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They are called "embedded" because they are embedded
within electronic devices to control various functions,
rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
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32
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Philips Semiconductors

Product data

XA 16-bit microcontroller family

32K OTP, 512 B RAM, watchdog, 2 UARTs

XA-G37

PIN CONFIGURATIONS
44-Pin PLCC Package

44-Pin LQFP Package

6 1 40
e]
7 [ 139
PLCC
17 | ] 29
18 28
Pin Function Pin Function
1 Vss 23 Vpp Pin  Function Pin  Function
2 P1.0/AO/WRH 24 P2.0/A12D8 1 PL5TxDL 23 P2.5/A17D13
o wom, 2 miom 2 ramD
= pl3/As 57 Poa/AlSDIL 3 PL7/T2EX 25  P2.7/A19D15
6  PL4/RxD1 28 P2.4/A16D12 4 RST 26 PSEN
7 PL5/TXDL 29 P2.5/A17D13 5  P3.0/RxDO 27 ALE/PROG
8  PL6/M2 30 P2.6/A18D14 6 NC 28 NC
9  PL7/T2EX 31 P2.7/A19D15 7 P3.1/TxDO 29 EANpp/WAIT
10 RST 32  PSEN 8  P3.2/INTO 30  PO0.7/A11D7
11 P3.0/RxDO 33  ALE/PROG 9 P3.3/NTIL 31 P0.6/A10D6
12 NC 34 NC 10  P3.4/T0 32 P0.5/A9D5
13 P3.1/TxDO 35 EANVpp/WAIT 11 P3.5/T1/BUSW 33 P0.4/A8D4
14 P3.2/INTO 36  P0.7/A11D7 12 P3.6WRL 34 P0.3/A7D3
15 P3.3/INTL 37  P0.6/A10D6 13 P37RD 35 P0.2/AGD2
16 P3.4/T0 38  P0.5/A9D5 14 XTAL 36 PO.L/ASDL
17 P3.5/T1/BUSW 39  P0.4/A8D4 :
18 P3.6/WRL 40  PO.3/A7D3 15 XTALL 37 P0.0/A4DO
19  P3.7/RD 41 P0.2/A6D2 16 Vss 38  Vpp
20 XTAL2 42 PO0.1/A5D1 17 Vpp 39 Vss
21 XTALL 43 P0.0/A4DO 18  P2.0/A12D8 40  P1.0/AO/WRH
22 Vss 44 Vpp 19 P2.1/A13D9 41 PL1AL
SU00525 20  P2.2/A14D10 42 P1.2IA2
21  P2.3/A15D11 43 PL.3/A3
22 P2.4/A16/D12 44 PL4/RXD1
SU00580
LOGIC SYMBOL
Vop Vss
y  STALL —
vl - -+— T2EX
ESEEEN= - T2
= lae—> | | —» TxD1
\| T E RxD1
e 8 —» A3 8
XTAL2 S —» A2 gg
= > —» Al om
- — > AOWRH 2
RST ——» —_ —
EA/WAIT ——»] <>
PSEN <+
ALE <+—— N
[ E %)
-~ | O 2
— f—(
<> <D(
— a
%) — z
% RXDO —— PR . ;
= TxDO -— - > @
(2’ INTO ——» o | ™ S %
2 INTI— | | <—> -~ | 5 | 2
w T0 ——» % - -~ | £
<Z( TUBUSW — s % | <—» t—> 8
5 WRL -—— - i
5 RD +—— - <
< l—
* NOT AVAILABLE ON 40-PIN DIP PACKAGE SU00526
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XA-G37

32K OTP, 512 B RAM, watchdog, 2 UARTs

PIN DESCRIPTIONS

MNEMONIC

PIN. NO.

PLCC

LQFP

TYPE

NAME AND FUNCTTION

Vss

1,22

16

Ground: 0V reference.

Vbb

23,44

17

Power Supply: This is the power supply voltage for normal, idle, and power down operation.

P0.0 - PO.7

43-36

37-30

110

Port 0: Port 0 is an 8-bit /0 port with a user-configurable output type. Port O latches have 1s
written to them and are configured in the quasi-bidirectional mode during reset. The operation of
port 0 pins as inputs and outputs depends upon the port configuration selected. Each port pin is
configured independently. Refer to the section on 1/O port configuration and the DC Electrical
Characteristics for details.

When the external program/data bus is used, Port 0 becomes the multiplexed low data/instruction
byte and address lines 4 through 11.

P1.0-P1.7

© 0 N U AW

40-44,
1-3

40

41
42
43
44

110

(@]

Port 1: Port 1 is an 8-bit /O port with a user-configurable output type. Port 1 latches have 1s
written to them and are configured in the quasi-bidirectional mode during reset. The operation of
port 1 pins as inputs and outputs depends upon the port configuration selected. Each port pin is
configured independently. Refer to the section on 1/O port configuration and the DC Electrical
Characteristics for details.

Port 1 also provides special functions as described below.

AO/WRH: Address bit O of the external address bus when the external data bus is
configured for an 8 bit width. When the external data bus is configured for a 16
bit width, this pin becomes the high byte write strobe.

Address bit 1 of the external address bus.
Address bit 2 of the external address bus.
Address bit 3 of the external address bus.
Receiver input for serial port 1.

Transmitter output for serial port 1.
Timer/counter 2 external count input/clockout.
Timer/counter 2 reload/capture/direction control

Al:

A2:

A3:

RxD1 (P1.4):
TxD1 (P1.5):
T2 (P1.6):
T2EX (P1.7):

P2.0 - P2.7

24-31

18-25

Port 2: Port 2 is an 8-bit I/O port with a user-configurable output type. Port 2 latches have 1s
written to them and are configured in the quasi-bidirectional mode during reset. The operation of
port 2 pins as inputs and outputs depends upon the port configuration selected. Each port pin is
configured independently. Refer to the section on 1/O port configuration and the DC Electrical
Characteristics for details.

When the external program/data bus is used in 16-bit mode, Port 2 becomes the multiplexed high
data/instruction byte and address lines 12 through 19. When the external program/data bus is used in
8-bit mode, the number of address lines that appear on port 2 is user programmable.

P3.0-P3.7

11,
13-19

11
13
14
15
16
17

18
19

12
13

1/10

__O_

1/10
110

Port 3: Port 3 is an 8-bit I/0 port with a user configurable output type. Port 3 latches have 1s
written to them and are configured in the quasi-bidirectional mode during reset. the operation of
port 3 pins as inputs and outputs depends upon the port configuration selected. Each port pin is
configured independently. Refer to the section on 1/O port configuration and the DC Electrical
Characteristics for details.
Port 3 also provides various special functions as described below.

RxDO (P3.0): Receiver input for serial port O.

TxDO (P3.1): Transmitter output for serial port 0.

INTO (P3.2): External interrupt O input.

INT1 (P3.3): External interrupt 1 input.

TO (P3.4): Timer 0 external input, or timer 0 overflow output.

T1/BUSW (P3.5): Timer 1 external input, or timer 1 overflow output. The value on this pin is

latched as the external reset input is released and defines the default
external data bus width (BUSW). 0 = 8-bit bus and 1 = 16-bit bus.

External data memory low byte write strobe.
External data memory read strobe.

WRL (P3.6):
RD (P3.7):

Py
-

10

Reset: A low on this pin resets the microcontroller, causing 1/O ports and peripherals to take on
their default states, and the processor to begin execution at the address contained in the reset
vector. Refer to the section on Reset for details.

