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SIEMENS

8-Bit CMOS Microcontroller

Advance Information

Data Sheet

Full upward compatibility with SAB 80C515
Up to 24 MHz external operating frequency
— 500ns instruction cycle at 24 MHz operation

8K byte on-chip ROM (with optional ROM protection)

— alternatively up to 64K byte external program memory
Up to 64K byte external data memory

256 byte on-chip RAM
Six 8-bit parallel I/O ports

One input port for analog/digital input
Full duplex serial interface (USART)
— 4 operating modes, fixed or variable baud rates

Three 16-bit timer/counters
— Timer 0/ 1 (C501 compatible)

— Timer 2 for 16-bit reload, compare, or capture functions

(more features on next page)
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Features (cont'd):

* 8-bit A/D converter
— 8 multiplexed analog inputs
— Programmable reference voltages
* 16-bit watchdog timer
* Power saving modes
— ldle mode
— Slow down mode (can be combined with idle mode)
— Software power-down mode
* 12 interrupt sources (7 external, 5 internal) selectable at four priority levels
* On-chip emulation support logic (Enhanced Hooks Technology ™)
* ALE switch-off capability
* P-MQFP-80-1 package

* Temperature Ranges: SAB-C515 T,=0to70°C
SAF-C515 T,=-40t0o85°C
SAH-C515 T, =-40to 110 °C (max. operating frequency: 16 MHz)

The C515 is an upward compatible version of the SAB 80C515A 8-bit microcontroller which
additionally provides ALE switch-off capability, on-chip emulation support, ROM protection, and
slow down mode capability. With a maximum external clock rate of 24 MHz it achieves a 500 ns
instruction cycle time (1 us at 12 MHz). The C515 is mounted in a P-MQFP-80 package.

Ordering Information

Type Ordering Code | Package Description

(8-Bit CMOS microcontroller)
SAB-C515-1RM Q67127-DXXXX | P-MQFP-80-1 | with mask programmable ROM (16 MHz)
SAB-C515-1R24M | Q67127-DXXXX | P-MQFP-80-1 | with mask programmable ROM (24 MHz)
SAF-C515-1RM Q67127-DXXXX | P-MQFP-80-1 | with mask programmable ROM (16 MHz)

ext. temp. —40°Cto 85 °C
SAF-C515-1R24M | Q67127-DXXXX | P-MQFP-80-1 | with mask programmable ROM (24 MHz)

ext. temp. —40°Cto 85 °C
SAB-C515-LM Q67127-C1030 | P-MQFP-80-1 | for external memory (16 MHz)
SAB-C515-L.24M | Q67127-C1032 | P-MQFP-80-1 | for external memory (24 MHz
SAF-C515-LM Q67127-C1031 | P-MQFP-80-1 | for external memory (16 MHz)

ext. temp. —40°Cto 85 °C
SAF-C515-L24M | Q67127-C1081 | P-MQFP-80-1 | for external memory (24 MHz)

ext. temp. — 40 °Cto 85 °C

Note: Versions for extended temperature ranges — 40 °C to 110 "C (SAH-C515C-LM and SAH-
C515-1RM) are available on request. The ordering number of ROM types (DXXXX
extensions) is defined after program release (verification) of the customer.

Semiconductor Group 4 1997-08-01
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Logic Symbol
Additional Literature
For further information about the C515 the following literature is available:
Title Ordering Number
C515 8-Bit CMOS Microcontroller User’'s Manual B158-H7049-X-X-7600
C500 Microcontroller Family B158-H6987-X-X-7600
Architecture and Instruction Set User’'s Manual
C500 Microcontroller Family - Pocket Guide B158-H6986-X-X-7600
Semiconductor Group 5 1997-08-01
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C515 Pin Configuration (P-MQFP-80 Package, Top View)
Semiconductor Group 6 1997-08-01
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Table 1

Pin Definitions and Functions

Symbol Pin Number |1/O*) | Function
(P-MQFP-80)

RESET 1 | RESET

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

VAREF 3 - Reference voltage for the A/D converter
VAGND 4 - Reference ground for the A/D converter
P6.0-P6.7 12-5 I Port 6

is an 8-bit unidirectional input port to the A/D converter.
Port pins can be used for digital input, if voltage levels
simultaneously meet the specifications for high/low input
voltages and for the eight multiplexed analog inputs.

*) | =Input
O = Output

Semiconductor Group 7 1997-08-01
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Table 1
Pin Definitions and Functions (cont’d)

Symbol Pin Number |1/O*) | Function
(P-MQFP-80)
P3.0-P3.7 15-22 /O |Port3

is an 8-bit quasi-bidirectional /0O port with internal pullup
resistors. Port 3 pins that have 1's written to them are
pulled 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 (I ., in the DC
characteristics) because of the internal pullup resistors.
Port 3 also contains the interrupt, timer, serial port and
external memory strobe pins that are used by various
options. The output latch corresponding to a secondary
function 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:

15 P3.0/ RxD Receiver data input (asynch.) or data
input/output (synch.) of serial interface

16 P3.1/ TxD Transmitter data output (asynch.) or
clock output (synch.) of serial interface

17 P3.2/ INTO  External interrupt O input /
timer O gate control input

18 P3.3/ INT1  External interrupt 1 input /
timer 1 gate control input

19 P3.4/ TO Timer O counter input

20 P35/ T1 Timer 1 counter input

21 P3.6/ WR WR control output; latches the data byte
from port O into the external data
memory

22 P3.7/ RD RD control output; enables the
external data memory

*) | =Input
O = Output

Semiconductor Group 8 1997-08-01
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Table 1
Pin Definitions and Functions (cont’d)

Symbol Pin Number |1/0O*) | Function
(P-MQFP-80)
P1.0-P1.7 31-24 /O |Portl
is an 8-bit quasi-bidirectional I/0O port with internal pullup
resistors. Port 1 pins that have 1's written to them are
pulled 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 pullup resistors.
The port is used for the low-order address byte during
program verification. Port 1 also contains the interrupt,
timer, clock, capture and compare pins that are used by
various 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 :
31 P1.0/ INT3/CCO Interrupt 3 input /
compare 0 output /
capture 0 input
30 P1.1/INT4/CC1 Interrupt 4 input /
compare 1 output /
capture 1 input
29 P1.2/ INT5/CC2 Interrupt 5 input /
compare 2 output /
capture 2 input
28 P1.3/INT6/CC3 Interrupt 6 input /
compare 3 output /
capture 3 input
27 P1.4/1INT2 Interrupt 2 input
26 P1.5/ T2EX Timer 2 external reload /
trigger input
25 P1.6 / CLKOUT System clock output
24 P17/ T2 Counter 2 input
Vsg 34 — Ground (0 V)
Vee 33, 69 - Supply voltage
during normal, idle, and power-down operation.
*) 1 =Input
O = Output

Semiconductor Group 9 1997-08-01



SIEMENS C515

Table 1
Pin Definitions and Functions (cont’d)

Symbol Pin Number |1/O*) | Function
(P-MQFP-80)
XTAL2 36 - XTAL2

Input to the inverting oscillator amplifier and input to the
internal clock generator circuits.

To drive the device from an external clock source,
XTAL2 should be driven, while XTALL1 is left
unconnected. Minimum and maximum high and low
times as well as rise/fall times specified in the AC
characteristics must be observed.

XTAL1 37 - XTAL1
Output of the inverting oscillator amplifier.
P2.0-P2.7 38-45 /O |Port2

is an 8-bit quasi-bidirectional I/O port with internal pullup
resistors. Port 2 pins that have 1's written to them are
pulled high by the internal pullup resistors, and in that
state can be used as inputs. As inputs, port 2 pins being
externally pulled low will source current (I ., in the DC
characteristics) because of the internal pullup resistors.
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 @DPTR). 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 2 issues the contents of
the P2 special function register.

