GEC PLESSEY SEMICONDUCTORS ACE CHIP SET

ACE9050

HELPFUL INFORMATION AND ERRATA:

1. CPU Loading and processor capacity
Processing capacity:

The typical 9050 CPU utilization for an AMPS cellular phone has been measured at 60-65 % in
non-turbo mode (MHz clock). The measurements were taken using AMPS software developed by
Wireless Link Corporation for the ACE CHIPSET.

The software functions include:

Dual Tasking O/S
AMPS Call processing
Interrupts

Test Harness

The MM! is not included in the utilization.

Also, the processor cycle time can be dynamically set to 1us or 0.5us in Turbo mode. It should be
noted that in Turbo mode (2MHz) the processor utilization drops to less than 30%.

Comments to using the 6303 for other tasks.

Using the 9050 CPU for other tasks is feasible and will depend on the overail system requirements.
The main question is CPU utilization. As mentioned, the maximum CPU loading, without an MM,
is 5% when in normal mode, 30% in turbo . The maximum loading occurs when the phone is in
the standby mode; { receive only) monitoring the forward control channel. The duty factor is
related to processing of the overhead message on the forward control channel. The time to
process the OVHD message is about 32 milliseconds. This leaves about 10 milliseconds for non-
AMPS processing activities before the next overhead message must be processed..

The other thing to consider is how to interface to the 8050. The preferred approach is through the
12C interface. This allows the 9050 to be either a system controller or it may be controlled as a
slave.

The processor has an on board 12C interface so a separate LCD controller may be used if a
complex LCD is required with out increasing the load on the 6303.

<

Furthermore, the processor has been used by a major phone manufacture in a handset which has
the foliowing special phone features:

Adjustable ring tone, Voice activated answer mode, 199 memory locations, Alphabetical storage,
Personal code protection, short-code dialing, alphabetical search, recal! of last 6 numbers.
20 special features accessed by a menu including:
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Minute minder, auto retry, call counter, total cail time, batter voltage, emergency number.
Language select.

Memory requirements for WLC software
The memory code requirement for the ACE CHIPSET AMPS protocol and O/S is less than 40 KB.
Memory address range

The 2050 can address up to 256KB via memory banking.

DATA MODEM INFORMATION

Squelch level discussion: relationship between the squelch level setting and the SQRX level.

The SQLEV sets the quality threshold to compare each of the received bits within one byte.

SQRX then counts the number of bits within one byte that exceeded the squelch level. For

instance, setting the SQLEV to 6 would mean that all 50 samples indicated a logic 1 or 0.

However, when the SQLEV is set to 6, the SQRX registers a 0 even though good data is being

transmitted. The Squelch output against RF power in is not a linear function. Also if you set the

Squelch levels to the higher values, the only way you can surpass them is by bypassing the

discriminator and putting in CMOS levels.

Data Extraction discussion:

The busy/idie hits and detting and barker code bits are extracted as follows:

1. The busy idle bits are extracted from the data stream. The last value received is available to be
read in MODPRT1 bit 6. An optional interrupt can be generated when this location is updated:
IRQBISAT

2. The dotting word & barker codes are not extracted from the data stream and so end up in
MODPRT2. As the modem hardware re-synchronizes at this point the barker code also get
corrupted in MODPRTZ2, but always in the same way.

The serial data stream for this will be:
DATA 1010101010 11100010010 DATA
This will get split up into 8 bit chunks, so MODPRT2 will get

10101010: AA - )

10111000: B8

During the third byte the modem re synchronizes the word boundary so that it is correct for the
first byte of data in the next frame. It is thus aligned to the end of the barker cade. The next
byte is thus the last eight bits of the Barker code:

00010010: 12

ACE CHIP SET
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SO the MODPRT1 will contain the following 3 consecutive bytes at the end of a frame:
AA
B8
12.

The software has to either discard these bits or use them to indicate a frame end/ beginning.
Word sync detector operation when no RF carrier signal is present:

Please take note. When no RF signal is present, the data discriminator will output random data
based on the IF noise. |t is quite possible to experience random IRQWS interrupts under these
conditions.

When the modem is running at the end of a bit period the modem has to make a decision on the
value of the bit. This can be 1 or 0 ! (digital circuits and all that) the barker code is 11 bits long, so
with random data and decisions being taken every 100us one would expect barker codes to
appear on average every 0.2s.

It is recommend that the synchronization software does not look for only 1 Barker code, but
ensures that severa! barker codes appear with in a time period of around 45 ms after each other.

Also in the ACES050 the software designer may use RSS! levels and Squelch data to aid his
decision of when data synchronization has occurred. During data recovery the software designer
should check Work syncs are being generated correctly.

Data Synchronization on the FVC (Forward Voice Channel):

For the AMPS protocol, the FVC message has a significantly different structure to the FCC

There is 101 bit initial dotting sequence
followed by Barker code and then repeat 1 of Word

then the following is repeated a further 10 times:
37 bit dotting

Barker code

Word (40 bits)

The Barker code is repeated for each word repeat. This is different to FCC where it is once per
frame only. : ’

The length of the message is therefore:
1032 bits (103.2 ms)

The basic word repeat sequence is now 88 bits i.e. divisible by 8 unlike the FCC.

Now given this information, data synchronization on the FVC depends on how the system
designer wants to approach this area, so we cannot make any hard & fast rules. Here are some
thoughts;
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When on the voice channel, the mobile phone must always monitor the channel for data. One
problem that may occur is that when the ENWS is enabled, word sync detection may occur
weather of not data is being transmitted.

QOne way around false word sync is to look for the dotting sequence to occur in the MODPRT2.
For instance if you read 4 consecutive dotting sequences (32 consecutive dotting bits) in
MODPRT2 you can fairly safely assume you are receiving a valid frame of data. You can then set
the SYNDET (MODPRT)[2] to Sync mode and enable ENWS, or you can have ENWS always
high. The former should prevent spurious IRQWS interrupts.

3. 12C clock speed

The actual clock speeds on 12C busses is not a fixed quantity; The low time can be stretched by
slower devices. Also the {2C spec was originally designed for 100KBs, which is defined as Normal
mode. It was then increased to be 400KBs and called fast mode. The ACES0850 12C can only work
in Normal mode (up to 100KBs), but it has the facilily to operate on a Multi-Master bus system
where another master is working at 400KBs. In this case the internal ACES050 12C clock must be
faster than 400KHz, i.e. the 500 KHz talked about in the spec.

Note: Even with a defined clock speed set up in the Clock register (CCR) the actual frequency of
the SCL may be less as the low time of this clock is stretched by the hardware when the IFLG bit is
set. This cccurs when one of the 27 12C states is entered (as per the STAT Register) and is
cleared by software.

4. ACE9050 Latch 3 clarification and 9030 synthesizer operation
OVERVIEW:

The Latch 3 of the 9050 is designed tc be used as the serial data latched to program the
synthesizer of the ACES030. Only the long latch can be generated from the ACE9050. The
minimum programmable latch length is 100 usec. However, both latch 0 and latch 1 can still be
exercised while the LATCH [3] is active. The blocks of the ACE CHIPSET may be controlled via
the ACE serial interface while LATCH [3] is active, since the 9030 synthesizer latches data on the
rising edge of the latch. Furthermore, should circumstances require, an active LATCH [3] may be
de-activated.

1) Programming the ACES030 RFI and ACES040 while the LATCH [3] is active:

Latch O or 1 pulse can be generated during a long LATCH [3] pulse. Data transmission to the radio
and audio parts can then continue during this long latch. The procedure is to generate a long
LATCH [3] (the shortest possible - 100us), and to transmit the data. When the latch is activated,
the interrupt IRQSENDN is generated. This enables the data shift registers to be reloaded with
data and the other latches can be enabled. These instructions must be performed in the interrupt
handler routine to ensure that the LATCH [3] has been generated. [t is important that there aren't
too many instructions in the interrupt routine prior to the enabling of the latches because they will
cause time delays which may result in the latch pulse occurring after the LATCH [3] pulse has
gone low.
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2) Shortening the LATCH (3] duration:

It is possible to shorten a long LATCH [3] pulse by setting the latch width register to zero. The
command to set the latch width to zero must be in the interrupt routine, after an IRQSENDN
interrupt. In our case, it resulted in the 100us pulse being shortened to 20us. This time will depend
on how the interrupt routine is written. We use C code. If an assembler routine was used this time
could be shorter.
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EAQ

1. To Start TX interrupt, do | just set IRQTX to 1?
Yes. Setting the IRQPORT1 bit 7 to 1 will enable IRQTX interrupts.

2. At the beginning or end of a TX data stream, does the TX buffer have to be refreshed?
The transmitter sequence is described in section 4.15.1.4. Data must be written to the modem
before, or directly after a IRQTX interrupt as it will be transmitted on that interrupt. If no new
data is written to MODPRT2 between IRQTX interrupts, the previous data will be re-
transmitted.

3. Al the beginning or end of a RX data stream, does the RX buffer have to be refreshed?
The RX buffer is read only (also MODPRT2).

4. While on a Voice channel and when SAT is lost, how often is the SAT interrupt generated?
The SAT interrupt will be generated every 10-12ms

5. When on a control channel, is there any delay between IRQRX and IRQBISAT?
An IRQRX is made every time the MODPRT2 is updated. This wili be every 8 bits (excluding
Bl bits) of the incoming message. The IRQBISAT will occur after a Bl bit in the data sequence.
These occur after 10 data bits in the incoming message. The timing relationship between
IRQRX & IRQBISAT can't determined, just as the B! position to a byte boundary can't be
determined in the incoming message.

5. According to the ACES050 document the vafue of SRQRX'is from O to 8. This is supposedly from 1
to 15. Correct?
The ACEQ050 document is correct. Each byte has 8 bits. Each bit can either reach the squeich
threshold or not. Thus the maximum possible number of "good" bits is 8, the minimum C. | don't
know where the figures 1 to 15 come from.

6. Howis ST generated?
The ST tone is 10KHz with a 8KHz deviation. To generate it you use the modem Transmitter.
Write either FF or 0 to MODPRT2 and enable the transmitter. This will generated, by the fact of
being Manchester encoded data, the relevant 10KHz tone

7. We need to kill the power immediately by SW. The ATO is too slow. Is there another way you can
power down?
Yes. The POFF output is enabled by PORT3 bit 4, UPOFFN. Only when this is set will POFF
be logic 1. IF UPOFFN is set to zero by the software, then POFF will be driven to logic 0. This
will occur aimost instantaneously. (The watchdog won't change the state of either UPOFFN or
POFF)

8 Flease show me the power on sequence. )
The actual power on sequence depends on the external power regulators,used in the system,
and their respective control mechanisms. The ACES050 POFF pin can be used to trigger a
powering down of the mobile. POFF is controlled by the ATQO and UPQOFFN.

After reset the POFF & UPOFFN will be low. The software write to UPOFFN to enable POFF.
POFE will then be disabled by an ATO time out or by the software driving UPOFFN low. The
way POFF is used in the system will depend on the external power regulators & keyboard
On/Off system used. Care must be taken to ensure the ACE9050 and ACS040 (If this device is
used to control MRN) will power on with POFF low.
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9. What is the decision threshold on the BCH Code transmission?

Each 40 bit word contains 12 parity bits. Data & Parity bits are treated the same in the
hardware. Each bit is sampled 50 times. The software can set a threshold between 50 & 32
and read for how many bits this threshoid has been exceeded. The software can do what it
wants after it has read the bits in terms of using the BCH code for error detection & correction.
The software would also be in charge of storing the repeated words and majority voting. On a
FOCC the word is repeated 5 times, and on a RVC 11.
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ACE9050 DATA SHEET
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ACE9050

SYSTEM CONTROLLER AND DATA MODEM

The ACE9050 provides the control and interface functions
needed for AMPS or TACS analog cellular handsets. The
device has been designed using GEC Plessey Semiconductors
sub-micron CMOS technoiogy for low power and high
performance.

The ACES050 contains an embedded microcontrolier and
peripheral functions. The controller is of the 6303 type with a
Serial Communication Interface, Timer, ROM and RAM. The
peripheral functions are: Data Mcdem, SAT Management,
Serial Chip Interfaces, 12C Interface, two Pulse Width
Modulators, IFC Counter, Tone generator, /O ports, Watchdog
and Crystal Oscillator.

Several power down modes are incorporatedin the device
as is a processor emulation mode for software and system
develcpment.

An index to this data sheet is given on pages 49 and 50.