ALE/PROG

33

27

1/10

Address Latch Enable/Program Pulse: A high output on the ALE pin signals external circuitry to
latch the address portion of the multiplexed address/data bus. A pulse on ALE occurs only when it
is needed in order to process a bus cycle.
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Philips Semiconductors Product data

XA 16-bit microcontroller family XA-G37
32K OTP, 512 B RAM, watchdog, 2 UARTs

BIT FUNCTIONS AND ADDRESSES
NAME DESCRIPTION AD%ERESS MSB LSB \R/AELSUEg
39F 39E 39D 39C 39B 39A 399 398
P3* Port 3 433 RO [ wr | 11 | 10 [ nT1 [ inTO | TXDO | RxDO | FF
POCFGA | Port 0 configuration A 470 Note 5
P1CFGA | Port 1 configuration A 471 Note 5
P2CFGA | Port 2 configuration A 472 Note 5
P3CFGA | Port 3 configuration A 473 Note 5
POCFGB | Port 0 configuration B 4F0 Note 5
P1CFGB | Port 1 configuration B 4F1 Note 5
P2CFGB | Port 2 configuration B 4F2 Note 5
P3CFGB | Port 3 configuration B 4F3 Note 5
227 226 225 224 223 222 221 220
PCON* Power control register 404 — | — | — | — | — | — | PD | IDL 00
20F 20E 20D 20C 20B 20A 209 208
PSWH* | Program status word (high byte) | 401 sM | ™ [ Rrs1 [ rso | M3 [ m2 [ 1 | Mo |Note2
207 206 205 204 203 202 201 200
PSWL* Program status word (low byte) 400 C | AC | — | — | — | Y | N | z Note 2
217 216 215 214 213 212 211 210
PSW51* |80C51 compatible PSW 402 c [ ac | Fo [rst [rRso | v | Fi [ P [nNotes
RTHO Timer 0 extended reload, 455 00
high byte
RTH1 Timer 1 extended reload, 457 00
high byte
RTLO Timer O extended reload, low byte 454 00
RTL1 Timer 1 extended reload, low byte 456 00
307 306 305 304 303 302 301 300
SOCON* | Serial port 0 control register 420 |[smo_o|sm1_o|sm2_o|ReN_o|TB8 0 [RBBO| T o [ RO | 00
30F 30E 30D 30C 30B 30A 309 308
SOSTAT* | Serial port 0 extended status 421 — | — | — | — | FEO | BRO | OEO | STINTO 00
SOBUF Serial port 0 buffer register 460 X
SOADDR | Serial port O address register 461 00
SOADEN Ser'ial port 0 address enable 462 00
register
327 326 325 324 323 322 321 320
S1CON* | Serial port 1 control register 424 |smo_1 |sm1_1|sm2_1|ReN_1]|TB8 1 [RB8_1| Ti1 [ RI1 00
32F 32E 32D 32C 32B 32A 329 328
S1STAT* | Serial port 1 extended status 425 — | — | — | — | Fer | BrR1 | OE1 [sTnTi]| o0
S1BUF Serial port 1 buffer register 464 X
S1ADDR | Serial port 1 address register 465 00
S1ADEN ([ Serial port 1 address enable 466 00
register
SCR System configuration register 440 — | — | — | — | PT1 | PTO | CM | Pz 00
21F 21E 21D 21C 21B 21A 219 218
SSEL* Segment selection register 403 ESWEN | R6SEG | R5SEG | R4SEG | R3SEG | R2SEG | R1SEG | ROSEG 00
SWE Software Interrupt Enable 47A — SWE7 | SWE6 | SWE5 | SWE4 | SWE3 | SWE2 | SWE1 00

2002 Mar 25 6
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32K OTP, 512 B RAM, watchdog, 2 UARTs

XA-G37 TIMER/COUNTERS

generation, Timer 2 capture. Note that this single rate setting applies

The XA has two standard 16-bit enhanced Timer/Counters: Timer 0 to all of the timers.

and Timer 1. Additionally, it has a third 16-bit Up/Down
timer/counter, T2. A central timing generator in the XA core provides
the time-base for all XA Timers and Counters. The timer/event
counters can perform the following functions:

— Measure time intervals and pulse duration

— Count external events
— Generate interrupt requests

— Generate PWM or timed output waveforms

When timers TO, T1, or T2 are used in the counter mode, the
register will increment whenever a falling edge (high to low

timer clock. These inputs are sampled once every 2 oscillator
cycles, so it can take as many as 4 oscillator cycles to detect a

transition. Thus the maximum count rate that can be supported is
Osc/4. The duty cycle of the timer clock inputs is not important, but
any high or low state on the timer clock input pins must be present
for 2 oscillator cycles before it is guaranteed to be “seen” by the

All of the timer/counters (Timer O, Timer 1 and Timer 2) can be timer logic.
independently programmed to operate either as timers or event ) )
counters via the C/T bit in the TNCON register. All timers count up Timer 0 and Timer 1

unless otherwise stated. These timers may be dynamically read

during program execution.

The base clock rate of all of the timers is user programmable. This
applies to timers TO, T1, and T2 when running in timer mode (as
opposed to counter mode), and the watchdog timer. The clock
driving the timers is called TCLK and is determined by the setting of
two bits (PT1, PTO) in the System Configuration Register (SCR).

will give the XA timers a much larger range when used as time
bases.

The frequency of TCLK may be selected to be the oscillator input

divided by 4 (Osc/4), the oscillator input divided by 16 (Osc/16), or

The recommended M1, MO settings for the different modes are

the oscillator input divided by 64 (Osc/64). This gives a range of shown in Figure 2.
possibilities for the XA timer functions, including baud rate

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

SCR Address:440 MSB LSB
Not Bit Addressable
Reset Value: 00H - - - - PT1 PTO M Pz
PT1 PTO OPERATING
Prescaler selection.
0 0 Oscl/4
0 1 Osc/16
1 0 Osc/64
1 1 Reserved
CM Compatibility Mode allows the XA to execute most translated 80C51 code on the XA. The
XA register file must copy the 80C51 mapping to data memory and mimic the 80C51 indirect
addressing scheme.
Pz Page Zero mode forces all program and data addresses to 16-bits only. This saves stack space
and speeds up execution but limits memory access to 64k.
5000589
Figure 1. System Configuration Register (SCR)
TMOD Address:45C MSB LSB
Not Bit Addressable = -
Reset Value: 00H GATE | CIT M1 MO | GATE| CIT M1 MO
- AN J
hd hd
TIMER 1 TIMER O

Gating control when set. Timer/Counter “n” is enabled only while “INTn” pin is high and
“TRn” control bit is set. When cleared Timer “n” is enabled whenever “TRn” control bit is set.

Timer or Counter Selector cleared for Timer operation (input from internal system clock.)
Set for Counter operation (input from “Tn” input pin).

OPERATING

16-bit auto-reload timer/counter
16-bit non-auto-reload timer/counter
8-bit auto-reload timer/counter

Dual 8-bit timer mode (timer 0 only) SU00605

2002 Mar 25

Figure 2. Timer/Counter Mode Control (TMOD) Register

XA-G37

transition) is detected on the external input pin corresponding to the

The “Timer” or “Counter” function is selected by control bits C/T in
the special function register TMOD. These two Timer/Counters have
four operating modes, which are selected by bit-pairs (M1, MO) in
the TMOD register. Timer modes 1, 2, and 3 in XA are kept identical
to the 80C51 timer modes for code compatibility. Only the mode 0 is
replaced in the XA by a more powerful 16-bit auto-reload mode. This
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XA-G37

New Enhanced Mode 0

For timers TO or T1 the 13-bit count mode on the 80C51 (current
Mode 0) has been replaced in the XA with a 16-bit auto-reload
mode. Four additional 8-bit data registers (two per timer: RTHn and
RTLnN) are created to hold the auto-reload values. In this mode, the
TH overflow will set the TF flag in the TCON register and cause both
the TL and TH counters to be loaded from the RTL and RTH
registers respectively.