PSEN 47 @) The Program Store Enable

output is a control signal that enables the external
program memory to the bus during external fetch
operations. It is activated every six oscillator periods,
except during external data memory accesses. The
signal remains high during internal program execution.

ALE 48 O The Address Latch enable

output is used for latching the address into external
memory during normal operation. Itis activated every six
oscillator periods, except during an external data
memory access.

*) | =Input
O = Output

Semiconductor Group 10 1997-08-01
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Table 1
Pin Definitions and Functions (cont’d)
Symbol Pin Number |1/O*) | Function
(P-MQFP-80)
EA 49 I External Access Enable

When held high, the C515 executes instructions from
the internal ROM (C515-1R) as long as the program
counter is less than 2000y. When held low, the C515
fetches all instructions from ext. program memory. For
the C515-L this pin must be tied low.

P0.0-P0.7 52-59 /O |Port0

is an 8-bit open-drain bidirectional I/O port. Port O pins
that have 1's written to them float, and in that state can
be used as high-impedance inputs. Port O is also the
multiplexed low-order address and data bus during
accesses to external program and data memory. In this
application it uses strong internal pullup resistors when
issuing 1's. Port 0 also outputs the code bytes during
program verification in the C515-1R. External pullup
resistors are required during program verification.

P5.3-P5.7 67-60 /O |Portb

is an 8-bit quasi-bidirectional I/O port with internal pullup
resistors. Port 5 pins that have 1's written to them are
pulled high by the internal pullup resistors, and in that
state can be used as inputs. As inputs, port 5 pins being
externally pulled low will source current (I ., in the DC
characteristics) because of the internal pullup resistors.

P4.0-P4.7 72-74, /O |Port4

76-80 is an 8-bit quasi-bidirectional /O port with internal pull-

up resistors. Port 4 pins that have 1's written to them are
pulled high by the internal pull-up resistors, and in that

state can be used as inputs. As inputs, port 4 pins being
externally pulled low will source current (I ., in the DC

characteristics) because of the internal pull-up resistors.

PE 75 I Power saving mode enable

A low level on this pin allows the software to enter the
power saving modes (idle mode and power down
mode). When PE is held at high level it is impossible to
enter the power saving modes. When left unconnected
this pin is pulled high by a weak internal pull-up resistor.

*) | =Input
O = Output

Semiconductor Group 11 1997-08-01
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Table 1

Pin Definitions and Functions (cont’d)

Symbol Pin Number |1/O*) | Function
(P-MQFP-80)

N.C. 2,13, 14, 23, - Not connected
32, 35, 46, 50, These pins of the P-MQFP-80 package must not be
51, 68, 70, 71 connected.

*) 1 =Input

O = Output

Semiconductor Group 12 1997-08-01
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Figure 4
Block Diagram of the C515C
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CPU

The C515 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 6 MHz crystal, 58% of the instructions are executed in 1.0us (10 MHz: 600).

Special Function Register PSW (Address DOy) Reset Value : 00y
Bit No. MSB LSB
D7y D6y D54 D4y D3y D24 Dly DOy
DOy CYy AC FO RS1 RSO ov F1 P PSW
Bit Function
CcYy Carry Flag
Used by arithmetic instruction.
AC Auxiliary Carry Flag
Used by instructions which execute BCD operations.
FO General Purpose Flag
RS1 Register Bank select control bits
RSO These bits are used to select one of the four register banks.
RS1 RSO Function
0 0 Bank 0 selected, data address 004-07H
0 1 Bank 1 selected, data address 084-OF
1 0 Bank 2 selected, data address 104-174
1 1 Bank 3 selected, data address 184-1Fy
oV Overflow Flag
Used by arithmetic instruction.
F1 General Purpose Flag
P Parity Flag

Set/cleared by hardware after each instruction to indicate an odd/even
number of "one" bits in the accumulator, i.e. even parity.

Semiconductor Group 14 1997-08-01
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Memory Organization

The C515 CPU manipulates data and operands in the following four address spaces:

— up to 64 Kbyte of internal/external program memory
— up to 64 Kbyte of external data memory

— 256 bytes of internal data memory

— a 128 byte special function register area

Figure 5 illustrates the memory address spaces of the C515.

FFFFH FFFFH
External External
Indirect Direct
Address Address
FFH ) FFH
Special
Intsmll Function
Register
2000 80H 80
1FFFy FH
Internal External Internal
(EA=1) (EA=0) RAM
0000 0000 00y
A ' '
"Code Space" "Data Space" "Internal Data Space”
MCD03202
Figure 5
C515 Memory Map
Semiconductor Group 15 1997-08-01
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Reset and System Clock

The reset input is an active low input at pin RESET. Since the reset is synchronized internally, the
RESET pin must be held low for at least two machine cycles (24 oscillator periods) while the
oscillator is running. A pullup resistor is internally connected to V. to allow a power-up reset with
an external capacitor only. An automatic reset can be obtained when V. is applied by connecting
the RESET pin to Vg via a capacitor. Figure 6 shows the possible reset circuitries.

3) b)

7 ?

[:] —] & [:]
————eo——» ¢ >

+ RESET ] RESET
I C515 C515
¢)
o)

‘{ I C515
MCS03203

Figure 6
Reset Circuitries
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Figure 7 shows the recommended oscillator circuitries for crystal and external clock operation.

Crystal Oscillator Mode Driving from External Source

C
—| }T XTALL N.C. XTALL
f. 1-24 MHz —
C External Oscillator
Signal
—| XTAL2 XTAL2

Crystal Mode : C =20 pF+10 pF (incl. stray capacitance) MCS03204

Figure 7
Recommended Oscillator Circuitries

Semiconductor Group 17 1997-08-01



SIEMENS Co15

Enhanced Hooks Emulation Concept

The Enhanced Hooks Emulation Concept of the C500 microcontroller family is a new, innovative
way to control the execution of C500 MCUs and to gain extensive information on the internal
operation of the controllers. Emulation of on-chip ROM based programs is possible, too.

Each production chip has built-in logic for the support of the Enhanced Hooks Emulation Concept.
Therefore, no costly bond-out chips are necessary for emulation. This also ensure that emulation
and production chips are identical.

The Enhanced Hooks Technology™ 1), which requires embedded logic in the C500 allows the C500
together with an EH-IC to function similar to a bond-out chip. This simplifies the design and reduces
costs of an ICE-system. ICE-systems using an EH-IC and a compatible C500 are able to emulate
all operating modes of the different versions of the C500 microcontrollers. This includes emulation
of ROM, ROM with code rollover and ROMless modes of operation. It is also able to operate in
single step mode and to read the SFRs after a break.

ICE-System Interface
to Emulation Hardware
/—/%

S — T
I I
1| [Syscon RESET 1« > [Rsyscon :
I PCON EA |« ™ [ rRPCON EH-IC I
' TCON ALE » [ RTCON '
: PSEN > :
' C500 Enhanced Hooks :
: MCU Port 0 K————)) Interface Circuit :
I Port2 K ————) I
: Optional o :
| | OPorts Port3 Port1 RPort2 RPort0 TEA TALE TPSEN | |
s qpee24p-] e e
Target System Interface MCS03280

Figure 8
Basic C500 MCU Enhanced Hooks Concept Configuration

Port 0, port 2 and some of the control lines of the C500 based MCU are used by Enhanced Hooks
Emulation Concept to control the operation of the device during emulation and to transfer
informations about the programm execution and data transfer between the external emulation
hardware (ICE-system) and the C500 MCU.

1 “Enhanced Hooks Technology* is a trademark and patent of Metalink Corporation licensed to Siemens.