FEATURES

M Low Power, Low Voltage (3-6 to 5-0 V) Operation
M 3-0V Memory interface

M Power Down and Emulation Modes

M 6303R-type Microcontroller

B AMPS or TACS Modem

M Watchdog and Power Control Logic

M SAT Detection, Generation and Loopback
H 6K bytes RAM

M Interface to FLASH and EEPROM Memories
M 512 byte ROM Boot Block

H /O Ports for Keyboard Scanning

M I2C Controiler

M Small Outline 100-pin package

APPLICATIONS
M AMPS and ETACS Cellular Telephones
B Two-way Radio Systems

RELATED PRODUCTS

The ACESQS50 Is part of GEC Plessey Semiconductors' ACE
chipset, togather with the following:

ACE9010 RF Front End with VCO

ACE9020 Receiver and Transmitter interface
ACE9030 Radio Interface and Twin Synthesiser
ACE9040 Audio Processor

ORDERING INFORMATION

Industrial ternperature range.

TQFP 100-lead 14X 14mm, 0-5mm pitch package (FP100)
ACE9050/1G / FP1N: trays and dry packed

ACES050 / IG / FP1Q: tape mounted and dry packed

ABSOLUTE MAXIMUM RATINGS

Supply voltages Vpp, Voom —0Q-5Vto +6V
Storage temperature —55°C to +150°C
Operating temperature -40°C to +85°C

Voltage on any pin Vg5—0-5V to Vpp+0-5V

DS4290-2.3

ACESQS5

a

FP100

Fig. 1 Pin connections - top View, Pin 1 is igentiied by
moulded spot and by coding orentation. See Table 1 for

detailed pin descriptions.
{
cLocx v KEYPAD
BAUD PCRTS INTERFACE
GENERATCR
ACEBus
MEMORY INTERFACE
INTERFACE G | ] bSK
MICRO- ROM
PROCESSOR 12 BUS
WATCHDOG UART (5¢0 INTERFACE
" 0 PORTS 5K
POWER | RAM
2xPULSE
CONTROL AL
MODULATOR
INTERRUPT -
CONTROL .,
AMPS { TACS
DATA MODEN
IF¢ TONE
COUNTER GENERATOR
SAT
MANAGEMENT

Fig.2 ACE9050 simplified block diagram
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FUNCTIONAL OVERVIEW

MICROPRQCESSOR UNIT
The processor unit is program compatible with the standard
6303R. It contains the following hardware:

&-bit CPU

Sarial Communication Interface: SCI (UART)
16-hit timer/counter

8-bit VO port (P1)

2-bit 1O port {P2)

The processor bus speed can be either 1-008 MHz or 2.016
MHz. An Emulation mode is provided whereby the intemal 6303
is bypassed to allow software development on a standard 6303
In-Circuit Emulator (ICE).

MEMORY

The ACES050 contains 512 bytes of RCM and 6144 bytes of
RAM intemally.

The ROM cede facilitates system initiation after a reset and
the programming of FLASH memory via the 6303 SCI (JART).
The Intemal RAM area represents the total RAM requirement
anticipated for a cellular phane,

BUS INTERFACE and MEMORY BANK SWITCHING

These biocks create the Data, Address and Controi lines for
the external memory. The extemal address bus is expanded
from the standard 16 bits up to 18 bits by a banked addressing
scheme. This increases the memory address space from 64K 1o
256K. Two programmable Chip Selects (CSEFPN and CSE2N)
are generated.

The Memery Interface will operata down to +3V, allowing tha
use of low voltage memory parts.

In Emulation mode the external processor controls the
ACE9050 via the Bus Interface block.

EXTERNAL PORTS

The ACES050 contains two Keypad Interface ports, two
maskable external intetrupts, and beth Input and Cutput ports.
These are in addition to the 6303 bidirectional Port1 and Port2.
The Output port provides two high current outputs for driving
LEDs.

DECODER and INTERRUPT CONTROL

The Decoder block memory raps ACES050registerlocations
onto the processor's address space.

The Irterrupt Control block handles both intemal and external
interrupt sources. These are fed into control legic allowing
individual masking and reset by software. The Interrupt control
fogic output is intemally connected to the 6303 IRQ and aiso
drives an extemal pin.

ACE SERIAL INTERFACE (SINT) and I°C

Three serial interface protocols are supperted: UART, 12C
and ACEBus. The 6303 provides a UART interfaca via the SCi
block.

ACE9050

The ACES050 2C block provides an I2C interface with both
Master and Slave capability.

The ACEBus is designed for use with the ACE Chipset and
has a data rate of just over 1MBits/sec. Three Latch pulse are
available to target data at the relevant IC and control the
ACE9030 Synthesiser.

BEEP, ALARM and RING TONE GENERATOR (BAR)
The BAR Generator is intanded to drive an acoustic tone
transducer. lthas a programmabla single digital pulse train cutpt.

MODEM and SAT MANAGEMENT

The Modem provides two way data transfer and SAT
management over the radio link between a base station and
phone handset. AMPS and TACS data rates are supported .

The Modem block contains: Digital Discriminator, Data
Decoder and Werd Synchronising hardware. Various modes
can be selected by software. A squelch level is also set by
softwara so that the quality of each data byte can be assessed.

SAT detection and generation at the standard three
frequencies 5370Hz, 6000Hz and 6030Hz is included.

WATCHDOG and POWER CONTROL (ATO)

The Watchdog function will provide an intemal and external
Reset if the processor does nat make a write access to a defined
address every 4 seconds.

An Autonomous Time Out circuit (ATO) will drive the POFFN
cutput low if Transmitter power is detected without Receiver
power, independent of any processar operation. POFFN must
be used in conjunction with extemnal regutators to control power
to the mobile handset.

IF CONTROL COUNTER ({IFC)

Thentermediate Frequency Control (IFC) Counterisused as
part of an AFC Loop. The IFC Counter provides a pulse after a
set number of IF input pulses. The IFC Counter output is
connected to the 6303 timer input and an extemnal pin (ICN).

TWIN PULSE WIDTH MODULATORS

Two independenty programmable Pulse Width Modulators
(PWMs) are available. These provide digital output pulse trains,
controilable by software. The output can be filtered extemnally to
provide a DACtunction. Typical applications are battery charging
control and LCD contrast control.

CLOCK GENERATOR

The Clock Generator provides all the various intemal and
extemal clocks from a single 8-064 MHz source. The source can
either be an external crystal or the ACES030.



ACES050

PIN DESCRIPTIONS

Pin Name i Type Block Description Intesnal
1 TESTN | CLK/WDATO Connect to Vpp PU
2 |XIN | CLK Crystal connection CMOS input: 8-064 MHz None
3 | xouT 0 | CLK Crystal connection -

4 | DFMS/P2 [4] YO 1 CPU CPU Port2 bit 4 or Serial interface (SCI} output None
5 |AS ] BINT Address strobe (Latch Address during Emulation) PU
6 | BAUDCLK O (1) | BAUD Baud Rate Gen. output for Emulation (input in fest mode) PU
7 | PI[7] O | CPU PORT 1 of CPU None
8 | Pi[6] Vo jcrPy PORT 1 of CPU None
9 | P1{4)SCL VO | CPU/IRC PORT 1 of CPUMC SCL None
10 | Vss Ground -
12 | P1[5] Vo | CPU PORT 1 of CPU None
13 | P1[3Y SDA Vo | cPU/IPC PORT 1 of CPU/IRC SDA None
14 | Pi[2] va | CPU POAT 1 of CPU None
15 | P1[1} Vo | CPU POHAT 1 of CPU None
16 | P1[0] 1o | CPU PORT 1 of CPU None
17 | Vs Ground -
18 | D7 VO | BINT Data bus {and Emuiation Address A7 input} None
19 (D6 YO ] BINT Data bus (and Emuiation Address A6 Inpur) None
20 {D5 YO | BINT Data bus (and Emulation Address A5 input) None
21 | D4 YO | BINT Data bus (and Emulation Address A4 inpur) None
22 | D3 WO | BINT Data bus (and Emuiation Address A3 Input) None
23 | b2 O | BINT Data bus (and Emulation Address A2 Input) None
24 |1 D1 VO | BINT Data bus (and Emulation Address AT Input) None
25 {00 VO | BINT Data bus (and Emuiation Address AC input) None
26 ) OEN O | DEC Output Enable -
27 | WEN O | DEC Write Enable -
28 | GSEPN O | MEMB /S External EPROM -
29 | CSE2N (o} MEMB C/S Extemal EEPROM -
30 | AD O | BINT Address bus -
| Al O | BINT Address bus -
32 (A2 O BINT Address bus -
33 |A3 O | BINT Address bus -
34 | A4 O | BINT Address bus -
35 | A5 C | BINT Address bus -
36 | Vss Ground .
37 | Vss Ground -
38 | Voowm Digital Supply for Memory Interface (pins18-35, 38-50) -
33 | As O | BINT Address bus -
40 | A7 O | BINT Address bus -
41 1 AB Q)| BINT Address bus (/nput during Emuiation) None
42 | A9 O (1) | BINT Address bus (input dunng Emuiation) None
43 | A10 O () | BINT Address bus (fnput during Emuiation) None
44 | A1 Q (1) | BINT Address bus {input during Emulation) None
45 | At2 O )| BINT Address bus (fnput during Emulation) None
46 | A13 Q (0§ BINT Address bus (Input during Emuiation) None
47 1 BA14 O | MEMB Address bus (Extended Address: From Bank Select Register) -
48 ] BA15 O | MEMB Address bus (Extended Address: From Bank Select Register) .
49 ] BA16 O MEMB Address bus (Extended Addrass: From Bank Select Register) -
50 | BA17 O MEMB Address bus (Extended Address: From Bank Select Register) -
51 RXSAT | MODEM Received SAT input None
52 | INP1[2] | | EPORT Bit 2 Input Port1 None
53 | NP1 (3] | | EPOAT Bit 3 Input Port1 Nena
54 | INP1[4} | | EPORT Bit 4 Input Port1 None
55 | KPQ[O] © | EPORT Keypad scan outputfoutput port -
56 | KPO[1] O | EPORT Keypad scan output/output port . -
57 | KPO[2] O | EPORT Keypad scan output/output pon ¢ -
58 | KPO[3] O | EPORT Keypad scan output/output port -
59 | KPO [4] O | EPORT Keypad scan output/output port -
60 | AFC/RXDATA 1 IFC/MODEM 54/450kHz IF input fromACEZ030 None
61 | TXPOW 1 WOATO Power detect from transmitter None
62 | TXSAT O | MODEM SAT Qutput -
63 | TXDATA (o] MODEM TACS / AMPS Modem Output -
84 | Vpp Digital Supply -
65 | Vpp Digitai Supply -

Table 1 Cont...
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Pin Name Type Block Description Internal
66 | KPI[3] | EPORT Keypad scan inputinput port PD
67 | KP1{2] 1 EPORT Keypad scan input/input port PD
68 | KPI[1] l EPORT Keypad scan inputinput port PD
69 | KP1[O] | EPORT Keypad scan inputinput port PD
70 | INRQ1 1 EPQORT Extemnal Interrupt (aiso Bit1 Input Port?) PD
71 | INRQO | EPORT Extemal Interrupt {alsc BitQ Input Port1) PD
72 | SYNTHDATA QO | SINT SynthBus Data Line -
73 | SYNTHCLK O | SINT SynthBus 126kHz Clock -
74 | SERV | WDATO 1 = Saervice Mode Nona
75 | LATCH3 O | SINT Latch, programmable length. (Te ACES030, LATCHC pin) -
76 | QUTP2 [6] O | EPORT QOutput Port2 Bit 6: High Current Driver -
77 {ICN o IFC IF Counter Output for Emulation (input in Test mode) PU
78 | LATCH1 O | SINT Latch /P (Ta ACES030 receiver Intarface, LATCHB pin) -
79 | ouTP2[7) C | EPCRT Output Port2 Bit 7: High Currert Driver -
80 | LATCHO O | SINT Latch O/P (To ACES040, LEN} -
g1 |outezeypwMm2/ | O | PWM Qutput Port2 Bit 2/Pulse Width Modulator #2 OutpuV/ -

