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PRIVATE AUTOMATIC BRANCH EXCHANGE
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1995
ABSTRACT
This thesis presented the Private Automatic Branch Exchange (PABX) System that
controlled by Microcontroller
Inorder to connect external telephone 1 line to internal 4 line. It is faster and
accurater that use microcontroller to reduce , the size of PABX easy to maintenance and

flexibilty PABX is very useful to telephone communication.
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. mm‘fu’%mrj (Relay Drive)
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ORG 8100
SETMTX EQU 0F800H
P1B EQU OF801H
DTMF EQU O0F802H
P1P EQU 0F803H

P1A EQU OFCOOH
SETRL EQU O0FCOIH
CH_LINE EQU O0FCO02H
p2p EQU O0FCO03H

MOV A #89H

MOV DPTR,#PIP
MOVX  @DPTR,A
MOV  DPTR,#P2P
MOVX @DPTR,A

;INTERNAL SERVICE

CHLINE: MOV DPTR4CH LINE
MOVX A@DPTR
MOV RO,A



;CHECK LINE

CH SUBI: JNB ACC.0,CH _SUB2
MOV A #0FOH
MOV RI1,#0E8H
PUSH ACC
SIMP DIAL
CH_SUB2: INB ACC.1,CH_SUB3
MOV A #0F4H
MOV RI,#0ECH
PUSH ACC
SIMP DIAL
CH_SUB3: INB ACC.2,CH SUB4
MOV A #0F2H
MOV R1,#0EAH
PUSH ACC
SIMP DIAL
CH_SUB4: INB ACC.3,CH EXLINE
MOV A #OF6H
MOV RI1,#0EEH
PUSH ACC
SIMP DIAL
CH_EXLINE: JNB ACC.4,CHLINE
MOV DPTR,#SETRL
MOV  A#10H
MOVX @DPTR,A
MOV A #0ESH



DIAL:

MOV R1,#0F5H
PUSH ACC

MOV  DPTR #SETMTX
MOV A #0FSH
MOVX @DPTR.A
POP ACC
MOVX @DPTR A
PUSH ACC

;CHECK KEY

SCANKEY1: MOV DPTR #DTMF

MOVX A,@DPTR

;NUM9: CINE A #0SH,NUMO

2

>

>

POP ACC
CLR ACC4
PUSH ACC

;CONEXT: MOV DPTR#SETMTX

H

>
3

NUMO:

MOVX @DPTR.A
MOV DPTR #CH LINE
MOVX A@DPTR
CINE A #00H,CONEXT
LIMP CHLINE

CINE A#0AHDIAL
MOV DPTR #SETMTX
POP ACC
MOVX @DPTR.A



SCANKEY2: MOV DPTR#SETMTX

NUMLI:

NUM2:

NUMS:

NUM4:

MOV A #0BSH
MOVX @DPTR.A
MOV DPTR,#DTMF
MOVX A@DPTR

CINE A#0IH,NUM2
MOV R2,#01H
MOV DPTR#CH LINE
MOVX A@DPTR
JNB ACC.0O,RINGING
AIMP BUSY

CINE  A#02H,NUM3
MOV R2,#02H
MOV DPTR#CH LINE
MOVX A@DPTR
INB ACC.1,RINGING
SIMP BUSY

CINE A #03H,NUMA4
MOV  R2,#04H
MOV DPTR#CH LINE
MOVX A@DPTR
INB ACC.2,RINGING
SIMP BUSY

CINE A#04H,SCANKEY2
MOV R2,#08H
MOV DPTR,#CH LINE
MOVX A@DPTR
JNB ACC.3,RINGING



SIMP BUSY

RINGING: MOV DPTR,4SETRL
MOV AR2
MOVX @DPTR,A

;RING BACK
RINGB: = MOV DPTR,#SETMTX

MOV ARI
MOVX @DPTR.A
MOV - A #0EFH
MOVX @DPTR,A
MOV DPTR,#CH LINE
MOVX A @DPTR
PUSH ACC
ANL ARO
INB ACC.O,RINGB
SIMP OFFRING
JNB ACC.1,RINGB
SIMP OFFRING
JNB ACC.2,RINGB
SIMP OFFRING
JNB ACC.3,RINGB



OFFRING: MOV DPTR,#SETRL
MOV  A,00H
MOVX @DPTR,A

CONLN: MOV ARI
SETB ACC.4
MOV  DPTR,#SETMTX
MOVX @DPTR,A
POP ACC

CONl: INB ACC.0,CON2
MOV A #70H

CON2:  INB ACC.I,CON3
MOV A #ICH

CON3: INB ACC.2,CON4
MOV A #7AH

CON4:  JNB ACC.3,CONNECT
MOV A#7EH

CONNECT: PUSH ACC
MOVX @DPIR,A
MOV DPTR#CH LINE
MOVX A@DPTR
INZ CONLN
CLR ACC.S
MOVX @DPTR,A
LIMP CHLINE



BUSY:

MOV DPTR #SETMTX
MOV ARI

MOVX @DPTR,A

MOV A #0EBH

MOVX @DPTR,A

MOV DPTR#CH_LINE
MOVX A@DPTR

CINE A,#00,BUSY

LIMP CHLINE
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intel
ARCHITECTURAL OVERVIEW .
OF THE MCS®-51 FAMILY OF MICROCONTROLLERS

INTRODUCTION

The 8051 is the original member of the MCS®-51 family, and is the core for all MCS-51 devices. The features of the
8051 core are:

e 8-bit CI'U optimized for control applications
* Enatensive Boolean processing (single-bit logic) capabilities

¢ 64K Program Memory address space

¢ 64K Data Memory address space

® 4K bytes of on-chip Program Memory

128 bytes of on-chip Data RAM

32 bidirectional and individually addressable 170 lines

® Two 16-bit timer/counters

Full duplex UART

G-source/5-vector interrupt structure with two priority levels
On-chip clock oscillator

The basic architectural struciure of this 8051 core is shown in Figure 1.

EXTERNAL
INTERRUPTS
i n‘oKu' HMES : COUNTER
- ——
INTERRUPT 128 BYTES NPUTS
contRoL [T RAM TIMER O b—
J ¢
A
CPU <
» b
NE
BUS SERIAL
0S¢ CONTROL 4 1/0 PORTS PORT
x =
PO P2 Pi P3
| S—— ]
ADDRESS/DATA
3708811

Figure 1. Block Diagram of.the 8051 Core
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PROGRAN MEMORY
(READ ONLY)

EXTERNAL

=0
EXTERNAL

fa=1

INTERMAL

DATA MEMORY
(READ/ WRIT()

frein:

LXTERNAL ~

N\ N\

INTERMAL
FHio e oo
[
.
1
v
.
[+ 0000 } {

270251-2

Figure 2. MCS®-51 Memory Structure

CHMOS Devices

Functionally, the CHMOS devices (designated with
“C" in the middle of the device name) are al} fully
compatible with the 8051, but being CMOS, draw less
current than an HMOS counterpart. To further exploit
the power savings available in CMOS circuitry, two re-
duced power modes are added:

¢ Software-invoked Idle Mode, during which the CPU
is turned off while the RAM and other on-cliip
peripherals continue operating. In this mode, cur-
rent draw is reduced to about 15% of the current
drawn when the device is fully active.

® Software-invoked Power Down Mode, during which
all on-chip activities are suspended. The on-chip
RAM continues to hold its data. In this mode the
device typically draws less than 10 pA.

Although the 80C51BH is functionally compatible with
its HMOS counterpart, specific differences between the
two types of devices must be considered in the design of
an application circuit if one wishes to ensure complete
interchangeability between the 1IMOS and CHMOS
devices. These considerations are discussed in the Ap-
plication Note AP-252, “Designing with the
80C51BH™.

For morc information on the individual devices and
features listed in Table 1, refer to the Hardware De-
scriptions and Data Sheets of the specific device.

MEMORY ORGANIZATION IN
MCS®-51 DEVICES

Logical Separation of Program and
Data Memory

All MCS-51 devices have separate address spaces, for
Program and Data Memory, as shown in Figure 2, The
logical separation of Program and Data Memory allows
the Data Memory to be accessed by B-bit addresses,
which can be more quickly stored and manipulated by
an 8-bit CPU. Nevertheless, 16-bit Data Memory ad-
dresscs can also be generated through the DPTR regis-
ter.

Program Memory can only be read, not wrilten to.
There can be up to 64K bytes ol Program Memory. In
the ROM and EPROM versions of these devices the
lowest 4K, 8K or 16K bytes of Program Memory are
provided on-chip. Refer 1o Table 1 for the amount of
on-chip ROM (or EPROM) on cach device. In the
ROMless versions all Program Memory is exterual.
The read strobe for external Program Memory is the
signal PSEN (Program Store Enable),
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Data Memory occupies a separate address space from
Program Memory. Up to 64K bytes of external RAM
can be addressed in the exiernal Data Memory space.
The CPU generates read and write signals, RD and
WR, as needed during external Data Memory aceesses.

External Program Memory and external Data Memory
may be combined if desired by applying the RD and
PSEN signals to the inputs of an AND gate and using
the output of the gate as the read strobe to the external
Program/Data memory.

Program Memory

Figure 3 shows a map of the lower part of the Program
Meimory. After reset, the CPU begins execution from
location 0000H.

As shown in Figurc 3, ‘cach interrupt is assigned a fixed
location in Program Memory, The interrupt causes the
CPU to jump to that location, where it commences exe-
cution of the service routine. External Interrupt 0, for
example, is-assigned to location 00031, If External In-
terrupt O is gding to be used, its service routine must
begin at location 0003 H. If the interrupt is not goingta
be used, its service location is avaifable as_general pur-
pose Program Meniory.

\\\\\
{0033%)

002BH

00231

INTERRUPT

LOCATIONS. 0018M _.

8 |YIES

0000H

.-epd
—
—b1
Tt 00131
—_—

0003H
RESET — 00001

270251-3

Figure 3. MCS®-51 Program Memory

The interrupt service locations are spaced at 8-byte in-
tervals: 0003H for External Interrupt 0, 000BH for
Timer 0, 0013!1 for External Interrupt 1, 001BH for
Timer 1, etc. If an interrupt service routine is short
enough (as is often (he easc in control applications), it
can reside entirely within that 8-byte interval. Longer
service fpuLings can use a jump instruction to skip over

subsequant inwrrupt locations, if other interrupts are in
use,

The lowest 4K (or RK or 16K ) bytes of Program Mem-
ory can be cither in the on-chip ROM or i an external
ROM. This selection is made by strapping the EA (Ex-
ternal Access) pin 1o ather Ve or Vg

In the 4K byte ROM deviees, if the EA pin is strapped
to Vee, then program fetches to addresses 000011
through OFFFH are directed to the internal ROM, Pro-
gram fetches to addresses 100011 through FFFEH are
directed to external ROM.