Semiconductor Group 18 1997-08-01
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Special Function Registers

The registers, except the program counter and the four general purpose register banks, reside in
the special function register area.

The 59 special function registers (SFRs) include pointers and registers that provide an interface
between the CPU and the other on-chip peripherals. All SFRs with addresses where address bits 0-
2 are 0 (e.g. 80y, 88y, 90, 98y, ..., F8y, FFp) are bitaddressable.

The SFRs of the C515 are listed in table 2 and table 3. In table 2 they are organized in groups
which refer to the functional blocks of the C515. Table 3 illustrates the contents of the SFRs in
numeric order of their addresses.

Semiconductor Group 19 1997-08-01
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Table 2

Special Function Registers - Functional Blocks

Block Symbol Name Address | Contents after
Reset
CPU ACC Accumulator EOQ Y 00y
B B-Register FOy Y 00y
DPH Data Pointer, High Byte 834 00y
DPL Data Pointer, Low Byte 824 00y
PSW Program Status Word Register DOy Y 00y
SP Stack Pointer 81K 07H
SYSCON | System Control Register Bly XXIX XXXXg?
A/D- ADCON 2 | A/D Converter Control Register D8y 00X0 0000g
Converter | ADDAT A/D Converter Data Register D9y 00y
DAPR A/D Converter Program Register DAY ¥ 00y
Interrupt | IENO 2 Interrupt Enable Register 0 A8Y 00y
System IEN1 2 Interrupt Enable Register 1 B8y 00y
IPO 2 Interrupt Priority Register O A9y X000 0000g ®
IP1 Interrupt Priority Register 1 B9y XX00 0000g ¥
IRCON Interrupt Request Control Register coy? 00y
TCON 2 | Timer Control Register 88" 00y
T2CON 2 | Timer 2 Control Register c8y Y 00y
SCON 2 | Serial Channel Control Register 98y Y 00H
Timer 0/ | TCON? | Timer 0/1 Control Register 88V 00y
Timer1 | THO Timer 0, High Byte 8CH 00y
TH1 Timer 1, High Byte 8Dy 00y
TLO Timer O, Low Byte 8AH 00y
TL1 Timer 1, Low Byte 8By 00y
TMOD Timer Mode Register 894 00y
Compare/ | CCEN Comp./Capture Enable Reg. Cly 00y
Capture | CCH1 Comp./Capture Reg. 1, High Byte C3y 00y
Unit / CCH2 Comp./Capture Reg. 2, High Byte C54 00y
Timer 2 CCH3 Comp./Capture Reg. 3, High Byte C7y 00y
CCL1 Comp./Capture Reg. 1, Low Byte C2y4 00H
CCL2 Comp./Capture Reg. 2, Low Byte Cay 00y
CCL3 Comp./Capture Reg. 3, Low Byte Céby 004
CRCH Com./Rel./Capt. Reg. High Byte CBy 00y
CRCL Com./Rel./Capt. Reg. Low Byte CAH 00y
TH2 Timer 2, High Byte CDy 00y
TL2 Timer 2, Low Byte CCqH 00y
T2CON 2 | Timer 2 Control Register c8y Y 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 undefined and the location is reserved

Semiconductor Group
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Table 2

Special Function Registers - Functional Blocks (cont’'d)

Block Symbol Name Address | Contents after
Reset

Ports PO Port 0 80y FFH

P1 Port 1 90 Y FFH

P2 Port 2 AOQ Y FFY

P3 Port 3 BOy* FFH

P4 Port 4 E8HY FFH

P5 Port 5 F8H D FFH

P6 Port 6, Analog/Digital Input DBH -
Serial ADCON? | A/D Converter Control Register D8y? 00X0 0000g
Channel |PCON? Power Control Register 87y 00y

SBUF Serial Channel Buffer Register 99 XXH?

SCON 2 | Serial Channel Control Register 98y Y 00H
Watchdog | IENO 2 Interrupt Enable Register 0 A8YY 00y

IEN1 2 Interrupt Enable Register 1 B8y 00y

IPO 2) Interrupt Priority Register 0 A9y X000 0000g *»
Power PCON? Power Control Register 87y 00y
Saving
Modes

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 undefined and the location is reserved

Semiconductor Group
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Table 3
Contents of the SFRs, SFRs in numeric order of their addresses
Addr |[Register |Content |Bit 7 Bit6 |Bit5 Bit4 |[Bit3 |Bit2 Bit 1 Bit O
after
Resetd
81 SP 07 7 6 5 4 3 2 1 0
82y |DPL 00y T .6 5 4 3 2 1 .0
83y |DPH 00y T .6 5 A4 3 2 1 .0
IDLS |SD GF1 GFO PDE IDLE

89y |TMOD |00y GATE |[CIT M1 MO GATE |CIT M1 MO

8Ay |TLO 0oy |7 6 5 4 3 2 1 0
8By |TL1 00 7 6 5 4 3 2 1 0
8CH |THO 0y |7 6 5 4 3 2 1 0
8Dy |TH1 00 7 6 5 4 3 2 1 0

A9y |IPO X000- |- WDTS |.5 4 3 2 1 0
0000g

Bly |SYSCON|XX1X- |- - EALE |- - - _ _
XXXXg

XX00-
0000g

CCEN COCA |[COCAL|COCA |[COCAL|COCA |COCAL|COCA |COCAL
H3 3 H2 2 H1 1 HO 0

C2y |ccLl ooy |7 6 5 4 3 2 1 0

1) X means that the value is undefined and the location is reserved
2) Bit-addressable special function registers
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Table 3
Contents of the SFRs, SFRs in numeric order of their addresses (cont’'d)
Addr |[Register |Content |Bit 7 Bit6 |Bit5 Bit4 |[Bit3 |Bit2 Bit 1 Bit O
after
Reset!)
C3y |CCH1 00y 7 .6 5 4 .3 2 A .0
C4y |CCL2 00y 7 .6 5 4 .3 2 A .0
C5y |CCH2 00y 7 .6 5 4 .3 2 A .0
Céy |CCL3 00y 7 .6 5 4 .3 2 A .0
C74 |CCH3 00y 7 .6 5 4 .3 2 A .0

CAy |CRCL |00y |7 6 5 4 3 2 1 0
CBy |[CRCH |00y  |[.7 6 5 4 3 2 1 0
CCy |TL2 0y |7 6 5 4 3 2 1 0
CDy |TH2 0oy |7 6 5 4 3 2 1 0

ADDAT

00

DAPR

00y

1) X means that the value is undefined and the location is reserved
2) Bit-addressable special function registers
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Digital 1/0 Ports

The C515 allows for digital 1/0 on 48 lines grouped into 6 bidirectional 8-bit ports. Each port bit
consists of a latch, an output driver and an input buffer. Read and write accesses to the 1/O ports PO
through P5 are performed via their corresponding special function registers PO to P5.

The output drivers of port 0 and 2 and the input buffers of port O are also used for accessing external
memory. In this application, port O outputs the low byte of the external memory address, time-
multiplexed with the byte being written or read. Port 2 outputs the high byte of the external memory
address when the address is 16 bits wide. Otherwise, the port 2 pins continue emitting the P2 SFR
contents.

Analog Input Ports

Ports 6 is available as input port only and provides two functions. When used as digital inputs, the
corresponding SFR P6 contains the digital value applied to the port 6 lines. When used for analog
inputs the desired analog channel is selected by a three-bit field in SFR ADCON. Of course, it
makes no sense to output a value to these input-only ports by writing to the SFR P6. This will have
no effect.

If a digital value is to be read, the voltage levels are to be held within the input voltage specifications
(V\.//V). Since P6 is not bit-addressable, all input lines of P6 are read at the same time by byte
instructions.