These new SFRs will also be used to hold the TL reload data in the
8-bit auto-reload mode (Mode 2) instead of TH.

The overflow rate for Timer O or Timer 1 in Mode 0 may be
calculated as follows:

Timer_Rate = Osc / (N * (65536 — Timer_Reload_Value))
where N = the TCLK prescaler value: 4 (default), 16, or 64.

Mode 1

Mode 1 is the 16-bit non-auto reload mode.

Mode 2

Mode 2 configures the Timer register as an 8-bit Counter (TLn) with
automatic reload. Overflow from TLn not only sets TFn, but also
reloads TLn with the contents of RTLn, which is preset by software.
The reload leaves THn unchanged.

Mode 2 operation is the same for Timer/Counter 0.

The overflow rate for Timer O or Timer 1 in Mode 2 may be
calculated as follows:

Timer_Rate = Osc / (N * (256 — Timer_Reload_Value))

where N = the TCLK prescaler value: 4, 16, or 64.

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

Timer 0 in Mode 3 establishes TLO and THO as two separate
counters. TLO uses the Timer 0 control bits: C/T, GATE, TRO, INTO,
and TFO. THO is locked into a timer function and takes over the use
of TR1 and TF1 from Timer 1. Thus, THO now controls the “Timer 1”
interrupt.

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

TCON.7 TF1

TCON.6  TR1
TCON.S  TFO

TCON.4 TRO

triggered external interrupts.

TCON Address:410 MSB LSB

Bit Addressable

Reset Value: 00H TF1 TR1 TFO TRO IE1 IT1 IEO ITO
BIT SYMBOL FUNCTION

Timer 1 overflow flag. Set by hardware on Timer/Counter overflow.
This flag will not be set if TLOE (TSTAT.2) is set.
Cleared by hardware when processor vectors to interrupt routine, or by clearing the bit in software.

Timer 1 Run control bit. Set/cleared by software to turn Timer/Counter 1 on/off.

Timer 0 overflow flag. Set by hardware on Timer/Counter overflow.
This flag will not be set if TOOE (TSTAT.0) is set.
Cleared by hardware when processor vectors to interrupt routine, or by clearing the bit in software.

Timer 0 Run control bit. Set/cleared by software to turn Timer/Counter 0 on/off.
Interrupt 1 Edge flag. Set by hardware when external interrupt edge detected.

Interrupt 1 type control bit. Set/cleared by software to specify falling edge/low level triggered

Interrupt O Edge flag. Set by hardware when external interrupt edge detected.

TCON.3 IE1

Cleared when interrupt processed.
TCON.2 IT1

external interrupts.
TCON.1 IEO

Cleared when interrupt processed.
TCON.O  ITO

Interrupt O Type control bit. Set/cleared by software to specify falling edge/low level

SU00604C

Figure 3. Timer/Counter Control (TCON) Register
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Philips Semiconductors

Product data

XA 16-bit microcontroller family
32K OTP, 512 B RAM, watchdog, 2 UARTs

XA-G37

T2CON.6 EXF2

software.
T2CON.5 RCLKO Receive Clock Flag.

T2CON.4 TCLKO
UARTO instead of Timer T1.

T2CON.3 EXEN2
T2CON.2 TR2
T2CON.1 C2orT2

Start=1/Stop=0 control for Timer 2.

Timer or counter select.
O=Internal timer

T2CON.0 CP or RL2 Capture/Reload flag.

T2CON Address:418 MSB LSB
Bit Addressable
Reset Value: 00H TF2 | EXF2 | RCLKO | TCLKO | EXEN2| TRz | C20" | Chor
BIT SYMBOL FUNCTION
T2CON.7 TF2 Timer 2 overflow flag. Set by hardware on Timer/Counter overflow. Must be cleared by software.

TF2 will not be set when RCLKO, RCLK1, TCLKO, TCLK1 or T20E=1.
Timer 2 external flag is set when a capture or reload occurs due to a negative transition on T2EX (and

EXENZ2 is set). This flag will cause a Timer 2 interrupt when this interrupt is enabled. EXF2 is cleared by
Transmit Clock Flag. RCLKO and TCLKO are used to select Timer 2 overflow rate as a clock source for

Timer 2 external enable bit allows a capture or reload to occur due to a negative transition on T2EX.

1=External event counter (falling edge triggered)

If CP/RL2 & EXEN2=1 captures will occur on negative transitions of T2EX.
If CP/RL2=0, EXEN2=1 auto reloads occur with either Timer 2 overflows or negative transitions at T2EX.
If RCLK or TCLK=1 the timer is set to auto reload on Timer 2 overflow, this bit has no effect.

SU00606

Figure 4. Timer/Counter 2 Control (T2CON) Register

New Timer-Overflow Toggle Output

In the XA, the timer module now has two outputs, which toggle on
overflow from the individual timers. The same device pins that are
used for the TO and T1 count inputs are also used for the new
overflow outputs. An SFR bit (TNOE in the TSTAT register) is
associated with each counter and indicates whether Port-SFR data
or the overflow signal is output to the pin. These outputs could be
used in applications for generating variable duty cycle PWM outputs
(changing the auto-reload register values). Also variable frequency
(Osc/8 to Osc/8,388,608) outputs could be achieved by adjusting
the prescaler along with the auto-reload register values. With a
30.0MHz oscillator, this range would be 3.58Hz to 3.75MHz.

Timer T2

Timer 2 in the XA is a 16-bit Timer/Counter which can operate as
either a timer or as an event counter. This is selected by C/T2 in the
special function register T2CON. Upon timer T2 overflow/underflow,
the TF2 flag is set, which may be used to generate an interrupt. It
can be operated in one of three operating modes: auto-reload (up or
down counting), capture, or as the baud rate generator (for either or
both UARTSs via SFRs T2MOD and T2CON). These modes are
shown in Table 1.

Capture Mode

In the capture mode there are two options which are selected by bit
EXEN2 in T2CON. If EXEN2 = 0, then timer 2 is a 16-bit timer or
counter, which upon overflowing sets bit TF2, the timer 2 overflow
bit. This will cause an interrupt when the timer 2 interrupt is enabled.

If EXEN2 = 1, then Timer 2 still does the above, but with the added
feature that a 1-to-0 transition at external input T2EX causes the
current value in the Timer 2 registers, TL2 and TH2, to be captured
into registers RCAP2L and RCAP2H, respectively. In addition, the
transition at T2EX causes bit EXF2 in T2CON to be set. This will
cause an interrupt in the same fashion as TF2 when the Timer 2
interrupt is enabled. The capture mode is illustrated in Figure 7.

2002 Mar 25

Auto-Reload Mode (Up or Down Counter)

In the auto-reload mode, the timer registers are loaded with the
16-bit value in T2CAPH and T2CAPL when the count overflows.
T2CAPH and T2CAPL are initialized by software. If the EXEN2 bit in
T2CON is set, the timer registers will also be reloaded and the EXF2
flag set when a 1-to-0 transition occurs at input T2EX. The
auto-reload mode is shown in Figure 8.