In the 8K byte ROM devices, EA = V¢ selects ad-
dresses 0000H through IFFFH to be mternal, and ad-
dresses 2000H through FFFEIFI to be external.

In the 16K byte ROM devices, EA = Ve selects ad-
dresses 0000H through JFFFH to be internal, and ad-
dresses 400011 through FEFFIH 1o be external.

If the EA pin is strapped to Vgg, then all program
fetehes are directed (o enternal ROM. The ROMless
parts must have this pin externally strapped to Vgg to
enable them to execute properly.

The read strobe to external ROM, PSEN, is used for all
external program fetches. 'SEN is nat activated for in-
ternal program fetches.

3
MCS -5 EPROM

@ P1- PO | msIR,

23 Ll :
= —
ALE p— v
LATCat ‘ ADDR
P3 P2
= B

i
=
=
=4

270253 -4

Figure 4. Executing [rom External
Program Memory

The hardware configuration for external program exe-
cution is shown in Figure 4. Note that 16 1/0 lines
(Ports 0 and 2) arc dedicated to bus functions during
external Program Memory fetches. Port 0 (0 in Figure
4) serves as a multiplexed address/daia bus. 1t émits
the low byte of the Program Counter (PCL) as an ad-
dress, and then goes into a float state awaiting the arrive
al of the code Lyte from the Program Memory, During
the time that the low byte of the Program Counter is
valid on PO, the signal ALE (Address Lateh Enable)
clocks this byte into an address latch. Meanwhile, Port
2 (P2 in Figure 4) emits the high byte of the Program
Counter (PCH). Then PSEN strobes the EPROM and
the code byte is read into the microcontroller,
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Logical Instructions

Table 3 shows the fist of MCS-51 logical instructions,
The instructions that perform Hoolean operntiony
(AND, OR, Exclustve OR, NOT} on bytes perform the
operation on a bit-by-bit basis, hat is, i the Accumu-

lator containe 00110101 and <byte>  contains-

0101001113, then
ANL A, <byte>

will leave the Accumulator holding 000100018,

The addressing modes that can be used to access the

<byte> operand are listed in Table 3. Thus, the ANL
A, <byte> instruction may take any of the forms

ANI, ATFH (direct addressing)

ANL A, @RI (indircet addressing)
ANL AR6 (register addressing)
ANL A #53H  (immediate constant)

All of the logical instructions that are Accumulator-
specific exceute in Ius (using a 12 MUz clock). The
others lake 2 ps,

Note that Boolean operations can be performed on any
byle in the lower 128 internal Data Memnory space or
the SFR space using direct addressing, without having
to use the Accuniulator. The XRL <byte>, #data in-
struction, for example, offers a quick and easy way to
invert port bits, as in
XRL P1, #OFFII
Il the operation is in response to an interrupt, not using

the Accumulator saves the time and cfTort to stack it in
the service routine.

The Rotate instructions (RE A, RLLC A, ete) shift the
Accumulator 1 bit to the feft or right. For a lefi rota-
tion, the MSD rolls into the LSB position. For a right
rotation, the LSB rolls into the MSD position,

Table 4. A List of the MCS*

The SWAT A instruction interchanges the high and
low nibbles within the Accumulator. This is a useful
operation in BCH manipulations. For example, if the
Accumulator contnins n binary mimber which is known
1o be Jess than 100, it can be quickly converted to BCD
by the following code:

MOV 15, #10
DIV AB
SWAP A
ADD AD

Dividing the number by 10 lcaves the tens digit in the
low nibble of the Accumulator, and the ones digit in the
B register. The SWAP and ADD instructions move the
tens digit o the high nibble of the Accumulator, and
the ones digit to the fow nibble.

Data Transfers

INTERNAL RAM

Table 4 shows the nienu of instructions that are avail-
able for moving data around within the internal memo-
ry spaces, and the addressing modes that can be used
with cach one. With a 12 Mz clock, all of these in-
structions exccute in cither | or 2 us.

The MOV <dest>, <src> instruction allows data 1o
be transferred between any two internal RAM or SFR
locations without going through the Accumulator. Re-
member the Upper 128 byes of data RAM can be ac-
cessed only by indircet addressing, and SFR space only
by dircet addressing.

Note that in all MCS-51 devices, the stack resides in
on-chip RAM, und grows upwards. The PUSIH instruc-
tion first increments the Stack Poiner (SP), then copics
the byte into the stack. I'USH and PO use only direct
addressing to identify thz byte being saved or redtored,

-51 Data Transfer Instructions that Access Internal Data Memory Space

Mnemonic Operation Addressing Modes i).(eculion
Dir | ind | Reg | tmm | Time (us)
MOV A <sie> A= <src> X X 1
MOV <dest> A <dest> = A . X X 1
MOV <dest>, <sic> | <deost™ = <sre> X X 2
MOV DPTR, #data16 DPTR = 16-bit immediale constant. 2
PUSH <sre> INC SP : MOV “@SP", < sre> X 2
POP  <dest> MOV <dest>, “@SP" : DEC SP X 2
XCH A< byte> ACCand <byte> exchange data X X X 1
XCHD A, @Ri ACC and @Ri exchange low nibbles X 1
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but the stack itself is accessed by indirect addressing
using the SP register. This means the stack can go into
the Upper 128, if they arc implemented, but not inte
SFR space.

In devices thai do not implement the Upper 128, if the
SP points to the Upper 128, PUSHed bytes are lost, and
POPped bytes arc indeterminate.

The Data Transfer instrictions include a 16-bit MOV
that can be used (o initialize the Data Pointer (DPTR)
for look-up tables in Program Mcmory, or for 16-bit
eaternal Data Memory accesscs.

The XCH A, <byte> instruction causes the Accumu-
lator and addressed byte to exchange data. The XCHD
A,@Ri instruction is similar, but only the low nibbles
are involved in the exchange.

To see how XCH and XCHD can be used to facilitate
data manipulations, consider first the problem of shift-
ing an 8-digit BCD number two diits to the right. Fig-
ure 11 shows how this can be done using direct MOVs,
and for comparison how it can be done using XCH
instructions. To aid jn understanding how the code
works, the contents of the registers that arc holding the
BCD number and the content of the Accumulator are
shown alongside cach instruction to indicate their
status after the instruction has been exccuted.

|2a| 28] 2c | 20 2 | acc
MOV A2EH 0 | 12|34 56|78 78
MOV 2EH.20H | 00 | 12 | 34 | 56 | 56 | 78
MOV 2DH2CH | 00 | 12 { 34 | 34 | 56 | 78
MOV  2CH.28H | 00 | 12 | 12 | 34 | 56 | 78
MOV 2BH#0 |00 | ool 121348 ]s6l 78

(a) Using direct MOVs: 14 bytes, 9 us
l2a|28|2c]|20] 2| acc

CLR A 00 [ 12| 34 | 56 | 78 00

XCH A2BH | 00 | 00 | 34 | 56 | 78 12
XCH A2CH | 00 [ 00 [ 12 | 56 | 78 34
XCH A2DH | 00 } 00 [ 12 | 34 | 78 56
XCH A2EH | 00 1 00 | 12 1 34 | 56 78

(b) Using XCHs: 9 bytes, 5 ps

Flgure 11. Shifting a BCD Number
Two Digits to the Right

After the routine has been executed, the Accumulator
contains the two digits that were shifted vut on the
right. Doing the routine with direct MOVs uses 14 code
bytes and 9 pus of execution time (assuming a 12 MHz
clock). The sanie operation with NCHs uscs less code
and exceutes almost twice as fast,

To right-shift by an odd number of digits, a one-digit
shift must be executed. Figure 12 shows a sample of
code that will right-<hift a BCD number one digit, us-
ing the XCHD instruction. Again, the contents of the
registers holding the number and of the Accumulator
are shown alongside each instruction.

2A|2B8|2C|2D|2E|ACC
MOV  R1,#2EH 00(12434|56({78} XX
MOV  RO,#20H 001121341561781 XX
loop for R1 = 2EH:

LOOP: MOV  A.@Rt 00)12{34|56(78| 78
XCHD A,@R0 00]12|34158}76| 76
SWAP A 00|12|34]58176] 67
MOV @eR1A 00j12{34]58|67| 67
DEC Rt 00(12134150|67| 67
DEC RO 001121341581671 67
CJINE R1,#2AHLOOP

loop lor RY = 2DH: 00[12(38|45|67| 45
loop forR1 = 2CH: 00(18123145|67| 23
loop for RY = 2BH: 081011231451671 01
CLR A loo 01|23 45|67 00
XCH A2AH 00i01123145167% 08

Figure 12. Shifting 2 BCD Number
One Digit to the Right

First, pointers R1 and RO are set up o point to the two
bytes containing the last four BCD digits. Then a loop
is executed which leaves the last byte, location 2ER,
holding the last two digits of the shifted number, The
pointers are decremented, and the loop is repeated for
location 2DIL. Thie CINE instruction (€dmpaf? nd
Jump of Not Equal) is a loop control that will be de-
scribed later.

The foop is executed from LOOP to CINE for Rl =
2EH, 2011, 2CII and 2B At that point the digit that
was originally shifted out on the right has propagated
to location 2AH. Since that location should be lcft with
Os, the lost digit is moved to the Accumulator.
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EXTERNAL RAM

Table S shaws a list of the Data Transfer instructions
that access external Data Memory. Only indirect ad-
dressing can be used. The choice is whether 10 use a
oue-byte address, @Ri, where Ri can be cither RO or
R1 of the selected register bank, or a two-byte address,
@DPTR. The disadvantage to using 16-bit addresses if
ouly a few K bytes of cxternal RAM are involved is
that 16-bit addresses use all 8 bits of Port 2 as address
bus. On the other hand, 8-bit addresses aliow one to
address a few K bytes of RAM, as shown in Figure §,
without having lo sacrifice all of Port 2.

All of these instructions execute in 2 ps, with a
12 MHz clock.

Table 5. A List of the MCS®-51 Data
Transfer Instructions that Access
External Data Memory Space

A&T;:' Mnemonlic Operation s.’l‘:‘iu&o:;
8bits | MOVXA.@Ri | Road external 2
sbits | MOVX @RiA | Wilooxtemal 2

16bits | MOVXA,@DPTR | Roadexternal 2
16bits. | MOVX @DPTR.A by el 2

Table 6. The MCS®-51 Lookup
Table Read instructions

Note that in all external Data RAM accesses, the Ac-
cumulator is always cither the destination or source of
the data.”

The read and write strobes to external RAM arc acti-
vated only during the cxecution of @ MOVX instruc-
tion. Normally these signals are inactive, and in fact if
they'te not going to be used at ali, their pins are avail-
able as extra 170 lines. More about that later.