Nevertheless, it is possible to use port 6 simultaneously for analog and digital input. However, care
must be taken that all bits of P6 that have an undetermined value caused by their analog function
are masked.
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Timer / Counter O and 1
Timer/Counter 0 and 1 can be used in four operating modes as listed in table 4 :

Table 4
Timer/Counter 0 and 1 Operating Modes

Mode | Description TMOD Input Clock
M1 MO internal external (max)
0 8-bit timer/counter with a 0 0 fosc/12x32 fosc/24x32
divide-by-32 prescaler
1 16-bit timer/counter 1
2 8-bit timer/counter with 1 0
8-bit autoreload 1o t oa
3 Timer/counter O used as one 1 1 os¢ o8¢
8-bit timer/counter and one
8-bit timer

Timer 1 stops

In the “timer” function (C/T = ‘0’) the register is incremented every machine cycle. Therefore the
count rate is fo5c/12.

In the “counter” function the register is incremented in response to a 1-to-O transition at its
corresponding external input pin (P3.4/T0O, P3.5/T1). Since it takes two machine cycles to detect a
falling edge the max. count rate is fosc/24. External inputs INTO and INT1 (P3.2, P3.3) can be
programmed to function as a gate to facilitate pulse width measurements. Figure 9 illustrates the
input clock logic.

fosc foscl12
P3.4/T0 Timer 0/1
P3.5/T1 Input Clock
max fosc/24
TR0/ Control
TCON &
Gate =1
TMOD O—L 51
P3.2/INTO B
P3.3/INT1 MCS01768

Figure 9
Timer/Counter 0 and 1 Input Clock Logic
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Timer/Counter 2 with Compare/Capture/Reload

The timer 2 of the C515 provides additional compare/capture/reload features. which allow the
selection of the following operating modes:

— Compare :upto4 PWM signals with 16-bit/500 ns resolution
— Capture  :up to 4 high speed capture inputs with 500 ns resolution
— Reload : modulation of timer 2 cycle time

The block diagram in figure 10 shows the general configuration of timer 2 with the additional
compare/capture/reload registers. The 1/0O pins which can used for timer 2 control are located as
multifunctional port functions at port 1.

PLY, o Sync. ol EXR2 21 Interrupt
T2EX ‘ p
T210 : _ | Request
T2l EXEN2
P17/ S . ‘
™ o——»| Sync. L o——e
&
—oO [ ] »
-1 > Reload Reload
f
osc |-=¢ 1\—L@ .
+24 | 7 | —
o imer Y
T2PS o 2 TH TF2
24 ﬁ
A«
L;
Compare N pLo/
< > INT3/
ﬂ ﬂ ﬂ ﬂ 3 CCo
16 Bt 16 Bit 16 Bit 16 Bit J :’NlT-i//
Comparator Comparator Comparator Comparator
p p P P Input/ cCl
Output
v v v v Control P12/
<> INT5/
Capture CC2
> P1.2/
<> INT6/
CCL3/CCH3 CCL2/CCH2 CCL1/CCH1 CRCL/CRCH CC3
MCB03205
Figure 10
Timer 2 Block Diagram
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Timer 2 Operating Modes

The timer 2, which is a 16-bit-wide register, can operate as timer, event counter, or gated timer. A
roll-over of the count value in TL2/TH2 from all 1's to all O’s sets the timer overflow flag TF2 in SFR
IRCON, which can generate an interrupt. The bits in register T2CON are used to control the timer
2 operation.

Timer Mode: In timer function, the count rate is derived from the oscillator frequency. A prescaler
offers the possibility of selecting a count rate of 1/12 or 1/24 of the oscillator frequency.

Gated Timer Mode: In gated timer function, the external input pin T2 (P1.7) functions as a gate to
the input of timer 2. If T2 is high, the internal clock input is gated to the timer. T2 = O stops the
counting procedure. This facilitates pulse width measurements. The external gate signal is sampled
once every machine cycle.

Event Counter Mode: In the event counter function. the timer 2 is incremented in response to a 1-
to-0 transition at its corresponding external input pin T2 (P1.7). In this function, the external input is
sampled every machine cycle. Since it takes two machine cycles (24 oscillator periods) to recognize
a 1-to-0 transition, the maximum count rate is 1/24 of the oscillator frequency. There are no
restrictions on the duty cycle of the external input signal, but to ensure that a given level is sampled
at least once before it changes, it must be held for at least one full machine cycle.

Reload of Timer 2: Two reload modes are selectable:

In mode 0, when timer 2 rolls over from all 1’s to all 0’s, it not only sets TF2 but also causes the timer
2 registers to be loaded with the 16-bit value in the CRC register, which is preset by software.

In mode 1, a 16-bit reload from the CRC register is caused by a negative transition at the correspon-
ding input pin P1.5/T2EX. This transition will also set flag EXF2 if bit EXEN2 in SFR IEN1 has been
set.
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Timer 2 Compare Modes

The compare function of a timer/register combination operates as follows : the 16-bit value stored
in a compare or compare/capture register is compared with the contents of the timer register; if the
count value in the timer register matches the stored value, an appropriate output signal is generated
at a corresponding port pin and an interrupt can be generated.

Compare Mode 0

In compare mode 0, upon matching the timer and compare register contents, the output signal
changes from low to high. It goes back to a low level on timer overflow. As long as compare mode
0 is enabled, the appropriate output pin is controlled by the timer circuit only and writing to the port
will have no effect. Figure 11 shows a functional diagram of a port circuit when used in compare
mode 0. The port latch is directly controlled by the timer overflow and compare match signals. The
input line from the internal bus and the write-to-latch line of the port latch are disconnected when
compare mode 0 is enabled.

Port Circuit
Read Latch
Compare Register 4 Vec
Circuit
| Compare Reg. |
S
Lo e e o

J L
Comparator |7 : Latch
| P Compare Witeto | ot [k B
ﬁ 16 Bit Match Latch 5 Q o—l
| Timer Register | I

Timer Circuit Timer q
Overflow
'Read Pin

MCS02661

Figure 11
Port Latch in Compare Mode 0
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Compare Mode 1

If compare mode 1 is enabled and the software writes to the appropriate output latch at the port, the
new value will not appear at the output pin until the next compare match occurs. Thus, it can be
chosen whether the output signal has to make a new transition (1-to-0 or 0-to-1, depending on the
actual pin-level) or should keep its old value at the time when the timer value matches the stored
compare value.

In compare mode 1 (see figure 12) the port circuit consists of two separate latches. One latch
(which acts as a "shadow latch™) can be written under software control, but its value will only be
transferred to the port latch (and thus to the port pin) when a compare match occurs.

Port Circuit
‘ Read Latch
Compare Register 4 Vee
Circuit
| Compare Reg. |
Internal
u kil Bus BE Shadow 10 Port ° F;(i)r;t
| Comparator IW " Latch Latch
. rte to A
77168t Match Lt CLK o Qp]
| Timer Register |
Timer Circuit 4
| Read Pin
MCS02662

Figure 12
Compare Function in Compare Mode 1
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Serial Interface (USART)

The serial port is full duplex and can operate in four modes (one synchronous mode, three
asynchronous modes) as illustrated in table 5. The possible baudrates can be calculated using the
formulas given in table 5.

Table 5
USART Operating Modes

SCON Description
Mode
SMO SM1
0 0 0 Shift register mode
Serial data enters and exits through RxD/ TxD outputs the shift
clock; 8-bit are transmitted/received (LSB first); fixed baud rate
1 0 1 8-bit UART, variable baud rate
10 bits are transmitted (through TxD) or received (at RxD)
2 1 0 9-bit UART, fixed baud rate
11 bits are transmitted (through TxD) or received (at RxD)
3 1 1 9-bit UART, variable baud rate
Like mode 2

For clarification some terms regarding the difference between "baud rate clock” and "baud rate”
should be mentioned. In the asynchronous modes the serial interfaces require a clock rate which is
16 times the baud rate for internal synchronization. Therefore, the baud rate generators/timers have
to provide a "baud rate clock™ (output signal in figure 13 to the serial interface which - there divided
by 16 - results in the actual "baud rate". Further, the abbrevation fysc refers to the oscillator
frequency (crystal or external clock operation).

