SIEMENS

High-Performance
8-Bit CMOS Single-Chip Microcontroller SAB 80C515/80C535
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® 8 Kx 8 ROM (SAB 80C515 only) ® Boolean processor
e 256 x 8 RAM @ Most instructions execute in 1 us (750 ns)
@ Six 8-bit /O ports, one input port for ® 4 us (3 us) multiply and d vide
digital or analog input ® External memory expandabie up to
® Three 16-bit timer/counters 128 Kbytes
@ Highly flexible reload, capture, compare ® Backwardly compatible with SAB 8051
capabilities ® Functionally compatible with SAB 80515
® Full-duplex serial channel ® |dle and power-down mode
® Twelve interrupt vectors, four priority ® Plastic leaded chip carrier package:

levels P-LCC-68
® 8-bit A/D converter with 8 multiplexed ® Plastic Metric Quad Flat Package
inputs and programmable internal P-MQFP-80
reference voltages ® Two temperature ranges available:
® 16-bit watchdog timer 0to70°C (for 12, 16, 20 MH2)

—40t0 85°C (for 12, 16 MHz)

The SAB 80C515/80C535 is a powerful member of the Siemens SAB 8051 family
of 8-bit microcontrollers. It is designed in Siemens ACMOS technology and is functionally
compatible with the SAB 80515/80535 devices designed in MYMOS technology.

The SAB 80C515/80C535 is a stand-alone, high-performance single-chip microcontroller
based on the SAB 8051/80C51 architecture. While maintaining all the SAB 80C51 operating
characteristics, the SAB 80C515/80C535 incorporates several enhancements which
significantly increase design flexibility and overall system performance.

In addition, the low-power properties of Siemens ACMOS technology allow applications where
power consumption and dissipation are critical. Furthermore, the SAB 80C515/80C535 has
two software-selectable modes of reduced activity for further power reduction: idle and power-
down mode.

The SAB 80C535 is identical with the SAB 80C515 except that it lacks the on-chip program
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(P-LCC-68) or in a plastic metric quad flat package (P-MQFP-80).

There are versions for 12, 16 and 20 MHz operation and for 16 MHz operation and for extended
temperature ranges — 40 to 85 °C. Versions for extended temperature range — 40 to + 110 °C
are available on request.
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SIEMENS SAB 80C515/80C535
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SIEMENS

SAB 80C515/80C535

Ordering information

Tvpe Orderina Packaae nner-rlnhnn
ey rRSy SRSy il
Code 8-Bit CMOS Microcontroller
SAB 80C515-N Q67120-DXXXX |P-LCC-68 |with mask-programmabie ROM,
12 MHz
SAB 80C535-N Q67120-C0508 P-LCC-68 |for external memory, 12 MHz
SAB 80C515-N-T40/85 Q67120-DXXXX |P-LCC-68 |with mask-programmable ROM,
12 MHz
ext. temperature — 40 to + 85 °C
SAB 80C535-N-T40/85 Q67120-C0510 |P-LCC-68 |for external memory, 12 MHz
ext. temperature — 40 to + 85 °C
SAB 80C515-16-N Q67120-DXXXX |P-LCC-68 |with mask-programmable ROM,
16 MHz
SAB 80C535-16-N Q67120-C0509 | P-LCC-68  for external memory, 16 MHz
SAB 80C535-16-N- Q67120-C0562 |P-LCC-68 |for external memory, 16 MHz
T40/85 ext. temperature —40to + 85 °C
SAB 80C535-20-N Q67120-C0778 |P-LCC-68 | for external memory, 20 MHz
SAB 80C535-M Q67120-C0857 |P-MQFP-80 for external memory, 12 MHz
SAB 80C515-M Q67120-DXXXX |P-MQFP-80 | with mask-programmable ROM,
12 MHz
SAB 80C535-M-T40/85 Q67120-C0937 |P-MQFP-80 for external memory, 12 MHz
ext. temperature — 40 to + 85 °C
SAB 80C515-M-T40/85 | Q67120-DXXXX |P-MQFP-80 with mask-programmable ROM,
12 MHz
ext. temperature — 40 to + 85 °C

Notes:
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(verification) of the customer.

Versions for extended temperature range —40 to + 110 °C o
a Aafi
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SAB 80C515/80C535

Pin Coniiguration
(top view)
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SIEMENS SAB 80C515/80C535

Pin Configuration
(top view)

_ Ao 75 70 65 61
RESET 11 o o] P5.7
N.C. 1 P0.7 /] AD7
VAREF [ 1 P0.6/ AD6
VAGND [ [ P0.5/ AD5
P6.7 | AIN7 5 1 P0.4/ AD4
P6.6 / AIN6 [] 5511 P0.3/ AD3
P6.5/AINS [ ] P0.2/ AD2
g g SAB 80C535 | 80C515 - Po.1/AD
F0.5/ AINS [] : | | PO.O/ ADU
P6.2 / AIN2 []10 1 N.C.
P6.1/AINT [J P-MQFP-80 507 N.C.
P6.0/ AINO [ Package 1 EA
N.C. 1 ALE
NC. O - PSEN
P3.0/ RXDO []15 M N.C.
P3.1/TXDO [] 450 P27/ A15
P3.2/INTO ] P2.6/A14
P3.3/INTT [ M P25/ A13
P3.4/T0 [ [1 P2.4/A12
P3.5/T1 20 41 .
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N.C. pins must not be connected.
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SAB 80C515/80C535
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efinitions and Funciions

Dien
i
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P-MQFP-80
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1-3, 5-9

72-74,
76-80

/O

Port4

is an 8-bit bidirectional I/O port with
internal pullup resistors. Port 4 pins that
have 1’s written to them are pulied high by
the internal pullup resistors, and in that
state can be used as inputs. As inputs,
port 4 pins being externally pulled low will
source current {/|_in the DC
characteristics) because of the internal

. mmam om § e

pullup resistors.

75

Power saving mode enable

A low level on this pin enables the use of
the power saving modes (idle mode and
power-down mode). When PE is held on
high ievel it is impossible to enter the
power saving modes.

RESET

10

Reset pin

A low level on this pin for the duration of
two machine cycles while the oscillator is
running resets the SAB 80C515. A small
internal pullup resistor permits power-on
reset using only a capacitor connected
to Vss.

w

Reference voitage for the A/D converter

Reference ground for the A/D converter

(o3}
1
N

Pori 6
is an 8-bit undirectional input port Port

pins can be used for digital input if voltage
levels S|multaneously meet the

ananifinatinma far Aldlnrao
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and for the eight multiplexed analog inputs
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SAB 80C515/80C535

X
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P-LCC-68
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P-MQFP-80
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21-28

15-22

Port 3

is an 8-bit bidirectional I/O port with
internal pullup resistors. Port 3 pins that
have1i's written to them are pulied high by
the internal pullup resistors, and in that
state can be used as inputs. As inputs,
port 3 pins being externally pulled low will
source current (/, in the DC
characteristics) because of the internal
puliup resistors. Port 3 also contains the
interrupt, timer, serial port and external

that ara 11icad hh
IIIUIIIUIy DI.IUUU PIIID lI Ial al© ustcu Uy

various optlons The output latch

~rnrroennndin a earnndary fiinntinn
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must be programmed to a one (1) for that
function to operate. The secondary
functions are assigned to the pins of port
3, as follows:

— RN (PR M carial
wl

1L \I U-\J,- A=A |

(a]
input (asynchrono us) or data i
nll‘l‘nl it (Q\mnhrnn

— TxD (P3.1): serial port's transmitter data
output
(asynchronous) or clock output
(synchronous)

— INTO (P3.2): interrupt 0 input/timer 0
gate control input

— INT1 (P3.3): interrupt 1 input/timer 1
gate control input

— TO (P3.4): counter O input
— T1 (P3.5): counter 1 input

— WR (P3.6): the write control signal
latches the data byte from port O into the
external data memory

— RD (P3.7): the read control signal
enables the external data memory to
port O

Semiconductor Group



SIEMENS SAB 80C515/80C535

Pin Definitions and Functions (cont’'d)

Symbol Pin Pin input (1) Function
P-LCC-68 |P-MQFP-80 tpu (0)

P1.7-P1.0 [29-36 24-31 /O Port 1

is an 8-bit bidirectional I/O port with
internal pullup resistors. Port 1 pins that
have 1's written to them are puiied high by
the internal pullup resistors, and in that
state can be used as inputs. As inputs,
port 1 pins being externally pulled low will
source current (I, in the DC
characteristics) because of the internal
puliup resistors. The port is used for the
low-order address byte during program
verification. Port 1 also contains the
interrupt, timer, clock, capture and

P Yeta sl alolaalallaTy

Lvullipaie piiio lllal aie UQUU Uy lelUUb
options. The output latch corresponding to
a secondary function must be
programmed to a one (1) for that function
to operate (except when used for the
compare functions). The secondary
functions are assigned to the port 1 pins
as follows:

— INT3/CCO (P1.0): interrupt 3 input/
compare 0 output/capture O input

— INT6/CC3 (P1.3): interrupt 6 input/

compare 3 nllfput/cantllrn 3 |nn| it

— INT2 (P1.4): interrupt 2 input

— T2EX (P1.5): timer 2 external reload
trigger input

— CLKOUT (P1.6): system clock output

— T2 (P1.7): counter 2 input

Semiconductor Group 9



SIEMENS SAB 80C515/80C535
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P-LCC-68 |P-MQFP-80 |Output (O)

XTAL2 39 36 XTAL2

XTALA 40 37 Input to the inverting oscillator amplifier
and input to the internal clock generator
circuits.
XTALA1

Output of the inverting oscillator ampilifier.
To drive the device from an external clock
source, XTALZ should be driven, while
XTAL1 is left unconnected. There are no
requirements on the duty cycle of the
external clock signal, since the input to the
internal clocking circuitry is divided down
by a divide- by-two flip-flop. Minimum and

nAd lnw timaoe and rica/fall
IIIGAIIIIuIII |||s|| Gl.l IV WYY LTIV Al T1avficall

times specified in the AC characteristics
must be observed.