LOOKUP TABLES

Table 6 shows the two instructions that are available
for reading lookup tables in Program Memory. Since
these instructions access only Program Memory, the
lookup tables can only be read, not updated. The mne-
monicis MOVC for 'move coustant”

If the table access is to external Program Memory, then
the read strobe is PSEN.

Mnsmonic Operatlon .Er’:;c.u(t:')‘
MOVC A,@A+DPTR | Read Pgm Memory 2
at(A + DPTR)
MOVC A.@AtPC Read Pgm Momory 2
at (A +PC)

The first MOVC instruction in Table 6 can accommo-
date a table of up to 256 entries, numbered 0 through
255. The number of the desired entry is loaded into the
Accumulator, and the Data Pointer is set up to point to
beginning of the table. Then

MOVC A,@A +DPTR

copies the desired table entry into the Accumulator.

The other MOVC instruction works the same way, ex-
cept the Program Counter (PC) is uscd as the table
base, and the table is accessed through a subroutine,
First the number of the desired entry is foaded into the
Accumulator, and the subroutine is called:

MOV
CALL

AENTRY__NUMBER
TADBLE

The subroutine “TABLE" would look like this:
TABLE:

MOVC A,@A+PC
RET

The table itsell inunediately follows the RET (return)
instruction in Program Memory. This type ol table can
have up to 255 entrics, numbered 1 ¢hrough 255, Num-
ber 0 can not be used, because at the time the MOVC
instruction is exccuted, he PC contains the address of
the RET instruction. An entry numbered 0 would be
the RET opcode itsell

Boolean Instructions

MCS-51 devices contain a coniplete Boolean (single-bit)
processor, The internal RAM contains 128 addressable
bits, and the SFR spacc can support up to 128 other
addressable bits. All of the port fines are bit-address-
able, and each one can be treated as a separate single-
bit port. The instructions that access these bits are not
just comditional branches, but a complete menu of
move, sct, clear, complement, OR, and AND instrue-
tions. These kinds of bit operations are not easily ob-
tained in other architectures with any amount of byte-
oriented soltware.
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EPROM CHARACTERISTICS

Table 3. EPROM Programming Modes

Mode RST PSEN ALE EA P2.7 P2.6 P2.5 P2.4
Program 1 0 0° VPP 1 0 X X
Inhibit 1 0 1 X 1 0 X X
Verify 1 0 1 1 0 0 X X
Security Set 1 0 0* VPP 1 1 X X
NOTE:
*1" = logic high for that pin “VPPY = 421V 10.5V
*Q" = logic low for that pin *ALE is putsed low for 50 ms.
"X = “don't care”
Programming the EPROM Note that the EA/VPP pin must not be allowed to go

To be programmed, the part must be running with a
4 to 6 MHz oscillator. (The reason the oscillator
needs o be running is that the internal bus is being
used to transfer address and program data to appro-
priale internal registers.) The address of an EPROM
location to be programmed is applied to Port 1 and
pins P2.0-P2.3 of Port 2, while the code byte to be
programmed into that location is applied to Port 0.
The other Port 2 pins, and RST, PSEN, and EA
should be held at the ""Program levels indicated in
Table 3. ALE is pulsed low for 50 ms to program the
code byte into the addressed EPROM location. The
selup is shown in Figure 5.

Normally EA is held at a logic high unti just before
ALE is 10 be pulsed. Then EA is raised to +21V,
ALE is pulsed, and then EA is returned to a logic
high. Waveforms and detailed timing specifications
are shown in later sections of this data sheet.

+ 5V

vee j
”
o Cﬂ:u DAIA
P10

rz23
s

A—-=lP24
X » "OONT CARE’ .
r2s ALE [=—— aLE PROG
viL -—a{ o1 $0 ma PULSE 10 GHD
Vi —ed P27
—* AL EA te— EA VPP
- O3
]
T ATALY AST o vIHY

vss PSEN -1

270048-12

Figure 5. Programming Configuration

above the maximum specified VPP level of 21.5V for
any amoun; of time. Even a narrow glitch above that
voltage level can cause permanent damage to the
device. The VPP source should be well regulated
and free of glitches.

Program Verification

It the Security Bit has not been programmed, the on-
chip Program Memory can be read out for verilica-
tion purposes, il desired, eilher during or after the
programming operation. The address of the Program
Memory location to be read is applied to Pott 1 and
pins P2.0-P2.3. The other pins should be held at the
“Verily” levels indicated in Table 3. The contents of
the addressed location will come out on Port 0. Ex-

ternal pullups are required on Port 0 for this opera-
tion.

The setup, which is shown in Figure 6, is the same
as for programniing the EPROM except that pin P2.7
is held al a logic low. or may be used as an active-
low road strobe.

317

_j ~
vee

fanon A0 A? ry rouM

—— PO OATA
m"""".l "N 1USE 10K
A A A PULLUPS)

s1sn
x—={pre
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270048-13
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Figure 6. Program Verification
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EPROM Security

The security feature consists of a “locking™ bit which
whon programmed denies electrical accoss by any
oxtornal mnans o the on-chip Frogram Memory.
The bit is programmod as shown in Figure 7. The
setup and procoduie are the same as for normal
EPROM progi..nming, except that P2.6 is held at a
togic high. Port 0, Port 1, and pins P2.0-P2.3 may be
in any state. The other pins should be held at the
“Security" levels indicated in Table 3.

Once the Security Bit has Lsen programmed, it can
be cleared only by full erasure of the Program Mem-
ory. While it is programmed, the internal Program
Memory can not be read out, the device can not be
turther programmed, and it can not execute out of
external program memory. Erasing the EPROM,
thus clearing the Securily Bit, restores the device's
full functionality. It can then be reprogrammed.

Erasure Characterlstics

Erasuro of the EPRCM bogins to occur when the
clup is oxposed to light with wavelengths shorter
than approximately 4,000 Angstroms. Since sunlight
and fluoroscent lighting have viavelengths in this
range, oxposure to these ligh! sources over an ex-
tended tiine {about 1 week in suntight, or 3 years in
room-level lluorescont lighting) could cause inadver-
tent erasure. It an apglication subjects the dovice to
this type ol exposure. it is suggested that an opaque
label be placed over the window.

LX)
X = "DONT CARE

vce —]
—_'>| 1

ro K x
$ P20

X P13 rsim

[—

P24 ALE le— ALE PROS
30 ms PULSE 10 GND

—e{ P2

P26
viH —{ . -
P27 €A | +—EAVFP

XTALY
RST YIMY

R
3|
XTALS
f vSS € r—l

Flgure 7. Programming the Security Bit

|

4
&
z
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The recommendad erasure procedurs is exposure
to ultraviolet light (at 2537 Angstroms) to an integrat-
od dose of at loast 15 W-sec/cm2. Exposing the
EPROM to an ultraviolet lamp of 12,000 pW/cm?
rating for 20 to 30 minutes, at a distance of about 1
inch, should be sulficient.

Erasure leaves the array in an all 1s state.

EPROM PROGRAMMING AND VERIFICATION CHARACTERISTICS

Ta = 21°C 10 27°C, VCC ~ 5V +10%: VSS = oV

Symbol L Parameter . Min Max Units

VPP __Programming Supply Voltage (25 21.5 v_

PP Programming Supply Current y 30 mA

1/TCLCL |~ Oscillator Frequency 4 6 MHz

TAVGL Aduress Setup to PROG Low 48TCLCL o

TGHAX Address Hold alter PROG 48TCLCL B _

TDVGL Data Setup to PROG Low 8TCLCL | o
___TGHDX _Data Hold atter PROG 48TCLCL

TEHSH P2.7 (ENABLE) High to VPP 48TCLCL

TSHGL VPP Setup to PROG Low 10 us

TGHSL VPP Hold alter PROG 10 ps_ ]

TGLGH PROG Width 45 55 ms_

TAVQY Address to Dala Valid 48TCLCL

TELQV ENABLE Low lo Data Valid 48TCLCL

TEHQZ Dala Float after ENABLE 0 48TCLCL
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Table 9. Conditional Jumps in MCS#-51 Devices

Addressing Modes Execution
Mnemonic Operation
Dir | Ind [ Reg [ imm | Time (us)
JZ  rel JumpitA =0 Accumulator only 2
INZ el Jumpif A =0 Accumulator only 2
DJINZ <byte> rel Decrement and jump if not zero X X 2
CINE A, <byte> rel Jumpif A # <byte> X X 2
CINE <byte>, #datarel Jumpif <byte> # #data X X 2
There is na Zero bit in the PSW. The JZ and INZ
instructions test the Accumulator data for that condi- wesher
tion. HMOS
OR CHMOS

The DINZ instruction (Decrement and Jump il Not
Zero) is for loop contral. To exccute a loop N timcs,
load a counter byte with N and terminate the loop with

a DINZ to the beginning of the loop, as shown below
for N = 10:

Mov COUNTER, # 10
LOOP: (begin loop)

Y

(end loop) 2
DINZ  COUNTER,LOOP
(continue)

The CINE instruction (Compare and Jump if Not
Equal) can also be used for loop control as in Figure 12.
Two bytes are specified in the operand ficld of the in-
struction. The jump is executed only if the two bytes
are not cqual. In the example of Figure 12, the two
bytes were the data in R1 and the constant 2AH. The
initial data in R1 was 2E1. Every time the loop was
executed, Rt was decremented, and the looping was to
continue untif the R1 data reached 2A11,

Another application of this instruction is in “greater
than, less than™ comparisons. The two bytes in the op-
erand ficld arc taken as unsigned integers, If the first is
less than the second, then the Carry bit is set (1). If the
first is greater than or cqual to the second, then the
Carry bit is cleared.

CPU TIMING

AlLMCS-51 microcontrollers have an on-chip oscillator
which can be used if desired as the clock source for the
CPU. To use the on-chip oscillator., conneet a crystal or
ceramic resonator between the XTALL and XTAL2
pins of the microcontroller, and capacitors (o ground as
shown in Figure 13.

XTaL2

QUARTZ CRYS1AL N -
OR CRAMIC ‘o
RESONATOR

270251-1%

Figure 13. Using the On-Chip Oscillator

A. HMOS or CHMCS

L3
MCS =51
11e0S
onLY
EXTERNAL
CLOCK ———1 xTAL2
SIGNAL

XTALY
{—— vss

B. HMOS Only

L3
MCS =51
CHUQS
ONLY

(NC)=—{x1aL2

EXTERMAL
CLOCK ——{ xTaL}

SIGNAL
L

C. CHMOS Only

277251-12

270251-13

270251-14

]

Figure 14. Using an External Clock
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Jump Instructions

Table 8 shows the list of unconditional jumps.