The variable baud rates for modes 1 and 3 of the serial interface can be derived from either timer 1
or from the system clock (see figure 13).
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Timer 1
Overflow ADCON.7 SCON.7
(BD) SCON.6
(SMo/ PCON.7
o] ey fow ][] [
foscl2 1 e o~ '
+ S 0 Baud
3 ° o 1~ » Rate
% Clock
Mode 2
OO
. Mode 0 Only one mode
can be selected

Note: The switch configuration shows the reset state.

MCB03206

Figure 13

Block Diagram of Baud Rate Generation for the Serial Interface

Table 6 below lists the values/formulas for the baud rate calculation of the serial interface with its
dependencies of the control bits BD and SMOD.

Table 6

Serial Interface - Baud Rate Dependencies

Serial Interface 0
Operating Modes

Active Control Bits

Baud Rate Calculation

BD SMOD
Mode 0 (Shift Register) |- - fosc /12
Mode 1 (8-bit UART) 0 X Controlled by timer 1 overflow :
Mode 3 (9-bit UART) (25MOP x timer 1 overflow rate) / 32
1 X Controlled by system clock divider circuits :
(25MoD x f o) 1 2496
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8-Bit A/D Converter
The C515 provides an A/D converter with the following features:

— Eight multiplexed input channels

— The possibility of using the analog inputs (port 6) also as digital inputs

— Programmable internal reference voltages (16 steps each) via resistor array
— 8-bit resolution within the selected reference voltage range

— Internal start-of-conversion trigger

— Interrupt request generation after each conversion

For the A/D conversion, the method of successive approximation via capacitor array is used. The
externally applied reference voltage range has to be held on a fixed value within the specifications
(see section "A/D Converter Characteristics" in this data sheet). The internal reference voltages can
be varied to reduce the reference voltage range of the A/D converter and thus to achieve a higher
resolution. Figure 14 shows a block diagram of the A/D converter.
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Internal
IEN1 (BSR) Bus
EXEN2| SWDT | EX6 | EXS | EX4 | EX3 | ECAN | EADC <:
IRCON (COy)
EXF2 | TF2 | IEX6 | IEX5 | IEX4 | IEX3 0 IADC <,:
ADCON (D8y)
BD | Clk [ - [Bsy [aom | mx2 [ mxt | mxo ———
‘ |
ADDAT
(D9y)
Single/
»| Continuous LBS
Mode 1
rvy 2
3
Port 6 MUX » S&H > A
9
A/D 6
Converter
Conversion Clock fypc MSB
Input Clock fy R
Write to . | Start of
DAPR "| Conversion
VINTAREF VINTAGND
A A
v —_—p
AREF Internal Reference Voltages
VAGND
DAPR (DAR) ﬁ
Tle s a3 2] 2|0 K
Programming of Programming of Internal
Vv Vv Bus
INTAREF INTAGND
Shaded bit locations are not used in ADC-functions.
MCB03207
Figure 14
A/D Converter Block Diagram
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Interrupt System

The C515 provides 12 interrupt sources with four priority levels. Five interrupts can be generated by
the on-chip peripherals (timer 0O, timer 1, timer 2, A/D converter, and serial interface) and seven
interrupts may be triggered externally (P3.2/INTO, P3.3/INT1, P1.4/INT2, P1.0/INT3, P1.1/INT4,
P1.2/INT5, P1.3/INT6).

This chapter shows the interrupt structure, the interrupt vectors and the interrupt related special
function registers. Figure 15 and 16 give a general overview of the interrupt sources and illustrate
the request and the control flags which are described in the next sections.
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D Highest
A1 —»| Priority Level
%T%/ ] 0 Yottt o > |
0003
TCON.1 [ EXO H >
ITO _\_ I[ENO.O T G/Z Lowest
TCON.0 | Priority Level
P It e
AID Converter I IADC k/ e 0| |e o >
EADCY |0043H
IRCON.0 __o >
IENLO s q
IP1.0 IP0.0
Timer 0 0¥ feol ool 1o° ’/Z >
Overflow 000B
TCON5 | ETO H T _o >
IENO.1 “ >
8
f 1T 2
> =
PL4 ] 2 Yoot ol LT of—I» %
INT2 004B 2
‘\_ IRCON.L | EX2 H T _o > =
I2FR IENL.1 5 o =
T2CON.5 d
IP1.1 1P0.1
> P
lF;\IS—T'?i/ — EL Yoot 7 o> v
0013
TCON.3 [ EXI H >
I X IEN0.2 | -~ >
TCON.2 >
PLO/ f o 1"
INT3 — IEX3 Yo~ &g . T o >
CCo IRCON.2 |_EX3 H i I
e e R\ IENL2 - —,
T2CON.6 id
. EAL IP1.2 IP0.2
D Bit addressable IENOJ —
Ij Request Flag is
cleared by hardware

Figure 15
Interrupt Request Sources (Part 1)
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Highest
. O —»| Priority Level
Timer 1 1Y oo oo LT o >
Overflow 001B
TCON.7 |ET1 H T o >
[ENO.3 ¢ Lowest
O .o
| Priority Level
P11/ s g
INT4 A Exa Y Lol foeol fo° ol —I»
ccl ExaY |00By
IRCON.3 o >
IENL.3 - >
IP1.3 IP0.3
— Y} = —1.
USART SCON.0 -« &g} =/(% o >
ES H >
EN04 - >
SCON.1 >
[«b]
2
P1.2) e e =
INT5 A x5 Yottt [|T o> 3
cc2 reona [B6Y |98k | T)| o | Z
IENL4 “J L] =
IP1.4 IP0.4
Timer 2
Overflow 12
oL IRCON6 | 57 —1*
R _\_ e~ EXFZF Lo {0t o° o >
T2EX 002B v
EXENY Rcons ET2 H T P >
[EN1.7 IENO.5 Y 5 >
P13/ 1T
N 0 Ex6 YL ot oot ol —1»
CC3 IRCON5 | EX6 006B T __o I IN
IENL5 . —,
| ALy [pis | [TPos ]
D Bit addressable N0 yr—
Ij Request Flag is
cleared by hardware
Figure 16
Interrupt Request Sources (Part 2)
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Table 7
Interrupt Source and Vectors

Interrupt Source

Interrupt Vector Address

Interrupt Request Flags

External Interrupt O 0003y IEO
Timer 0 Overflow 000By TFO
External Interrupt 1 0013y IE1
Timer 1 Overflow 001By TF1
Serial Channel 00234 RI/TI
Timer 2 Overflow / Ext. Reload 002By TF2 | EXF2
A/D Converter 0043y IADC
External Interrupt 2 004By IEX2
External Interrupt 3 0053y IEX3
External Interrupt 4 005By IEX4
External Interrupt 5 0063y IEX5
External Interrupt 6 006By IEX6
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Fail Save Mechanisms

As a means of graceful recovery from software or hardware upset a watchdog timer is provided in
the C515. If the software fails to clear the watchdog timer at least every 65532 us (at 12 MHz clock
rate), an internal hardware reset will be initiated. The software can be designed such that the
watchdog times out if the program does not progress properly. The watchdog will also time out if the
software error was due to hardware-related problems. This prevents the controller from
malfunctioning for longer than 65 ms if a 12-MHz oscillator is used. Figure 17 shows the block
diagram of the watchdog timer unit.