In this mode, Timer 2 can be configured to count up or down. This is
done by setting or clearing the bit DCEN (Down Counter Enable) in
the T2MOD special function register (see Table 1). The T2EX pin
then controls the count direction. When T2EX is high, the count is in
the up direction, when T2EX is low, the count is in the down
direction.

Figure 8 shows Timer 2, which will count up automatically, since
DCEN = 0. In this mode there are two options selected by bit
EXENZ2 in the T2CON register. If EXEN2 = 0, then Timer 2 counts
up to FFFFH and sets the TF2 (Overflow Flag) bit upon overflow.
This causes the Timer 2 registers to be reloaded with the 16-bit
value in T2CAPL and T2CAPH, whose values are preset by
software. If EXEN2 = 1, a 16-bit reload can be triggered either by an
overflow or by a 1-to-0 transition at input T2EX. This transition also
sets the EXF2 bit. If enabled, either TF2 or EXF2 bit can generate
the Timer 2 interrupt.

In Figure 9, the DCEN = 1; this enables the Timer 2 to count up or
down. In this mode, the logic level of T2EX pin controls the direction
of count. When a logic ‘1’ is applied at pin T2EX, the Timer 2 will
count up. The Timer 2 will overflow at FFFFH and set the TF2 flag,
which can then generate an interrupt if enabled. This timer overflow,
also causes the 16-bit value in T2CAPL and T2CAPH to be
reloaded into the timer registers TL2 and TH2, respectively.

A logic ‘0’ at pin T2EX causes Timer 2 to count down. When
counting down, the timer value is compared to the 16-bit value
contained in T2CAPH and T2CAPL. When the value is equal, the
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cmaeo

TL2 TH2
oo (8-bits) (8-bits) TF2
T2 Pin Cm2=1 .
Control
Transition TR2
Detector Capture
Timer 2
i Interrupt
T2CAPL T2CAPH
T2EX Pin  —»] /\J o— o EXF2
Control
EXEN2 SU00704

Figure 7. Timer 2 in Capture Mode

TCLK C/T2=0

‘ TL2 TH2
o-To (8-bits) (8-bits)
T2 Pin 4 CT2=1 ‘
Control
— —
TR2
Reload
Transition
Detector
T2CAPL T2CAPH
[ TF2
Timer 2
Interrupt
T2EX Pin  ——» /\J o— o e EXF2
‘ Control
EXEN2

SU00705

Figure 8. Timer 2 in Auto-Reload Mode (DCEN = 0)

(DOWN COUNTING RELOAD VALUE)

FFH
TCLK C/T2=0

FFH

\

X —| EXF2

OVERFLOW

o{; TL2 TH2 INTERRUPT
T2 PIN J Ccm2=1 :
CONTROL
s A
DIRECTION
1=UP
0=DOWN
T2CAPL T2CAPH
(UP COUNTING RELOAD VALUE) T2EX PIN SU00706

Figure 9. Timer 2 Auto Reload Mode (DCEN = 1)
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WATCHDOG TIMER

The watchdog timer subsystem protects the system from incorrect
code execution by causing a system reset when the watchdog timer
underflows as a result of a failure of software to feed the timer prior
to the timer reaching its terminal count. It is important to note that
the watchdog timer is running after any type of reset and must be
turned off by user software if the application does not use the
watchdog function.

Watchdog Function

The watchdog consists of a programmable prescaler and the main
timer. The prescaler derives its clock from the TCLK source that also
drives timers 0, 1, and 2. The watchdog timer subsystem consists of
a programmable 13-bit prescaler, and an 8-bit main timer. The main
timer is clocked (decremented) by a tap taken from one of the top
8-bits of the prescaler as shown in Figure 10. The clock source for
the prescaler is the same as TCLK (same as the clock source for
the timers). Thus the main counter can be clocked as often as once
every 32 TCLKs (see Table 2). The watchdog generates an
underflow signal (and is autoloaded from WDL) when the watchdog
is at count 0 and the clock to decrement the watchdog occurs. The
watchdog is 8 bits wide and the autoload value can range from 0 to
FFH. (The autoload value of 0 is permissible since the prescaler is
cleared upon autoload).

This leads to the following user design equations. Definitions: togc
is the oscillator period, N is the selected prescaler tap value, W is
the main counter autoload value, P is the prescaler value from
Table 2, tyn is the minimum watchdog time-out value (when the
autoload value is 0), tyax is the maximum time-out value (when the
autoload value is FFH), tp is the design time-out value.

tmin = tosc X4 x 32 (W =0, N =4)
tmax = tosc % 64 x 4096 x 256 (W = 255, N = 64)
tp =tosc X N x P x (W + 1)

The watchdog timer is not directly loadable by the user. Instead, the
value to be loaded into the main timer is held in an autoload register.
In order to cause the main timer to be loaded with the appropriate
value, a special sequence of software action must take place. This
operation is referred to as feeding the watchdog timer.

To feed the watchdog, two instructions must be sequentially
executed successfully. No intervening SFR accesses are allowed,
so interrupts should be disabled before feeding the watchdog. The
instructions should move A5H to the WFEEDL1 register and then
5AH to the WFEED?2 register. If WFEEDL1 is correctly loaded and
WFEED?2 is not correctly loaded, then an immediate watchdog reset
will occur. The program sequence to feed the watchdog timer or
cause new WDCON settings to take effect is as follows:

clr ea ; disable global interrupts.
mov.b  wfeedl,#A5h ; do watchdog feed part 1
mov.b  wfeed2,#5Ah ; do watchdog feed part 2
setb ea ; re-enable global interrupts.

This sequence assumes that the XA interrupt system is enabled and
there is a possibility of an interrupt request occurring during the feed
sequence. If an interrupt was allowed to be serviced and the service
routine contained any SFR access, it would trigger a watchdog
reset. If it is known that no interrupt could occur during the feed
sequence, the instructions to disable and re-enable interrupts may
be removed.
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The software must be written so that a feed operation takes place
every tp seconds from the last feed operation. Some tradeoffs may
need to be made. It is not advisable to include feed operations in
minor loops or in subroutines unless the feed operation is a specific
subroutine.

To turn the watchdog timer completely off, the following code
sequence should be used:

mov.b  wdcon,#0
mov.b  wfeedl,#A5h
mov.b  wfeed2 #5Ah

; set WD control register to clear WDRUN.
; do watchdog feed part 1
; do watchdog feed part 2

This sequence assumes that the watchdog timer is being turned off
at the beginning of initialization code and that the XA interrupt
system has not yet been enabled. If the watchdog timer is to be
turned off at a point when interrupts may be enabled, instructions to
disable and re-enable interrupts should be added to this sequence.

Watchdog Control Register (WDCON)

The reset values of the WDCON and WDL registers will be such that
the watchdog timer has a timeout period of 4 x 4096 x togc and the
watchdog is running. WDCON can be written by software but the
changes only take effect after executing a valid watchdog feed
sequence.

Table 2. Prescaler Select Values in WDCON
PRE2 PRE1 PREO DIVISOR
32
64
128
256
512
1024
2048
4096
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Watchdog Detailed Operation
When external RESET is applied, the following takes place:

® Watchdog run control bit set to ON (1).

® Autoload register WDL set to 00 (min. count).
® Watchdog time-out flag cleared.

® Prescaler is cleared.

® Prescaler tap set to the highest divide.

® Autoload takes place.

When coming out of a hardware reset, the software should load the
autoload register and then feed the watchdog (cause an autoload).

