR x With the C51 parts the only way to complete this mode is

in preference to the byte handling instructions : to apply an hardware reset. The newest thing is the

_ possibility to exist from this mode by an interrupt request
MOV IOCON, # XXH, ORL IOCON, # XXH, coming from the both external interrupts and the both

—ANL IOCON, # XXH, counter 0 and 1 if an external clock is connected on pin

External Counting in Power-down Mode TlorTO.
(PD=PCON.1=1) Likewise IDLE mode, it is possible to execute or not the

In the power-down mode, the oscillator is turned off angoftware interrupt routine. By setting the RPD bit the next

the 83C154s'activity is frozen. However, if an externastruction executed, after the interrupt request has been

clock is connected to one of the two inputs, T1/TdProcessed, will ‘be the instruction following "the
TIMER/COUNTERS 0 and 1 can continue to operate. [ROWER-DOWN intruction. If the RPD bit is not set, the
this case, counting becomes asynchronous and rogram will continue by executing the software interrupt

maximum, admissible frequency of the signal is OSC : 2iutine. The Figure 48. shows the behaviour of the
. Recover Power Mode.
The overflow of either counter TFO or TF1 causes an

interrupt to be serviced or forces a reset if the counter is
in the watchdog MODE (T32 = ICON.7 = 1).
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Figure 48. Example in Recover Power Mode.

ex:
; The Recover Mode is enable
; The Power-Down is enable
Adrn MOV PCON, #001XXX10...
; The CPU waits for an asynchronous
; event

OoOooo
Ooooo
Ooooo

T

; An interrupt request occurs and
; the instruction located at the
:address Adr n + 1 is executed

Adrn+1

O

O

O

oono
oono

Hardware control T1 input will be drive by a falling edge and will remain

This mode is new and controls the Power-Down by éggthis state until T1 input will be drive by a rising edge.

external hardware signal connected on pin T1 (P3.5). T
mode is called by setting HPD bit in the PCON registet.
The 83C154 will be in Power-Down as soon as

e Figure 49. shows the behaviour of the Hardware
ower Mode.

Figure 49. Behaviour of the Hardware Power Mode (HPD = 1).

“ D, A

47

The clock is stopped
on the falling edge

XTAL2 { S e

p)

The clock restarts
on the rising edge

The time takes by the oscillator to restart depends of te4 Frame and Overrun Error
crystal and the capacitors connected on both side of the garial Link Detection
crystal (typically 10 ms).
This feature is new and allows to the user to detect a serial
Software and hardware control link error. Two kinds of error can be detected during a
) ) reception : OVERRUN ERROR and FRAME ERROR.
This two modes can be mixed to control the Power-Dowsoth of them set the SERR bit in the IOCON register at

Mode. Entry to the mode can be made either by setting R half of the stop bit. This must be cleared by software.
bit to 1 or by setting HPD bit to 1 and presenting a falling

edge on T1 input. Exit from this mode can be made if tr}_e

" . fame error
software and hardware conditions are met : a rising edge
on T1 input_andan interrupt request. If these twoThis error occurs when the format of the received Data is
conditions are not satisfied, only an hardware reset camong. The Figure 50. shows an example of a Frame error.
complete the mode.
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Figure 50. FRAME ERROR example, STOP BIT is missing.

RXD

STOP BIT is missing 4
SERR

In this example the receiver waits for a STOP BIT t@verrun Error

complete the frame reception. Unfortunately the stop bitis error occurs, when a character received and not read
isn’'t there and the receiver indicates the frame error tPX/the C.P.U, is overwritten by a new one. The Figure 51.
setting to 1 the SERR bhit in the IOCON register. shows an example of OVERRUN ERROR.

Figure 51. OVERRUN ERROR example.

X0 | | cHamacTER1 | 5 | |

CHARACTER 2

(¢
| P2

RI

SERR ‘)g
Character 2 is overwritten

by the first

In this example the character 1 is received and the RI bibte

is setto 1. A second character is sent before the CPU redldth the C154 parts the RI bit isn’t set on the same time

the first one. The character 1 is overwritten and SERR ltitan the C51 parts. With the C51 parts the RI bit is set on

is set to 1 to indicate the loss of the first character. the last data bit. With the C154 the RI bit is set on the stop
bit.
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