f
os¢ +12 »  16-Bit Watchdog Timer
A Reset

WDT Reset if WDT count is between FFFCy - FFFFY

I IPO (A9y)
- wors] - [ -] -] -]-0-]
OExternal HW Reset

y
Control Logic
WDT | - - - - - - | IENO (A8)
SWDT| - - - - - - | IEN1 (B8p) MCB03210

Figure 17
Block Diagram of the Watchdog Timer

The watchdog timer can be started by software (bit SWDT) but it cannot be stopped during active
mode of the C515. If the software fails to clear the watchdog in time, an internally generated
watchdog reset is entered at the counter state FFFCp and lasts four instruction cycles. This internal
reset differs from an external reset only to the extent that the watchdog timer is not disabled. Bit
WDTS (was set by starting WDT) allows the software to examine from which source the reset was
initiated. If it is set, the reset was caused by a watchdog timer overflow.
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Power Saving Modes

The C515 provides two basic power saving modes, the idle mode and the power down mode.
Additionally, a slow down mode is available. This power saving mode reduces the internal clock
rate in normal operating mode and it can be also used for further power reduction in idle mode.

— Idle mode
The CPU is gated off from the oscillator. All peripherals are still provided with the clock and
are able to work. Idle mode is entered by software and can be left by an interrupt or reset.

— Power down mode
The operation of the C515 is completely stopped and the oscillator is turned off. This mode is
used to save the contents of the internal RAM with a very low standby current. Power down
mode is entered by software and can be left by reset or by a short low pulse at pin P3.2/INTO.

— Slow-down mode
The controller keeps up the full operating functionality, but its normal clock frequency is
internally divided by 8. This slows down all parts of the controller, the CPU and all peripherals,
to 1/8 th of their normal operating frequency. Slowing down the frequency significantly
reduces power consumption.

Table 8 gives a general overview of the entry and exit procedures of the power saving modes.

Table 8
Power Saving Modes Overview

Mode Entering Leaving by Remarks
2-Instruction
Example

Idle mode ORL PCON, #01H | Occurrence of an CPU clock is stopped;

ORL PCON, #20H

interrupt from a
peripheral unit

Hardware Reset

CPU maintains their data;
peripheral units are active (if
enabled) and provided with
clock

Power Down Mode

ORL PCON, #02H
ORL PCON, #40H

Hardware Reset

Oscillator is stopped;
contents of on-chip RAM and
SFR’s are maintained,;

Slow Down Mode

In normal mode :
ORL PCON,#10H

ANL PCON,#0EFH
or
Hardware Reset

Internal clock rate is reduced
to 1/8 of its nominal frequency

With idle mode :
ORL PCON,#01H
ORL PCON, #30H

Occurrence of an
interrupt from a
peripheral unit

Hardware reset

CPU clock is stopped;

CPU maintains their data;
peripheral units are active (if
enabled) and provided with 1/8
of its nominal frequency

In the power down mode of operation, V. can be reduced to minimize power consumption. It must
be ensured, however, that V. is not reduced before the power down mode is invoked, and that V.
is restored to its normal operating level, before the power down mode is terminated.
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Absolute Maximum Ratings

Ambient temperature under bias (Ta) ...occvvveeeiiiiieeiie e —40to 110 °C
Storage temperature (Tgg) ..oovveveieiriiiec —65°Cto 150 °C
Voltage on V¢ pins with respect to ground (Vsg) «.ooeeevevviviiieeeeeeiiiiiiiieeee. -05Vto65V
Voltage on any pin with respect to ground (Vsg) ....cocvvvveeiviiieeiiiiiee i -05VtoV,+05V
Input current on any pin during overload condition.............ccccceeevviiiiienenn. —10 mA to 10 mA
Absolute sum of all input currents during overload condition ..................... | 100 mA |

POWET QISSIPATION ....ueviiiiiiiiiiiiieieeeeee ettt ettt e e e e e e e e e e e e aaaaaaaaaaaeeas TBD

Note: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent
damage of the device. This is a stress rating only and functional operation of the device at
these or any other conditions above those indicated in the operational sections of this
specification is not implied. Exposure to absolute maximum rating conditions for longer
periods may affect device reliability. During overload conditions (V,y >Vcc or V,y <Vss) the
Voltage on V. pins with respect to ground (Vss) must not exceed the values defined by the
absolute maximum ratings.
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DC Characteristics

VCC:5V+10%1_15%’VSS:OV

T,=0to70°C
T.=—401085°C
T,=—40to 110 °C

for the SAB-C515-1RM

for the SAF-C515-1RM
for the SAH-C515-1RM

Parameter Symbol Limit Values Unit | Test Condition
min. max.

Input low voltages

all except EA A -0.5 0.2V -01 |V -

g pln V||_1 - 05 02 VCC = 03 V -

Input high voltages

all except XTAL2 and RESET Vi 0.2V +0.9 |V, +0.5 V -

XTALZ2 pin Vi 0.7 V¢ Vec + 0.5 \Y, -

RESET pin V|H2 0.6 VCC VCC + 0.5 V -

Output low voltages

Ports 1, 2, 3,4,5 Voo - 0.45 Vv loo =1.6 MAD

POI’t O, ALE, PSEN VOLl - 045 V |o|_ = 32 mA 1)

Output high voltages

POFtS l, 2, 3, 4, 5 VOH 24 - V |OH = - 80 “.A
0.9 V¢ - Vv lon =—10 pA

Port 0 in external bus mode, AV 2.4 - Vv lon = — 800 pA

ALE, PSEN 09 VCC - V |OH = - 80 “.A 2)

Logic O input current

POI’tS 1, 2, 3, 4, 5 I||_ - 10 - 70 uA V|N = 045 V

Logical 0-to-1 transition current | I - 65 — 650 HA |[Vy=2V

Ports 1, 2, 3,4, 5

Input leakage current

Port 0, AINO-7 (Port 6), EA I, — +1 HA |0.45 <V, <V

Input low current

to RESET for reset I -10 - 100 MA |V,y=045V

XTALZ I|_|3 - - 15 U.A V|N = 0.45 V

ﬁ IL|4 - - 20 l..l.A V|N = 045 V

Pin capacitance Co - 10 pF | f.=1 MHz,

T,=25°C

Overload current lov - 5 mA | 78

Notes on next page
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Power Supply Current

Parameter Symbol Limit Values Unit | Test Condition
typ. max. 19

Active mode 16 MHz |l 13.7 18.2 mA |49

24 MHz |l 19.6 25 mA
Idle mode 16 MHz |l 6.9 9.6 mA |9

24 MHz |l 9.1 12.8 mA
Active mode with 16 MHz |l 4.9 7.0 mA |9

slow-down enabled 24 MHz |l 6.5 8.8 mA

Power-down mode lpp 10 30 MA |V =2..55V
1) Capacitive loading on ports 0 and 2 may cause spurious noise pulses to be superimposed on the V, of ALE

2)

3)

4)

5)

6)

7

8)

9)

and portsl, 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. In such cases it may be desirable to qualify ALE with a schmitt-
trigger, or use an address latch with a schmitt-trigger strobe input.

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

Ipp (power-down mode) is measured under following conditions:
EA = Port 0 = Port 6 = V¢ ; RESET = V¢; XTALL = N.C.; PE = XTAL2 = Vss ; Vagnp = Vss ; Varer = Vee ; all
other pins are disconnected. The typical |pp current is measured at Voc =5 V.

|cc (active mode) is measured with:
XTAL2 driven with tci oy » toyc, =5 N8, Vi =Vgs + 0.5V, Vy =V — 0.5 V; XTALL = N.C,;
EA = Port 0 = Port 6 = V¢ ; RESET = Vgg ; all other pins are disconnected.