If the watchdog is running and happens to underflow at the time the
external RESET is applied, the watchdog time-out flag will be
cleared.
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Serial Port Control Register

The serial port control and status register is the Special Function
Register SnCON, shown in Figure 12. This register contains not only
the mode selection bits, but also the 9th data bit for transmit and
receive (TB8_n and RB8_n), and the serial port interrupt bits (TI_n
and RI_n).

Tl Flag

In order to allow easy use of the double buffered UART transmitter
feature, the TI_n flag is set by the UART hardware under two
conditions. The first condition is the completion of any byte
transmission. This occurs at the end of the stop bit in modes 1, 2, or
3, or at the end of the eighth data bit in mode 0. The second
condition is when SnBUF is written while the UART transmitter is
idle. In this case, the TI_n flag is set in order to indicate that the
second UART transmitter buffer is still available.

Typically, UART transmitters generate one interrupt per byte
transmitted. In the case of the XA UART, one additional interrupt is
generated as defined by the stated conditions for setting the Tl_n
flag. This additional interrupt does not occur if double buffering is
bypassed as explained below. Note that if a character oriented
approach is used to transmit data through the UART, there could be
a second interrupt for each character transmitted, depending on the
timing of the writes to SBUF. For this reason, it is generally better to
bypass double buffering when the UART transmitter is used in
character oriented mode. This is also true if the UART is polled
rather than interrupt driven, and when transmission is character
oriented rather than message or string oriented. The interrupt occurs
at the end of the last byte transmitted when the UART becomes idle.
Among other things, this allows a program to determine when a
message has been transmitted completely. The interrupt service
routine should handle this additional interrupt.
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The recommended method of using the double buffering in the
application program is to have the interrupt service routine handle a
single byte for each interrupt occurrence. In this manner the
program essentially does not require any special considerations for
double buffering. Unless higher priority interrupts cause delays in
the servicing of the UART transmitter interrupt, the double buffering
will result in transmitted bytes being tightly packed with no
intervening gaps.

9-bit Mode

Please note that the ninth data bit (TB8) is not double buffered. Care
must be taken to insure that the TB8 bit contains the intended data
at the point where it is transmitted. Double buffering of the UART
transmitter may be bypassed as a simple means of synchronizing
TB8 to the rest of the data stream.

Bypassing Double Buffering

The UART transmitter may be used as if it is single buffered. The
recommended UART transmitter interrupt service routine (ISR)
technique to bypass double buffering first clears the TI_n flag upon
entry into the ISR, as in standard practice. This clears the interrupt
that activated the ISR. Secondly, the Tl_n flag is cleared
immediately following each write to SnBUF. This clears the interrupt
flag that would otherwise direct the program to write to the second
transmitter buffer. If there is any possibility that a higher priority
interrupt might become active between the write to SnBUF and the
clearing of the TI_n flag, the interrupt system may have to be
temporarily disabled during that sequence by clearing, then setting
the EA bit in the IEL register.

Note Regarding Older XA-G37 Devices

Older versions of the XA-G30, XA-G37, and XA-G35 emulation
bondout devices do not have the double buffering feature enabled.
Contact factory for details.
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CLOCKING SCHEME/BAUD RATE GENERATION
The XA UARTS clock rates are determined by either a fixed division
(modes 0 and 2) of the oscillator clock or by the Timer 1 or Timer 2
overflow rate (modes 1 and 3).

The clock for the UARTs in XA runs at 16x the Baud rate. If the
timers are used as the source for Baud Clock, since maximum
speed of timers/Baud Clock is Osc/4, the maximum baud rate is
timer overflow divided by 16 i.e. Osc/64.

In Mode 0, it is fixed at Osc/16. In Mode 2, however, the fixed rate is
Osc/32.

00 Osc/4

for all Ti T012 01 Osc/16
or all Timers TO,1,

controlled by PT1, PTO |10 Osc/64
bits in SCR 11

Pre-scaler

reserved

Baud Rate for UART Mode 0:
Baud_Rate = Osc/16

Baud Rate calculation for UART Mode 1 and 3:
Baud_Rate = Timer_Rate/16

Timer_Rate = Osc/(N*(Timer_Range— Timer_Reload_Value))

where N = the TCLK prescaler value: 4, 16, or 64.

and Timer_Range = 256 for timer 1 in mode 2.
65536 for timer 1 in mode 0 and timer 2
in count up mode.

The timer reload value may be calculated as follows:
Timer_Reload_Value = Timer_Range—(Osc/(Baud_Rate*N*16))

NOTES:
1. The maximum baud rate for a UART in mode 1 or 3 is Osc/64.

2. The lowest possible baud rate (for a given oscillator frequency
and N value) may be found by using a timer reload value of 0.

3. The timer reload value may never be larger than the timer range.

4. If atimer reload value calculation gives a negative or fractional
result, the baud rate requested is not possible at the given
oscillator frequency and N value.

Baud Rate for UART Mode 2:
Baud_Rate = Osc/32

Using Timer 2 to Generate Baud Rates

Timer T2 is a 16-bit up/down counter in XA. As a baud rate
generator, timer 2 is selected as a clock source for either/both
UARTO and UART1 transmitters and/or receivers by setting TCLKn
and/or RCLKn in T2CON and T2MOD. As the baud rate generator,
T2 is incremented as Osc/N where N = 4, 16 or 64 depending on
TCLK as programmed in the SCR bits PT1, and PTO. So, if T2 is
the source of one UART, the other UART could be clocked by either
T1 overflow or fixed clock, and the UARTSs could run independently
with different baud rates.

bit4
TCLKO

bit5
RCLKO

T2CON
0x418

bit4
TCLK1

bit5
RCLK1

T2MOD
0x419

Prescaler Select for Timer Clock (TCLK)

SCR bit3
0x440 PT1

bit2
PTO

SnSTAT Address: SOSTAT 421

S1STAT 425 MSB

LSB

Bit Addressable
Reset Value: 00H — — _

— FEn

BRn OEn | STINTn

Framing Error flag is set when the receiver fails to see a valid STOP bit at the end of the frame.

Break Detect flag is set if a character is received with all bits (including STOP bit) being logic ‘0’. Thus
it gives a “Start of Break Detect” on bit 8 for Mode 1 and bit 9 for Modes 2 and 3. The break detect
feature operates independently of the UARTs and provides the START of Break Detect status bit that

Overrun Error flag is set if a new character is received in the receiver buffer while it is still full (before
the software has read the previous character from the buffer), i.e., when bit 8 of a new byte is
received while Rl in SnCON is still set. Cleared by software.

This flag must be set to enable any of the above status flags to generate a receive interrupt (RIn). The
only way it can be cleared is by a software write to this register.

BIT SYMBOL FUNCTION
SnSTAT.3 FEn
Cleared by software.
SnSTAT.2 BRn
a user program may poll. Cleared by software.
SnSTAT.1 OEn
SnSTAT.0 STINTn

SU00607B

Figure 11. Serial Port Extended Status (SnSTAT) Register
(See also Figure 13 regarding Framing Error flag)
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SnCON Address:

Bit Addressable
Reset Value: 00H

SnCON.4 REN
SnCON.3 TB8

SnCON.2 RBS8

SnCON.1 TI

SnCON.O RI

0 0 0 shift register fosc/16
0 1 1 8-bit UART variable
1 0 2 9-bit UART fosc/32
1 1 3 9-bit UART variable
BIT SYMBOL FUNCTION
SnCON.5 SM2 Enables the multiprocessor communication feature in Modes 2 and 3. In Mode 2 or 3, if SM2 is set to 1, then RI

SOCON 420
S1CON 424 MSB LSB

SMO SM1 SM2 REN TB8 RB8 TI RI

Where SMO, SM1 specify the serial port mode, as follows:
SMO SM1 Mode Description Baud Rate

will not be activated if the received 9th data bit (RB8) is 0. In Mode 1, if SM2=1 then RI will not be activated if a
valid stop bit was not received. In Mode 0, SM2 should be 0.