P2.0-P2.7 |41-48 38-45 ifO Port 2
is an 8-bit bidirectional I/O port with
internal puliup resistors. Port 2 pins that
have 1's written to them are pulled high by
tha |r\'l'nrnn| niilhhin racietAare nA in that
UIc 1niciiial puuup 1GolIoWVl O, allu i |.||a|.

state can be used as inputs. As inputs,
port 2 pins being externally pulled low will
source current (I, inthe DC
{‘harnr\fnrlchoq\ hecause of the internal
pullup reS|stors.

Port 2 emits the high-order address byte
during fetches from external program
memory and during accesses to external
data memory that use 16-bit addresses
(MOVX@DPTRY). In this application it
uses strong internal pullup resistors when
issuing 1's. During accesses to external
data memory that use 8-bit addresses
(MOVX@RIi), port 2issues the contents of
the P2 special function register.

Semiconductor Group 10
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SAB 80C515/80C535

'C
Cl

efinitions and Funciions (COI‘II CI)

=]

-LCC-68

3

p
P-MQFP-80

49

47

The Program store enable
output is a control signal that enables the
external program memory to the bus

UUI II IU U}\LUIIIGI IUlL;II U}JUIdlIUI 15, Il Ib

activated every six oscillator periods,
excent dllrlnn external data memory

CAVT MY W LT [ RRV Lo i Lo ]

accesses. The signal remains high during
internal program execution.

ALE

50

48

The Address latch enable
output is used for iaiching the address into
external memory durlng normal operation.
it is activated every six osciliator pe"luus,
except during an external data memory

annAaco
avLuGoo.

m
I

Externai access enabie

When held high, the SAB 80C515
executes instructions from the internal
ROM as Iong as the PC is less than 8192.

[ PR £ x L _

When heid I()W the SAB 80C515 feiches
all instructions from external program

AAAAAA [ Y T a ONMLCNDLC +lhhin i
IIIUIIIUIy ror uic OI‘\D 60039 this PIr

must be tied low.

P0.0-P0O.7

52-59

52-59

1/O

Port 0
is an 8-bit open-drain bidirectional 1/O
por1.
Port O pins that have 1's written to them
float, and in that state can be used as
high-impedance inputs.
Port 0 is also the mu Itlplexed low-order
L
[V

a1
|

AadAdrAana An A Ak A~ AnAAacA~a
aGairess aina Gailwa ovus UUIII 1Y ALt ooTo I.U

external program and data memory. In

thic annlinatinn it 11Icae etrannm ini‘mrnal
l.l 1o GPPIIUGIIUII Il. UoCo ol vi Iu nitGIlial

pullup resistors when issuing 1's.

Part N nlen outnuts fhn nndn h\ face dirin
1 I L Wl H Lww U n

program verification in the SAB 80C515.

External nll"llp resistors are reqauired

[ N R L] T T

during program verification.
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SIEMENS SAB 80C515/80C535

'El
Cl

efinitions and Functions (COI’]I CI)

| = RS TP )

Crrmanla Al [ = H™S Dive 1 mn
2yinuul [ pd 1 0] il ] \1) rurivuulli

P-LCC-68 |P-MQFP-80 |Output (O)

P5.7-P5.0 [60-67 60-67 /O Port 5 is an 8-bit bidirectional I/O port with
internal pullup resistors. Port 5 pins that
have 1's written to them are pulled high by
the internal puilup resistors, and in that
state can be used as inputs. As inputs,
port 5 pins being externally pulied iow wili
source current

U IL in the DC characteristics ) pecause of
the internal pullup resistors.

Vee 37 33 - Supply voltage
during normal, idle, and power-down
operation. Internally connected to pin 68.

Vss 38 34 - Ground (0 V)
Vee 68 69 - Supply voltage
during normal, idle, and power-down
operation. Internally connected to pin 37.
N.C - 2,13, 14, - Not connected
23, 32, 35, These pins of the P-MQFP-80 package
46, 50, 51, must not be connected
68, 70, 71

Semiconductor Group 12
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XATL1 XATL2

I ]
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L Watchdog K N R e P
EA —» N Vv N1V 8-Bit
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I I
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| —— > Ports port.
I |
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| I
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A |
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Vv ! I
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. k
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Figure 1

Block Diagram
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SIEMENS SAB 80C515/80C535

Funciionai Descripiion
The members of the SAB 80515 family of microcontrollers are:
— SAB 80C515: Microcontroller, designed in Siemens ACMOS technology, with

8 Kbyte factory mask-programmable ROM
— SAB 80C535: ROM-less version of the SAB 80C515

— SAB 80515: Microcontroller, designed in Siemens MYMOS technology, with
8 Kbyte factory mask-programmable ROM

— SAB 80535: ROM-less version of the SAB 80515

The SAB 80C535 is identical to the SAB 80C515, except that it lacks the on-chip ROM

In this data sheet the term "SAB 80C515" is used to refer to both the SAB 80C515 and

SAB 80C535, unless otherwise noted

Drinainlae af Arahitactiira

nin I\ll'ull\vg Wi Miwilililwvwiul W

features:

— Instruction set

— External memory expansion interface (port O and port 2)
— Full-duplex serial port

— Timerfjcounter 0 and i

— Alternate functions on port 3

Y. e

The SAB 80C515 additionally contains 128 bytes of internal RAM and 4 Kbytes of internal
ROM, which results in a total of 256 bytes of RAM and 8 Kbytes of ROM on-chip.

The SAB 80C515 has a new 16-bit timer/counter with a 2:1 prescaler, reload mode, compare
and capture capability. It also contains at 16-bit watchdog timer, an 8-bit A/D converter with pro-

arammable reference voltaces two additional auasi-bidirectional 8-bit noris one 8-bit innut
grammabpie reterence voitages, two acqaliional q , One o-dit Input

...................... ports
port for analog or digital signals, and a programmable clock output (fosc/12).

Furthermore, the SAB 80C515 has a powerful interrupt structure with 12 vectors and 4 pro-
grammable priority levels.

Figure 1 shows a block diagram of the SAB 80C515.

Semiconductor Group 14



SIEMENS SAB 80C515/80C535

CPU

The SAB 80C515 is efficient both as a controller and as an arithmetic processor. It has
extensive facilities for binary and BCD arithmetic and excels in its bit-handling capabilities.
Efficient use of program memory results from an instruction set consisting of 44 % one-byte,

41 % two-byte, and 15 % three-byte instructions. With a 12 MHz crystal, 58 % of the
instructions execute in 1.0 ps.

Memory Organization

The SAB 80C515 manipulates operands in the four memory address spaces described below:
Figure 1 illustrates the memory address spaces of the SAB 80C515.

Program Memory

Tl OCOAD ONMLCAL Limns O by bm A f omvn Al TDYMAA il dle o QO AD ONMECNL lims cnm iemdmeea~] T/MRA
1T1e OAD OUL V10 Tlds O NLyle Ul Ul-CIHIpP MUV, WHHNE LIS OAD oL oo Tlds TV et iial nuivi
The program memory can be externally expanded up to 64 Kbytes. If the EA pin is held high,
"‘L‘\l\ QAD ONMNEAE Avarnmiitac At Af intarmal DO rinlace tha adAdArace avanndae 1CECE | AAntinnmo
UIC OAD OULJUIJ TATULULCO UUL UL THTITSTTHIAl MUV UTTHTSOO LTI aUUl Too TALTCCUO IFFFH I.UL;G.I.IUIID
2000y through OFFFFy are then fetched from the external program memory. If the EA pin is
held now, the SAB 80C515 fetches all instructions from the external program memory. Since
the SAB 80C535 has no internal ROM, pin EA must be tied low when using this component

The data memory address space consists of an internal and an external memory space. The
internal data memory is divided into three physically separate and distinct blocks:

the lower 128 bytes of RAM, the upper 128 bytes of RAM, and the 128 byte special function
register (SRF) area. While the upper 128 bytes of data memory and the SFR area share the
same address locations, they are accessed through different addressing modes. The lower
128 bytes of data memory can be accessed through direct or register indirect addressing; the
upper 128 bytes of RAM can be accessed through register indirect addressing; the special
function registers are accessibie through direct addressing.

Four 8-register banks, each bank consisting of eight 8-bit multi-purpose registers, occupy loca-
tions 0 through 1F in the lower RAM area. The next 16 bytes, locations 20 through 2F, con-
tain 128 directly addressable bit iocations. The stack can be iocated anywhere in the internai
data memory address space, and the stack depth can be expanded up to 256 bytes

I ne eXIernal Gala memory can De expanoeo Up io 04 KDyIGS and can De aCCGSSGG Dy msuuc-
tions that use a 16-bit or an 8-bit address.