Icc (idle mode) is measured with all output pins disconnected and with all peripherals disabled:;
XTAL2 driven with tc; oy » toyc, =518, V) = Vgs + 0.5V, V) =V - 0.5V; XTALL =N.C.;
EA = Port 0 = Port 6 = V¢ ; RESET = V¢ ; all other pins are disconnected:;

| cc (active mode with slow-down mode) is measured : TBD
| cc (active mode with slow-down mode) is measured : TBD

Overload conditions occur if the standard operating conditions are exceeded, ie. the voltage on any pin
exceeds the specified range (i.e. Voy > Ve + 0.5 V or Vy < Vgg - 0.5 V). The supply voltage V¢ and Vgg must
remain within the specified limits. The absolute sum of input currents on all port pins may not exceed 50 mA.

Not 100% tested, guaranteed by design characterization

10)The typical | values are periodically measured at T, = +25 °C but not 100% tested.
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30 ‘
mA ___ ; CC max
/CC o5 CCtyp
Active Mode
20

I
/Active Mode _ —

15| ///%

-

/ _ - Idle Mode
10 — 7 —

— -~ ___—T  IdeMode_ — —

5 ; — - — = L — : — — — 1 —
—= = Active Mode with Slow Down
0 H ‘ ‘
0 4 8 12 16 20 MHz 24
= fosc

Active mode Hecyy =068xfogct+2.8
o max = 0.85 X fogc + 4.6

ldle mode Hecyp =028xfogct24

L ocmax = 039 X fogc + 3.4
Active mode with slow-down : /¢y =0.18 X fogc +2.0
g max = 023 X foge + 3.3

fosc is the oscillator frequency in MHz. /. values are given in mA. MCD03282

Figure 18
ICC Diagram
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A/D Converter Characteristics

Vee =5V +10%, — 15%; Vs = 0 V T,=0to70°C for the SAB-C515-1RM
T,=-—40to 85°C for the SAF-C515-1RM
T,=-40to 110 °C for the SAH-C515-1RM
VCC - 025 V < VAREF < VCC + 025 V X VSS - 02 V < VAGND < VSS + 02 V, VImAREF - VIntAGND 2 1 V,
Parameter Symbol Limit Values Unit | Test Condition
min. max.
Analog input voltage Van Vieno - | Varer + V &
0.2 0.2
A/D converter input clock |ty - 2X1cel ns
Sample time ts - 16 X ty ns |2
Conversion cycle time tance - 80 x 1 ns 3)
Total unadjusted error Tue - +1 LSB | Vinarer = Varer = Vec
Vinaeno = Vaeno = Vss 4
Internal resistance of Rarer - 8xty /500 |kQ |[tyin[ns] ¥
reference voltage source -1
Internal resistance of Rasre - ts/500-1 |kQ |[tsin[ns] 29
analog source
ADC input capacitance Can - 45 pF ®)
Notes:

1) Van may exceed VagnD OF VAREE Up to the absolute maximum ratings. However, the conversion result in
these cases will be 00 or FF, respectively.

2) During the sample time the input capacitance Cpy can be charged/discharged by the external source. The
internal resistance of the analog source must allow the capacitance to reach their final voltage level within tg.
After the end of the sample time tg, changes of the analog input voltage have no effect on the conversion
result.

3) This parameter includes the sample time tg and the conversion time tc. The values for the conversion clock
tapc is always 8 x t.

4) Tygistested at VARgr = 5.0V, Vagnp = 0V, Ve = 4.9 V. Itis guaranteed by design characterization for all
other voltages within the defined voltage range.
If an overload condition occurs on maximum 2 not selected analog input pins and the absolute sum of input
overload currents on all analog input pins does not exceed 10 mA, an additional conversion error of 1/2 LSB
is permissible.

5) During the conversion the ADC'’s capacitance must be repeatedly charged or discharged. The internal
resistance of the reference source must allow the capacitance to reach their final voltage level within the
indicated time. The maximum internal resistance results from the programmed conversion timing.

6) Not 100% tested, but guaranteed by design characterization.
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AC Characteristics (16 MHz)

Vee =5V + 10%, — 15%; Ve = 0 V T,=0to 70 °C for the SAB-C515-1RM
T,=—401t0 85 °C for the SAF-C515-1RM
T,=—40t0 110 °C for the SAH-C515-1RM

(C, for port 0, ALE and PSEN outputs = 100 pF; C, for all other outputs = 80 pF)

Program Memory Characteristics

Parameter Symbol Limit Values Unit

16 MHz Variable Clock

Clock Mo =1 MHz to 16 MHz

min. | max. | min. max.

ALE pulse width th 85 - 2to o — 40 - ns
Address setup to ALE tavie 33 - teic — 30 - ns
Address hold after ALE L ax 28 - teic — 35 - ns
ALE low to valid instr in ty - 150 |- At — 100 |ns
ALE to PSEN teL 38 - teiet — 25 - ns
PSEN pulse width toLp 153 |- 3teeL — 35 - ns
PSEN to valid instr in toLy - 88 - 3teie. — 100 | ns
Input instruction hold after PSEN | tpyx 0 — 0 — ns
Input instruction float after PSEN | tpy," - 43 - teicl — 20 ns
Address valid after PSEN toxay) | 55 - toicl — 8 - ns
Address to valid instr in tany - 198 |- Stcict =115 | ns
Address float to PSEN tazpL 0 — 0 — ns

) Interfacing the C515 to devices with float times up to 75 ns is permissible. This limited bus contention will not
cause any damage to port O drivers.

CLKOUT Characteristics

Parameter Symbol Limit Values Unit

16 MHz Variable Clock

Clock 1/te . =1 MHz to 16 MHz

min. | max. | min. max.

ALE to CLKOUT tiisn 398 |- 7 tec. —40 — ns
CLKOUT high time tshst 85 - 2150 —40 - ns
CLKOUT low time ts sy 585 |- 10ty —40 |- ns
CLKOUT low to ALE high tsiin 23 103 |tgc—40 toicl +40 ns

Semiconductor Group 45 1997-08-01



SIEMENS

C515

AC Characteristics (16 MHz) (cont’d)

External Data Memory Characteristics

Parameter Symbol Limit Values Unit
16 MHz Variable Clock
Clock 1/t . =1 MHz to 16 MHz
min. | max. | min. max.
RD pulse width trirH 275 |- 6tcc. —100 | — ns
WR pulse width twiw 275 |- 6t o — 100 | — ns
Address hold after ALE tLiaxe 90 - 2te oL — 35 - ns
RD to valid data in taiov - 148 |- 5tcic.— 165 | ns
Data hold after RD tarox 0 - 0 - ns
Data float after RD tripz — 55 — 2tcic — 70 ns
ALE to valid data in Loy - 350 |- 8tc o — 150 |ns
Address to valid data in tavpy - 398 |- 9tcc. — 165 |ns
ALE to WR or RD tow 138 238 |3t —50 3tecl + 50 ns
Address valid to WR or RD tavwL 120 |- 4te o —130 |- ns
WR or RD high to ALE high twhin 23 103 |t —40 to el + 40 ns
Data valid to WR transition tovwx 13 - teicL — 50 - ns
Data setup before WR tovwh 288 |- Tteio, — 150 | — ns
Data hold after WR tyhox 13 - te e — 50 - ns
Address float after RD taiar - 0 - 0 ns
External Clock Drive Characteristics
Parameter Symbol Limit Values Unit
Variable Clock
Freq. =1 MHz to 16 MHz
min. max.
Oscillator period telcL 62.5 1000 ns
High time tehex 15 torel — tolex ns
Low time tolex 15 torel — tenex ns
Rise time teien - 15 ns
Fall time tehaL - 15 ns
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AC Characteristics (24 MHz)