Enables serial reception. Set by software to enable reception. Clear by software to disable reception.

The 9th data bit that will be transmitted in Modes 2 and 3. Set or clear by software as desired. The TB8 bit is not
double buffered. See text for details.

In Modes 2 and 3, is the 9th data bit that was received. In Mode 1, if SM2=0, RB8 is the stop bit that was
received. In Mode 0, RB8 is not used.

Transmit interrupt flag. Set when another byte may be written to the UART transmitter. See text for details.
Must be cleared by software.

Receive interrupt flag. Set by hardware at the end of the 8th bit time in Mode 0, or at the end of the stop bit time
in the other modes (except see SM2). Must be cleared by software.

SU00597C
Figure 12. Serial Port Control (SNCON) Register
START DATA BYTE ONLYIN  sToOP
BIT MODE 2, 3 BIT
if 0, sets FE
— — — — FEn BRN OEn | sTiNTh | SPSTAT
SU00598
Figure 13. UART Framing Error Detection
sMon | SMin | sM2_n | REN_n | TB8.n RB8 n | Tin RI_n | sncon
1 1 1 1 X
1 0
RECEIVED ADDRESS DO TO D7 ——————]
PROGRAMMED ADDRESS — | COMPARATOR
IN UART MODE 2 OR MODE 3 AND SM2 = 1:
INTERRUPT IF REN=1, RB8=1 AND “RECEIVED ADDRESS" = “PROGRAMMED ADDRESS"
— WHEN OWN ADDRESS RECEIVED, CLEAR SM2 TO RECEIVE DATA BYTES
— WHEN ALL DATA BYTES HAVE BEEN RECEIVED: SET SM2 TO WAIT FOR NEXT ADDRESS.
SU00613
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Figure 14. UART Multiprocessor Communication, Automatic Address Recognition
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AC ELECTRICAL CHARACTERISTICS (V pp=2.7VTO 4.5V)
Tamb = 0 to +70 °C for commercial, —40 °C to +85 °C for industrial.
VARIABLE CLOCK
SYMBOL FIGURE PARAMETER UNIT
MIN MAX
Address Cycle
tCRAR 21 Delay from clock rising edge to ALE rising edge 15 60 ns
tLHLL 16 ALE pulse width (programmable) (V1*tc)-10 ns
tavLL 16 Address valid to ALE de-asserted (set-up) (V1*tc)—18 ns
fLLAX 16 Address hold after ALE de-asserted (tc/2) — 12 ns
Code Read Cycle
tpLPH 16 PSEN pulse width (V2*tc)-12 ns
tLpL 16 ALE de-asserted to PSEN asserted (tc/2) -9 ns
tavIVA 16 Address valid to instruction valid, ALE cycle (access time) (V3 *tc)—58 ns
tavIVB 17 Address valid to instruction valid, non-ALE cycle (access time) (V4 *tc) — 52 ns
teLiv 16 PSEN asserted to instruction valid (enable time) (V2 *tc) - 52 ns
tpxix 16 Instruction hold after PSEN de-asserted 0 ns
tpxiz 16 Bus 3-State after PSEN de-asserted (disable time) tc—8 ns
tIXUA 16 Hold time of unlatched part of address after instruction latched 0 ns
Data Read Cycle
tRLRH 18 RD pulse width (V7 *tc) - 12 ns
tLLRL 18 ALE de-asserted to RD asserted (tc/2) -9 ns
taAvDVA 18 Address valid to data input valid, ALE cycle (access time) (V6 *tc) — 58 ns
tavDVB 19 Address valid to data input valid, non-ALE cycle (access time) (V5 *tc) —52 ns
tRLDV 18 RD low to valid data in, enable time (V7 *tc) — 52 ns
tRHDX 18 Data hold time after RD de-asserted 0 ns
tRHDZ 18 Bus 3-State after RD de-asserted (disable time) tc—8 ns
toxuA 18 Hold time of unlatched part of address after data latched 0 ns
Data Write Cycle
twLWH 20 WR pulse width (V8 *tc) — 12 ns
twe 20 ALE falling edge to WR asserted (V12 *tc) — 10 ns
touwx 20 Data valid before WR asserted (data setup time) (V13 *tc) — 28 ns
twHoX 20 Data hold time after WR de-asserted (Note 6) (V11 *tc) -8 ns
tAvWL 20 Address valid to WR asserted (address setup time) (Note 5) (V9 *tc) — 28 ns
tUAWH 20 Hold time of unlatched part of address after WR is de-asserted (V11 *tc) - 10 ns
Wait Input
twTH 21 WAIT stable after bus strobe (RD, WR, or PSEN) asserted (V10 * tc) — 40 ns
twTL 21 WAIT hold after bus strobe (RD, WR, or PSEN) assertion (V10 *tc) -5 ns
NOTES:

1. Load capacitance for all outputs = 80 pF.

2. Variables V1 through V13 reflect programmable bus timing, which is programmed via the Bus Timing registers (BTRH and BTRL).

Refer to the XA User Guide for details of the bus timing settings.
V1) This variable represents the programmed width of the ALE pulse as determined by the ALEW bit in the BTRL register.
V1 = 0.5 if the ALEW bit = 0, and 1.5 if the ALEW bit = 1.
V2) This variable represents the programmed width of the PSEN pulse as determined by the CR1 and CRO bits or the CRA1, CRAO, and
ALEW bits in the BTRL register.
For a bus cycle with no ALE, V2 =1 if CR1/0 = 00, 2 if CR1/0 = 01, 3 if CR1/0 = 10, and 4 if CR1/0 = 11. Note that during burst

2002 Mar 25

mode code fetches, PSEN does not exhibit transitions at the boundaries of bus cycles. V2 still applies for the purpose of

determining peripheral timing requirements.
For a bus cycle with an ALE, V2 = the total bus cycle duration (2 if CRA1/0 = 00, 3 if CRA1/0 = 01, 4 if CRA1/0 = 10,
and 5 if CRA1/0 = 11) minus the number of clocks used by ALE (V1 + 0.5).

Example:

If CRA1/0 =10 and ALEW =1,the V2=4 - (1.5+0.5) = 2.
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V3) This variable represents the programmed length of an entire code read cycle with ALE. This time is determined by the CRA1 and
CRAO bits in the BTRL register. V3 = the total bus cycle duration (2 if CRA1/0 = 00, 3 if CRA1/0 = 01, 4 if CRA1/0 = 10,
and 5 if CRA1/0 = 11).

V4) This variable represents the programmed length of an entire code read cycle with no ALE. This time is determined by the CR1 and
CRO bits in the BTRL register. V4 = 1 if CR1/0 = 00, 2 if CR1/0 = 01, 3 if CR1/0 = 10, and 4 if CR1/0 = 11.

V5)  This variable represents the programmed length of an entire data read cycle with no ALE. this time is determined by the DR1 and
DRO bits in the BTRH register. V5 = 1 if DR1/0 = 00, 2 if DR1/0 = 01, 3 if DR1/0 = 10, and 4 if DR1/0 = 11.