LATCH2 SynthBus Latch O/F.
g2 | DTFG QO | SINT Bidirectional serial inter-chip data, to/from the ACES030 None
83 | EMUL | BINT/CPU 1 = CPU Emulation Moda PD
84 | IRGN omiceu CPU Interrupt for Emulation finput in Test mode) -
85 | POFFN Q | WDATO Power On/Cff -
86 | Vss Ground -
87 | Vss Ground -
88 Voo D|gfta' Supply -
8% | EXRESN QO | WDATO Extermnal reset output -
S0 | C1008 C | CLK 1.008MHz Clock for ACEBus, ACES030 and ACES040 -
a1 | MBN 1 WDATO 0 = Chip reset None
92 { A15 | BINT Address input for Emulation only PU
93 | Al4 | BINT Address input for Emulation onfy PU
94 | CPUCL/OUTP2[0]| O CLK/EPORT 8.064MHz clock/Out Port 2 bit 0 -
95 | RW O/} § BINT Read/Write (fnput during Ernulation) None
86 | BAR C | BAR Beep, Alamn, Ring Tone Output -
97 | DTMS ¥Q | CPU CPU Por 2 bit 3 or Serial interface (SCl) input None
g8 | OUTPZ[1yPWM1] O | PWM Output Port 2 Bit 1/Pulse Width Modulator #1 Output -
89 | ECLK O | CLK Processor Clock (fnput during Emulation) None
100 | RXCD | WDATO Carrier detect from RX None
Table 1 {continued}

ABBREVIATIONS

BAR Beep, Alarm and Ring tone generator 12C RC interface

BALD Baud Rate generator IFC IF Controt counter

BINT Bus Interface MODEM  AMPS/TACS Modem

MEMB Memory Bank switching PWM Pulse Width Modulator and MUX

CLK Clock generator SINT Serial Inter-chip interface

CPU 6303 microprocessor unit WDATO  Watchdog/Autonomous Time Out

DEC Decoder PU intemat Pullup resistor present

EPORT External Port PD Internal Pulldown resistor present

UNUSED INPUTS

Input or bidirectional pins must have a suitable pul
inputs have an intemal pullup or pulldown resistor
or residual current greater than 15pA. If the pins shown in

Pin Name Pin Name Pin Name

4 DFMS 15 | P1[1] 61 | TXPOW

7 @ 16 | P1[0] 74 | SERV -

8 {Pi8 51 | RXSAT 82 | DTFG (Requires '

9 P1[5] §2 | INF1[2] programming resistor)
12 | P14] 53 | INP1 {3} 91 | MBN

13 | P1[3] 54 | INP1 [4] g7 | DTMS

14 | P1[2] 60 | AFC_IN/RXDATA 100 | RXCD

NOTE: P1 [7:0], DFMS and DTMS are configured as inpifts upon reset.

Tatle 2

lup or pulldown reststor if they are configured as inputs, with no extemal drive. Some
of the order af 100k<; this value is suitable if the pin is not subject to excessive noise
Table 2 are not used in the system, an extemal resistor will be required,
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ELECTRICAL CHARACTERISTICS

The Electrical Characterlistics are guaranteed over the following range of operating conditions {uniess otherwise stated):
—40°C to +85°C, Vgp =36V to 55V, V., = 3.0V to 5.5V (note 2)

L.

DC CHARACTERISTICS

1. Refer to crystal manufacturer for exact deatils.

Value
Characteristic Symbol Min, Tye. Max. Units Conditions
Supply current (Normal clock) loonor 3-5 mA 1-008MHz ECLK, Vpp =5V
Supply current (Turbo clock) \oDTUR 6-0 mA 2.016MHz ECLK, Vpp =5V
Supply current (Static) looss 150 pA No clock & osc. powered down
Input high voltage Vig - - 0-7Vpp v
Input low voltage Vi =05 0-2Vop \'J
Qutput high voltage Vou 0-8Vgp 092Vpp v low = 2mA, Vpo > 36V
lo, = 1mMA, Vpo < 36V
Qutput low voltage Voo 02 04 Vv lon = 2MA, Vg > 3.6V
loy = 1-5mMA, Vpp = 3.6V
High current drive O/P source (pins 76 & 79 | lonm 10 mA Vpp > 3-6V
6 Vpp = 3-6V
High current drive GfP sink {pins 76 & 79) loLm 10 mA Vop > 36V
9 Vpg = 3-6V
Tristata leakage cumrent loz 1 wA No Pullup/down cell
Input leakage cument Iin 1 pA No Pullup/down cell
Pullup/down resistance Rin s 150 (9] Vo =5-5V, Tame =25°C
NOTES
1. The DC Characteristics Min. and Max figures are guaranteed by test.
2. The voltage on Vppu must be less than or equal to Vpo.
AC CHARACTERISTICS (CLOCKS and CRYSTAL)
Vaiue
Characteristic Symbol Min. Typ. Max. Units Conditions
QOscillator frequency tosc 8-064 MHz | External crystal
Oscillator extemal /P fie 8-064 MHz | CMOS/800mV sine VP AC coupled
AC coupling capacitor CeoupLe 10 nF Sine input
External resistor At 470 1000 kG Crystal oscillator
External capaciters C1,C2 22 pF Crystal osdillator {note 1)
Crystal ESR XTALgsn 120 Q Crystal osdillator
Startup time tsy 5 ms Crystal oscillator
Radio serial control bus C1008 1.008 MHz
Microprocassor clock ECLK1 1-008 MHz Nomal clock
Microprocessor clock ECLK2 2-016 MHz | Turbo clock
Clock output CPUCL 8-064 MHz Output enabled
Watchdog time out WDy 4 s Normal Mode
Autonomous time out ATCqrq 30 5 Normnal Mode
NOTES
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TIMING DIAGRAMS

NORMAL MODE PROCESSOR INTERFACE

Read Cycle

Lr< teeik >
ECLK _\L / %\
ADDR {
TesLell P o1 | apl
— FtcLLcsH
CcSs N
taovest

lostal teLLoeH

OQEN

i tpavert — 1 leloal

-

)

;

L
v

DATA

Fig.4 ACES050 6303 Read cycle tming diagram

Timing Cycle Conditions
Input clock frequency, XIN = 8.064MHz. Worst case Timings: Taye = —40°C to +85°C, Vgp = +3-6V to +5-5V
Typical imings: Taug = +25°C, Vgp = +3:75V

Normal clock Turbo clock
Description Symbol - Units
Min. Typ. Max. Min. Typ. Max.
Cycle time tecik 992 496 ns
Address valid to CS low taovesL 2 4 9 2 4 9 ns
Chip Select set-up time tosloll 940 972 985 445 480 490 ns
QEN set-up time toeLoll 485 492 495 240 245 248 ns
Data set-up ime thavell 35 35 ns
Data hold ime toupal 0 [y} ns
OEN hold time teil ceH 0 1 4 o 1 4 ns
CS hold time teu csH 3 24 45 9 24 45 ns
Address hold time teLLaol 7 18 42 7 18 42 ns

Table 3 ACES0D50 6303 Read cycle timing
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Write Cycie (Normal Mode)

< tecix
o O\ / \§
ADDR %

F tanvweH “—tweHaot
Cs
taVesL
teslweH——————————— ™
WEN ,/ }
ELweH ~ #—yeHesH
DATA
r— tapVpal 2 e tpayweH T lweHoa

Fig. 5§ ACE050 6303 Wiile cycle timing diagrarm

Timing Cycle Conditions
Input clock frequency, XIN = B-064MHz. Worst case timings: Tawg = —40°C to +85°C, Vpp = +3.6V to +5.5V
Typical timings: Tamg = +25°C, Vpp = +3.75V

Nermal clock Turbo clock
Description Symbol - Units
Min. Typ. Max. Min. Typ. Max.
CVCIB time IECLK 992 496 ns
Address valid to end of Write taovweH 835 853 862 395 420 427 ns
Address hold time tweHADI 128 140 151 63 72 93 ns
Chip enable set-up time testweH 825 840 860 390 415 425 ns
WE pulse width tweLweH 363 364 371 173 181 184 ns
Data valid set-up time toavweH 365 368 371 177 183 192 ns
Data hoid time tweHDAl 120 60 ns
Address valid to data low Z tanvoal? 451 473 487 203 225 239 ns
Address valid to chip select taovesL 0 § 10 0 4 S ns
WE high to CS high bweHcsH 127 140 163 66 72 105 ns

Table 4 ACES050 6303 Write cycle timing




EMULATION MODE PROCESSOR INTERFACE

ACE9050

Read and Write Cycles
teve >
ECLK R / AN
AS
M teeLrwV
Rw | INVALID | STABLE | > INvALiD
M teeLapV — 1 . Lect api
Al15:8] { | |
|
tovast. €74 tastaol tunv—>'!“— tonl
A[T:0)/D{7:0] {AD[7T0] D— DA[7:0]

Flg.6 ACES050 6303 Emulation mode Read/Write cycles timing diagram

Emulation Mode Timing Cycle Conditions
input clock ECLX frequency = 1-008MHz (Normal clock), 2.016MHz (Turbo clock), Taws = +25°C, Vop = +5V +10%

Nomal clock Turbo clock
Description Symbeol Units
Min. Typ- Max. Min. Typ- Max.
Cycle time teve 992 496 ns
Read/Write settling time tecLmwy 280 160 ns
Address delay time lecLaDY 250 160 ns
Address hold time tecLanl 0 0 ns
Address o laich set-up time tapvasL 60 20 ns
Address to latch hold time tasLap! 30 20 ns
Data set-up time - WRITE toav.w 50 50 ns
Data hoid time - WRITE toalw 1 1 ns
Data set-up time - READ loav.r 80 80 ns
Data hold time - READ toalr 1 1 ns

Table 5 6303 Emuiation Mode Read/Wirte cycles timing
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SERIAL INTERFACE BLOCK
ACEBus Read and Write Timings

DTFG—'|1|N1;Mn||||rDAu21|| |°AT"1||__

15543210755‘321076513210

LATCH1 I l

Fig.7 ACEBus Transmit Data flow

I | '
5

I l
23 4

OTEG Sam‘"‘. | PREAMBLE [, Resum R —

75543210765‘321078543210

LA

LATCH! —|

Fig.8 ACEBus Receive Data flow
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|
DTFG —l—-@1 m Xm [51”)(03[21 > any X na T, /’
o

‘4 1‘* teLHoA
fed
SYNTHDATA | : |
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o
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Fig.9 ACEBus Transmil timing diagram

oon LT LTI

DTFG } < X X
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10

Fig. 10 ACEBus Receive timing diagram
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ACEBus Timing Cycle Conditions
tnput clock frequency, XIN = 8.064MHz, Worst case Timlngs: Taus = —40°C to + 85°C, Vpg = +3-6V to +5.5V
Typical timings: Taug = +25°C, Vpp = +3.75V

Value
Characteristic Symbol M. Typ. Max. Units Condltions

TRANSMIT

Clock high to Data bus driven | to Hpa 491 ns

Data set-up tima toavolH 488 ns

Data hold time tcLHDAI 491 ns

Clock high to Latch high teLHLAH 491 ns

Latch width 0 and 1 tewo 491 496 ns

Latch width 3 tews 0.099 12.59 ms Programmable width

Clock low tot 436 ns

Clock high toLH 496 ns

Clock high to data line tristate | to Hpaz o) 5 ns
RECE!VE

Data set-up time thavoLlL 14 ns

Data hold time tCLLDAI 14 ns

Tabie 6 ACEBus Read and Write timings

SynthBus (Note: The SynthBus is not required when the ACE9050 Is used as part of the ACE Chipset)

tcLH tat,
oo

ormex [ I mﬁ_ﬂ

SYNTHDATA [[H]I o7 X 016 X D3 1”)< D30 |
anuHL_H—"\! | oL Hpal ‘
i
oTFG — " \

al

LATCH ‘ I I
taumu!*—’“’l taH

Fig. 11 SynthBus timing diagram

SynthBus Timing Cycle Conditions
Input clock frequency, XIN = 8-064MHz. Worst case Timings: Tays = —40°C to +85°C, Vpp = +3-6V to +55V
Typical imings: Taug = +25°C, Vpp = +3-75V

Value
Characteristic Symbol Min. Ty Max. Units Conditions
First data bit set-up time tp17veeH >0 7-84 us
Data bit set-up time (except first) | tpavolH 3-8 us
Data hold time toeHpal 4.0 ps
Clock high to latch high tourLan 4.97 ps .
Latch width tLaH 952 ns
Clock low teu 3-89 Hs
Clock high leiH 3.93 il

Table 7 SynthBus timing

11
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INTERNALREGISTERS ANDRESETSTATUS