Semiconductor Group 15



SIEMENS SAB 80C515/80C535

Shared Address Location
FFFF FF ‘ | | FF FFFF
Upper | Special _|
128-Bytes — Function —
Internal | Registers
External RAM ¥
80 80 External
Data
2000 Memory
7F
| Lower |
[ 128-Bytes |
TTE FEE Internal |
TFFF TFFF =AM
Internal External
(E=1) (E8=0)
0 0 00 0000
Program Memory
Data Memory
. Register
Rl:lrglf:sgfge Indirect
Addressing
MCB00078

Figure 2
Memory Address Spaces
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SIEMENS SAB 80C515/80C535

Speciai Function Registers

All registers, except the program counter and the four general purpose register banks, reside
in the special function register area. The special function registers include arithmetic registers,
pointers, and registers that provide an interface between the CPU and the on-chip peripherals.

There are also 128 directly addressable bits within the SFR area. All special function registers
are listed in table 1 and table 2.

In table 1 they are organized in numeric order of their addresses. In table 3 they are organized
in groups which refer to the functional blocks of the SAB 80C515.

Table 1
Special Function Register
Address Register Contents Address Register Contents
after Reset after Reset
80, PO 1) OFF 98, SCON 1) 00,
81, SP 074 99, SBUF XXy 2
82 DPL 00 9AH reserved XXy 2
83y DPH 00y 9By reserved XX}y 2
84y reserved XXy 2 9Cy reserved XX} 2
85 reserved XXy 2 9Dy reserved XX 3
86y reserved XXy 2 9Ey reserved §§H 2)
87y PCON 000X 000052 |9F reserved H
88y, TCON " 00y A0y P21 OFF,
89, TMOD 00y Aly reserved XXy 2
8AH TLO 00y A2y reserved XXy 2
8By TL1 00y A3y reserved XXy 2
8CH THO 00y Ady reserved XXy 2
8Dy THA 004 A5, reserved XXy 2
8EH reserved XXy 2 A6y reserved XXy 2
8F reserved XXy 2 A7H reserved XXy 2
90,4 P11 OFF 4 A8y IENO ") 00y
91 reserved XX 2 A9y IPO X000 000052
92y reserved XXy 2 AAy reserved XXy 2
93y reserved XXy 2 ABy reserved XXy 2
94 reserved XXy 2 ACy reserved XXy 2
954 reserved XXy ? ADy reserved XXy ?
96y reserved XXy ? AEy reserved XXy 2
974 reserved XXy 2 AFy reserved XXy 2

") Bit-addressable Special Function Register
2) X means that the value is indeterminate and the location is reserved

Semiconductor Group 17
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SAB 80C515/80C535

Tabie i

Special Function Register (cont’d)

Address Register Contents Address Register Contents
after Reset after Reset
B0y, P31 OFF,, DOy PSW 00y
Biy reserved XXy ? D1y reserved XXy 2
B2, reserved XXy ? D2y reserved XXy 2
B3y reserved XXy 2 D3y reserved XXy 2
B4y reserved XXy 2 D4y reserved XXy 2
B5y reserved XXy 2 D5y reserved XXy 2
B6 reserved XXy ? D6y reserved XXy 2
B74 reserved XXy 2 D7y reserved XXy 2
B8y, IEN1 ") 00y D8y ADCON"  [00X0 0000g 2
BO, iP1 XX00 000052 |{D9y ADDAT 00y
BAy reserved XXy 2) DAy DAPR 00y
BBy reserved XXy 2) DBy P6 XXy 2
BCy reserved XXy 2 DCh reserved XXy 2
BDy reserved XXy 2) DDy reserved XXy 2
BSH reserved XXy 2) DE reserved XXy 2
BF reserved XXy 2 DFy reserved XXy 2
COy IRCON 1) 00y EOy ACC 1 00y
Cly CCEN 00y Ely reserved XXy 2
C2y CCL1 00y E24 reserved XXy 2
C34 CCH1 00y E3y reserved XXy 2
C4y CCL2 004 E4y reserved XXy 2
C5y CCH2 00y E5y reserved XX 2
Cé6y CCL3 00y E6y reserved XXy 2
C7q CCH3 00 E7y reserved XXy 2
c8H T2CON Y 00y E8y P4 OFFH
C9y reserved XXy 2 E9y reserved XXy 2
CAyq CRCL 00y EAHQ reserved XXy 2
CBy CRCH 00 EBy reserved XXy 2
CCq TL2 00y ECH reserved XXy 2
CDy TH2 00y EDy reserved XXy 2
CEy reserved XXy 2 EEH reserved XXy 2
CFy reserved XXy 2 EFy reserved XXy 2

") Bit-addressable Special Function Register

2) X means that the value is indeterminate and the location is reserved
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Tabie i

Special Function Register (cont'd)

Address Register Contents Address Register Contents
after Reset after Reset

FOy B 00, F8y P5 1) OFFy

Fiy reserved XXy 2 F94 reserved XXy 2

F24 reserved XXy 2 FAH reserved XXy 2

F34 reserved XXy 2 FBH reserved XXy 2

F4, reserved XXy 2 FCh reserved XXy 2

F54 reserved XXy 2 FDy reserved XXy 2

F6H reserved XXy 2 FEH reserved XXy ?

F74 reserved XXy 2 FFy reserved XXy 2

1) Bit-addressable Special Function Register

2) T ' TP . . 't ' . . '
/X means tnat ine vaiue IS Inaeterminate and ine jocaton Is reserved
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Tabie 2

Special Function Registers - Functional Blocks

Block Symbol |[Name Address Contents
after Reset

CPU ACC Accumulator OEOy " 00y

B B-Register OF0y " 00y

DPH Data Pointer, High Byte 834 00y

DPL Data Pointer, Low Byte 82y 00y

PQ\\ Proaoram Statiic Waoard Ranictar ann.. 1) nn. .

1 WYY 1 |vu|u||| V\MLU\J ¥YV¥WIiNA I\Jul\)\\ll VHVH VVH

SP Stack Pointer 81y 074
A/D- ADCON A/D Converter Control Register oD8y 00X0 0000g 2
Converter |ADDAT A/D Converter Data Register 0D9y 00y

DAPR D/A Converter Program Register ODAy 00y
Interrupt ENO Interrupt Enable Register 0 0A8;; 004
System IEN1 Interrupt Enable Register 1 0B8y " 00y

IPO Interrupt Priority Register O 0A9,, 00

IP1 Interrupt Priority Register 1 0B9y X000 000052

IRCON Interrupt Request Control Register (0COy " XX00 0000g®

TCON 2 | Timer Control Register 88y " 00y

T2CON 2 | Timer 2 Control Register ocsy " 00y
Cnmnaral/ CCEN Comn ICantiira Fnahla Ran ncH1.. nn. .
Ao A ||r.lu| ~f NN N VUIIIH-IVHHLUI w Ll IANI ] l\.lu- NS ] H UUH
Capture- CCH1 Comp./Capture Reg. 1, High Byte |0C3 00y
Unit CCH2 Comp./Capture Reg. 2, High Byte 10C5 00
(CCU) CCH3 Comp./Capture Reg. 3, High Byte |0C7y 00y

CCLA Comp./Capture Reg. 1, Low Byte |0C2 00y

CCL2 Comp./Capture Reg. 2, Low Byte |0C4 00y

CCL3 Comp./Capture Reg. 3, Low Byte |0C6y 00y

CRCH Com./Rel./Capt. Reg. High Byte 0CBy 00y

CRCL Com./Rel./Capt. Reg. Low Byte 0CAK{ 00y

TH2 Timer 2, High Byte 0CDy 00y

TL2 Timer 2, Low Byte 0CCH 00y

T2CON Timer 2 Control Register ocs8y 00y

1) Bit-addressable special function registers
2 This special function register is listed repeatedly since some bits of it also belong

to other functional blocks.
3 X means that the value is indeterminate and the location is reserved
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Tabie 2
Special Function Registers- Functional Blocks (cont’d)
Block Symbol [Name Address Contents
after Reset
Ports PO Port 0 8oy M OFFy
P1 Port 1 90y " OFFy
P2 Port 2 0AO{ ¥ OFFy
P3 Port 3 oBOy OFFy
P4 Port 4 OE8, OFFy
P5 Port 5 OF8y " OFF4
P6 Port 6. Analoa/Diqital Input 0DR.,
P6 Port 6, Analog/Digital Input 0DB
Pow.Sav.M |PCON Power Control Register 874 000X 00005 2
odes
Serial ADCON 2) 1A/D Converter Control Reg. oDg; ") 00X0 000052
Channels PCON 2 | Power Control Register 874 000X 000052
SBUF Serial Channel Buffer Reg. 99, OXXy?
SCON Serial Channel Control Reg. 98y v 00y
Timer 0/ TCON Timer Control Register 88y " 00y
Timer 1 THO Timer 0, High Byte 8Ch 00
TH1 Timer 1, High Byte 8Dy 00y
TLO Timer O, Low Byte 8A 00y
TLA1 Timer 1, Low Byte 8By 00y
TMOD Timer Mode Reaqister 80.. 00..
TMOD limer Mode Register 89y 00y
Watchdog IENO 2 Interrupt Enable Register O 0A8y " 00y
IEN1 2 Interrupt Enable Register 1 oB8y " 00y
IPO 2 Interrupt Priority Register O OA9y X000 0000gz 2
P12 Interrupt Priority Register 1 0B9y XX00 0000g 3

1) Bit-addressable special function registers

2 This special function register is listed repeatedly since some bits of it also belong
to other functional blocks.

3 X means that the value is indeterminate and the location is reserved
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ifO Poris
The SAB 80C515 has six 8-bit I/O ports and one 8-bit input port. Port 0 is an open-drain
bidirectional 1/O port, while ports 1 to 5 are quasi-bidirectional |/O ports with internal pullup

resistors. That means, when configured as inputs, ports 1 to 5 will be pulled high and will source
current when externally pulled low. Port O will float when configured as input.