V6) This variable represents the programmed length of an entire data read cycle with ALE. The time is determined by the DRA1 and
DRAO bits in the BTRH register. V6 = the total bus cycle duration (2 if DRA1/0 = 00, 3 if DRA1/0 = 01, 4 if DRA1/0 = 10,
and 5 if DRA1/0 = 11).

V7)  This variable represents the programmed width of the RD pulse as determined by the DR1 and DRO bits or the DRA1, DRAO in the
BTRH register, and the ALEW bit in the BTRL register. Note that during a 16-bit operation on an 8-bit external bus, RD remains low
and does not exhibit a transition between the first and second byte bus cycles. V7 still applies for the purpose of determining
peripheral timing requirements. The timing for the first byte is for a bus cycle with ALE, the timing for the second byte is for a bus
cycle with no ALE.

— For a bus cycle with no ALE, V7 = 1 if DR1/0 = 00, 2 if DR1/0 = 01, 3 if DR1/0 = 10, and 4 if DR1/0 = 11.

— For a bus cycle with an ALE, V7 = the total bus cycle duration (2 if DRA1/0 = 00, 3 if DRA1/0 = 01, 4 if DRA1/0 = 10,
and 5 if DRA1/0 = 11) minus the number of clocks used by ALE (V1 + 0.5).
Example: If DRA1/0 =00 and ALEW =0, thenV7 =2 - (0.5+0.5) = 1.

V8)  This variable represents the programmed width of the WRL and/or WRH pulse as determined by the WM1 bit in the BTRL register.
V8 1ifWM1=0,and2if WM1=1.

V9) This variable represents the programmed address setup time for a write as determined by the data write cycle duration (defined by
DW1 and DWO or the DWA1 and DWAO bits in the BTRH register), the WMO bit in the BTRL register, and the value of V8.

— For a bus cycle with an ALE, V9 = the total bus write cycle duration (2 if DWA1/0 = 00, 3 if DWA1/0 = 01, 4 if DWA1/0 = 10, and
5 if DWAZ1/0 = 11) minus the number of clocks used by the WRL and/or WRH pulse (V8), minus the number of clocks used by data
hold time (0 if WMO =0 and 1 if WMO = 1).
Example: If DWA1/0 =10, WMO=1,and WM1=1,thenV9=4-1-2=1.
— For a bus cycle with no ALE, V9 = the total bus cycle duration (2 if DW1/0 = 00, 3 if DW1/0 = 01, 4 if DW1/0 = 10, and
5 if DW1/0 = 11) minus the number of clocks used by the WRL and/or WRH pulse (V8), minus the number of clocks used by data
hold time (O if WMO0 =0 and 1 if WMO = 1).
Example: If DW1/0 =11, WM0 =1, and WM1 =0, thenV9=5-1-1=3.

V10) This variable represents the length of a bus strobe for calculation of WAIT setup and hold times. The strobe may be RD (for data read
cycles), WRL and/or WRH (for data write cycles), or PSEN (for code read cycles), depending on the type of bus cycle being widened
by WAIT. V10 = V2 for WAIT associated with a code read cycle using PSEN. V10 = V8 for a data write cycle using WRL and/or WRH.
V10 = V7-1 for a data read cycle using RD. This means that a single clock data read cycle cannot be stretched using WAIT.
If WAIT is used to vary the duration of data read cycles, the RD strobe width must be set to be at least two clocks in duration.
Also see Note 4.

V11) This variable represents the programmed write hold time as determined by the WMO bit in the BTRL register.
V11 = 0 if the WMO bit = 0, and 1 if the WMO bit = 1.

V12) This variable represents the programmed period between the end of the ALE pulse and the beginning of the WRL and/or WRH pulse

as determined by the data write cycle duration (defined by the DWA1 and DWAO bits in the BTRH register), the WMO bit in the BTRL
register, and the values of V1 and V8. V12 = the total bus cycle duration (2 if DWA1/0 = 00, 3 if DWA1/0 = 01, 4 if DWA1/0 = 10, and 5

if DWAZL/0 = 11) minus the number of clocks used by the WRL and/or WRH pulse (V8), minus the number of clocks used by data hold

time (0 if WMO =0 and 1 if WMO = 1), minus the width of the ALE pulse (V1).

Example: If DWA1/0 = 11, WMO = 1, WM1 =0, and ALEW =1, thenV12=5-1-1-15=15.

V13) This variable represents the programmed data setup time for a write as determined by the data write cycle duration (defined by DW1
and DWO or the DWA1 and DWAO bits in the BTRH register), the WMO bit in the BTRL register, and the values of V1 and V8.

— For a bus cycle with an ALE, V13 = the total bus cycle duration (2 if DWA1/0 = 00, 3 if DWA1/0 = 01, 4 if DWA1/0 = 10, and
5 if DWAZ1/0 = 11) minus the number of clocks used by the WRL and/or WRH pulse (V8), minus the number of clocks used by
data hold time (0 if WMO = 0 and 1 if WMO = 1), minus the number of clocks used by ALE (V1 + 0.5).

Example: If DWA1/0 =11, WM0 =1, WM1 =1, and ALEW =0, thenV13=5-1-2-1=1.

— For a bus cycle with no ALE, V13 = the total bus cycle duration (2 if DW1/0 = 00, 3 if DW1/0 = 01, 4 if DW1/0 = 10, and
5 if DW1/0 = 11) minus the number of clocks used by the WRL and/or WRH pulse (V8), minus the number of clocks used by
data hold time (0 if WMO = 0 and 1 if WMO = 1).

Example: If DW1/0 =01, WMO0 =1, and WM1 =0, thenV13=3-1-1=1.

Not all combinations of bus timing configuration values result in valid bus cycles. Please refer to the XA User Guide section on the External

Bus for details.

When code is being fetched for execution on the external bus, a burst mode fetch is used that does not have PSEN edges in every fetch

cycle. Thus, if WAIT is used to delay code fetch cycles, a change in the low order address lines must be detected to locate the beginning of

a cycle. This would be A3—AO0 for an 8-bit bus, and A3—ALl for a 16-bit bus. Also, a 16-bit data read operation conducted on a 8-bit wide bus

similarly does not include two separate RD strobes. So, a rising edge on the low order address line (A0) must be used to trigger a WAIT in

the second half of such a cycle.

. This parameter is provided for peripherals that have the data clocked in on the falling edge of the WR strobe. This is not usually the case,

and in most applications this parameter is not used.

. Please note that the XA-G37 requires that extended data bus hold time (WMO = 1) to be used with external bus write cycles.
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I (N R
ALE
tavie | tipe
> i tpLPH
v
PSEN >
tLax
< tpLaz tpxiz—>
tpxix —>
MULTIPLEXED
ADDRESS AND DATA >< A4-AL9 INSTRIN *
< taviva -
UNMULTIPLEXED >< AL-A3
ADDRESS
* DO0-D15 SU00946
Figure 16. External Program Memory Read Cycle (ALE Cycle)
ALE
PSEN
MULTIPLEXED
ADDRESS AND DATA ><A4—All or A4-A19 INSTR IN * /\W
—— tavive——
UNMULTIPLEXED >< A0 or AL-A3, A12-10 AO or ALAG, AL2-19
ADDRESS
* INSTR IN is either DO-D7 or DO-D15, depending on the bus width (8 or 16 bits). SU00707

Figure 17. External Program Memory Read Cycle (Non-ALE Cycle)

2002 Mar 25

25



Philips Semiconductors

Product data

XA-G37

XA 16-bit microcontroller family
32K OTP, 512 B RAM, watchdog, 2 UARTs

*

e twL > twwH ————>
WRL or WRH //
- tlax | tovwx N t
tavLL < > WHQX
MULTIPLEXED ><
ADDRESS A4-All or A4-A15 * >< ><
ADDRESS DATA OUT
«— taywL ——>
< tuawH™>
AO or A1-A3, A12-A19

UNMULTIPLEXED

e

SU00584C

ADDRESS

DATA OUT is either DO—D7 or DO-D15, depending on the bus width (8 or 16 bits).