12

ACEZ050 REGISTERS
Name R/W | Address Description D7-0 reset condition Notes
IN_PORT1 R 22-23 Extemai IP Port EEQEEEQQ 1,6
OUT_PORT2} R/W 24-25 Extemal OP Port 00000000
PORT3 RwW 26-27 intemal Port 00000000 E 2
BARPORT 28-29 Test-Do Not Access
IRQPRT2 R 2C-2D Read Int Interrupts 111111 3,7
IRQPRTE R 2E-2F Read Ext Interrupts XXXX1111
MODPRTO Rw 30-31 Modem 00000000
MODPRT W 32-33 Modem 00000000
MODPRT2 RW 34-35 Meodem Q000000
KEYP RW 36-37 Key Pad IP and Chip ID - DO10EEEE 6
LSICOM4 A 3A-3B ACE Interface RX1 EEEEEEEE 4,6
LSICOMS A 3C-30 ACE Interface RX2 EEEEEEEE 4,6
LSICOMG R 3E-3F ACE Interface RX3 EEEEEEEE 4.6
PORT4 R/w 40-41 Internal Port 00000010
PCHTS RwW 42-43 Intemal Port 00000011
BANK_SEL w 44 Bank Select XXX00000 7
RESERVED 45 Do Not Access
BARHIGH W 50 BAR On 00000000
BARLOW w 51 BAHR Off 00000000
BARENABLE| W 52 BAR OE XXX X0 7
BRG w 53 UART Baud select 200({X000 57
12C_ADDR AW 54 12C 0000000
12C_DATA R/W 53 12C 00006000
[2C_CNTR RW 56 12C 00000000
{2C_STAT R 57 12C 11111000
12C_CCR w 57 BC 00000000
DAC1 W 5B PWM 1 data 00000000
DAC2 W &5C PWM 2 Data 00000000
LSICOMO w 60-61 ACE Interface TX1 00000000
LSICOM1 w 6263 ACE Intarface TX2 00000000
LSICOM2 w 64-65 | ACE Interface TX3 00000000
LSICOM3 w 66 ACE Interface Control 00002000
STR_WIDTH | W 67 Latch 3 Width 00000000
KPOT w 68-69 O/P type for KPO XXX11111 7
REWD w 6A-6B Reset Watchdog XXX 7
RESATO W 6C-6D Reset Time Out OO 7
IRQPRTG w 70-71 Reset Int Intertupts 00000000 (Reset)
IRQPAT1 w 72-73 Mask Int Interrupts 00000000 (Masked)
IRQPRT4 W 74-75 Reset Ext Interrupts XoCX0000 7
IRQPRTS W 76-77 Mask Ext interrupts XXX 0000 7
Table 8 ACES050 ports
NOTES: :
1. Bit 6is set (1) in SERV mode. Bits 1 and 0 are set (1} if the corresponding internipt is enabled (inverse
of IRGPATE).

2. Bit 4 (UPOFFN) is set (1} in SERV mode, but reset (0) in Normal mode. -
3. Bit 4 is not used and shouid be treatad as undetermined. 5
4. The LSICOM4, 5 and 6 ports values will depend on the DTFG input.

5. In SERV mede the Boot block will set up BRG to 00000100 (9600 Baud).

6. E = Depends on external input.

7. X = Not used cr undetermined.



ACE9050

ACE9050 6303 REGISTERS
Name R/W | Address Description D7-0 reset condition | Notes

DDR1 w 00 Data Dir Register P1 00000000 1
DDR2 w o1 Data Dir Register P2 00000000 1
PORT1 RW 02 Data Port 1 EEEEEEEE 2
PORT2 AW 03 Data Port2 01000XX 3,4
TCSR RW o8 Timer Control/Status 00000000

FRC_HIGH RwW 09 Free Run Counter MSB 00000000

FRC_LOW W CA Fres Run Counter LSB 00000000

OCR_HIGH | R'W 0B O/P Compare Reg MSB 11111111

OCR_LOwW | Rw oC O/P Compare Reg LSB 111111114

ICA_HIGH R ob /P Capture Reg MSB 00000000

ICR_LOW AR 0E \/P Capture Reg LSB 00000000

AMCR w 10 Rate & Mode Conirol XXHKXO000 4,5
TRCSR RW 11 Tx/Rx Control and Status 03100000 6
RDR R 12 Rx Data 00000000

TDR w 13 Tx Data 00CO0000

RAMCR R 14 Not Used Q0000000 7

Table 2 6303 ports
NOTES:

1. Both ports set to input {0 = VP, 1 = Q/F)
2. E = extemal input

3. 6303 internally set to Multiplexed mode
4. X = Unused or undetemmined

5. Set to 00001100 in SERV mode

6. Set to 00111010 in SERY mode

7. This register Read only in the ACES050

MODES OF OPERATION

The ACES050 has three independent modes of operation:
Normal, Emulation, Servica.

Mcde Pin Enabled
Emutation EMUL High
Searvice SERY High
Normal - Default mode

Table 10 Modes of operation

1, NORMAL MODE

This is intended to be the mode of operation when the
ACEQ050is fully commissioned inthe application. The intemal
6303 Microprocessor is used and the Boot block ensures the
program counter goes to the beginning of the ROMcode area
after initialisation. tn Normal mode various blocks can be
powered down to save current, and the processor can be

_ programmed to run at 1.008MHz or 2.016MHz.

2. EMULATION MODE

_ Thismoda is intended for system and software development
work. In Emulaticn mode the Internai 6303 processar is made
redundant and its function is replaced in the system by an
extemnal '6303 processor. This is to facilitats using a generic
6303 In-Circuit Emutator (ICE) for software development.
Table 11 shows tha functionality of external pins that change
in this mode. This is to enable all of the internal functions of
the ACE9050 to aperate as they would in Normal mode. in
Emulation mode the external processcr or |CE mustbe satup
to operate in Multiplexed mode. This modeis only intended for
use at rocm temperature.

Normal mode Emulation mode
Pin Function |Type Functlon Type
O[7:0] Data YO | Data and A[7:0] /P ({®]
A[13:8] | Address O | Addrass /P A[13:8] |
A[15:14]| Not used | Address VP A[15:14] |
ECLK 6303 Ck | O | ACES050 Clock /P |
RwW Notused | O | Read/Write strobe 1
AS Nat used k Address Latch strobe |
IRGN Netused | © | 6303 Interrupt (o}
ICN Netused | O | 6303 Timer P2[0] 8]

Table 11 Normal and Emulation mode functions

3. SERVICE MODE :

This mode is intended for system development and phone
senvice, where reprogramming of a FLASH ROM device is
required. The two areas that are affacted by Service mode are:

1. The Watchdog and Autonomous Time Out (ATQ) resets are
inhibited. This is intended for software development work.
The POFFN pin (85) is initially programmed tobe a 1 by the
ROM coda in this mode.

2. The intemal ROM code facilitates foading of a program into
the RAM area from the SCI. This program woutd nommally be
a FLASH loading program. Tha SCi may thenbe usedtoload
rew object code intc the FLASH memory of a system.

13
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Tha ROM code has a time out function so that if a valid start
code is not detected on the SCl normal code operation will
begin. The AOM code is fully described in the Intamal ROM
Boot Block section.

4. TEST MODE
Test mode increases the efficiency of velume testing of the
part. Pin 1, TESTN, should be hardwired to Vpp.

5. POWER DOWN MCDES

To reduce overall power consumption, selective power down
of various biocks is available under software cortrol. In the power
down state each biock will go to a predstermined logic state. The
following power reduction features are included:

Bus Interface (CSEPN = 1 and Address = 3FFF)
8-064 MHz extemal Clock Off

1-008 MHz extemal Clock Off

AMPS/TACS Modem power down

ACE Seral Chip Interface Power down

CPU Sleep Mode

Crystal Oscillator Off

1MHz/2MHz Bus speed

FUNCTIONAL DESCRIPTIONS
1. ACES050 6303R DESCRIPTION

General Description

The embedded processor in the ACES050 is functionally
equivalentto a generic 6303R micro. This data sheetoutlines the
functionality of the embedded processor, detailing its operation
with the intemal peripheral circuitry. It is not intended as a
programmers guide for a 6303. if further information is required
the following publications are recommended:

HITACH! 8-bit single-Chip Microcomputer Data Book
Sept. 1989

Motorola Microprocessors Data Manual

Macro Assemblers Reference Manual, Motorola
Semiconductors MCBEMASR(D).

The 6303 is an 8-bit processing unit which has a comgpletely
compatible instruction set with the 6301. it has object code
upwardly compatible with the HDE300, HD6801 and HD6802.

The ACES050 has 6016 bytes of internal AAM (the 6303R
has 128 bytes). Cther features are: a Serial communicaticns
interface (SCl or UART), a 16-bit imer, 8-bit YO port and a 5-bit
I/O port {only 2 are bonded out from the ACES050). The bus
speed can be configured to 1-008 in Normal mode or 2.016MHz
in Turbo mode.

The ACES050 has an Emulation mode whereby its intemal
6303 is bypassed and the peripheral functions may be driven
externally by a standard 6303 ICE.

ACE9050 6303R Pin Description

The ACES050 6303 is embedded in a kemel whichinterfaces
to the rest of the circuitry. Tabie 12 describes the intermnal
connections to the ACES050 6303. In Emulation mode, none of
the output pins drive the intemal buses.

Clock

The CPU Clock is provided from the Clock Generator Circuit
in the ACES050. This clock is sither 1.008MHz or 2-016MHz, It
is not further divided down in the 6303, so this clock frequency
is the same as the processor bus speed. Refer to the Clock

Generator section for details of how to configure the intemal -

14

Name Vo Description

Voo | !nternal power supply

Vss I | Intemail Ground

XTAL - | Not connected

External - | Not Used (System Clock Driven
into E directly)

E I | System Clock IP

NMI - | Not used: Tied to VDD

IRG | | Connected to Interrupt Control block
and IRQN pin

RES | | Connected to Intemal Reset MRAI

Port2 [0] | 110" | Intemally connected to IFC Caunter

Port2 (1] - | Not connected

Por2 {2] | 1/O" | Intemally connect to Baud Clk
Port2 {3] VO | Extemnal Pin (SCI I/P or Port2}
Port2 [4] VO | Extemal Pin (SCI O/ or Port2)
Port1 [7:0] | YO | Extemal Pin {Port1 1/0 Access)
Addr [15:8]| O | Connected to intemal address Bus
D/A [7:0] YO | Intemally connected to Buses

R O | Connected to internal logic and R/W pin
AS Q | Connected to intemal logic
STBY - | Standby mode disabled = Vgp

*Port2 bits 0 and 1 must ba configured as inputs in the 6303 to use the
IFC and Baud rate generator functions.

clocks. Table 12 Generic 6303 VO mapping

Port 1

This is an eight bit YO port with the direction of each bitbeing
defined by the data direction register DDR1 as givenin Table 13.
The Port can be accessed for read and write via the Port1
register. The output buffers have tristate capability, being high
impadance when used as inputs. When the processor is reset
thesa are high impedance. Two pins (Bits 3 and 4) asscciated
with this port are also used as 1/0 from the I2C interface on the
ACEZ050. Thisis configured by Port5bit 2. The 6303 is intemally
configured to mimic Muftiplexed mode of operation, so this port
cannot be configured to output the lower address bits. The
ACES050¢ has dedicated pins for this purpose.
Associated Registers

Name Description
DDA1
Bits [7: 0] 1: Sets corresponding Port line to output
0: Sets corresponding Port fine to input
Port1
Bits [7:0] Read and Write access to Port 1
Port2 Table 13 Port 1 associated registers

This is a five-bit /O port with the direction of each bit being
defined by the data direction register DDR2. Only bit 3 and bit 4
ara connected to extemal pins. This allows access to the /O part
and Serial Interface functions. Bit 0 and bit 2 are intemally
connected to the IFC and Baud clock. They must be configured
as inputs to use these functions. Bit 0 and bit 2 are not extamally
accessible.




The ACEZ050 has an additionai Qutput Port 2, which is
saparate from the 6303 Port 2.

Associated Reglsters

Name Description
DOR2*
Bits [4:0] 1: Sets corrasponding Port line to output
0: Sets corrasponding Port line to input
Port 2*
Bits [4:3] Read and Write access to Port 2

*The TRCSR reqister overrules these registers.
Table 14 Port 2 associated registers

Programmabie Timer

The ACES050 6303R contains a 16 bit programmabie timer
which may measura the period of an input waveform, as with a
standard 6303R. This counter runs from the ECLK. The counter
cannot generate an output waveform. The input to the timer is
intemally connected to the IFC counter for the AFC loop function.
The timer hardware consists of an 8-bit status and control
register, a 16-bit free running counter and a 16-bit input capture
register.