Table 8. Unconditionatl Jumps
InMCS*-51 Devices

Mnemonic Operation !i);;:u(l:;r;
JMP  addr Jump to addr 2
JMP @A 1 DPTR | Jumplo A t DPTR 2
'CALL addr Call subroutine at addr 2
RET Return from subiouting 2
RETI Return from intertupt 2
NOP No aperation 1

The Tuble lists a single *JMP addr” instruction, but in
fact there are three—SIMP, LIMP and AIMP—which
difer in the format of the destination address. JMP 15 a
generic mnemonic which can be used if the program-
mer does not care which way the jump is encoded.

The SIMP instruction encodes the destination address
as a relative offset, as described above. The instruction
is 2 bytes long, consisting of the opeade and the relative
offset byte. The jump distance is limited (o a range of
— 128 1o + 127 bytes relative to the instruction follow-
ing the SIMP.

The LIMP instruction encodes the destination address
as a 16-bit constant. The instruction is 3 bytes long,
consisting of the opcode and two address bytes. The
destination address can be anywhere in the 64K Pro-
gram Memory space.

The AIMP instruction encodes the destination address
as an 1i-bit constant. The instruction is 2 bytes long,
consisting of the opcode, which itsell contains 3 of the
11 address bits, followed by another byte containing the
low 8 bits of the destination address. When the instruc-
tion is exccuted, these 11 bits are simply substituted for
the low 11 bits in the P'C. Uhe high S bits stay the same.
Hence the destination has ta be within the same 2K
block as the instruction following the AIMYP.

In all cases the programmer specifies the destination
address 1o the assembler in the same way: as a label or
as a 16-bit constant: The assembler will put the destina.
tion address into the correct format for the given in-
struction. I the format requited by the instruction will
not support the distance 1o the specified destination ad-
dress, a *Destination out of range’ message is written
into the List file

The JMP @A 1 DPTR instruction supports  case
jumps, The destination address is computed at exccu-
tion time as the sum of the 16-bit DPTR register and

the Accumulator. Typically, DPTR is set up with the
address of a jump table, and the Accumulator is given
an index 10 the table. In a 5-way branch, for example,
an integer 0 through 4 is loaded into the Accumulator.
The code to be exceuted might be as follows:

MOV DPIR, # JUMP _TADBLE
MOV A.INDEX_NUMBER
RL A

IMP @A +DPTR

The RL A instruction converts the index number (0
through 4) to an even number on the range0 through 8,
because each entry in the jump table is 2 bytes long:

JUMP__TABLE:

AIMP CASE_0
AJMP - CASE_1
AJMP CASE__2
AJMP CASE__3
AIMP CASE_4

Table 8 shows a single “CALL addr™ mstruction, but
there are two of them--LCALL and ACALL—which
differ in the format in which the subroutine address is
given to the CPU. CALL is a generic macmonic which
can be used if the programmer does not care which way
the address is encoded.

The LCALL instruction uscs the 16-bit address format,
and the subroutine can be anywhere in the 64K Pro-
gram Memory space. The ACALL instruction uses the
11-bit format, and the subroutine must be in the same
2K block as the instruction foliowing the ACALL.

In any case the programmer specifies the subroutine
address to the assembler in the sams way: as a label or
as a 16-bit constant. The assembler will put the address
into the correct formar for the given instructions.

Subroutines should end with a RET instruction, which

returns  exccution to the insttuction following the
CALL.

RETL is used to return from an interrupt service rou-
tine. The only difference hetween RET and RETI is
that RET] tells the interrupt control system that the
interrupt in progress is done. If there is no interrupt in
progress at the time RETI is exccuted, then the RETI
is functionally identical to RET.

Table 9 shows the list of conditional jumps available to
the MCS-51 user. All of these jumps specify the desti-
nation address by the relative offset method, and so are
limited to a jump distance of — 12810 + 127 bytes from
the tnstruction following the conditional jump instrue-
tion. Tmportant to note, however, the user specifies to
the assembler the actual destination address the same
way as the other. jumps: as a label or a 16-bit constant.
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RST: Reset input. A high on this pin for two machine
cycles while the oscillator is running ressts the de-
vice.

ALE/PROG: Address Latch Enable output pulse for

latching the low byte of the address during accesses

to external memory. This pin is also the program
PROG

pulse input (| ) during programming of the
EPROM parts.

In normal operation ALE is emitted at a constant
rale of % the oscillator frequency, and may be used
for external timing or clocking purposes. Note, how-
ever, that one ALE pulse is skipped during each ac-
cess to extornal Data Memory.

PSEN: Program Store Enable is the read strobe to
axternal Program Memory.

Vhen the device is execuling code from external
Program Memory, PSEN is activated twice each ma-
chine cycle, except that two PSEN activations are
skipped during each access to external Data Memo-
y.

EA/Vpp: Extornal Access enable EA must be
strapped o Vgg in order to enable any MCS-51 de-
vice to fetch code from external Program memory
ocations starting at 0000H up to FFFFH. EA must
Y6 strapped to Vg for internal program execution.

Note, howsver, that if the Security Bit in the EPROM
devices is programmed, the device will not fetch
sode from any location in externa! Program Memory.

This pin also receives the 21V programming supply
soltage (VPP) during programming of the EPROM
Jarts,

c2
-1 j_ XTAL2
)|

1b——)’——l—‘ XTALL

C

e

2700468-4
C1,C2 = 30 pF 110 pF for Crystals
= 40 pF £ 10 pF for Caramic Rosonators

Figure 3. Osclilator Connections

XTAL1: Input to the inverting oscillator amplifier.

XTAL2: Output from the inverting oscillator amplifi-
or.

OSCILLATOR CHARACTERISTICS

XTAL1 and XTAL2 are the input and output, respec-
tively, of an inverting amplifier which can be config-
ured for use as an on-chip oscillator, as shown in
Figure 3. Either a quartz crystal or ceramic resonator
may be used. More detailed information concerning
the use of the on-chip oscillator is available in Appli-
cation Note AP-155, "Oscillators for Microcontrol-
lers.”

To drive the device from an external clock source,
XTAL1 should be groundod, while XTAL2 is driven,
as shown in Figure 4. There are no requiroments on
the duty cycle of the external clock signal, since the
input to the internal clocking circuitry is through a
divide-by-two flip-flop, but minimum and maximum
high and low times specified on the Data Sheel must
be observed.

EXTEANAL
OSCILLATOR = y71a(2
SIGNAL

XTALY

vss

270048-5

Figure 4. External Drive Confliguration

DESIGN CONSIDERATIONS

I an 87518BH or 87528H may roplace an 8751H in a
future design, the user should carefully compare
both data sheets for DC or AC Characteristic differ-
ences. Note that the Vyyy and hy specifications for
the EA pin differ significantly between the devices.

Exposure to light when the EPROM device is in op-
oration may cause logic errors. For this reason, it is
suggested thal an opaque label be placed over the
window when the die is exposed to ambient light.
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Figure 2. MCS®-51 Connections

Portl 1: Port 1 is an 8-bit budirectional 1/0Q port with
internal pullups. The Port t ciutput bulters can sink/
source 4 LS TTL inputs. Port 1 pins that hava is
written 1o thom are pulled high by the internal pull-
ups, and in that state can be used as inputs. As
inputs, Port 1 pins that me oxtarnally being pulled
low will source current (. on the data shoet) be-
cause of the internal puliups.

Fort i aiso recoives the low-urder address byles
during programming of the EPRQid parts and during
program veritication of the ROM and EPROM parts,

In the B032AH and 8052AM, Port 1 pins P1.0 and
1.1 alsy sorvo the 72 and 128X lunctions, rogpac-
lively.

Port 2: Poit 2 is an 8-bit Ligiractional 1/0 port with
internal pullups. The Porl 2 outpat bullers can sink/
source 4 LS TTL inputs. Port 2 pins that have 1s
wiittan 1o them ers nuilad high by the internal pull-
ups, and in that state can ba usad as inputs. As
inputs, Port 2 pins that are extornally being pulied
low will source curient (I on the data shoet) be-
cause of the internal pullups

Port 2 emits the high-order address byle during
iotches from extetnal Program Memory and during
accesses to extornal Rata Memory that uso 16-bit
addiessos (MOVN @DPIRy In this apphcation it
uses strong interna! pullups when emitting 1s. Dur-

ing accessas to external Data Memory that use 8-bit
addresses (MOVX @Ri), Port 2 emits the conlonts of
tha P2 Special Function Register,

Port 2 also receives the high-arder address bits dur-
ing programiming of the EPROM parts and durifion.
program verificalion of the ROM and EPROM parts

Port 2: Port 3 is an 8-bit bidirectional 170 port with
intarnal puitups. The Port 3 output bulfers can sink/
sowrce 4 L& TTL inputs. Port 3 pins that have 1s
witten to thein are pultod high by the internal pull
ups, and in thal slato can be usod as inpuls. As
inputs, Port 3 ping that are externaity bsing pulled
lew will soureo cunént (h on the dala shect) be
causo of the pullups.

Port 3 also sorves e functions of various spaciat
laatures of tha MCS 51 [amily, as listod betow:

F:T"? Alternative Function

P3.0 RXD (seria! input port)

3.1 TXD (sovial output port)

P3.2 | INTO {external intarrupt 0)

P3.3 | INTT (oxternal interrupt 1)

PJ.4 TO (Timor 0 external input)

3.5 11 (Timer 1 axternal input)

P3.6 | WIT (uxtormat data memory wiite strobo)
[.F37 ] RO (exiernal data memory iead strobe)
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A.C. CHARACTERISTICS T, =

0°Cto +70°C; Veg = 5V £10%; Vgg = OV;

Load Capacitance for Port 0, ALE, and PSEN —~ 100 pF;