Port 0 and port 2 can be used to expand the proaram and data memorv externallv. During an
AV Al r.’ A AT BN AV \Jl\r.l 1 INA LN I\ rl v CALTT CALINA NALALLA III\JIIIVI] I\l\JIIIuII " I—lullll ALl

access to external memory, port 0 emits the low-order address byte and reads/wrltes the data
byte, while port 2 emits the high-order address byte. In this function, port 0 is not an open-drain
port, but uses a strong internal pullup FET. Ports 1 and 3 are provided for several alternate
functions, as listed below:

Port [Symbol |Function

P1.0 |INT3/CCO |External interrupt 3 input, compare 0 output, capture 0 input

P1.1 |INT4/CC1 [External interrupt 4 input, compare 1 output, capture 1 input

P1.2 [INT5/CC2 |External interrupt 5 input, compare 2 output, capture 2 input

P1.3 |INT6/CC3 [External interrupt 6 input, compare 3 output, capture 3 input

Pi1.4 |INT2 External interrupt 2 input

P15 |T2EX Timer 2 external reload trigger input

P1.6 |CLKOUT [System clock output

P17 IT2 Timer 2 external count or gate mnut

P3.0 |RxD Serial port’s receiver data input (asynchronous) or data input/output

(synchronous)

P3.1 |TxD Serial port’s transmitter data output (asynchronous) or clock output
L (synchronous)

P3.2 [INTO External interrupt O input, timer O gate control

P3.3 |INTH External interrupt 1 input, timer 1 gate control

P3.4 |TO Timer O external counter input

P3.5 |T1 Timer 1 external counter input

P3.6 |WR External data memory write strobe

P3.7 |RD Externai data memory read strobe

The SAB 80C515 has dual-purpose input port. As the ANXx lines in the SAB 80515 (NMOS
version), the eight port lines at port 6 can be used as analog inputs. But if the input voltages at
port 6 meet the specified digital input levels (V;_an d Vy), the port can also be used as digital
input port. Reading the special function register P6 allows the user to input the digital values
currently applied to the port pins. It is not necessary to select these modes by software; the
voltages applied at port 6 pins can be converted to digital values using the A/D converter and
at the same time the pins can be read via SFR P6.

It must be noted, however, that the results in port P6 bits will be indeterminate if the levels at
the corresponding pins are not within their respective V| [/ V|y specifications. Furthermore, it is
not possible to use port P6 as output lines. Special function register P6 is located at address
0DBy.
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TimerjCouniers

The SAB 80C515 contains three 16-bit timers/counters which are useful in many applications
for timing and counting. The input clock for each timer/counter is 1/12 of the oscillator frequency
in the timer operation or can be taken from an external clock source for the counter operation
(maximum count rate is 1/24 of the oscillator frequency).

— Timer/Counter 0 and 1

These timers/counters can operate in four modes:

Mode 1: 16-bit timer/counter

Mode 2: 8-bit timer/counter with 8-bit auto-reload

Mode 3: Timer/counter O is configured as one 8-bit timerjcounter and one 8-bit timer;
Timer/counter 1 in this mode holds its count.

External inputs INTO and INT1 can be programmed to function as a gate for
timer/counters 0 and 1 to facilitate pulse width measurements.

— Timer/Counter 2

Timer/counter 2 of the SAB 80C515 is a 16-bit timer/counter with several additional features. It
offers a 2:1 prescaler, a selectable gate function, and compare, capture and reload functions.
Corresponding to the 16-bit timer register there are four 16-bit capture/compare registers, one
of them can be used to perform a 16-bit reload on a timer overflow or external event. Each of
these registers corresponds to a pin of port 1 for capture input/compare output.

Figure 3 shows a block diagram of timer/counter 2.

Reload

3

A 10 hit raland ~Aam lha narfAarem ad it Hha 4
A TU-UIL ITIVAU udll VT PTHTVEHTTTIGU Wil L 1

There are two modes from which to select:

D ranictar Anncictine~ ~Ff
UNu 1Tylolel WUIIdioully vi

Mode O0: Reload is caused by a timer 2 overflow (auto-reload).

Mode 1: Reload is caused in response to a negative transition at pin T2EX (P1.5), which
can also request an interrupt.

Capture

This feature permits saving the actual timer/counter contents into a selected register
upon an external event or a software write operation. Two modes are provided to latch

the current 16-bit value in timer 2 registers TL2 and TH2 into a dedicated capture register:

Mode 0: Capture is performed in response to a transition at the corresponding port 1 pins
CCO0 to CC3.

Mode 1: Write operation into the low-order byte of the dedicated capture register causes
the timer 2 contents to be iatched into this register.
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Compare

In the compare mode, the 16-bit values stored in the dedicated compare registers are
compared to the contents of the timer 2 registers. If the count value in the timer 2

registers matches one of the stored values, an appropriate output signal is generated and an
interrupt is requested. Two compare modes are provided:

e from low t
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Figure 3
Block Diagram of Timer/Counter 2
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Seriai Pori

The serial port of the SAB 80C515 enables full duplex communication between microcontrol-
lers or between microcontroller and peripheral devices.
The serial port can operate in 4 modes:

Mode 0: Shift register mode. Serial data enters and exits through RxD. TxD outputs the

shift clock. 8-bits are frnpcmlﬁnr‘llrnﬁnlunr‘l 8 data bits II L SB first).

RN R 88V

The baud rate is fixed at 1/12 of the oscillator frequency.

Mode 1: 10-bits are transmitted (through RxD) or received (through TxD): a start bit (0),
8 data bits {1 SR first). and a stop hit {1}, The baud rate is v e

WONACALLA WL \I—\JI—I III\J\.I AL INA A \J\Vrl AL \ II T1HIW ARGAUANA | AL ]

Mode 2: 11-bits are transmitted (through RxD) or received (through TxD): a start bit (0),
8 data bits (LSB first), a programmable 9th data bit, and a stop bit (1).
The baud rate is programmable to either 1/32 or 1/64 of the oscillator frequency.
Mode 3: 11-bits are transmitted (through TxD) or received (through RxD): a start bit (0),

8 data bits (LSB first), a programmable 9th data bit, and a stop bit (1). Mode 3
is identical to mode 2 except for the baud rate. The baud rate in mode 3 is variable.

Thao variahla haiid rata
[l |U ||GU|G MQUuU | Alw
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baud rate generator.
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A/D Converter
The 8-bit A/D converter of the SAB 80C515 has eight multiplexed analog inputs (Port 6) and

uses the successive approximation method.
There are three characteristic time frames in a conversion cycle (see A/D converter

rharantarietinel: tha ~rAanvarcinn tim wihinh ie tha tima ramtirad fAar Ana Aannvarcinn: tha
ulldl auvlGliolivo). U i€ Conversion ime LC, WnICn IS ine lime TSYUINT U TV VTTIG UUIIVUIDIUII ine

sample time tg which is included in the conversion time and is measured from the start of the
conversion; the load time 7, which in turn is part of the sample time and also is measured from
the conversion start.
Within the load time 1;, the analog input capacitance C;must be loaded to the analog inpult
voltage level. For the rest of the sample time g, after the load time has passed, the selected
analog input must be held constant. During the rest of the conversion time ¢ the conversion
itself is actually performed. Conversion can be programmed to be single or continuous; at the

end of a conversion an interrupt can be generated.

A unique feature is the e cap “bI|ITV of internal reference \/nltanp programming. The internal

reference voltages V| iarer @nd Vimagnp for the A/D converter both are programmable toone
of 16 steps with respect to the external reference voltages. This feature permits a conversion
with a smaller internal reference voltage range to gain a higher resolutlon.

In addition, the internal reference voltages can easily be adapted by software to the desired

analog input voltage range.
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Figure 4 shows a b
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P6 (0DBy) |
Port6 I ————— >
Baud System  Busy Conver— AN-Input
Rate  Clock Flag sion Select
Enable Enable Mode , .
716 5] 4] 3] 2 1 0 K—
ADCON (0D8p) 10
¥ 9
ﬂ 2
N ADDAT (0D9y) m
Port 6.0-7 , A «
C——— —| Multiplexer —»| s&H N — | Result K———)| &
VA Y 2
k)
Vint AREF Vint AGND £
L
Virer o >
VAREF Internal Reference Voltages
AGND O ¥
w DAPR (ODAp)
716|514 3] 2 1 0 K
Progrcvmming Progrgmming
Vint Arer Vint Asho MCBO0095 | |
Figure 4
Block Diagram of the A/D Converter
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interrupt Siructure

The SAB 80C515 has 12 interrupt vectors with the following vector addresses and request
flags:

Table 3

Interrupt Sources and Vectors

Source (Request Flags) Vector Address Vector

IEO 0003y External interrupt O
TFO 000By Timer O interrupt
IE1 0013y External interrupt 1
TF1 001By Timer 1 interrupt
RI + Tl 0023y Serial port interrupt
TF2 + EXF2 002By Timer 2 interrupt
IADC 0043 A/D converter interrupt
IEX2 004By External interrupt 2
IEX3 0053y External interrupt 3
IEX4 0058y External interrupt 4
IEX5 0063y External interrupt 5
IEX6 006B External interrupt 6

Each interrupt vector can be individually enabled/disabled. The minimum response time to an

e
Pt mrrt it it imnt ia mrn Hani D nn ;s ~iralac amd lace Hhnm O cnanbhi;ma ~ralac
1 Ilﬁllupl ICqUUbl 19 1HIUIEe uiail o ijiiavlliiie byblUb adllu ICoo Llladll I 11auliilie byblUb.