TCSR (Timer Controf and Status Register)

The Control and Status register has threeflags: Input capture,
Output Compare Match and Timer Overflow. Each flag has an
associated intermupt enable. The other two bits in the register are
for controt of the output level and input edge select. The bits are
described in Table 15.

Bit |R/W | Name Description

7 | 8 | ICF | Transition of appropriate type occurred
on input {ICN). Cleared by read of Input
Capture register

6 | B | OCF | Match between Free Running Counter
and Output Compara Register™

5 | A | TOF | Timer overflow. Cleared by read of
counter.

4 |A/wW| EICI | Enable an ICF interrupt

3 |rw/| E0C! | Enatie an OCF interrupt”

2 RW{ ETOI | Enable Timer overflow interrupt

1 |R/W] IEDG | 0 = Negative edge on ICN trigger ICR
1 = Positive edge on ICN trigger ICR

0 |RW|OLVL | Cutput level™

* As the timer cannot generate an output these bits are considered non-
functional in the ACES050.

Table 15 TCSRA bit descrptions

FRC: Free Running Counter

The FRC is a 16-bit ReadWrite counter; Data can be read
from or written to it. The register has extra hardware to load and
save both bytes of the counter simuitaneously when a double
byte store instruction is used. The counter is incremented by the
processor clock. Reading from the counter does not affect it.

ICR: Input Capture Register

The [CRis a16-bit Read register which holds the valua of the
Free Running Counter when a transition is detected on ICN, i.e.
the 1FC Counter Output.

ACE9050

Serial Communication Interface (SCI or UART)

The processor contains a full-duplex asynchronous Saerial
Communications interface. t consists of atransmitterand receiver
which operate independently but with the same data format and
rate. Both parts communicate with the CPU via the data bus and
to the oulside word via Port 2. Interrupts generated can be
individually masked. The receiver can ba sent to ‘sleep’ by
software. No receive intarrupts are generated during a message
in this state. The Baud rate can be generated within the
ACES050 6303 or the ACES050 can provide a baud rate
generator and selection register extemal to the processor block.
This allows the following standard baud rates to be programmed:
600,1200. 2400, 4800 or 9600.

The hardware consists of four registers: an 8-bit control/
status register, 4-bit mode select, an 8-bit receive data and an 8-
bit transmit data register.

Bit |R/W{ Name Description
7 | R | RDRF| RX Data Register Full”
6 | R | ORFE| OvenurvFraming Error™
5 R | TDRE | TX Data Register Empty
4 {A/W| RIE | AX Interrupt Enable: Enables an interrupt
for both Bit 7 and Bit 6
3 |Rw| RE | RX Enable. This sets Port2 bit 3 to Input
regardless of the DDR2
2 [RW] TIE | TX Interrupt enable: Bit 5 will generate
an nterrupt
1 |RW| TE | TX Enable: This sets Port2 bit 4 to Cutput
regardiess of DDR2
0 |RwW} wu | Wake Up: Set by software and cleared
by hardware.™*

Qverrun ks where new data is placed in the Receive register before
the old data has been read. Framing Eror is where the bit courtter
is not synchronised with the boundary of the byte in the Received
bit stream defined in Table 17.

The Wake Up mode is intended for systems where more than one
Processor is on the UART link, and is addressed by the first byte of
data. it the address is incomrect the processor can disable the
interrupts and effectively ignore the word.

Table 16 TRCSA: Transmit/Receive Controf Status Register
bit descriptions

i

Condition Bit7 |Bit6

Nec Data

Good Data RX
Framing error
Qvemun error

— O - O
==

NOTE:
Bits 7 and 6 are cleared by reading the
Status registet, followed by readingthe
Received Data register
Table 17 .
“
RMCR Transfer Rate/Mode Control Register
The mode select register controls the clock source and set-
up. This is a write-only register. The processor can use an
internally divided down processor dlock to give the Baud clock.
The Baud rate division ratio can ba settoa value from 1610 4096.
However, this could lead to norrstandard Baud rates so the
ACES050 provides a separate Baud rate generator.The bit
functions of this register are described in Table 18.
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Bits | Value Description
[7:4] | XXXX | Notused
Clock Control mode
[3:2]] 00 SCl! disabled
01 Use processor Clk for Baud rate
10 Not used

1 Use ACE 5050 Baud rate generator
Speed Select (Bits 3: 2= 01)
[1:0]] 00 E+16

o E+128
10 E+1024
11 E-+4096

Table 18 AMCHA Transfer Rate/Mode Conirol register

Bits Description

RDR: Received Data Register

[7:0] (Data) Read received bits. First bit recaived is
placed in bit 0, last in bit 7
TDR: Transmit Data Register
[7:0] (Data} Wirits register to store bits before serial

transfer from Transmit shift register, bit 0 first

Table 19 Receive and Transmit Data registers

InMNormal Modae the SCl should bainitialised before operation.
This means writing to the mode select and the control/status
register. In Service Mode the SCl is configured for 600 baud,
and the receive interrupt enabied. When the transmitter is first
initialisad it will send a ten-bitpreamble of ‘1's before being ready
fo transmit data.

Once inftialisation is complete data transmission enabled by
writing to the transmit data register. TDORE is set to 0. A start bit
is transmitted (). Next tha eight bit data starfing at bitO are
transmitted followed by a single stop bit (1). The hardware sets
the TDRE bitinthe TRCSA register. Ifthe CPU does not transfer
another word the output goes high.

The receiver is configured during initialisation. [f enabled and
a start bit is detected (0}, the next nine bits will be sampled
approximately at the centre of each bit. If the ninth bitis a 1 the
data is transferred to the Receive data register. The RDFR bitis
satin the TRCSA register. i the ninth bitis not a 1 or the recaive
data register is full then the ORFE bit is set to indicate an emor.
A read of the TRCSR register followed by a read of the Received
data register (RDR} will clear these flags.

RAM Control Register (RAMCR)

This register is read only inthe ACE9050, Bit & (RAME) is set
to zero: this is because the RAM on the ACESQS0 is extemnal to
the 6303 block. Bit 7 (STBY) is also sat to zero by the ACES05Q

_ because Standby mode is not supported.

Operating Modes

The Generic 5303R has two modes: Multiplexed and non-
Muitiplexed, where the mode is selected extemally using P2[0],
P2{1] and P2[2]. This is not required on the ACES05Q, where the
mode is setto mimic multiplexed intemally when the reset (MRN)
is released . The ACEQ050 processor has two fundamental
modes of operation: Emulation and Normal, which are described
in the MODES OF OPERATION section.

Low Power Consumption Modes
The generic 6303 Standby mode is not supported by the
ACES050 6303. The STBY pin is not accessible. The Sleep
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mode is fully supported by the ACES050 6303. This mode is
entered by execution of tha SLP instruction. Escape Is via an
Interrupt or reset .

Address, Data and Memory Control

The Address, Data and control lines from the ACES050 6303
connect to a kemel whichinterfaces to the on chip bus structures.
The Bus Interfaca block provides suitable buiffering to drive
required buses extemally, and configure the 1/0 for Emulation
mode.

Interrupt Processing

Theinterrupt processingin the ACE9050 6303 is essentially
the same as a generic 6303, the exception being NMI, which
is not available. The IRQN is intemally connected to the I2C
interrupt, the Extemal Interrupt and tha {ntemal interrupt
blocks.

These blocks combine all the possible sourcesforinterrupts
intc one line which is connected to tRQN. This is also
connected to a pin for use in Emulation mode. The IRQN is
maskable. The interrupt mask bit in the Condition Code
Register must be zero for the CPU to respond to the Interrupt
request, as with a genaric 6303.

The Interrupt Vector Memory map is shown in Table 20.

Vector
MSB | LS8

FFFE | FFFF | RES

FFEE | FFEF | TRAP

FFFA | FFFB | Software Interrupt (SWI)
FFFB | FFF9 | IRQN

FFF6 | FFF7 | ICF (Timer input Capturs)
FFF4 | FFF5 | OCF (Timer QP Compara)
FFF2 | FFF3 | TOF (Timer Overflow)
FFFO | FFF1 | SCI (UART)

Pricrity

Interrupt

[+ RS I« I 4 TP PN

Table 20 Interrupt vector mermory map

Error Processing

An interrupt is generated when an undefined op-code is
fetched, or when an instruction is fetched from an impossible
address. Thisis inthe range 0000- 007F for the ACES0S0 (0000~
001F for a standard 6303).

2. INTERNAL ROM BOOT BLOCK

The AOM code provides a boot biock for the ACES0S0.
Following a reset condition code execution will always startinthe
internal ROM. The intemal ROM data flow depends on the
condition of the SERV Input and thus the mode of operation of
the ACE9050. The operation flow of the IROM is shown in Fig.
12 and described in the following sections:

Normal Mode

1. Read serial data on ACEBus DTFG line

2. Configure ACES030 Reference dividers via ACEBus.

3. Set the program counter to the beginning of external ROM
{1800,). -

Service Mode

. Read serial data on ACEBus DTFG line

. Configure ACES030 Refarence Dividers via ACEBuUS

. Configure the UART to RX

. Wait 2 seconds for special code on UART - if netfound go to

step 3 of Normal Mode
5. Load Data from UART into RAM

.
.
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6. Pass contrel to Program loaded in RAM

7. Map Intarrupt Vectors ta RAM space.

8. The RAM program can then Program a FLASH memory via
the UART.

Steps 1and 2 - Both Modes

The ACE Chipset offars the flaxibility of using one of three
different crystal frequencies: 12-8, 14.85 or 15.36 MHz. The
chosen crystal canbe used to generate all the system clocks and
local oscillatorfrequencies required in a cellular phone application.
“The ACES050 must detact what erystal is being used and setup
tha correct value for the QSC8 dividars in the ACES030. This is
handlad in the Intemal ROM. Upon Resatthe ACES030 sets the
OSCS8 for a 15-36 MHz Crystal, so the ACE3050 is not clocked
faster than 8-064 MHz.

The system designer must set up the DTFG input (the Radio
Serialinterface, pin 82), usingan external rasistor of approximately
10k(2. The crystal frequency determines where the resistor is
terminated, as shown in Table 21. Upon resat the ACES050
intemal ROM reads the DTFG input and programs the ACES030
©SC8 accordingly.

Resistor from
Crystal Serial Data RXed pin 82 to:
12.8MHz 000000 Vg (Gnd)
14-85MHz 0 < Data < FFFFFF A1l (pin 31)
15-36MHz FFFFFF Voo
Table 271

Step 3 - Normal Mode

Program code in the extemal EPROM at address 1800y is
started. The intemal ROM residas at the top of the processor
address space FEOOy - FFFFy. Obvicusly the main program
requires access to this space for Interrupt vectors. The Intemal
ROM is deselected by setting PORT4 [1] to zero. It is
recommended that any extemal program does this quickly and
always before enabling any Interrupt sources.

Step 3 - Service Mode

The Internal ROM will initialise the 6303 SC| (UART) and set
up the Baud rate generator to §600 Baud. The SCl is indtialised
to the following:

Receiver On

Transmitter ON

Receive Intarrupt enabled

9600 Baud rate from ACES0S0 Baud Rate Generator

The Receive interrupt will remain enabled after the IROM code
execution, The UART is always configured for 8-bit data transter,
ne parity and cre stop bit.

Steps 4, 5 and 6 - Service Mode

When inservice mode the ACE3050can download aprogram
from the SCI to RAM. To achieve this the first code (start code)
must be sent down to the SCI within 2 seconds of releasing
Reset. The boot block code will write the subsequent code into
RAM. Two code formats are supported:

{a) Motorola S- Record format
(b} Binary dump

{a) Motorola S-Record Format
The start code for this format is 'OA’ in ASCII {i.6. 30y, 414).

sONNPPPPXXXOXAXXCT First Aecord in file
s1nnppppdddddddddddddee  Datarecord with 16-bitaddress

.

s9nneseeacc £nd of file record (nn = 3)

ACE9050

where:

nn = Number of bytes ( xx+pp+dd+cc ) in record.

pppp = Load address

dd = data bytes, 1 to 16

xoox = Name of proqram {(ASCIl coded)

eeee = Program entry address

cc=chacksumcalkculated from [255—sum(pp) +sum (dd) +
sum {xx)+sum (ee)+nn)] MOD 256

When the ‘s9' is read in from the End of File Record, the code
will jump 10 the reset vector, This Is mapped to OFFE by the
IROM. The RAM program will then begin execution as fora reset.
The last 6 characters of the record file (nneeeecc) will be
received while the program is running.