Load Capacitance for All Othar Outputs 80 pF
‘arla Nator
Symbol Parameter 12 MHz Osclliator Varlable Oscl Unlts
Min Max Min Max
1/TCLCL | Osciltator Frequency 35 12.0 Mtiz
TLHLL ALE Pulse Width 127 ZT(‘L(‘L ns_ |
TAVLL Address Valid to ALE Low 43 TCLCL ~40 ns
TLLAX Address Hold after ALE Low 48 TCLCL-35 ns
TLLIV ALE Low to Valid Instr in
8751H 183 4TCLCL—150 | ns
All Others 233 4TCLCL~ 100 ns
TLLPL ALT tow to PSEN Low 58 TCLCL--25 ns
TPLPH PSEN Pulse Width
8751H 190 3TCLEL - 60 ns
All Others 215 3TCLCL-35 ng
TPLIV PSEN Low to Valid instr n
‘8751H 100 3TCLCL~150 (K]
Ali Others 125 3TCLCL~ 125 ns
TPXIX Input Instr Hold after PSEN 0 0 ns
TPXIZ Input instr Float after PSEN 63 . TCLCL—20 ns
TPXAV PSEN 1o Addrass Valid 75 TCLCL--8 ns
TAVIV Address to Valid Instr In
8751H 267 S5TCLCL— 150 ns
All Others 302 STCLCL--115 ns
TPLAZ PSEN Low to Address Float 200 20 ns
| TRLRH | RO Pulso Width 400 8TCLCL 100 | _ns
TWLWH | WA Pulse Width 400 | 6TCLCL - 100 ns
TRLOV RD Low to Velid Data In 252 S5TCLCL - 165 ns |
TRHOX | Data Hold after RD 0 0 i S
TRHDZ Data Float after RE 97 2TCLCL—70 ns
TLLDY | ALE Low to Valid Data In 517 \ 1 BICLCL L~ 150 ns
TAVDY /\ddre<s to Valid Data In 585 _ ~'T(‘LCL~ Ua.) ns
. Al F Low to BD or WH Low 200 300 aTCL (J C ST(‘L‘,I -
T/ Rz (.dxes= - to HD or Wi Low 203 1 1 aTCicL 13e
TQVWX rWma Valid to WR Transition
a751H 13 TCLCL.~ 70 ng
N WP A C)_lhers — 23 Sl 1‘01.(:‘,1::59 . ns
| TQVwWit | Data Vahd to WH High L Ae8 7TOLCL 150 ns
TWHGX | Data Hold after WH 3) CLCL-s0 f ny
TRLAZ | D Low to Addross Floal O N T K AU S L
TWHLH | RD or WA High to ALE High
3751H 33 133 FCLCL 50 TCLOL A+ 50 ns
o Alt Othors 43 122 TCICL 40 | TOLCL+d0 | ng
ROTE:

“Ths table dous not include the 8751-8 A.C. charactaristcs {son noxt page).
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This Table Is only for the 8751H-§

A.C. CHARACTERISTICS Ta = 0°Cto +70°C; Vi, =
Load Capacitanco tor Port 0, ALE, and PSEN -

PRELIMINARY

5V £10%; Vgg = OV:

100 pF;

Load Capatitance for All Othor Outputs - 80 pF

Symbol Paramater 8 MHz Osciltator Varlable Osclliator Units
Min Max Min Max
1/TCLCL | Oscillator Frequency 3.5 8.0 MHz
TLHLL | ALE Pulse Width 210 2TCLCL-40 ns
TAVLL | Address Valid to ALE Low - 85 TCLCL - 40 ns
TLLAX | Address Hold after ALE Low | 90 TCLCL -35 s
TLLIV ALE Low to Valid Instr In 350 4TCLCL - 150 nft_
TLLPL ALE Low to PSEN Low 100 TCLCL-25 ns
TPLPH PSEN Pulse Width 315 3TCLCL -60 ns
TPLIV PSEN Low to Valid Instr In 225 ITCLCL-- 150 ns ]
| TPXIX Input Instr Hold after BSEN 0 o 0 ns_ |
TPXIZ | inpul Instr Fioat after PSER B TOLCL-20 | o
TPXAV BSEN to Address Valid NP L TEL—CL__B‘ N\ T ns
TAVIV. | Agdress o Valid Instr In Vaad 5TCLCL- 150 | s |
TPLAZ | PEN Low to Address Flcat 20 20 ns
TRLRH | KD Puise width 650 | eTcteL- 100 Tne |
TWLWH | WR Pulse Width 650 2 —GTCLCL -100 T ns
TRLDV | RD Low to Valid Data In 460 | STCLCL--165.0 ns
TRHOX | Data Hold after AiD 0 X 0 [ s
TRHDZ | Data Float alter G 20 2TCLOL=70 | ns
TLOV | ALE Low o vard Data T T esa BTCLOL~ 150 | ne
TAVDV | Addiess to Valid Data In 960 Lo 9TCLCL- 165 | ne
TLLWL | ALE Low to BB of WR Low 325 425 | 3TCLCL-50 | aTeLcLron | g
TAVWL | Address to BD) or WH Low 1 L fccie I ns |
;1 (_JlWX Data valid lo~Wﬁ Transition 55 B %a_C_L——m*_ J .wn:--
TOVWH | Data Valid o Wh High | 755 | 7TCLCL - 150 Tns
E@_TEH—OE after WA 75 " TCLCL -50 1 s ]
TRLAZ | RD Low to Addross Float 20 20 | ns
TWHLIT | FD or WR High to ALE High 75| 175 | Teict-so TCLCL450 | ns ]



MCS®-51 ARCHITECT

ntef

URAL OVERVIEW

Examples of how to drive the clock with an external
oscillator are shown in Figure 14. Note that in the
HMOS devices (8051, etc.) the signal at the XTAL2 pin
actually drives the internal clock gencrator. In the
CHMOS devices (ROCSIRLI, cle) the signal nt the
XTALL pin drives the internal clock generator, If only
one pin is going 1o be driven with the external oscillator
signal, make sure it is the right pin.

The internal clock generator defines the sequence of
states that make up the MCS-51 machine cycle.

Machine Cycles

A machine cycle consists of a sequence of 6 states,
numbered ST through S6. Each state time lasts for two
oscillator periods, Thus o machine eyele tnkes 12 oscil-
lator periods or 1 ps if the oscillator frequency is
12 MHz.

Each stale is divided into a Phase | half and a Phase 2
half. Figure 15 shows the fetch/cxecute sequences in

St 82 $I S4 S5 S8

0scC.
(XTALZ)

V77

P1 P2 P P2 IP1 P2 1Pt P2 |P1 P2 |P1 P2 [P1 P2 [Py P2 I;1 P2 1Pt P2 IPt P2 iPy P2 Ipy py
|

51 52 $3 S4 S5 56 s1

!

F LT N [

RAEAD OPCODE, READ NEXT

opPcoDE
{DISCARD).

!
T

READ NEXT OPCODE AGAIN.

sz]s:]sA|ssts

]

READ 2ND BVYE.I

1
!

I—READ NEXT OPCODE.

|
(B) 2-byle, T-cycle Instruction, e ADD A, »dals

I
|

READ OPCODE.
READ NEXT
OPCODE (DISCARD)

[
!
[
!
[

AEAD NEXT OPCODE AGAIN,

|

st ] sa] s [sa [ 55 ] s

]st[sz]

s:|s4]ss]ss] —————

| READ NEXT OPCODE AGAIN.

'

{

| READ OPCQODE NO I

(MOVK)
READ NEXT
I OPCODE(DISCA"D) | FETCH HO FETCH. [
[~ NOALE

| [ P |

ls|]sz[s:[sa]ss[sa]suls:[sa]salss[s«?

' ADOR | DATA |
(D) MOVX (1-byta, 2-cycle) |

! ACCESS EXTEANAL MEMORY |

270251-15

J

Figure 15. State Sequence

s In MCS¥-51 Devices
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states and phases for various kinds of instructions. Nor-

mally two program fetches are gencrated during cach

machine cycle, even il the instruction being executed
. doesn't require it. If the instruction being executed

doesn’t need more code bytes, the CPU simply ignores

the extra fetch, and the Program Counter is not incre-
. mented.

Execution of a one-cycle instruction (Figure 15A and
B) begins during State 1 of the machine cycle, when the
opcode is latched into the Instruction Register. A scc-
ond fetch occurs during S4 of the same machine cycle.

Execttion is complete al the end of State 6 of this ma.
chine cycle.

The MOVX instructions take two machine cycles to
execute. No program fetch is generated during the scc-
ond cycle of a MOVX instruction. This is the only time
program fetches are skipped. The fetch/execute se-

quence for MOVX instructions is shown in Figure
15(D).

The fetch/cxecute sequences are the same whether the
Program Memory is internal or external to the chip.
Execution times do not depend on whether the Pro.
gram Memory is internal or external.

Figure 16 shows the signals and timing involved in pro-
gram fetches when the Program Memory is external, If
Program Memory is external, then the Program Memo-
ry read strobe PSEN is normally activated twice per
machine cycle, as shown in Figure 16(A).

Il an access external Data Memory occurs, as shown
in Figure 16(B), two PSENs are skinped, because the
address and ¢lata bus arc being uscd for the Data Mem-

ory access.

Note that a Data Memory bus cycle takes twice as
much time as a Program Memory bus cycle. Figure 16
shows the relative timing of the addiesses being emitted
at Ports 0 and 2, and of ALE and PSEN. ALE is uscd
to latch the low address byte from PO into the address
latch.

4——— ONE MACHINE CYCLE ———s|

— ONE MACHINE CYCLE
snl»sz]s:]s:[ss]ss s:[sz]s:is‘|ss|ssi

AD

E2lNG

(A)
' ¢ WITHOUT A
! MOVX.

P2 PCH OUT,

pcrout X7 perout X+ powour X _pcroutr Y ecHout :

g
tecrour

]

" ~ED-E—O-ED—E-ED— O E—OD—

7
P
. )
i
:
]
!

]
trcLour t pcLour { pcLour
VALIO VALID YALID VALID_
} CYCLE1 ! CYCLE 2 {

s1[szls:[stiss|sc

5|'|52]sa|sc|ss[ss

T _1e ST AR

G & T LS

RO

[P AN

1
1
t
i

; 8
i DY | s : WITH A

PR Ny J 4
poallr s o

. MOVX.

PZpcHouTX ! pcHour X ' DPHOuUTORPzOUT X_ pciiour  XrcHout

= 1 T
po (ST % ADOR DATA @

in out, N
Leciour t aoom our LecLour
VALIO VALID VALID
27025116

- Figure 16. Bus Cycl.es in MCS*-51 Devites Execuling from External Program Memory
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When the CPU is execuling from internal rogram
Memary, PSEN is not activated. and program address-
cs are not emitted. However, ALE continues to be acti-
vated twice per machine cycle and so is available as a
clock owtput signal. Note, however, that one ALE is
skipped during the exceution of the MOV X.instruction.

Interrupt Structure

The 80S1 core provides 5 interrupt soustes: 2 external
interrupts, 2 timer interrupts, and the erial port inter-
rupt. What follows is an overview of the interrupt
structure for the 8051. Other MCS-51 devices have ad-
ditional interrupt sources and vectors as shown in Ta-
ble 1. Refer to the appropriate chapters on other devic-
es for further information on their interrupts.