Figure 5 shows the interrupt request sources.

External interrupts 0 and 1 can be activated by a low-level or a negative transition (selectable)
at their corresponding input pin, external interrupts 2 and 3 can be programmed for triggering
on a negative or a positive transition. The external interrupts 3 or 6 are combined with the
corresponding alternate functions compare (output) and capture (input) on port 1.

For programming of the priority levels the interrupt vectors are combined to pairs. Each pair can

be programmed individually to one of four priority levels by setting or clearing one bit in the
special function register IPO and one in IP1.

Figure 6 shows the priority level structure.
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Figure 5
Interrupt Request Sources
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Interrupt Priority Level Structure
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Watchdog Timer

This feature is provided as a means of graceful recovery from a software upset. After an
external reset, the watchdog timer is cleared and stopped. It can be started and cleared by
software, but it cannot be stopped during active mode of the device. If the software fails to clear
the watchdog timer at least every 65532 machine cycles (about 65 ms if a 12 MHz oscillator
frequency is used), an internal reset will be initiated. The reset cause (external reset or reset
caused by the watchdog) can be examined by software. To clear the watchdog, two bits in two
different special function registers must be set by two consecutive instructions (bits IENO.6 and
IEN1.6). This is done to prevent the watchdog from being cleared by unexpected opcodes.

It must be noted, however, that the watchdog timer is halted during the idle mode and power-
down mode of the processor (see section "Power Saving Modes" below).

Therefore, it is possible to use the idle mode in combination with the watchdog timer function.
But even the watchdog timer cannot reset the device when one of the power saving modes has
been is entered accidentally.

For these reasons several precautions are taken against unintentional entering of the power-
down or idle mode (see below).

Power Saving Modes

The ACMOS technology of the SAB 80C515 allows two new power saving modes of the device:
The idle mode and the power-down mode. These modes replace the power-down supply mode
via pin Vpp of the SAB 80515 (NMOS). The SAB 80C515 is supplied via

pins V¢ also during idle and power-down operation.

However, there are applications where unintentional entering of these power saving modes
must be absolutely avoided. Such critical applications often use the watchdog timer to prevent
the system from program upsets. Then accidental entering of the power saving modes would
even stop the watchdog timer and would circumvent the watchdog timer's task of system
protection.

Thus, the SAB 80C515 has an extra pin that allows it to disable both of the power saving
modes. When pin PE is held high, idle mode and power-down mode are completely disabled
and the instruction sequences that are used for entering these modes (see beiow) wili NOT
affect the normal operations of the device. When PE is held low, the use of the idle mode and
power-down mode is possibie as described in the foilowing sections.

Pin PE has a weak internal pullup resistor. Thus, when left open, the power saving modes are
disabled.

e Special Function Register PCON
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if the power-down mode and the idie mode are set at the same time, power-down takes prece-
dence.

Furthermore, register PCON contains two general purpose flags. For exampie, the flag bits
GFO0 and GF1 can be used to give an indication if an mterrupt occurred during normal operation
or during an idie. Then an instruction that aclivates ldle can aiso set one or both fiag bits. When
idle is terminated by an interrupt, the interrupt service routine can examine the flag bits.

DMAMAL i NNV NNNN
IIIU IUDU[ VdIUU UI FUUIN 1o UUUAUUUUR.

Table 4

SFR PCON (87H)

SMOD PDS IDLS - GF1 GFO PDE IDLE 87H
7 6 5 4 3 2 1 0

Symbol Position Function

SMOD PCON.7 When set, the baud rate of the serial channel in mode 1, 2,
3 is doubied.

PDS PCON.6 Power-down start bit. The instruction that sets the PDS fiag
bit is the last instruction before entering the power-down
mode.

IDLS PCON.5 Idle start bit. The instruction that sets the IDLS flag bit is the
last instruction before entering the idle mode.

- PCONA4 Reserved

GF1 PCON.3 General purpose flag

GFO PCON.2 General purpose flag

PDE PCON.1 Power-down enable bit. When set, starting of the power-
down mode is enabled.

IDLE PCON.O Idle mode enable bit. When set, starting of the idle mode is
enabled.

Idle Mode

In the idle mode the oscillator of the SAB 80C515 continues to run, but the CPU is gated off
from the clock signal. However, the interrupt system, the serial port, the A/D converter, and all
timers with the exception of the watchdog timer are further provided with the clock. The CPU
status is preserved in its entirety: the stack pointer, program counter, program status word,

accumulator, and all other registers maintain their data during idle mode.

The reduction of power consumption, which can be achieved by this feature depends on the
number of peripherals running.
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SIEMENS

if aii timers are stopped and the A/D converter and the seriai interface are not running, the
maximum power reduction can be achieved. This state is also the test condition for the idle
mode Ioc (see DC characteristics, note 5).

So the user has to take care which peripheral should continue to run and which has to be
stopped during idle mode. Also the state of all port pins — either the pins controlled by their

latches or controlled by their secondary functions — depends on the status of the controller
when entering idle mode.

Normally the port pins hold the logical state they had at the time idle mode was activated. If
some pins are programmed to serve their alternate functions they still continue to output during
idle mode if the assigned function is on. This applies to the compare outputs as well as to the
clock output signal or to the serial interface in case it cannot finish reception or transmission
during normal operation. The control signals ALE and PSEN hold at logic high levels (see
table 5).

Table 5

Status of External Pins During Idle and Power-Down Mode
Last instruction executed from Last instruction executed from
internal code memory external code memory

Outputs Idle Power-down Idle Power-down

ALE High Low High Low

PSEN High Low High Low

PORT O Data Data Float Float

PORT 1 Data/alternate Data/last Data/alternate Data/last
outputs output outputs output

PORT 2 Data Data Address Data

PORT 3 Data/alternate Data/last Data/alternate Data/last
outputs output outputs output

PORT 4 Data Data Data Data

PORT 5 Data Data Data Data

As in normal operation mode, the ports can be used as inputs during idle mode. Thus a capture
or reload operation can be triggered, the timers can be used to count external events, and
external interrupts will be detected.

The idle mode is a useful feature which makes it possible to "freeze" the processor's status —
either for a predefined time, or until an external event reverts the controller to normal operation,
as discussed below. The watchdog timer is the only peripheral which is automatically stopped
during idle mode. If it were not disabled on entering idle mode, the watchdog timer would reset
the controiier, thus abandoning the idie mode.
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When idie mode is used, pin PE must be held on low level. The idie mode is then entered by
two consecutive instructions. The first instruction sets the flag bit IDLE (PCON.0) and must not

set bit iDLS (PCON.5), the foliowing instruction sets the start bit iDLS (PCON.5) and must not
set bit IDLE (PCON.0). The hardware ensures that a concurrent setting of both bits, IDLE and

A o Tt oal s el P | [ TR 1 Jy [ PR [

IL)L-D does not initiate the idie mode. Bits IiDLE and iDLS wiii dUlUHIdlILdIIy be cleared afier
being set. If one of these reglster bits is read the value that appears isO (see table 4). This
double instruction is implemented to minimize the chance of an unintentional entering of the

idle mode which would leave the watchdog timer’s task of system protection without effect.

Note that PCON is not a bit-addressable reqister, so the above mentioned sequence for
entering the idle mode is obtained by byte-han dllng instructions, as shown in t h following
example:

ORL PCON,#00000001g ;Set bit IDLE, bit IDLS must not be set

ORL PCON,#001000005 :Set bit IDLS, bit IDLE must not be set

The instruction that sets bit IDLS is the last instruction executed before going into idie mode.
There are two ways to terminate the idle mode:

— The idle mode can be terminated by activating any enable interrupt. This interrupt will
be serviced and normally the instruction to be executed following the RETI instruction
will be the one following the instruction that sets the bit IDLS.

— The other way to terminate the idle mode, is a hardware reset. Since the oscillator
is still running, the hardware reset must be held active only for two machine cycles
for a complete reset.

Power-Down Mode

In the power-down mode, the on-chip oscillator is stopped. Therefore all functions are stopped;

onlv the contents of the on-chin RAM and the SFR's are maintained.The port pins controlled by
] Ll r.l 1 7 v TIECAITI ILCAIT I A, 1 ] r.l r.’ll I le Ill VII\J“ w_y

their port latches output the values that are held by their SFR's.

The port pins which serve the alternate output functions show the values they had at the end
of the last cycle of the instruction which initiated the power-down mode; when the clockout
signal (CLKOUT, P1.6) is enabled, it will stop at low level. ALE and PSEN hold at logic low
level (see table 5).

To enter the power-down mode the pin PE must be on low level. The power-down mode then
is entered by two consecutive instructions. The first instruction has to set the flag bit PDE

(PCON.1) and must not set bit PDS (PCON.6), the following instruction has to set the start bit
PDS (PCON.6) and must not set bit PDE (PCON.1). The hardware ensures that a concurrent
setting of both bits, PDE and PDS, does not initiate the power-down mode. Bits PDE and PDS
will automatically be cleared after having been set and the value shown by reading one of these
bits is always 0O (see table 4). This double instruction is implemented to minimize the chance of
unintentionally entering the power-down mode which could possibly "freeze" the chip's activity

in an undesired status.
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Note that PCON is not a bit-addressabie register, so the above mentioned sequence for
entering the power-down mode is obtained by byte-handling instructions, as shown in the
foliowing exampie:

ORL PCON,#00000010g ;Set bit PDE, bit PDS must not be set

ORL PCON,#01000000g ;Set bit PDS, bit PDE must not be set

The instruction that sets bit PDS is the last instruction executed before going into
power-down mode.