(b) Binary dump file

“This format is for the binary representation of the code, nota
propristary binary format code. The start code for this format is
‘OB ASCII (ie 30w, 424) . First two bytes are the start address
peinter.

The next two bytes are the end address peinter+1. The next
bytes are the data bytes. These are loaded consecutively from
the start to the end address. When the lastdata byte is received
the program counter will go to the loaded code start address
pointer.

Step7-Interrupt Vector table

The Intemal ROM will map the 6303 interrupt vector table to
an address space in RAM so the loaded prograrm can deal with
interrupts as shown in Table 22. In general only the SCi interrupt
is required for a Flash Loading program.

Vector address Interrupt
OFFE Heset
OFEE Trap
QFFC Not Implemented
OFFA SWI Software interrupt
OFF8 IRQN
QFF6 |CF Timer Input compare
OFF4 OCF Timer Qutput compare
OFF2 TOF Timer overflow
QFF0 scl

Table 22

RAM Area Reserved for IROM QOperation

The IROM coda itseif requires a small amount of RAM during
its operation. This area must not be used for storage of the RAM
program.

RAM Reserved area: 080, to 100,
Fig. 12 shows the data flow for the internal ROM.

3. DECODER

The Decoder logic creates the memory map for system
containing the ACES050. Internally, it maps the ACES050
registers, RAM and ROM onto the SystemMemory map. Extemnal
ROM is also mapped onto the available address spaca by the
Decoder, but the situation can be complicated by the Bank
Address switching circuitry. Refer to Table 23 on the following
page for details of memory mapping.

Note that the ACES0S0 contains Memory Banked Switching
circuitry. Refertothe section 4 BUSINTERFACE AND MEMORY
BANKING’ below for details.

The Decoder also creates suitably timed Cutput Enable and
Write Enable signals {refer to Figs. 4 and 5) for parallel read and
writa cycles to external devices.
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Address (hex} Description
0000-001F 6303 Registers
0020-007F intemal ACES050 Registers
0080-17FF RAM
1800-7FFF Non Banked extemal ROM
8000-BFFF Banked external ROM
COOO-FDFF Non-Banked extemal ROM
FEQO-FFFF intemal / External ROM
Table 23
PC TO 6303 ACES050 RESET
RESET VECTOR IAOM SELECTED
FFFE {PORT4 [1}-1)

@< DATA <FFFFFF

SET UP ACEBIJGD

SET UP ACES030

FOR 12+ aqu XTAL l I FOR 14-85MHz XTAL

SETUP ACEBOSO
FOR ‘ISQEMHZ XTAL

JUMP TO 1800w
START OF EXT RO

A

a3

}

SERV
INPUT

A

SET UP SC1 (UART):

9500 BAUD; 8 BIT: NO PARITY.

RECEIVE INTERRUPT
ENABLED

MAIN PE‘DGFI.AII

-1 EXTEANAL ROM
RESET PORT4 [1]

INTERRUPT
VECTOR TABLE

RESET OFFE
TRAP

* Ml = NOT IMPLEMENTED

LOAD ETTHER
MOTOROLA SFORMAT
OR BINARY FILE CODE

INTO AAM AREA

FROM SC1

END FILE
A

PASS CONTROL
TO RAM PAOGRAM

Fig. 12 Data flow for the internal ROM
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External Pins

OEN Qutput Enable, active low (pin 26)

This signal is used when accessing extarnal memory or other
suitable devices. Driving the Qutput Enable input of external
memory reducesthe possibility of data bus contention conditions.

WEN Write Enable, active low (pin 27)
This output is used to latch data into external memory or other
suitable devices.

Associated Registers

IROM Port 4 bit 1

The ACES050internal ROM (IROM)is mappedtothetop 512
bytes of the address space allowing it to provida intarrupt handler
routines. Upon raset the IROM select is enabled. it can and
shouldbe disabled by software before the interrupts are snabled.

Bit1 Description

IROM Address range FEOQ,-FFFFy:
0 = Extemnal ROM

1 = Intemal ROM (reset state)
Table 24

SLEEFP Port 3 Bit1

If this bit is enabled then the CSEPN will becoma inactive
during periods when the 6303 is in Sleep moda. When the 6303
Sleep mode is activated, the processor puts FFFFy on the
address bus. The Decoder simply does not activate CSEPN for
this address when the SLEEP bit is enablad.

Bit 1 Description

SLEEP Address FFFry:
0 = CSEPN active

= CSEPN inactive
Table 25

4. BUS INTERFACE AND MEMORY BANKING
The Bus interface logic is responsible for the following:

1. Extemal Interface to ACES050 Data and Address buses

2. Creating 2 chip selscts for external memory parallel devices.
3. The logic for the extemal banked addressing

4. Emulation Mode: Extemnal control of intemmal buses

Fig. 13 is the block diagram of the circuit. The ACES050
memory interface can operate at a lower supply voitage than the
restof the chip. This allows the use of low voltage memory parts.
The memory interface pads use a separate supply rail, whichis
connected to Vppwm-

External Pins

EMUL Emulation mode {pin 83) R

This input changes the function of the external data and address
buses. In Emulation mode {(EMUL = 1), the intemal Address and
Data buses are constructed from extemal stimuli and not the
internal 6303.
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INTERNAL
DATA BUS [7:0]
NORMAL: D{7:0) . .
EMUL; %:Dl & ALT:0] INPUT 1D[7:0] (ISABLED IN EMULATION MODE)
ACE9050 6303
TRAMNSPARENT
e LATCH AND KERNEL
NORMAL:NOT USED 3= LATCH ENABLE s AD(15:0
EMUL-AS INPUT l 1 } (ORSABLED IN EMULATION MODE)
' — iAW
AL7:0]
NORMAL: ﬁu:u OUTPUT LJ
EMUL: Al13:8] INPUT
MEAL: NOT USED >
EMJL: A[T5:14] INPUT il
. [15:14] 2
BA[17:14] z MEM -
CSEPN BANK f«— paTA BUS ¥
CSEXN «—-—| SWITCHING INTE ROM INTEANAL
w’}"{ég ADDRESS BUS [15:0]
NORMAL: FUW NOT USED _
EMUL: YW INPUT i
A
INTERNAL,

READ /NOT WRITE

Fig. 13 Data and Address bus configuration

AS Address Strobe (pin 5)

Thisinput isused in Emulation Mode only. Th extemal D [7:0] will
containboth data and the lower 8 bits of the address bus.The Bus
Interface provides the transparent latch required to hold the
value of the address during the latter part of the cycle. The ASis
provided to control the Latch Enable. In a typicat system this will
be directly connected to the emulating 6303 AS cutput.

R/W Read/Not Write (pin 95)

This is an output in Normal mede, but an input in Emulation
Mode. It is the processor Read/Not Write line. The timing of this
output is not guaranteed to be the same as a standard 6303
processar. In Emulation mods it will be directly connected to the
Emulating 6303 /W line.

D [7:0] Data (and Address in Emulation mode) (Pins 18-25)

In Nermal mode these pins provide bidirectional data transfer
between the ACES050 6303 and external memory. In Emulation
mexia thay provide the directional data and the lower 8 bits of the
address bus inta the ACES050.

A [7:0] Lower 8 address bits (Pins 40, 39, 35-30)

These outputs provida the lower 8 bits of the address bus for
external memory. Thisis the case for both Normal and Emulation
modes.

A [13:8] Address Bits 13 to 8 (pins 46-41}

In Normal mode these provide the output of the ACES050
6303 address bus bits 13 to 8, for addressing external devices.
In Emuiation mode, A[13:8] provide input for an extemal 5303
address bus, 1o address the ACES050 functions excluding the
6303. -

A [15:14] Emulation Address bits 15 and 14 {pins 92 and 93)

These inputs are only used in Emulation mode. The
intemal 6303 address A[15:14] are fed to the banked address
logic and not to an external pin. In emulation mode the host
processor must drive the complete 6303 internal address bus
so A[15:14] inputs are provided. The host processor will then
driva the entire internal bus and the bank select register, so
the external memery access will be the same regardiess of
Emulation or Normal mede.

BA [17:14] Banked address (pins 50 to 47)

Tha ACES050 expands the external address bus to 18 bits.
This allows up to 256K of memory space. BA [17:14] are the
outputs from the bank select register. The operation of the
refister is described further in ‘Memory Map and Banked
Addressing’, below.

CSEPN Chip Select (pin 28)

This ocutput provides active low chip select for accessing
external program memory. On reset the entire extemal memory
address spaca is mapped to CSEPN. In the Banked area of the
memory map the programmer can select either CSEPN or
CSE2N access via bit 4 of the Bank Select register.

CSE2N Chip Select (pin 29)

This output provides an active low chip select for accessing
external memory or other suitable device. In the Banked area of
the memory map the programmer can select either CSEFPN or
CSE2N access via bit 4 of the Bank Select register.

Voou Supply to Memory Interface (pin 38)
The power supply pin for the memory interface, Voom.
provides the power supply for the following pads:

A[13:0], BA [17:14], D [7:0], CSEPN, CSE2N, WEN and OEN
Memory Map and Banked Addressing

The ACES050 provides the circuitry to create a banked
addressing systermn which willincreasathe size ofthe programming
space from 16 bit (64K bytes) to 18 bit (256K Bytes) and enable
two Chip Select lines to be programmed. This is achieved using
an intemal register to select the required page of memory and
chip select line. * -

The use of banked addressing ard associated circuitry is not
rmandatory in a system using an ACES050.

When using banked addressing the extemal addresses
generated and thus the system memory map are different from
the 6303 memory map. The banked addressing functions inthe
same manner for both Normal and Emulation mode with &
extemal processor.
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Associated register
BANK_SEL: Bank Select registar (Write only)

Bit | Name Description
[7:5] - Not used
4 CS | Chip Selact:
1=C3E2N
0=CSEPN

3 | BA 17 | Banked Address A17 (see Table 27)

2 |BA 16 | Banked Address A16 (see Table 27}

1 BA 15 | Banked Address AtS (see Table 27)

0 |BA 14 | Banked Address A14 (see Table 27)

Table 26
Bank_Sel Page Base Bank_Sel Page Base
30 Address (Hex) 30 Address (Hex)

0000 00000 1006 20000
0001 04000 10M 24000
0010 08000 1010 28000
0011 0C000 1011 2C000
0100 10000 1100" 30000
0101 14000 101" 34000
0110 18000 140" 38000
0111 1C000 111" 3C000

*Refer to System Memory Map section for more detalls
Table 27

The banking is configured to occupy a 16K byte area of the
processor memory address space. It will thus create 16K byte
pages. This is corfigured in hardware and cannot be attered. it
is achieved by cdecoding the upper 2 bits of the processor
Address bus. if the address is inthe range 8000 to BFFFy which
corresponds to A[15:14] = 10, the bank select circuit is invoked.
The bank addressing circuit only affects the upper four bits of the
external data bus. The top two Al 17:16] are completely new, and
the next two A[15:14} are replacements for the processor A[15:
14] bits. Fig. 14 is a block diagram of the Bank Select circuitry.

18
15
AL CONTROL
AD1S ™ 1=A,0:8
ADT4 -——-—-——»—cj___/ T
=z
Py
»{ 8
M1z MRLIIAD)
MuUX >
15(3:0] || A
1 - v
BANK_SEL | AhT:i4l
104 -
WA= ReGISTER
04 » A
CSEPN
. MUX >
EPRCM »l B
SELECT *

E CSEN

The processor memory map is thus split into two distinct
areas; Non Banked address (Root) and Banked address:

Non Banked address area (Root)

A[17:14]: The address lines A[17:16] are set to 11. The
addresslines A[15:14] areidentical tothecormmesponding processor
address linas. This means the original area of the processor
memory map is mapped to the top of the extamal memory
address space.

CSE2Nisnever active, regardless ofthe valueofthe Bank_Sel
register bit 4. All access will be with CSEPN.