INTERRUPT ENABLES

Eacl of the interrupt sources. can be individually en-
abled or disabled by setting or clcariné a bit in the SFR

MsB) (LSD)
leal=T=Tes]eri[ext [ eto]exo)

Enable bt = 1 enables the interrupt
Enable bit = 0 disablas it

Symbol Position Function
EA IE.? disables all interrupts # EA 0, no
ntarrupt will be acknowledgad If EA
= 1, each interrupt source s
d y of disabled by
sething or cleaning its enable bit
* 1E6 reserved”’
- IES reserved®
ES IE 4 Senal Port Interrupt enabte bit
ETt IED Tsmer 1 Overtlow Interrupt enable bit
£X1 IE.2 External Interrupt § anabla bit
ET0 1E 3 Tuner 0 Ovetflow interrupt enable bit,
EX0 IEQ External interrupl 0 enablo bil

*These ceserved bils are used in other MCS-51 devices

Figure 17, IE (Interrupt Enable)
Register in the 8051

named IE (Interrupt Enable). This register also con-
tains a global disable bit, which can be cleared to dis-
able all interrupts at once. Figure 17 shows the 1B (eg-
ister for the 8051,

INTERRUPT PRIORITIES

Each interrupt source can also be individually pro-
grammed to one of two priority levels by setting or
clearing a bit in the SFR named IP (Interrupt Priority)
Figure 18 shows the IP registef in the 8051,

A low-priority interrrupt can be interrupted by a high-
priority interrupt, but not by another low-priority inter-
rupt. A high-priority interrupt can’t be interrupted by
any other interrupt source.

I two interrupt requests of different priority levels are
reccived simultaneously, the request of higher priority
levelis serviced. If interrupt requests of the same priori-
ty level are received simultancouysly, an internal polling
sequence determines which request is serviced. Thus
within each priority level there is a second priority
structure determined by the polling sequence.

Figure 19 shows, for the 8051, how the [E and 1P regis-
ters and the polling sequence work to determine which
il any interrupt will be serviced.

nasE)y (LSB)
(I -T=IesTeriexi[rro] pxo]

Prority bt = 1 assigns high priority.
Pnority bt = 0 assigns low prority,

Sy’mbol Pasition Function

- P.7 reserved”®

— Pe tasorved*

— tPs resarved®

PSS P4 Sonal Port interiupt pnorty it
P11 r3 Tumer 1 inlerrupt priowity bit.
PX1 (=31 Extoenal Interrupt 1 prionty bit
PT0 1P Timer O nterrupt prionty bil,
PX0 PO Extornal interrupt 0 prionty bit.

*Theso reserved tits are usud in other MCS.51 devicos
P

Figure 18. IP (Interrupt Priority)
Reglster In the 8051
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EXTERNAL CLOCK DRIVE

Symbnl Paramator Min Max Units
1/TCLCL Oscillator Frequency (excopt 8751H-8) 3.5 12 MHz
8751H-8 3.5 8 MH2
TCHCX High Time 20 ns
TCLCX Low Timse 20 ns
TCLCH Rise Time 20 ns
TCHCL Fall Time 20 ns

EXTERMNAL CLOCK DRIVE WAVEFORM

TCHCX — TCHCL

270048-10

A.C. TESTING INPUT, OUTPUT WAVEFORM

e

A.C. Testing: Inpuls aro driven at 2.4V for a Loyic "1 and 0.45v
for a Logic 0" Timing moasuraments aro made at 2.0V for a
Logie "1 and 0.8V lor a Logic "0

270048-11
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EPROM PROGRAMMING AND VERIFICATION WAVEFORMS

PROGRAMMING VERIFICATION
P10p17 )
P1.0-£23 -—< ADORESS ADORESS
——7 - TAVQY
y—
PonT 0 ﬁ-< DATA N DATA OUT
TOVGL —] |4 TGHDX

TAVGL L—. TGHAX
ALE/PROG ‘\

TSH! TGHSL

o TOLGH
2tV = SV
= TN WG ’ M H
T/ver H A TTL MIGH TTL MIGH TTL MG
TEHSH
TELQv e - T1IHQ2
ray
(ENABLE)
270048-15
For programming conditions see Figure 5. For verification conditions see Figure 6.

DATA SHEET REVISION SUMMARY

The following are the key differences betwsen this and the -003 version of this data sheet:
1. Introduction was expanded to include product descriptions.

2. Package table was added.

3. Design Considerations added.

4. Test Conditions for ;1 and hi specifications added to the DC Characteristics.

5. Data Sheet Revision Summary added.
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SERIAL PORT TIMING—SHIFT REGISTER MODE
Test Conditions: T = 0°C to 70°C; VCC = 5V +10%; VSS = 0V; Load Capacitance = 80 pF

Symbol Parameter 12 MHz Osclliator Varlable Osclilator Units
Min Max Min Max
TXLXL | Serial Port Clock Cycle Time 1.0 12TCLCL us
TQVXH | Output Data Setup to Clock Rising 700 10TCLCL--133 ns
Edge
TXHQX | Output Data Hold after Clock 50 2TCLCL~-117 ns
Rising Edge
TXHDX [ Input Data Hold after Clock Rising 0 0 ns
' Edge
TXHDV | Clock Rising Edge to Input Data 700 10TCLCL~133| ns
Valid 3
SHIFT REGISTER TIMING WAVEFORMS
i | T 0SS 8T T - NN\ | -
- o o]

|<- Iovm‘-l ;'- - l

4 WA IO TP TR O 2 L 7
SR ] 2. \ -

& £20 @D €0 G € @Y. € @ €3 G €0 6D € (o)

ey

cLean wm

270048-9
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ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature Under Bias ... ... 0°Cto 70°C
Storago Tomperaturo .......... -65°Cto +150°C
Voltago on EA/Vpp Pinto Vgg ... 0.5V to 4-21.5V
Voltage on Any Other Pin 10 Vsg ....—0.5Vio +7V
Power Dissipation.......................... 1.5W

*Notice: Stresses above those listed under “Abso-
lute Maximum Ratings"' may cause permanent dam-
age lo the device. This is a stress raling only and
functional operation of the dovice at thosa or any
other conditions above those indicatod in the opora-
tional sections of this specification is not implied. Ex-
posure (o absolute maximum rating conditions for
extended periods may affect device reliability.

D.C. CHARACTERISTICS Ta = 0°C1070°C; Vee = 5V +10%; Vgg = OV

Symbol Parameter Min Max Units | Test Conditions
ViL Input Low Voltage (Except EA Pin of -0.5 0.8 v
8751H & 8751H-8)
ViLy Input Low Vollage to EA Pin of 0 0.7 v
8751H & 8751H-8
Vi Input High Voltage (Except XTAL2, 20 |Vec+ 05| VvV
RAST)
Vi Input High Voltage to XTAL2, RST 25 |Veg+ 05| V |XTAL1 = Vss
Vou Output Low Voltage (Ports 1, 2, 3)* 0.45 V tloL=16mA
Vo1 Output Low Voltage (Port 0, ALE, PSEN)*
8751H, 8751H-0 0.60 V lloL=32mA
0.45 V oL =24mA
All Others 0.45 V llor=32mA
Vou Output High Voltage (Ports 1, 2, 3, ALE, PSEN) 2.4 V_ lloH= —80pA
VoH1 Output High Voltage (Port 0 in 24 V 1oy = —400 pA
External Bus Modse)
he Logical 0 Input Current (Ports 1, 2, 3,
RST) 8032AH, 8052AH —800 nA | Viy = 0.45V
All Others ~500 pA [ Viy = 045V
hiLs Logical 0 Input Current to EA Pin of -15 mA [ Vin = 0.45V
8751H & 8751H-8 Only |
Lo Logical 0 Input Current (XTAL2) <92 mA | ViN = 0.45V
Iy Input Leakage Current (Porl 0)
8751H & 8751H-8 +100 pA 1045 < Viy < Vg
All Others 110 pA 10.45 < Viy < Vo
It Logical 1 Input Current to EA Pin of 500 pA | Vin = 2.4V
8751H & 8751H-8
i1 Input Current to RST to Activato Resat 500 pA | Vin < (Vo — 1.5V)
lec Power Supply Current;
8031/8051 160 mA
8031AH/8051AH 125 mA | All Outputs
8032AH/8052AH 175 mA | Disconnected;
8751H/8751H-8 250 mA | EA = Veg
Cio Pin Capacitance 10 pF | Testfreq = 1 MHz
*NOTE:

Capacitive loading on Ports 0 and 2 may cause spurious noise pulses 1o be su
and 3. The noiso is dus to external bus capacitance discharging into the Port 0

porimposed on the Vo s of ALE and Ports 1

transitions during bus operations. tn the worst cases (capacitive loading > 100 pF), the noise pulse on the ALE fine may

oxceed 0.8V. In such cases it may be desirablo to qualify ALE with a

Trigger STROBE input.

Schmitt Trigger, or uso an address latch with a Schmitt
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EXTERNAL DATA MEMORY READ CYCLE

{ TLHLL
ALE

PSEN /
-— TuweL TALAH
—_
o J

Taviy —{ — |~ TRLAZ

¢-_..l TLLAX
AQ-A?
roRys >‘4Unou RI OR OPL

to—— tavwi

oy

[*—— TRLDV —=|

TAVDY

PORT 2 P20-P2.7 OR AS-A15 FROM O AB-A1S FROM PCH

270040 -7

EXTERNAL DATA MEMORY WRITE CYCLE

ﬁ TLHLL TWHLI o —
AT /
; \.

=/ ]

WL e rWlWH——— &
WA N /l
m:;.“:»— ToVWX l<—~rwv<0x
TAVLL - TQVWH g
PORT 0 rnou‘:l-at’a oPL DATA OUT rr:g:?,c'. m::n
- TAYWL e

PORT 2 n P20-P2.7 OR A8-A1S FROM DPH X AB-A1S TROM PCH

270048-8
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EXTERNAL PROGRAM MEMORY READ CYCLE

ALE

PSEN

POAT 0

PORT 2

TAVLL

TLHLL —of

-/

N

TPLAZ —o|

TLLAX l‘—.
/7 7Y

l«— e |
! e

[—— TLLIV —

1 TPLIV

hal

AO-A7 H

TAVIV _.‘

AS-ALS X Ad-A1S

270048-6




MCS®-51

PRELIMINARY

No-re?

riery?

PIOORAN
ratTEN

MO THOD] TOOK

| ™™o | e ™I

e § T [aCaran:

InCAPZ fasue | »

POAT ANG [ 28K N BLOCKS

INTTRRUST, BRwAL

Lo\ Py P10.73 5
t
= 2700481
Flgure 1. MCS*-51 Block Diagram
PACKAGES Port 0: Port 0 is an 8-bit open drain bidiroctional 1/0
port. As an outpul port oach pin can sink 8 LS TTL
Part Prafix Package Type inputs.
8051AH/ P 40-Pin Plastic DIP
8031AH D 40-Pin CERDIP Port 0 pins that have 1s written to them float, snd in
N 44-Pin PLCC that state can be used as high-impedance inputs.
8052AH/ P 40-Pin Plastic DI 4 .
'8032AH D Ag-P:rr: cé’;'oclp P Port 0 is also. tha multiplexed low-ordor address and
N 44-Pin PLCC data bus during accesses 1o external Program ang
5 Data Memory. In this application it uses sirong inte:-
8751H/ D 40‘9!" CERDIP nal pullups when emitting 1s and can source and
8751H-8 R 44-Pin LCC sink 8 LS TTL inputs,

PIN DESCRIPTIONS

Vec: Supply voltage.