The only exit from power-down mode is a hardware reset. Reset will redefine all SFR's, but will
not change the contents of the internal RAM.

~ Hh A A VAr = f
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Differences in Pin Assignments of the SAB 80C515 and SAB 80515

Qinan tha CAD QONNER4E ie Aacimnnad imn CRAINC tarhnAalamy thi t\ A I r Hr e T/ in h
WITVE UIC Al OULJ TV o UGOIYTITU 1T WIVIVO LOUIHTTIVIVYY, Lo U 1 1 | V)

cause the die's substrate is internally connected to V.

Furthermore, the RAM backup power supply via pin Vpp is replaced by the software- controlled
power-down mode and power supply via V.

Therefore, pins Vgg and Vpp of the NMOS version SAB 80515 are used for other functions in
the SAB 80C515.

Pin 4 (the former pin Vpp) is the new PE pin which enables the use of the power saving modes.

Pin 37 (the former pin Vgg) becomes an additional V' pin. Thus, it is possible to insert a
decoupiing capaciior between pin 37 (Voc) and pin 38 (I'gg) very ciose to the device, ihereby
avoiding long wiring and reducing the voltage distortion resulting from high dynamic current

nanl o

peaks.

There is a difference between the NMOS and CMOS version concerning the clock circuitry.
When the device is driven from an external source, pin XTAL2 must be driven by the clock
signal; pin XTAL1, however, must be left open in the SAB 80C515 (must be tied low in the
NMOS version). When using the oscillator with a crystal there is no difference in the circuitry.

Thus, due to its pin compatibility the SAB 80C515 normally substitutes any SAB 80515 without
redesign of the user’s printed circuit board, but the user has to take care that the two V pins
are hardwired on-chip. In any case, it is recommended that power is supplied on both V¢ pins
of the SAB 80C515 to improve the power supply to the chip.

If the power saving modes are to be used, pin PE must be tied low, otherwise these modes are
disabled.
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SIEMENS

instruction Set

The SAB 80C515 / 83C535 has the same instruction set as the industry standard 8051 micro-

controller.

Q C O

D= Q

Literature Information

Ordering No.

B158-H6579-X-X-7600

Titie

’

Microcontroller Family SAB 8051 Pocket Guide
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Absoiute Miaximum Ratings

Ambient temperature under bias

SAB 80C515 Oto70°C

SAB 80C515-T3 —40to 85°C
Storage temperature - 6510 150 °C
Voltage on V¢ pins with respect to ground (Vgg) -05t06.5V
Voltage on any pin with respect to ground (Vgg) -05toV+05V
Input current on any pin during overload condition —10mAto+10 mA
Absolute sum of all input currents during overload condition |100 mA|

Power disipation 2W

i
)
)
~
]
™
~
)
~
j
)
-
)
-
=
>
~
]
)

A A_ R PR

oiute Maximum r-iazlngs may cause permanenr
ating only and functional operatron of the device
L o~ Fem ot b ot am o | A mm o o~

(=]

S illUIdeUU III lIIC Upe!dll(.)lldl SECLUNS Ul I.Ill-b
bsolute maximum rating conditions for longer

pcuuuo may s affect device re:’:ability. DU'M"Q‘ overfoad conditions { { V IN >V, cc or |4 IN <V SS/
the Volitage on Vi pins with respect to ground (Vgg) must not exeed the values defined
by the absolute maximum ratings

DC Characteristics

Vee = 5V +10 %; Vgg = oV
T o=010 70 °C for the SAB 80C515/80C535
T o=-40to 85 °C for the SAB 80C515/80C535-T3
Parameter Symbol Limit values Unit |Test condition
min. manx.
Input low voltage (except EA) |V, ~0.5 0.2Vee |V -
- 01
input low voitage (EA) VL4 -0.5 0.2 Ve |V -
-03
Input high voltage VIH 0.2 Vee |Vee \ -
(except RESET and XTAL?) +0.9 + 0.5
Input high voltage to XTAL2 Vin1 0.7 Vee | Vee \4 -
+0.5
Innut high voliage to RESET Viiin 06 VA~ VA~ A" -
[t iyl Yty v == 1 AL e V1 O 1
+0.5
Output low voltage, ports VoL - -045 |V Io=16mA"
1,2,3,4,5

Notes see page 72.

Semiconductor Group 36



SIEMENS

SAB 80C515/80C535

DC Characteristics (coni’d)

Parameter Symbol Limit values Unit |Test condition
min max
Output low voltage, port O, Vol 1 - 0.45 \Y IoL=32mA1)
ALE, PSEN
Output high voltage, ports VoH 24 - Vv Ioy =-80pA
1,2,3,4,5 09 Vee |I” \Y Ioy =—10pA
Output high voltage (port 0 in VoH1 24 - Vv Ioy =—400 pA
external bus mode, ALE, 0.9 Vee | \Y Iop =—-40uA?2
PSEN)
Logic O input current, ports 1, 2, |/ -10 -70 uA Vin=045V
3,4,5
Input low current to RESET for |/ -10 -100 nA Vin=0.45V
reset
Input low current (XTALZ2) I3 - -15 nA Vin=0.45V
Input low current (PE) I - -20 pA V=045V
Logical 1-to-0 transition current, |/t - 65 - 650 nA Win=2V
ports 1,2, 3,4,5
lmiit laaleama Arirrant 7 _ 4 4 A NAE -~ 1/ < 17
Hniputl iIca Yo LUIITIHIL - || L1 um vy >~V IN > ¥YCC
(port O, port 6, ANO-7, EA)
Pin capacitance Cio - 10 pF  [fc=1MHz,
Tp=25°C
DAawar_ciinnhs Alirrant:
] UV-VUI OUPPI UUIIUIII..G)
Active mode, 12 MHz -l 35 MA  Ysc=5V4
ldle mode, 12 MHz ° _le |- 13 mA 5
Active mode, 16 MHz ® i 46 mA |Ycc=°V
Idle mode, 16 MHz © ICC _ 17 mA |Vee=5V4
—Icc _
Power-down mode g o0 uA Vec=5V5)
VCC =2Vto 5.5 VS)
Notes see page 72.
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Notes for page 70 and 71:

1) Capacitive loading on ports 0 and 2 may cause spurious noise pulses to be
superimposed on the V5 of ALE and ports 1, 3, 4 and 5. The noise is due to external bus
capacitance discharging into the port 0 and port 2 pins when these pins make 1-to-0
transitions during bus operation.

In the worst case (capacitive loading > 100 pF), the noise pulse on ALE line may
exceed 0.8 V.

Then, it may be desirable to qualify ALE with a Schmitttrigger, or use an address latch
with a Schmitttrigger strobe input.

2) Capacitive loading on ports 0 and 2 may cause the VOH on ALE and PSEN to
momentarily fall below the 0.9 V¢ specification when the address bits are stabilizing.

3) Power-down Is¢ is measured with: EA = Port 0 = Port 6 = V;
XTAL1 =N.C.; XTAL2 = Veg: RESET = Vi Vacgnn = Ves: all other pins are disconnected.

I
S
)

2
D
3
>
2
£
7
3
)

to the figure below; XTAL1 =N.C,; EA Port 0 = Por1 6 = Ve RESET Ves; aII other
pins are disconnected. /- might be slightly higher if a crystal oscillator is used.

9) Icc (idle mode) is measured with: XTAL2 driven with the clock signal according to the

figure beiow; XTAL1 = N.C.; EA = Vgg; Port 0 = Port 6 Vio; RESET = V5; ail other pins are
disconnected; all on-chip peripherals are disabled.

6) Icc at other frequencies is given by:
Active mode: Icc max (MA) = 2.67 X foge (MHZ) + 3.00
Idle mode: Ioe max (MA) = 0.88 X foge (MHZ) + 2.50
where fngc is the oscillator frequency in MHz.
Icc max 18 given in mA and measured at Vo =5 V (see also notes 4 and 5)
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A/D Converier Characteristics

VCC =5V=+10 %; VSS= OV, V.A.REF= VCC +5 0/0; VAGND = Vssi 0.2 V;
V| ntAREF — VlntAGND >1V,; TA =0 to 70 °C for SAB 80C51 5/80C535
Tp=—40to 85 °C for SAB 80C515/80C535-T40/85

Parameter Symbol Limit values Unit |Test condition
min. typ. |max.
Analnn innit valtane VPP | /. - | V4 \/ 9)
Y |u|v3 (1] Ir.lu\ vvnuuv | 4 /_\IN'JUI [ 4 /_\LJNL) 14 /_\HI:'— v I
- 0.2 +0.2
Analog input C - 25 45 pF 7)
capacitance
Load time L - - 2tcy us -
Sample time I - — 7 tey us -
(incl. load time)
nnvarcinn tim f _ _ 124, ne _
AAVIRR AW Rl LV | LIIII\J Lb IUL(JY A=4
(incl. sample time)
Total unadjusted TUE - + 1 + 2 LSB | V|nAREE =
error VaRer = Vee
YIntAGND =
Vaanp = Vss?)
VAREF Supply current Iper - - 5 mA 8)
Internal reference error  |V|+rereRRr |- + 30 mV 8)