Banked Address area: A[17:14]

These address lines are the same as Bank Sel register bits
[3:0]. The programmaer can in theory select up to 16 pages. This
is discussed in mors detail in Systern Memory Map secticn.
CSE2N: The BANK SEL bit 4 detennines whether this Chip
salect line is enabled or the CSEPN.

Table 28 summarises operation in the two areas.

Address . .
area A[17:16] A[15:14] Chip Select
Non-Banked Setto 11 Same as Always
Micro CSEPN
Banked Bank Select reqister bits [3:0] Bit4
Table 28

Banked Address System Memory Map

The processor and the system memory map becomedifferent
because of the memory banking. The system memory map is
spit inte 16K pages and the original processor Memory map
re-targeted. Refer to Fig. 15.

SYSTEM
ADDRESS
oxXXXX
’{ BANK 1
! BANK 2
;e =-==4
! RANK 3
r F--=---4
I BANK 4
: sl XXX
! BANK §
.’ BANK 8
BANK 7
BANK 8
20X
BANK 9
BANK 10
cet o« f ===
ADDRESS BANK 11
150 - — a—‘“’T -
K 12
{000
REGISTERS AXXA
RAM
1000
8000
BANXED
cooo
FEOQ
erry L200T ROM e ROM
B4X SYSTEM
PROCESSOR MEMORY MAP
MEMORY MAP

Fig. 14 Banked Addressing block diagram
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The page addrassing can access up to 16X 16K pages per
Chip Select line in thecry; howaver the original 6303 memory
map must also reside in the 256K of CSEPN memory space.
This is put to the top of the systerm memary map by the
ACES050 and represents Pages 13 to 16. So, for example,
the 6303 address range C000 to FFFF will access the same
memory jocation as 8000y to BFFFy with the bank selact
register set atOF,,. Thisis useful when programming a FLASH
memory device, but care must be exercised in the addressing
of run time codae. For the top four pages the system designer
must decide whether to access the area via its page address
or its direct (Root) address. For the original 6303 4 pages:

Page 1 (0000-3FFF,) = Page 13 (30000,-33FFFy)
This mustbeusedfor ROOT ROM, as the code will jump
1o 1800, after reset. This means the bottom 6K of the
page (0000.-17FFy) cannot be used unless it is
accassed via its banked address. It does allow the
maximum possible (42K} memaory area to beconfigured
as Non Banked.

Page 2 (40000, 7FFF, = Page 14 (340000,-37FFF )
This page can either be used as Root, or banked.

Page 3 (8000-BFFFy) = Page 15 (38000,-3BFFFy)
This page is banked by definition.

Page 4 (COO0-FFFF.) = Page 16 (30000H-3FFFF)
The final page could either be accessed via it banked
address or Root address, however as this contains the
Interrupts it must be Root.

The designer can also allocate any of these or further
shadowed 16 pages to the CSE2N chip select. It is up to the
systam designer whether to use unique pages for CSE2N or
shadow a ROM (CSEPN) page .

5. INTERRUPTS

The ACE9050 contains one intemalinterrupt port, one external
interrupt port and ene 12C interrupt. This expands the one 6303
maskable interrupt (IRQN) into eight intemal and two external
interrupts. The Interrupt control logic enables masking, reading
and resetting of the potential intermupt sources. Three registers
are associated with each of the two interrupt control ports,
IRQPRT 0, 1 and 2 for intemal and !'RQPAT 4, 5 and 6 for
external interrupts. Each interrupt control port will generate an
intermupt request line, as will the 1°C interrupt. These three lines
are NORed together to produce the 6303 IRQN input. Fig. 161is
a block diagram of the Interrupt Section,

If & source is nct masked an interrupt will be generated and
the corresponding bit setin the Interrupt register. It itis masked
no interrupt will be generated and the correspordineg bit will not
get set in the interrupt register. Once an interrupt is generated,
it can be read in IRQPRTZ, 6 or the 12C section. If beth intemal
andextemalinterrupts are enabledthe processor must read both
IRQPATZ and 6; however, if only external or intemat interrupts
are enabled the software need only read th corresponding
register. To reset the interrupt, a write to IRQPRTQ or 4 is
required with the correspendin bitset to 0. The interrupts sources
are not prioritised in the ACES050. Handling the 12C interrupt is
covered separately in the 12C Interface description, Section 10.

Masking Interrupts

The IRQN input to the 6303 is a level sensitive maskable
interruptline. This means that itis possible to enable and disable
all interrupts from the ACES050 in the 6303. This is useful to
avoid nested interrupt situations.

If several interrupts are unmasked in the ACES0S0, the
interrupt handler routine can disable all interrupt when it is
dealing with an interrupt via the 6303. If ancther valid intarmupt
occurs during this time the IAQN line will be driven low by the
ACES050. When the IRQN is enabled in tha 6303 at the end of
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processing, the first interrupt the 6303 will detect low IRQN line
and re-enter the interrupt handler routine. This wili continue until
all pending intermup have been serviced when the IRQN line will
remain high. |f mora than one pending interrupt occurs the
software can priofitise its response, by the way the interrupt
handler is writtan.

The later interrupts must not be deared in IRQPATQ, 1,4 or
5 by the software until they have been servicad. The ACES050
will not detect more that one pending interrupt from a given
source, |.a.itwill nottall thattwo IRQ-WS have been missad, onty
that an IRQ-WS interrupt has occured.

Internal Interrupt Control Port

The internal interrupt control port facilitates resetting, masking
andreading of seven potantial internal interrupt sources via three
registars. Table 29 describes the possible sources.

Bit Name Description

7 IRG-TX Modem: Data Transmitted

6 IRO-WS |Modem: Received Word synch-

renisation sequence

5 IRQ-BI-SAT | Modam: Busy Idle bit or SAT updated
3 IRQ-BX | Modam: Rx Data registers updated

2 IRQ-REC | ACE Serial Interface Received data

1 IRQ-SEND | ACE Sarial (nterface Sent data

0 IRQ-TO | Time Cut {ATO expired)

Table 28 intemal interrrupt sources

Assoclated Registers (Table 30)

IRQPRTO: Intemal Interrupt Reset Register
Writinga zero in adata bit of this register wifl resetthe
corresponding interrupt source.
IRQPRTI: Intemal Interrupt Mask Register
A write to this register will determine the possible
sourca ofinternupts. Attesetallinterrupts aremasked
IRQPRT2: Intemal Interrupt Read register
A Readfromthis register will determine the interrupts

source.
IRQPRTO
Bit Name Description
[7:0] Reset 0 = Reset
1 = No change
IRQPRT1
[7:0]] Mask 0 = Reset and masked
1 = Enabled
IRGPRT2
[7:51] Source 0 = Interrupt «,
1 = No Interrupt
4 - Should be masked
f3:01 Source 0 = Interrupt
1 = No Interrupt
Table 30
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Fig. 16 ACES050 Interrupt configuration

External Interrupt Control Port

The extemalinterruptcontrol portfacilitates resetting, masking
and reading of two potential extemal interrupt sourcaswvia three
registers. The external interrupt inputs are edge sensitiva, Table
31 describes the possible sources

Bit | Name Descn'ptio;'l

1 HNRQ1| External Interrupt 1 (INRG 1)
o |INRQO} External Interrupt @ (INRQ [0])

Table 31

External pins
INRQG (pin 71}

A fising edge (zero to one transition) on this line will generate
an INRQQ interrupt if the associated bitin the mask register is set
to 1. The lavel of this input can also be read via Port1 bit 0
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regardless of whether an interrupt is generated.
INRQ1 (pin 70)

A rising edge (zero to one transition) on this line will generate
an INRQ1 interrupt if the associated bitin the mask register is set
to 1. The leval of this input can also ba read via Portl bit 1
regardless of whether an interrupt is generated.

Assoclated Registers (Table 32)Bit7: 0

IRQPRT4: External Interrupt Reset Register. A write to this
register will reset the interrupts corresponding to 0 written inthe
data field.

[RQPRTS5: Extemal !nterrupt Mask Register. A write to this
register will determine the possible source of interrupts. After
reset all interrupts are masked. ..

IRQPRTS: External Interrupt Read register. A Read from this
registar will determine the interrupts source.



Bit Name Description

[1:0] Reset IRGPRT4

0 = Reset

1 = No change
IRQPRTS

0 = Masked

1 = Enabled
IRQPRTG

0 = Interrupted

[1:0] Mask

[1: 5] Read

1 = Not Interrupted
Table 32

6. EXTERNAL PORTS AND MULTIPLEXER

The ACES050 contains 2 external ports, addition to the 6303
Port1 and Port2 which a describad in section 1 *‘ACES0506303R
Description’. One of the ports is an input register (IN_PORT1),
the other an output (OUT_PORT2). Both are 8-bit, but net all bits
are accessible from outside the ACES050.

Two bits from OUT_PORT2 are fed to a muttiplexer. This
enables multiple functions to share the same extemal pin, thus
reducing the overall pin count. The functions multiplexed with the
portare the Pulse Width Modulators and the ACE sarial Interface
Latch?. Selection is made via the ACES050 control Port 5.

Further /O capability can be abtained by using the Keypad
imerface as standard ports. This is described in the ‘Keypad
Interface' section of the data sheet.

External Pins
INPUTS

INRG1, INRQO: External Port and Interrupt Input (pins 70 & 71}

The logic tevel of these extemal inputs are read via
IN_ PORT1[1:0], regardless of whether these inputs are
configured to generate interrupts or not.

INP1[4], INP1(3], INP1[2]: Extemal Port Inputs (pins 54,53,52)
Uncommitted input. The logic level of these pins can be read
via IN_PORT1[4:2.

SERY: Service Input (pin 74}

The state of the mode select line SEAV can be read by
software via IN_PORT1. The function of SERV is described in
‘Modes Of Operaticn' section.

TXPOW: Power Detect input (pin 61)

The TXPCW input goes to the Watchdog and ATO block,
refer to ‘Autonomous Timeout' section for more details. The state
of the input can be read via IN_PORT1.

OUTPUTS

OUTP2 [0)/CPUCL OUT_PORT2[0] or CPUCL Clock (pin 94)
When the CPUCL Clock Qutput is disabled in the Clock

Generator this pin-is driven by the QUT_PORT2 [0]. Refer to

‘Clock Generator saction for details of the CPUCL function.

QUTP2 [1YFPWM1 (pin 98)
This pin can be either be driven from OUT_PORT2[1] or the
Pulse Width Modutator 1. The selection is made via Pont5{0].

QUTP2 [2JPWM2/Latch2 {pin 81)
This pin can be driven from: OUT_PORT 2[2], Pulse Width

Modulator 2 or ACE Serial Interface Latch2. The selection is
made via Port 5[5:4].
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OUT 2[6] {pin 76), OUT2{7] (pin 79)

Output pins High Current inverting autput pins. May be used for
LED or backlight drivers. Their state is setup via QUT_PORT2.
Upon resetQUT_PORT 2[7:6] are resetlow. Due tothe inverting
nature of the outputs this means OUT 2[7] and QUT 2[6] are high.

Associated Reglsters
{N_PORT1: ACEQ050 nput Port: Read Only

Bit Name Description

7 POWDET |{ Logic Level of TXPOW Input pin
6 SERV Logic Level of SERV Input pin

5 - Read back as 0

4 INP1[4] | Logic Level of INP1 [4] pin

3 INP1[3] | Logic Level of INP1 [3] pin

2 INP1{2] Logic Level of INP1 [2] pin

1 INRQ1 Logic Level of INRQ1 pin

¢ INRQO Logic Level of INRQO pin

Table 3.3

OUT_PORT2: ACES050 Qutput Port Read and Write

o
e

Name Pescription

OUTP2 {7 | High Current Inverting O/P"

QUTP2 [6] | High Current Inverting O/P”

QUTP2 [5] | Set to 0: Not used

QUTP2 [4] | Set to 0: Not used

CUTP2 [3] | Set to 0: Not used

OUTP2 [21 | O/Ptomuitiplexer with PWM2 and Latch2)
OUTPZ [1] | O/P to multiplexer (with PWM1)

O/P when CPUCL disabled

[ TR IR TN 4y B ) B

*On reset, these bits are set low and the corresponding output pins
driven high. Table 34

PORTS [5:4]: CUTP2.2_SEL

Bit5 | Bit5 | OUTP2 [2]/PWM2/LATCH2 pin tunction
0 0 OUT_PORTZ (2] (Reset stata)
[} 1 Puise width modulator 2
1 0 ACE Seral Interface Latch 2
1 1 Not valid
Table 35

PORTS [0: PWM 1 MUX

Bit0 OuUT2 [1)/PWMT1 pin function

0 Pulsa width modulator 1
1| OUT_PORT2 (1] (Resst state)

Tabie 36
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7. CLOCK GENERATOR

The AC9050 pravides a clock generator with crystal oscillator
circuit, This circuit generates all of the chip clock frequencies to
which the logic is synchronised, in Normal mode ail the clocks
are generated from one extemal source. In Emulation mode the
Master clock is the ECLK which becomes an input.