Vee =5V + 10%, — 15%; Ve = 0 V T,=0to 70 °C for the SAB-C515-1RM
T,=—401t0 85 °C for the SAF-C515-1RM
T,=—40t0 110 °C for the SAH-C515-1RM

(C, for port 0, ALE and PSEN outputs = 100 pF; C, for all other outputs = 80 pF)

Program Memory Characteristics

Parameter Symbol Limit Values Unit
24 MHz Variable Clock
Clock Moo =1 MHz to 24 MHz
min. | max. | min. max.
ALE pulse width th 43 - 2to o — 40 - ns
Address setup to ALE tavie 17 - tolcl — 25 - ns
Address hold after ALE L ax 17 - toic — 25 - ns
ALE low to valid instr in ty - 80 - At o — 87 ns
ALE to PSEN t L 22 — toicl — 20 — ns
PSEN pulse width toLp 95 - 3tee — 30 - ns
PSEN to valid instr in toLy - 60 - 3tecL — 65 ns
Input instruction hold after PSEN | tpyx 0 — 0 — ns
Input instruction float after PSEN | tpy,” - 32 - teicl — 10 ns
Address valid after PSEN toxay) |37 - teel — 5 - ns
Address to valid instr in tany - 148 |- 5tccL — 60 ns
Address float to PSEN tazpL 0 — 0 — ns

) Interfacing the C515 to devices with float times up to 37 ns is permissible. This limited bus contention will not
cause any damage to port O drivers.

CLKOUT Characteristics

Parameter Symbol Limit Values Unit

24 MHz Variable Clock

Clock 1/te . =1 MHz to 24 MHz

min. | max. | min. max.

ALE to CLKOUT tiisH 252 |- 7 tec. —40 — ns
CLKOUT high time tshst 43 - 2150 —40 - ns
CLKOUT low time ts sy 377 |- 10ty —40 |- ns
CLKOUT low to ALE high tsiin 2 82 teicl — 40 toicl +40 ns
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AC Characteristics (24 MHz) (cont’d)

External Data Memory Characteristics

Parameter Symbol Limit Values Unit
24 MHz Variable Clock
Clock 1/t . =1 MHz to 24 MHz
min. | max. | min. max.
RD pulse width | . 180 |- 6te o, — 70 - ns
WR pulse width twiwn 180 |- 6te o — 70 - ns
Address hold after ALE tLiaxe 15 - tolcl — 27 - ns
RD to valid data in taiov - 118 |- 5teiel — 90 ns
Data hold after RD tarox 0 - 0 - ns
Data float after RD tripz — 63 — 2tcic — 20 ns
ALE to valid data in Loy - 200 |- 8tc o — 133 |ns
Address to valid data in tavpy - 220 |- 9tcc — 155 |ns
ALE to WR or RD tow 75 175 | 3tg e —50 3tecl + 50 ns
Address valid to WR or RD tavwL 67 - Ao — 97 |- ns
WR or RD high to ALE high twhin 17 67 teicl — 25 toic + 25 ns
Data valid to WR transition tovwx 5 - teicl — 37 - ns
Data setup before WR tovwh 170 |- Ttoe — 122 | = ns
Data hold after WR tyhox 15 - toicl — 27 - ns
Address float after RD taiar - 0 - 0 ns
External Clock Drive Characteristics
Parameter Symbol Limit Values Unit
Variable Clock
Freq. =1 MHz to 24 MHz
min. max.
Oscillator period telcL 41.7 1000 ns
High time tehex 12 torel — toiex ns
Low time tolex 12 toiel — tonex ns
Rise time teien - 12 ns
Fall time teheL - 12 ns
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e
ALE ] & /—\—
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Port 0 ! A0 - A7 7 \ Instr.IN
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Port 2 X A8-Al15 X A8 -A15

MCT00096

Figure 19
Program Memory Read Cycle
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" tWHLH
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!

—— [y 4>‘

* tLLWL ’ tRLRH

’ tRLDV *

’ tAVLL * ’ tRHDZ *

’ tLLAXZ *

p— <7[RLAZ — - ttRHDX
A0 - A7 from XX)P; 1 Wy / A0-A7 Instr.
Port0 > g( Ri or DPL \/ \ bl P\ fompct N

* tAVWL ’

* tAVDV ’

[
Port 2 x P2.0 - P2.7 or A8 - A15 from DPH X A8 - A15 from PCH

MCT00097

Figure 20
Data Memory Read Cycle

fSLLH

ALE

~

fLLSH fSHSL fLLSH

CLK OUT /{_\ / \
s T\

RD,WR \ / D

Program Memory Access Data Memory Access MCT00083

Figure 21
CLKOUT Timing
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! tWHLH
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]
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tLLWL [WLWH

_ f
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\
— - tQVWX
L — - [WHQX
o
lowy ——

[ AO- A7 from X XX AQ - A7 ) (
Port 0 :>—§t Ri or DPL Data OUT from PCL Instr.IN

‘ [AVWL ’

Port 2 )§ P2.0- P2.7 or A8 - A15 from DPH X A8 - A15 from PCH

MCT00098

Figure 22
Data Memory Write Cycle

0.45v

MCT00033

Figure 23
External Clock Drive at XTAL2
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ROM Verification Characteristics for the C515-1RM
ROM Verification Mode 1

Parameter Symbol Limit Values Unit
min. max.
Address to valid data tavov - 10 to oL ns
P1.0-PL7 f
P20-P2d Address X New Address
tAVQV
— -] frot—
[
Port 0 Data OUT Xt New Data Out
Address : P1.0 - P1.7 = AO - A7 Inputs : PSEN = Vg
P2.0-P2.4=A8-Al2 ALE,EA=V,,
Data: P0.0-P0.7=D0- D7 RESET =V,
MCT03212
Figure 24
ROM Verification Mode 1
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ROM Verification Mode 2

Parameter Symbol Limit Values Unit
min. typ max.
ALE pulse width tawo - 21000 - ns
ALE period tacy - 12 to o - ns
Data valid after ALE tova - - 4 toioL ns
Data stable after ALE tosa 8 teicL - - ns
P3.5 setup to ALE low tas - teic - ns
Oscillator frequency Uteer |1 - 24 MHz
-~ oy ——————————————»
—— IAWD
ALE /
tDSA ——————
Port 0 < < < §E Data Valid j§> > > £ :;
sl
P35 \
MCT02613

Figure 25
ROM Verification Mode 2
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VCC '0.5 V

0.2 Vc10.9

Test Points

0.2 VCC '0.1

045V
MCT00039

AC Inputs during testing are driven at V.. - 0.5V for a logic '1’ and 0.45 V for a logic '0’.
Timing measurements are made at V., for a logic '1’ and V, .., for a logic '0’.

Figure 26
AC Testing: Input, Output Waveforms

\VOH
Timing Reference
Points

Vo 0.1V

0.1V

VLoad

MCT00038

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 change from the loaded
Vou/Vo. level occurs.

Figure 27
AC Testing : Float Waveforms

Crystal Oscillator Mode Driving from External Source

C
4”—17 XTALL N.C. XTALL
f. 1-24 MHz =—
C External Oscillator
Signal
4| XTAL2 XTAL2

Crystal Mode : C = 20 pF+10 pF (incl. stray capacitance) MCS03204

Figure 28
Recommended Oscillator Circuits for Crystal Oscillator
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Plastic Package, P-MQFP-80-1 (SMD)
(Plastic Metric Quad Flat Package)
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Figure 29
P-MQFP-80-1 Package Outlines
Sorts of Packing
Package outlines for tubes, trays etc. are contained in our
Data Book “Package Information”
SMD = Surface Mounted Device Dimensions in mm
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