) The output impedance of the analog source must be low enough to assure full loading
of the sample capacitance (C|) during load time (| ) . After charging of the internal
capacitance (C,)in the load time (7| ) the analog input must be held constant for the rest

Of the Samr\ln Hma (1o )
'\.IIG IR E A= "/b’

8 The differential impedance rD of the analog reference voltage source must be less than

Lrm md v minmom I PPN

I KO atiereireince b.UPPIy VUILGyU

9 Exceeding these limit values at one or more input channels will cause additional

current which is sinked / solrced at these channeis. This may aiso affect the accuracy
of other channels which are operated within these specifications.
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AC Characteristics
Ve =5V £10%; Vgg =0V (C for Port 0, ALE and PSEN outputs = 100 pF;

C for all outputs = 80 pF); Tpo=0to 70 °C for SAB 80C515/80C535
Tp=- 40to 85 °C for SAB 80C515/80C535-T40/85

Parameter Symbol Limit values Unit
12 MHz clock Variable clock
1/tcLcL = 3.5MHzto 12 MHz
min. | max. min. max.
Prograim Memory Characteristics
ALE pulse width fiary 127 - 2tcic1 —40 |- ns
Address setup to ALE LAVLL 53 - tcrLeL — 30 - ns
Address hold after ALE |7} ax 48 - fcroL — 35 - ns
ALE to valid instruction |7} v — 233 - 4tccL—100 [ns
in
ALE to PSEN ELLPL 58 - ’tC LCL — 25 - ns
PSEN pulse width IpL PH 215 3 ool — 35 ns
PSEN to valid instruction |zp v — 150 - 3tcicL— 100 |ns
in
Input instruction hold IPXIX 0 - 0 - ns
after PSEN
Input instruction float tpxz - 63 - fcloL- 20 ns
after PSEN
Address valid after texav? |75 tcLcL— 8 ns
PSEN
AAdAdrace tn valid inetrii~_ £ — 2NoD _ B+ . _ 1448 Nng
I'-\UUI-UOO W valiu T 1ol Uy LAVlV IO J LC LCL 11w 1o
tion in
Address floatto PSEN  |7a7p 0 - 0 - ns

1) Interfacing the SAB 80C515 to devices with fioat times up to 75 ns is permissibie.
This limited bus contention will not cause any damage to port O drivers.
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DaAavams akaw

=3

Parameter U
12 MHz clock Variable clock
1/tcLeL = 3.5MHzto 12 MHz
min. | max. min. max.
External Data Memory Characteristics
RD pulse width 'RLRH 400 |- 6 1o c - 100 |- ns
WR pulse width fwwn |400 |- 6 1o cL- 100 |- ns
Address hold after ALE |7 axo 132 — 2tcicL-35 |- ns
RD to valid data in !RLDV - 252 |- 51cLcL— 165 |ns
DATA hold after RD I RHDX 0 - 0 ns
Data float after RD !RHDZ - 97 - 2tc,cL—70 |ns
ALE to valid data in DV - 517 - 8icicL— 190 |ns
Address to vaiid data in  [Za/pv - 585 - OitcicL— 165 |ns
ALE to WR or RD tuwL  |200 {800  |3igcL—-50 |[BgoL+50 |ns
WRor RD highto ALE  |rpuiy |43 123 |ic oL — 40 IoLoL + 40 ns
high
Address valid to WR L AVWL 203 — 4iccL— 130 |- ns
Data valid to WR tfavwx |33 - foLcL— 50 - ns
transition
Data setup before WR  |iquwn (288 |- 7 toLcL - 150 |- ns
Data hold after WR twHax |18 - toLcL — 50 - ns
Address float after RD |t a7 - 0 - 0 ns
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Parameter Symbol Limit values Unit
Variable clock

Frequ. = 3.5 MHz to 12 MHz

min. max.
External Clock Drive
Oscillator period fcLeL 83.3 285 ns
Oscillator frequency 1ticic. 0.5 12 MHz
High time 'CHCX 20 - ns
Low time fcLex 20 - ns
Rise time IcLCH - 20 ns
Fall time ICHCL - 20 ns

et Toic1 -]

V=05 =
cc
/ 0'7 VCC !\ ﬁ
0.2V..—0.1 -
='CC

0.45V  mmd

—  f-— fCch_" f—— fCch — MCT00033

External Clock Cycle
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Parameter Symbol Limit values Unit

12 MHz clock Variable clock

1/tcLcL = 3.5 MHz to 12 MHz

min. | max. min. max.
System Clock Timing
ALE to CLKOUT fLLSH 543 - 7tcicL—-40 |- ns
CLKOUT high time ISHSL 127 - 21ccL—40 |- ns
CLKOUT low time ISLSH 793 — 10 1c1cL. —40 |- ns
ELP;OUT low to ALE ISLLH 43 123 fcLcL — 40 tcLcL +40 ns

g

ALE

CLK ouT

;

R T T ——

7LLSH

/ \ [\

- ‘

fSLSH

System Clock Timing
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AC Charactieristics for SAB 80C51i5-16/80C535-16
Vee =5V +10 %; Vgg =0V (C, for Port 0, ALE and PSEN outputs = 100 pF;
C for all outputs = 80 pF) Tpo=0to 70 °C for SAB 80C515-16/80C535-16
Tpo=- 40to 85 °C for SAB 80C515-16/80C535-16-T40/85

Paraimeter Symbol Limit values Unit
16 MHz clock Variable clock
1/tcLcL = 3.5MHzto 16 MHz
min. max. min. max.
uuuuu [} P o Y Py Ry -y
r'rogrd IVICIIIUTy Ulldfdblcrlbllbb
ALE pulse width fruil 85 - 2tcic1-40 |- ns
Address setup to ALE I AVLL 33 - tcLcL - 30 - ns
Address hold after ALE I LAY 28 - fciol - 35 - ns
ALE to valid instruction |7 v - 150 - 4 tc1cL-100 [ns
in
Al EF +n DCFENI oo 0 — .. _ IR — ne
MLl WV 1 JLIN 15 LLPL (1) L ‘L ‘L ~J 119
PSEN pulse width ! pLPH 153 3itcicL -35 ns
PSEN to valid instruction (7 p v - 88 - 3tcLcL-100 |ns
in
Inout instruction hold t oyry 0 - 0 - ns
r FPAIA
after
PSEN
Inni it inetrnintinn flaat R Y - AR - o~ — 20 neg
III|JUL [IRESAI RV AVIR VIR RN AV <] § 14 PXIL I} =T L(JL L \J 11w
after
PSEN
Address valid after t pxay? |95 fclcL -8 ns
PSEN
Addroce tn valid foax s - 10 - Htv ~ 11K ne
FAUNUL wOow LW vVallilu 14 /_\VIV | VAN ) L L(JL 1 1 J 11w
instruction in
Address floatto PSEN |7 a7zp| 0 - 0 - ns

1) Interfacing the SAB 80C515-16 to devices with float times up to 55 ns is permissible.
This limited bus contention will not cause any damage to port O drivers.
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Parameter Symbol Limit values Unit
16 MHz clock Variable clock
1/tc oL = 3.5MHzto 16 MHz
min. | max. min. max.
External Data Memory Characteristics
RDpulse width 'RLRH 275 |- 6 1o oL — 100 |- ns
WR pulse width wiwH 1275 |- 6 1o oL — 100 |- ns
Address hold after ALE |7 ax2 90 - 2clcL-35 |- ns
RD to valid data in !RLDV - 148 |- 5tcLcL— 165 |[ns
Data hold after RD 'RHDX 0 - 0 - ns
Data float after RD !RHDZ - 55 - 2tccL—70 |[ns
ALE to valid data in LDV - 350 - 8icicL— 150  |ns
Address to vaiid data in  [taypy - 398 - SitclcL— 165 |ns
ALE to WR or RD fuwe  |138 288 1815 —50 [Brgc +50 |ns
WR or RD high to ALE  |ayhLH 23 103 foLcL — 40 foLcL +40 ns
high
Address valid to WR IAVWL 120 — 4iccL— 130 |- ns
Data valid to WR transi- |iquwx 13 - foLcL — 50 - ns
tion
Data setup before WR  |iquwh 288 |- 7 tolcL — 150 |- ns
Data hold after WR twhHax |18 - foLcL — 50 - ns
Address float after RD |1y a7 - 0 - 0 ns
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Parameter Symbol Limit values Unit
Variable clock
Frequ. = 3.5 MHz to 16 MHz
min. max.
External Clock Drive
Oscillator period foLoL 62.5 285 ns
Oscillator frequency 1tcic 0.5 16 MHz
High time ICHCX 15 - ns
Low time foLex 15 - ns
Rise time IcLCH - 15 ns
Fall time IcHCL - 15 ns
- ToLeL -
Voe=0.5V = o o o
s N/ ﬂ
0.45V 0.2V—0.1 : ‘ ‘
] f-— fCLCX—>| - foex —1  MCT00033
ferc Fec
External Clock Cycle
Semiconductor Group 46




SIEMENS

SAB 80C515/80C535

Parameter Symbol Limit values Unit
16 MHz clock Variable clock
1/tc|_c|_ =3.5MHzto16 MHz
min. max. min. max.
System Clock Timing
ALE to CLK OUT ILLSH 398 - 7 tCLCL -40 - ns
CLK OUT hlgh time [SHSL 85 - 2 [CLCL - 40 - ns
CLK OUT low time [SLSH 585 - 10 [CLCL -40 - ns
CLK OUT low to ALE ISLLH 23 103 lclcL— 40 IcLcL + 40 ns
high
- fSLLH
ALE //"
fusw —
CLK OUT / \ / \
/ / \_
fsish -
PSEN / \ / \
J \ \_ /
RD.WR \ / o

System Clock Timing
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AC Characieristics for SAB 80C51i5-20 / 80C535-20
Vpp 5V+10%,qu—0V TA—OCT +70°C
(C_for port 0, ALE and PSEN outputs = 100 pF; C_for all other outputs = 80 pF)
Parameter Symbol Limit values Unit
20 MHz Variable clock
clock 1/tc|_c|_ = 3.5NiHz to 20 MHz
min. | max. min. max.