Vss: Circuit ground.

Port 0 also raceivas the coda bytes during program-
ming of the EPROM parts, and outputs the code
byles during prograrn verification of tho ROM and
EPROM parts. External pullups are requirad during
program veriication, )
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MCS®@-51
8-BIT CONTROL-ORIENTED MICROCOMPUTERS
8031/8051
8031AH/8051AH
8032AH/8052AH
8751H/8751H-8

High Performance HMOS Process & Boolean Processor
Internal Timers/Event Counters B Bit-Addressable RAM

2-Level Interrupt Priority Structure | Programmable Full Duplex Serial
32 1/0 Lines (Four 8-BIt Ports) Channel
64K Program Memory Space B 111 Instructions (64 Single-Cycle)

Security Feature Protects EPROM Parts B 64K Data Memory Space
Agalnst Software Plracy

The MCS®-51 products are oplimized for control applications. Byle-processing and numerical operations on
small data structures are facilitated by a variely of fast addressing modes for accessing the internal RAM. The
instruction set providas a convenient menu of 8-bit arithmelic instructions, including multiply and divide instruc-
tions. Extensive on-chip support is providod for one-bit variablos as a separalo data typo, allowing diroc! bit
manipulation and tosting in control and logic systoms lhal require Boolean procassing.

The 8051 is the original member of the MCS-51 family, The 8051AH is identical to the 8051, but it is labricated
with HMOS Il technology.

The 8751H is an EPROM version of the 8051AH; that is, the on-chip Program Memory can be electrically
programmed, and can be erased by exposure 1o ultraviolel light. It is fully compatible wilh ils predecessor, the
8751-8, but incorporates two new features: a Program Memory Security bit that can be used 1o protect the
EPROM against unauthorized read-out, and a programmable baud rate modification bit (SMOD). The 8751H-8
is identical to the 8751H but only operales up to 8 MHz.
The B052AH is an enhanced version of the 8051AH. It is backwards compatible with the 8051AH and is
fabricated with HMOS Il technology. The 8052AH enhancements are listed in the table balow. Also refer 10 this
table for the ROM, ROMiless, and EPROM versions of each produc!.

Device Internal Memory Timers/ Interrupts
Program Data Event Counters
B052AH 8K x 8 ROM 256 x 8 RAM 3 x 16-Bit 6
8051AH 4K x 8 ROM 128 x 8 RAM 2 x 16-Bit 5
8051 4K x 8 ROM 128 x 8 RAM 2 x 16-Bit 5
B8032AH nono 256 x 8 RAM 3 x 16-Bit 6
B8031AH none 128 x 8 RAM 2 x 16-Bit 5
8031 none 128 x 8 RAM 2 x 16-Bit 5
8751H 4K x 8 EPROM 128 x 8 RAM 2 x 16-Bit 5
8751H-8 4K x 8 EPROM 128 x 8 RAM 2 x 16-Bit 5
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Figure 19. 8051 Interrupt Control System

In operation, all the interrupt flags are latched into the
interrupt control system during State 5 of every ma-
chine cycle. The samples are polled during the follow-
ing machine cycle. If the flag for an enabled interrupt is
found to be set (1), the interrupt system generates an
LCALL to the appropriate location in Program Memo-
ry, unless some other condition blocks the interrupt.
Several conditions can block an interrupt, among them
that an interrupt of cqual ar higher priority level is
already in progress.

The hardware-generated LCALL causes the contents of
the Program Counter to be pushed onto the stack, and
reloads the PC with the beginning address of the service
routine. As previously noted (Figure 3), the service rou-
tine for each interrupt begins at a fixed location.

Only the Program Counter is automatically pushed
onto the stack, not the PSW or any other register. Hav-
ing only the PC be automatically saved allows the pro-
grammer to decide how much time to spend saving
which other registers. This enhances the interrupt re-
sponse time, albeit at the expense of increasing the pro-
grammer’s burden of responsibility. As a result, many
interrupt functions that are typical in control applica-
tions—toggling a port pin, for cxample, or reloading a
timer, or unloading a scrial buffer—can often be com-

pleted in less time than it takes other architectures to
commence them.

SIMULATING A THIRD PRIORITY LEVEL IN
SOFTWARE

Some applications require more than the two priority
levels that are provided by on-chip hardware in
MCS-51 devices. tn these cases, refatively simple soft-
ware can be written to produce the same effect as a
third priority level.

First, interrupts that are to have higher priority than 1
are assigned to priority 1in the IP (Interrupt Priority)
register. The service routines for priority 1 interrupts
that are supposed to be interruptible by “priority 2~
interrupts are written to include the following code:

PUSH IE

MOV 1E, # MASK

CALL LABEL
(exccute service routine)

ror 1E

RET

LABEL: RFTI
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As soon as any priority | interrupt is acknowledged,
the 1E (Interrupt Enable) register is re-defined so as to
disable all but “priority 2" interrupts. Then, a CALL to
LABEL cxecutes the RETI instruction, which clears
the priority 1 interrupt-in-progress flip-flop. At this
point any priority | interrupt that is cnabled can he
serviced, but only “priority 2" intcrrupts are enabled.

POPping I restores the original cnable byte. Then a
normal RET (rather than another RETI) is used to
terminate the service routine. The additional soltware
adds 10 ps (at 12 MHz) to priority 1 interrupts.

ADDITIONAL REFERENCES

The following application notes are found in the

Embedded Control Applications handbook. (Order

Number: 270648)

L. AP-69 “An Introduction to the Intel MCS®-51 Sin.
gle-Chip Microcomputer Family"

2. AP-70 “Using the Intet MCS®.51 Doolean Process-
ing Capabilities™
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Table 7. A List of the MCS™-51
Boolean Instructions

Mnemonic Operation . gr’i(;zu('}ilos';
ANL cbit ¢ TCAND ot | T s
ANL  C,/bit |C == C.AND. .NOT bit 2
ORL Cbit |{C = C.OR.but 2
ORL Cubit [C = C.OR. .NOT. bit 2
MOV Cbt !C = b 1
MOV bit,C |bit=C 2
CLR C c=0 T
CLR it bit = 0 1
SETB C C=1 1
SETB bit bit = 1 1
CPL C C = .NOT.C 1
CPL  bit bit = NOT. bit 1
JC rel Jumpif C = 1 2
JNC  rel JumpilC =0 2
JB bitrel | Jump i bit = 1 2
JNB  bitrel |Jumpifbit = 0 2 1
iBC bit.rel |Jumpifbit = 1; CLR bt 2

The instruction set for the Boolean processor is shown
in Table 7. All hit accesses are by direct addressing, Byt
addresses 00H through 7FH are in the Lower 128, and
bit addresses 80H through FFH are in SER space.

Nate how easily an wnternal flag can be mosed to o port
pi:

MOV
MOV

C.FLAG
rLo.c

In this example, FLAG is the name of any addressable
bitin the Lower 128 or SIFR space. An 170 line (the
LSB ol Port 1, in this cased is vet or eleared depending
on whether the flag bit is 1 or 0.

The Carey bit in the PSW is used as the single-bit Accu-
mulator of the Boolean processor. Bit instructions that
refer to the Carry it as C assemble as Carry-specific
instructions (CLR C. etc). The Carry bt also has a
direet address, since it resides m the PSW register,
which is bit-addressable.

Note that the Boolean iastruction set includes ANL
and ORL operations, but not the XR1, (Exclusive OR)
operation. An XR1L operation 1 simple (o implement in
software. Suppose, for example, it is required 1o form
the Exclusive OR of two buis:

C = bitl . XRIL. hir2
The software 10 do that could be as follows:

MOV Cobidd
JNB b2, OVER
crL C

OVER: (continuc)

First. bitl 1 moved to the Carry. If bit2 = 0, then C
now contains the correct result, That is, bit1 . XRL. bit2
= bitlif bit2 = 0. On the other hand, if bit2 = | C
now contains the complement of the correct result. It
nieed only be inverted (CPL C) 1o complete the opera-
tion.

Tlus code uses the JND mstruction, one of a series of
bit-test instructions which execute a jump il the ad-
dressed bitis set (JC, J13, JBC) ar if the addressed bit 1s
not set (JNC, INB). In the above case, bit2 15 heing
tested, and il bit2 = 0 the CPL Cinstruction is Jumped
over,

JBC exceutes the jump if the addressed bit is set, and
also clears the bit. Thus a flag can be tested and cleared
i one operation.

Al the PSW bits are durectly addressable, <o the Parity
bit, or the general purpose Hags, for example, are also
availuble 1o the bi-test instsuctions,

RELATIVE OFFSET

The destination address tor these Jumps is specified to
the assembler by a fabel or by an actua! address in
Program Memory, However, the destination address
assembles (0 a relative offset byte. This is a signed
(twa's complementy offset byte which is added to the
PChn two's complement arithmetic if the jump is exe-
cuted.

The range of the jump is therefore = 128 10 + 127 Pro-
gram Memory bytes relative to the first byte lollowing
the instruction,
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MC34012-1
MC34012-2
MC34012-3

[ Advance Information

TELEPHONE TONE RINGER

® Complete Telephone Bell Replacement Circuit wisth Minimum
External Componenis

® On-Chip Diode Bridge and Transient Protection

Orwect Drive for Prezoelectric Transducers

® Base Frequency Options—MC34012-1 1 OkHz
MC34012-2 20kHz
MC34012-3 SO0 Hz

® input Impedance Signature Meets Bell and EIA Standards

® Rejects Rotary Dial Transients

TELEPHONE
TONE RINGER

BIPOLAR LINEAR /12U

ﬁ?

.Jl

PLASTIC PACKAGE
CASE 626

APPLICATION CIRCUIT

RG

Tio 47% 1.OuF

Ring

RC

RF

RS

Al

180k

O

J,so,;
Te 28V

Piezo Sound
Element

MC34012-1: C = 1000 pF
MC34012-2: C= 500 pF
MC34012-3: C = 2000 pF

Ms gocument contains intormation on a new product Specthcations and infarmation heren
@ subject 10 change without notice
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APPLICATION CIRCUIT PERFORMANCE

Characteristic Typical Value Units
Qutput Tone Freguencies
MC34012-1 832/1040 Hz
MC34012-2 166472080
MC34012-3 416/520
Warble Frequency 13
Output Voltage 20 Vp-p
(Vi 2 60 Vpms. 20 Ha)
Qutput Duty Cycle 50 %
Ringing Start Input Voltage (20 Hz) 38 Vrms
Ringing Stop Input Voltage (20 Hz) 28 Vems
Maximum ac Input Voliage (< 68 Hz) 150 Vems
impedance When Ringing 138
Vi =240 Vems. 15 Hz 20
V(=130 Vyms 23 H2 10
Impedance When Not Ringing
Vi 210 Vyms. 24 Hz 28 3]
V=28 Vimg, 24 Hz >1.0 M0
Vi =10 Veme, 5.0 Hz 55 kN
Vi = 3.0 Vems. 200-3200 Hz >1.0 M0
Maximum Transient Input Volitage 1500 v
{T<2.0ms)

PIN DESCRIPTIONS

Name 3 Dascription

ACy AC2 The input terminals to the full-wave diode bridge. The ac ringing signal from the telephone line
energizes the ringer through this bridge.