Figure 20. External Data Memory Write Cycle

XTALL

fcRAR

ADDRESS BUS

X

WAIT
BUS STROBE pm e e b e e e e e e e e e e e e e mee
(WRL, WRH, .

RD, OR PSEN) ‘

1 N

wm (The dashed line shows the strobe without WAIT.)

€ twrL
SU00709A
Figure 21. WAIT Signal Timing
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XA 16-bit microcontroller family XA-G37
32K OTP, 512 B RAM, watchdog, 2 UARTs

SU00842

Figure 22. External Clock Drive

Vpp-0.5
0.2Vpp+0.9

0.2Vpp-0.1

0.45v

NOTE:
AC inputs during testing are driven at Vpp —0.5 for a logic ‘1’ and 0.45V for a logic ‘0’
Timing measurements are made at the 50% point of transitions.

SU00703A
Figure 23. AC Testing Input/Output
VLOAD*0-1V TIMING VOH-0.1V
VLOAD AR REFERENCE -~
VLOAD-0.1V POINTS VOL+0.1V

NOTE:
For timing purposes, a port is no longer floating when a 100mV change from load voltage occurs,
and begins to float when a 100mV change from the loaded Vou/Vo( level occurs. Ign/lgp = +20mA.

5000011
Figure 24. Float Waveform
Yoo Yoo
Vpp Vbop
RST Voo
—L RST
— EA EA
(NC)———{ XTAL2 (NC)———| XTAL2
CLOCK SIGNAL | XTALL CLOCK SIGNAL ——>| XTALL
—{ Vss Vss
SU00591B SU005908
Figure 25. | pp Test Condition, Active Mode Figure 26. | pp Test Condition, Idle Mode
All other pins are disconnected All other pins are disconnected
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XA 16-bit microcontroller family

XA-G37
32K OTP, 512 B RAM, watchdog, 2 UARTs

80 MAX. Ipp (ACTIVE)
70
/
60
77 TYPICAL Ipp (ACTIVE)
~
~
-
50 E
~
_-
~
40 ~
~
~
/ ] _
< o
E 2 = MAX. Ipp (IDLE)
-
_-
~ /
2 — ___—— TYPICAL Ipp (IDLE)
-~ -
T g / —_——1 -
- )
10 — e
Z —_———
~
0
0 5 10 15 20 25 30
FREQUENCY SU01661
Figure 27. | pp vs. Frequency atV pp=5.0V
30 MAX. Ipp (ACTIVE)
25
_~ TYPICALIpp (ACTIVE)
-
—~
20 T
P MAX. Ipp (IDLE)
~T -
_ ~
T s -
_- __ =7 TYPICAL Ipp (IDLE)
~ -
- -
10 ~ ——
- - ——
—
~ - — -
_ ~ —— -
5 (= ——
=
-
-
— -—
0
0 5 10 15 20 25 30
FREQUENCY 5001193

Figure 28. | pp vs. Frequency atV pp=3.0V
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XA 16-bit microcontroller family
32K OTP, 512 B RAM, watchdog, 2 UARTs

XA-G37

SU00608A

Figure 29. Clock Signal Waveform for | pp Tests in Active and Idle Modes
tcLen = tereL = 5ns

Voo
Vbp
Vop
RST
EA
(NC) XTAL2
XTAL1
Vss
SUO00585A

Figure 30. | pp Test Condition, Power Down Mode
All other pins are disconnected. V. pp=2Vto 5.5V
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XA 16-bit microcontroller family
32K OTP, 512 B RAM, watchdog, 2 UARTs

XA-G37

LQFP44: plastic low profile quad flat package; 44 leads; body 10 x 10 x 1.4 mm

SOT389-1

34 | 2 Zg
- — ! [T 1
——— ‘ ==l
- — :E—{
—e= - I - -— = E HE A Az -
I — Aq [ \ (Az)
== | === RERin 'y
- — O pin 1 index 11 1 *-__e
I
i | I i f— T R f
 — — T ?
44 K 12 \ |
1 wHHHHHHH ! ‘
Gl J - | ENOk
]
P
- : -+{3]
; Hp ~— = @E]
0 2.5 5mm
I S T T i |
scale
DIMENSIONS (mm are the original dimensions)
A
UNIT [ ax | A1 | A2 | Az | bp | ¢ | DM EM| e | Hp | He | L Lp | v w y [zpM|zgM| o
0.15 | 1.45 0.45 | 0.20 | 10.10[10.10 12.15| 12.15 0.75 114 | 114 | 7°
mm 1180 505 | 15| %25 | 030 | 0.12 | 2.90 | 9.90 | O8O |11.85| 11,85 1O | 0.5 | 020|020 | 010 | yor | a5 | oo
Note
1. Plastic or metal protrusions of 0.25 mm maximum per side are not included.
REFERENCES
A et | ssuEare
IEC JEDEC EIAJ
-Soa47
SOT389-1 136E08 MS-026 == @ 000110
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XA 16-bit microcontroller family

XA-G37
32K OTP, 512 B RAM, watchdog, 2 UARTs

PLCC44: plastic leaded chip carrier; 44 leads SOT187-2
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~

4

| .
! r N / P
QQAAAAAAAAAAJ@ / @%Aggﬂguggggg
N e |
2
| ep €E
39 29 IEI

Mmoo rarir ¥

~
o
i
uj
-
N

i | i
C ]
44[] | ] i
1-E-e<-_\—._.—____—_—___3_ E He
0 pin 1 index | ] A ?_
O 'HJE Aa A
: ' i R
,4\6[ ! 118
] '{_5 % w T

O |
i 7 i
.

scale

DIMENSIONS (mm dimensions are derived from the original inch dimensions)

Aq Ag Zn(M| z=(1)
(1) (1) D E
UNIT| A min. Ag max. by by | D E e ep | ee | Hp | HE k Lp | v W Y | e | max f
457 053 | 0.81 | 16.66|16.66 16.00|16.00| 17.65|17.65| 1.22 | 1.44
mm | 449 | 081|025 (305 yaq | 066 |16.51|16.51| 127 |14.99|14.99|17.40|17.40| 1.07 | 1.02 | O18| 018 | 01 | 216 216 .
%5
ohes| 0180 0021/0.032|0.656 | 0656( | 063 | 0.63 [0.695|0.6950.048|0.057
INches) 5 1g5| 0-02 | 0.01 | 012 14 51410006 | 0.650| 0.650| % | 0.59 | 0.59 |0.685|0.685 | 0.042| 0.040 | C-007| 0-007 | 0.004) 0.085| 0.085
Note
1. Plastic or metal protrusions of 0.25 mm {0.01 inch) maximum per side are not included.
OUTLINE REFERENCES EUROPEAN
VERSION PROJECTION ISSUE DATE
IEC JEDEC JEITA
S0OT187-2 112E10 MS-018 EDR-7319 g @ 0991_121_21 4;
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