Program Memory Characteristics

ALE puise width NLHLL 60 - 2itccL—40 - ns
Address setup to ALE IavLL 20 - fcicr — 30 - ns
Address hold after ALE fLLAX 20 - tcLcL— 30 - ns
ALE low to valid instrin LV - 100 |- 4tc1c.— 100 | ns
ALE to PSEN nLpL 25 - foLoL — 25 - ns
PSEN pulse width IPLPH 115 | - 3icicL—35 - ns
PSEN to valid instr in PLIV - 75 - 3icicL— 79 | ns
Input instruction hold IPXIX 0 - 0 - ns
after PSEN

Input instruction float tpx|z*) — 40 — tccL— 10 ns
after PSEN

Address valid after PSEN | tpyay® |47 |- icLoL — 3 - ns
Address to valid instr in IAVIV — 190 | - StcicL—60 |ns
Address float to PSEN tA7PL 0 - 0 - ns

*) Interfacing the SAB 80C515 [/ 80C535 microcontrollers to devices with float times up to 45 ns is permissible.
This limited bus contention will not cause any damage to port O drivers.
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AC Characieristics (cont'd)

Parameter Symbol Limit values Unit
20 MHz Variabie ciock
clock 1/tcLcL = 3.5 MHz to 20 MHz
min. | max. min. max.
External Data Memory Characteristics
RD pulse width !RLRH 200 |- 6 1o oL — 100 | - ns
WR pulse width wiwd | 200 | - 6 1o oL — 100 | — ns
Address hold after ALE ILLAX2 65 — 2icicL—-385 |- ns
RD to valid data in !RLDV — 155 | - 5tc,cL—95 | ns
Data hold after RD 'RHDX | O - 0 - ns
Data float after RD thupz | - 40 |- 21cLcL-60 | ns
ALE to valid data in 1DV — 250 |- 8icicL—150 |[ns
Address to valid data in IAVDV — 285 | - 9tccL— 165 | ns
ALE to WR or RD LWL 100 {200 |37 cL-50 |3rccL+50 |ns
Address validto WR or RD | tayw. | 70 | - 4tc oL —130 | - ns
WR or RD high to ALE twHLH |20 |80 | 1o oL —30 ool + 30 ns
high
Data valid to WR transition | tquwx 5 - tcLcL — 45 - ns
Data setup before WR fquwn | 200 |- 7 tolcL — 150 | - ns
Data hold after WR WHQX 10 — fcLcL — 40 — ns
Address float after RD 'Rl A7 -~ 0 -~ 0 ns
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AC Characteristics (cont’d)

Parameter Symbol Limit Values Unit
Variabie ciock
1/tc|_c|_ =3.5MHz to 20 MHz
min. max.

External Clock Drive

Necillator nerind ~t o~ 50 285 ne
woLiiall PV ‘CLCL bt St o
ngh time [CHCX 12 [CLCL - [CLCX ns
Low time IcLcx 12 IcLclL — ICHCX ns
Rise time ICLCH — 12 ns
Fall time ICHGL - 12 ns

feteL -
VCC_O'SV === -1 0.7V \ ¥ L
Ve
% 0.2V..—0.1
0.45Y ¢
- = Toiex ) Fowox MCT00033
TeneL TeLc

External Clock Cycle
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AC Characieristics (cont'd)

Parameter Symbol Limit values Unit
20 MHz Variable clock
clock 1/tc|_c|_ = 3.5 MHz to 20 MHz
min. | max. min. max.

Queteam Clack Timina

v’v‘vlll A A A A J AU NIl ly

ALE to CLKOUT ILLSH 310 - 7 IclclL — 40 - ns
CLKOUT hlgh time tSHSL 60 - 2 [CLCL_ 40 - ns
CLKOUT low time IS SH 460 - 10 IclcL— 40 | - ns
CLKOUT low to ALE high ISLLH 10 90 iclcL — 40 icLcL + 40 s

fSLLH

— J——y | ———y r

fusH FspsL Flush
CLK ouT / \: / \
= fSLsH -
PSEN / \ / \ /
v -/ | W
RD.WR \ /
Program Memory Access Data Memory Access MCT00083

External Clock Cycle
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ROM Verification Characteristics
TA=25°Ci5°C; VCC;=5Vi1O%s VSS =OV

Parameter Symbol Limit values Unit
min. max.
ROM Verification
Address to valid data IAVQV - 48 tc oL ns
ENABLE to valid data ELQV = 48 oLl s
Data float after ENABLE |7gpo7 0 48 1o o1 ns
Oscillator frequency Viclclr |4 6 MHz
Address to valid data favav - 48 ic1cL ns
O L — Address \—/_
PZ2.0-PZ.4 y / \
. favav
Port0 { oData our )
§ 4
BV o o | EHOZ
P2.7 V ]l
ENABLE ) SE—
MCT00049
Address: P1.0-P1.7=A0-A7 Inputs: P2.5-P2.6, PSEN=Ilss
P2.0-P2.4=A8-A12 ALE, EA= V,
Data: P0.0-P0.7=D0-D7 RESET = Vuq
ROM Verification
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Waveforms

urm
ALE z st /—\—
~— Ty — “7 ooy —
— = Tum
-y —
-ty =
FEEN / \ 7 \\
| - oy ) -
AZPL = exav =
= = toxz |
— 1 Texix il

f !( ,l !
Port0 )—{( A-A7 ) {  Instra )»i‘ AO-A7 )—(

fAVI\/

Port2 X AB-A15 X AB-A15

MCTO0096

Program Memory Read Cycle

== i [
ALE / \

-/

PSEN

oy \

-/ 4
= LLWL 'RLRH

— oy =

=t =~ —| Terpz [~—
=1 iaxs =
= fraz - ‘ﬁ Tarox
Portd \ £ A0-A7 from YA 7 Data IN W SA0-AT [ Instr.
or AR orort AAN y  Ddla I\ trom poL AN
- 3
TavwL
fvov
[
Port2 XL P2.0-P2.7 or A8-A15 from DPH Y AB—A15 from PCH
' I\
MCTE0087

Data Memory Read Cycle
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I
ALE

— -

_/
=

=T Pt
R \ /
k /
™| = "ovwx
™ fAVLL - ™ «ANHQX
- fLLAXZ nl
Tovan ‘
{ AO-A7 from ¥ XX AO—-A7
Port0 :>—§( & or 0FL K Data OUT from PCL { Insir.n
fAVWL

4
Port2 );

P2.0-P2.7 or AB-A15 from DPH

X AB-A15 from PCH

MCT00098

c _
| ' 401 yTALt
J_ U.a—10 ¥4
|C| T 39 s,
4"—.— AlALZ

C = 30pF +10pF
(incl. stray capacitance)

Crystal Oscillator Mode

N.C. 40| xTALt
39| urssn
XTALZ
External Oscillator
Signal
MCS00099

Driving from External Source

For timing purposes a port pin is no longer floating when a 100 mV change from load voltage occurs and
begins to float when a 100 mV deviation from the load voltage Vou/V | occurs. I /Iy >+ 20 mA.

Recommended Oscillator Circuits
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Voo 0.5V
. < 0.2V +0.9V \ /
Y > Test Points Y
Aﬁv -0.1 /\
0.45V /\ e

MCT00037

AC Testing: input, Output Waveforms

I(md+o y 7l=

Vloud --------</,
VLoud -0.1 V\

v\Tn'miﬁg Referehce/v \
/ Points

X V0.1V

-/

Vo 0.1V

MCT00038

AC Testing: Float Waveforms
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SIEMENS SAB 80C515/80C535

Package Outiines

g2 d 12x45°
112081 max. . Elal
o Pyo
27|,
0.43101 I
——=||-={$]0.18 ¥]A-B[D|68x
20.32
- l_ll_ll_H_ll_ll_ll_H_l!'!"l_ll_\l_ll_ll_lﬂl_ll_\
i | ! i
Al i B %
[ : i (=
N R G
[y 1 o Y
T d | i 1 §
g ! i
i ! :
g . i
68 1 Index Marking
0.5x45° 1.1x45°
3x | ——— — | |fu—
2421 toor ?
25.28 02

1) Does not Include plastic or metal protrusion of 0.15 max. per side

Sorts of Packing
Package outlines for tubes, trays etc. are contained in our
Data Book “Package Information”.

Dimensions in mm
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Package Outiines

0.650| | Al
0.3+0.08
— ‘——‘—

—{0.12 @IA-B[D [C]80x
—— |17.2] —=|=-{[0.2]A-B]D|80x

0]0.2|A-BID [H]4x

Sorts of Packing

Package outlines for tubes, trays etc. are contained in our
Data Book “Package Information”.

Dimensions in mm
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