RS The positive output of diode bridge to which an external current sanse resistor is connected.

al The positive supply terminal for the oscillator, frequency divider and output bufter circuits.

RF The terminal for the filter capacitor used in detection of ringing input signals.

RO The tone ringer output terminal through which'the sound element is driven.

RG The negative output of the diode bridge and the negative supply terminal of the tane generating
circuitry,

RC The oscillator terminal for the external resistor and capacitor which control the tone ringer

frequencies.

MOTOROLA TELECOMMUNICATIONS DEVICE DATA



ELECTRICAL CHARACTERISTICS (Ta = 25°C)

Characteristic Test Symbol Min Typ Max Units
Ringing Start Voltage Vdc
(Vs:art = VI @ Ring Start)
vi>0 1a Vstari(*) 3t 34.5 kL]
vi<o b Vstart(-) -3 -345 -38
Ringing Stop Voltage 1c Vstop Vde
(Vstop = Vi @ Ring Stop)
MC34012-1 16 20 25
MC34012-2 13 18 22
MC34012-3 16 20 25
Output Frequencies (Vi = 50V} 1d He
MC34012-1 High Tone /"] 967 1040 1113
Low Tone - fi 774 832 890
Warble Tone fw 12 13 14
MC34012-2 High Tone Y] 1934 2080 2226
Low Tone fL 1548 1664 1780
Warble Tone L 12 13 14
MC34012-3 High Tone Y] 967 1040 1913
Low Tone fi 774 832 820
Warble Tone fw 24 26 28
Output Voltage (V| = 50 V) ] Vo 19 20 23 Vo.p
Output Short-Circuit Current 2 o 35 50 80 MAg.p
Input Diode Voitage 3 Vo 4.6 5.1 56 Vde
= 1.0 ma)
Input Voltage—SCR Off 4a Volf 37 42 47 Vdc
() = 30 mA)
Input Voitage—SCR On 4b Von 3.2 4.2 60 Vdec
(I = 100 mA)
Threshold Filter Resistance 5 Rpr 30 50 80 k}
RRF = 2.0 V/IRg
BLOCK DIAGRAM
c3
i«
L1y
R3 c4
i
prs VI e PN Pl
R1 Cl | Diode Bridge RS R RF
Tip >—and l
ACy |
NI/ T ¥ |
2D B ‘e
r# Ll B ol <3 2 o
Nr Y & yov 3 |
Ring J e :
Tac; —————¢ |
! SCB ’1/22 v I Threshold |
| Transient Comparator I
| Clamp Bias i
I =
f
! L & :
| Tone f
! Oscitlator Frequency Yf I
| Divider !
RC RO L
i NN - : |
| Qutput Butfer | ! Piezo
c2 R2 ; . L | I sounc
| Warble | ; Element
L Frequency Divider RG T N v
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CIRCUIT DESCRIPTION

The MC34012 Tone Ringer derives its power supply by
rectifying the ac ringing signal. It uses this power to
activate a tone generator and drive a piezo-ceramic
transducer. The tone generation circuitry includes a
retaxation oscillator and frequency dwviders which
produce high and low frequency tones as well as the
tone warble frequency. The relaxation oscillator fre-
quency fg 1s set by resistor R2 and capacitor C2
connected to pin RC The oscillator will operate with f,
from 1.0 kHz to 10 kHz with the proper choice of external
components {See Figure 1).

The frequency of the tone ringer output signal at pin
RO alternates between f3/4 to fo/5. The warble rate at
which the frequency changes is (47320 for the
MC34012-1, f5/640 for the MC34012-2. or fo/160 for
the MC34012-3. With a 4 0 kHz oscillator frequency, the
MC34012-1 produces 800 Hz and 1000 Hz tones with a
12.5 Hz warble rate. The MC34012-2 generates 1600 Hz
and 2000 Hz tones with a similar 12,5 Hz warble
frequency from an 80 Hz osciliator frequency. The
MC34012-3 will produce 400 Hz and 500 Hz tones with
a2 12 5 Hz warble rate from a 2.0 kHz oscillator frequency.
The tone ringer output circuit can source or sink 20 mA
with an output voltage swing of 20 volts peak-to-peak.
Velume contrd! is readily implemented by adding a
variable resistance in series with the piezo transducer.

Input signat detection circuitry activates the tone
ringer output when the ac line voltage exceeds
programmed threshold level. Resistor R3 determines the
ringing signal amplitude at which an ouiput signal will
be generated at RO. The ac ringing signal is rectified by
the internal diode bridge. The rectified input signal

FIGURE 1 — OSCILLATOR PERIOD (1/15) versus
OSCILLATOR R2 C2 PRODUCT

produces a current through A3 which is input at terminal
RI. The voltage across resistor R3 s filtered by capacitor
C3 at the input to the threshold circutt When the voltage
on capacitor C3 exceeds 1.7 volts, the threshold com-
parator enables the tone ringer output. Line transients
produced by pulse dialing telephones do not charge
capacitor C3 sufficiently 1o activate the tone ringer
output.

Capacitors Ct and C4 and resistor R1 getermine the
10 volt, 24 Hz signature test impedance. C4 also provicdes
filtering for the output stage power supply to prevent
droop in the square wave output signal. Six diodes in
series with the recufying bridge provide the necessary
non-linearity for the 2 5 volt, 26 Hz signature tests.

An internal shunt voltage regulator between the Rl
and RG terminals provides dc voltage to power output
stage, oscillator, and frequency dividers The dc voltage
at Rlis hmited to approxtmately 22 volts 1n regulation To
protect the IC from telephone line transients, an SCRs
triggered when the regulator current exceeds 50 ma
The SCR diverts current from the shunt regulator anc
reduces the power dissipation within the iC

EXTERNAL COMPONENTS

Al Line input resistor R1 controls the tone
ringer input impedance. [t aiso influences
ringing threshold voitage and mits current
from line transients. i
{Range: 2.0 k1 to 10 k().

ci Lina input capacitor. C1 ac couples the tone
ringer to the telephone hine and controis
nnger input impedance at low frequencies

{Range: 0.4 .F to 2.0 uF).

R2 Osculiator resistor. 1

(Range: 150 kf} 10 300 kN !

1 Cc2 Osciltator capacitor. |

ko {Range: 400 pF to 2000 oF) ’

R3 Input current sense ressstor. R3 contrels the |

-, 600 ringing threshald voltage. Increasing R3 :

2 / decreases the ring-start voltage. '
< (Range: 0.8 kil to 2.0 k).

T a0 Cc3 Ringing threshold filter capacitor. C3 filters the }

< T ac voltage across R3 a: the input of tne ringing |

200 150 k € R2 < 200k Khres_hold comparator. It also provides dialer :

A 400 p"r' < C2§ ZOQG of transient rejectson. . |

' ! | {Range: 0.5 uF to 5.0 u¥l. |

100 200 360 4010 500 C4 Ringer supply capacitor. C4 filters supply i

R2C2 tus)

voltage for the tone generating circuits It also
provides an ac current path for the 10V mg
ringer signature impedance.

(Range: 1.0 uf to 10 uF).




FIGURE 2 — TEST ONE
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‘Indicates 1% tolerance 2 MC34012.2 R= 55kn*
(5% otherwise} o MC34012-3 R=110k0"




FIGURE 3 — TESTTWO

180 k*
1 _ / 8 20k
RG RC
> O-NWZL_
L. With VR = 3.5 volts, close S1 Measure the
= 2| Al 7 RC
1 RF Ve _[_ current at Pin 4 (Ig1). Repeatedly switch VRe
ouT :L 0.01 uf = between 3.5 volis and O volits until Pin 4 current
3 A 6 2v changes polarity. Measure this opposite polarity
C2 ‘l l current {Ig3).
= = Caiculate:
flro it oY 10=l1o11 *1 102!
- ’ _L
Io =
.
= sov MC34012-1: C = 1000 pf*
MC34012-2: C = 500 pF*
MC34012-3: C = 1000 pf*
*Indicates 1% tolerance (5% otherwise)
FIGURE 4 — TEST THREE
4 180k il
’ 1 \_/ 8
Voo RG AC
R
AC, Measure voltage at Pin 2.
3 AC
__[___ 2
LOmA T lsgon, 4
) RO
Q.047 uF

MC34012-1: C = 1000 pF*
MC34012.2: C= 500 pF*
MC34012-3: C = 1000 pF*

*indicates 1% tolerance {5% otherwise)




FIGURES — TESTFOUR

C
3. Setl] to 30 mA. Measure voltage at Pin 2
Vot
b. Set!j to 100 mA. Measure voltage at Pin 2
0.01 uF Von)
1.8 k*
= MC34012-1: C = 1000 pF*
MC34012-2: C= 500 pF*
& MC34012-3: C = 1000 pF*
« By *Incicates 1% tolerance (5% otherwise)
-
3
&
L]
s FIGURE § — TEST FIVE
¥ ¥
H
180 k =
1 N 8 i
RG RC
2 1 ACq
Measure current into Pin 7 (IRe).
3 - OUT Caiculate:
A
2 RRF = 2 voits + Ipg
3500, &
3 RO
0.047 4F

MC34012-1: C = 1000 pF*
MC34012-2: C = 500 pF*
MC34012-3: C = 1000 pF*

*Indicates 1% tolerance (5% otherwise)




FIGURE 7 — TEST SiX

;

1 \_/
RG RC8

our

180 k* .

= c

RS

Rl

L
T 47k
o2 AC
vt
3
AC»y
L
x Ty
RO
Vo

7
RF ﬁ VRe
0.01 uF
6 H
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MC34012-1: C = 1000 pF*
MC34012-2: C= 500 pF*
MC34012-3: C = 1000 pF*

Witn Ve = 3 5 volts, close S1. Set Vj to 50
volts. Measure dc voltage at Pin 4 Vo)
Repeatedly change Vg between 3.5 volts and
Q volts untit Pin 4 changes state. Measure the
new voltage at Pin 4 (Vo).

Calculate the peak-1o-peak output voltage:

Vop-p 2| Vo2 - Vo1

“Indicates 1% tolerance (5% otherwise)