For AMP and TACS mobile handset applications the input
fraquency must be 8-064MHz. In Emulation Mode an input
frequency of 1-008MHz, or 2-016MHz in Turbo mede, is raquired
on the ECLK pin. Note that, although the ACES050 will operate
with lower frequencies, the radio functions such as the Modem
would not then function correctly in a radio system.

The clock generator has a built-in oscillator which requires an
extemal crystal. Atematively, the oscillalor can be powered
down and either a 800mv peak-to-peak AC-coupled sinewave or
a CMOS logic level applied to XIN may be used. if the ACE2030
is being used this provides a suitable output via CLKS; AC
coupling must be used.

The main internal clock (1-008MHz) is derived from the CPU
clock, or ECLK. This can either be 1-008 MHz or 2.016 MHz in
Turbomode. In Turbomode ECLK is dividedby 2o generata the
main 1-008MHz clock. This gives correct functionality when in
Emulation mode, where the ECLK frequency is generated
extamally.

The clock generator produces a clock bus with all of the
intamal clock frequencies required by the ACES050. Various
frequencies are also available externally . If an extemal crystal is
used with the Crystal Oscillator, Fig. 17 shows the extemal
components required. Careful layout rules should be appiied to
the extemal Crystal Circuit design. These inctude mounting the
components as dosa as possible to the ACEZ050 and avoiding
running signal lines close to the oscillator circuit,

A1 =470k to 1IMQ
C1, C2 = 22pF typical
{Refer to AC
Characteristics)

_L o XN
X1 mU
l———L—lc: xouT

<1 -_C2

Fig. 17 External crystal components
External Pins

CPUCL 8-064 MHz Output {pin 84)

This output is the buffered crystal or clock input frequency.
Attar reset it is disabled, but can be enabled by software. Refer
to Associated Registers.

C1008 1-008 MHz Qutput {pin 80)

This output is the main clock divided by eight. it must always
be 1.008 MHz in a mobile phone application using the ACE
chipset. Itis intended to drive the ACE Sedal interface clock. Itis
enabled after reset, but can be disabled by software.

ECLK Processor Clock {pin 99)

Thigis the processor clock. It is an cutputin Normal mode, but
aninputin Emutation. The frequency is 1.008MHz, or 2.01 6MHz
in Turbo mode.

XIN Crystal or External source (pin 2)
Input Crystal or extemal source input. External source must
be AC-coupied or CMOS levels.

XOUT Crystal Cutput (pin 3) :

Ifan external crystalis used connect between XIN and XOUT.
Ifan external sourceis used this output should be left unconnected.
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Associated Registers

Description

TURBO: Port 4 bit 3

0 = 1-008MHz (Reset state}

1 = 2.016MHz (Turbo}
ENSIS: Port 3 bit 2

0 = CPUCL pin: QUT2 [0] (Reset state)

1 = CPUCL pin: 8.064MHz
CLKENAB: Port 5 bit 1

0=C1008 pin =0

1 = C1008 pin = 1-00BMHz {Reset state)
XOSC PD: Port 5 bit6

0 = Oscillator active (Reset state)

1 = Osdillator power down

Table 37
8. BAUD RATE GENERATOR

The Baud Rate Generator provides standard baud rate
clocks for the SCl in the 6303 block. Itis intemally connected to
the 6303 Port2 bit 2. For Emulation mode the Baud Rate
generatorclock outputis available to drive the shadow 6303. The
Baud rate clock output is 8 times the baud rate. This is the
requirement for a standard 6303. Baud rates available are
shown in Table 38.

Far higher baud rates a 6303 transfer rate can be selectedin
the TRCSH register. As thess are referenced to the ECLK they
will be non-standard rates.

External Pins
BAUDCLK: Baud rate clock cutput. (pin 6}

This cutput is 8Xthe baud rata. It is used in emutation mode
only by the shadow 6303.

Assoclated Registers
BRG: Baud rate Select port - Write only

Bits Description

[7: 3]
Yoo | Unused

{2: o1
000 { 600 Baud (FReset state)
001 1200 Baud
010 | 2400 Baud
011 4800 Baud
100 | 9600 Baud

Table 38

9. EXTERNAL RESET AND WATCHDOG FUNCTION

The ACES050 contains a Master reset circuit. Upon a reset
being applied, ali the circuits are reset and the registers putinto
a known state. These are detailed in Tables 8 and 9 for the
ACES050 and 6303 registers respectiveiy. The mode selection
of the 6303 also occurs automnatically upon Master reset. An
extemnal output (EXRESN]) is also asynchronously driven low.
The Master reset circuit is activated by one of two means:

{a) The extermnal pin MRN (Master Resat) being driven low.
(b) Watchdog Time out.

The Watchdog dircuit provides an autormatic means to reset
the processor if it gets stuck in an infinite loop, which wolld be



caused by the software code entaring anillagal state. This could
be dus o an incorrect sequence being entered by the userora
glitch on either the data or address bus causing the wrong
instruction o be executed.

The Watchdog is a 4-second countarwhichis always counting
and when it overfiows a system reset is generated. This will reset
the ACES050 and drive the extemal reset low for 100ms. 1t will
not reset POFFN, so tha phone will not tum off. Refer to the
‘Autonomous Time Out (ATO) section for more details. To
preventthe system resetthe Watchdog counter mustbe clearad.
This will prevent the system reset for 4 seconds. The follawing
actions clear the Watchdog counter:

1. Insen.ricemodemeoounterispemmwnﬁydeared,prevanﬁng
the system reset. '

5. MRN low clears the Watchdog counter. The counter thus
starts whan MBN goes high.

3. The processor making a write access to the Watchdog
reqister.

Thus in nomal operation the scftware code must be sure to
access the Watchdog register once every 4 seconds to prevent
a reset.

External Pins

MRN Master Reset {pin 91)

This activalowinputcompletety resets the ACES050 Inte~rated
circuit. It prevents the Watchdog timer from counting. The
ACES0O50 will be reset for the duration of the MRN puise plus an
additional 100ms. The clock must be running for the device to
reset correctly.

EXRESN Extemal Reset {pin 89}

This active low output is provided for an external reset
function. It is active for a minimum of 1¢0ms in the case ofa
Watchdog reset. Inthe casa of a MRN reset EXRESN will be low
for the duration of MRN being ow pius an additional 100ms, as
shown in Fig. 18.

MRN P | : l
EXRESN O/P

100

t

Fig. 18 EXAESN resat
Associated Registers

REWD
A write access to this address will dear the watchdog 4-
second counter.

10. PC INTERFACE

General
The AGES0Q50 2C provides an interface between an 2Cbus
anda microprocessor. Details of the 12C bus specification can be
found in the Philips Components Technical Handbook.
Thel2C bus allows integrated circuits tocommunicate directly
with each cther via a bidirectional 2-wire bus. Interfacing the

ACES050

davices in an 12C system is very simple bacause thay connect
diractly to the two bus lines: a senal data line (SDA) and a serial
clock line (SCL). A prototype system or final product version can
easily be modified by ‘clipping' or ‘unclipping’ ICs to or from the
bus. The 1C Is a reliable, muiti-Master bus with integrated
addressing and data transfer protocols. The multi-Master
capability of the [°C is veryimportant, although many designs do
not require it.

Both lines of the 12C bus are connected to a positive supply
via a pull-up resistor, and remain high when the bus is not
busy. Each device is racognised by a unique address, and
can operate as either a transmitter or a receivet, depending
upon the function of the davice.

When a data transfer takes place on the bus, a device can
either be a Master or a Slave. The device which initiates the
transfer, and generates the clock signals for this transfer, is
the Master. At that time, any device addressed is considered
to be a Slave. Itis important to note that a Master could sither
be a transmittar or a receiver; a Master microcontroller may
send data to an EEPROM acting as a transmitter, and then
intarrogate the EERPROM forits contents acting as a receiver,
in both cases performing as the Master initiating the transfer.
In the same manner, a Slave could be both a receiver and a
transmitter.

One data bit is transferred during each clock pulse. The
data on the SDA line must remain stable during the high
period of the clock pulse in order to be valid. Changes in the
data line at this ime will be interpreted as control signals. A
high to low transition of SDA with SCL high indicates a Start
condition, and a low to high transition of SDA whilst SCL is
high defines a Stop condition. The bus is considered to be
busy after a Start condition and free at a certain time interval
after a Stop condition. These conditions are always generated
by tha Master.

Each byte is transmitted seriaily with the MSB first. The
byte is 8 bits long iollowed by an acknowiedge bit. The clock
pulse related to the acknowledge bit is generated by the
Master. The device acknowledging must pull down the SDA
line during this clock pulse, whilst the transmitting device
releasas the SDA line (pulled high) during this pulse. A Slave
receiver must generate an acknowledge after the reception of
each byta. If the receiving device cannct receive the data byte
immediately, it can force the transmitter to wait by holding the
SCL line low.

Each device on the bus has its own unique address. The
address of the microcontoller is fully programmable whereas
petipheral devices usually have fixed and programmable
portions. Before any data is transmitted on the bus, the
Master transmits on the bus the address of the Siave to be
accassed. The Slave should acknowledge the Master's
addressing. The addressingisdone bythe firstbyte transrnitted
by the Master after the start conditicn. ’

Anaddress on the network is seven bits long, appearingas
the most significant bits of the address byte. The lastbitis a
direction (R/W) bit, with a 0 indicating that the Master is
transmitting (WRITE) and a 1 indicates that the Master is
requesting data (READ). When an address is sent, each
device on the system compares the address with its own. if
there is a match the device will consider itself addressed and
send an acknowledge.

In addition to the above ‘standard’ addressing, the 12C bus
protocol allows for ‘general call addressing and intetfacing to
CBUS devices. Fig. 19 shows acomplatedatatransfer, comprised
of an addrassbyte indicating a WRITE and two databytes. ltalso
indicates the Start and Stop conditions .
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Fig.19 i1°C Data transfer

ACE050 FC
The ACE050 12C can operate in one of four modes:

1. Master Transmit
2. Master Receive
3. Slave Transmit
4, Slave Recaive

The ACES050 can operate in multi-Master systemns (where
there is more than Master on the bus). The ACES050 RC will
perform bus arbitration and clock synchronisation. in a mobile
handset where the 2C is used to interface to a serial PROM and/
or an LCD display it would be sufficientto have the ACE205C as
the sole Master.

The 12C interfaca consists of the SCL (clock) and SDA (data)
lines. These are multiplexed with the 6303 bidirectional Porti
pins to reduce the overall pin count. Selection is made via the
ACES0S50 Port5.

Theinternal 6303 microprocassor interface consists of five 8-
bit memory mapped registers and a processor interruptline. The
interrupt is connected to the 6303 IRQN interrupt, as are the
ACES050 internal and extemal interrupt ports.

External Pins

SCL/6303 Port 1 [4] (pin 9)

Bi-directional pin, used for the RC clock when selected. This
pin requires an extemal pull up resistor when used as SCL.. The
value of the pull up resistor depends on the system and FC bus
implementation. Refer to the BC bus specification. in a typical
systern the resistor value would fall between 1kQ and 20kQ.

SDA/6303 Port 1 [3} (pin 13)

Bidirectional pin, used forthe [2C data when selected. This pin
requires an extemal pull up resistor when used as SDA. The
value of the resistor should be the same as the SCL line.

Associated Registers
SEL_12CPort5bit2

Bit § Name Description

2 [SEL_12C] 0 = 13C Reset, P1 [4] and [3] selected
1 = IPC operational, SCL and SDA selected

Table 39

12C_CNTR Control Register Read/Write
This registeris used to control tha ACEZ050 I2C. The program
can wiite and read from the reqgister. The hardware can also
changa the status of the bits in this register (see Tabie 40).
Note that this register is cleared to 00, when the I2C is reset.

IEN interrupt Enabie

When [EN is setto 1 an interrupt will occur when the IFLG bit
is set. This will cause an interrupt on the 6303 |IRQ. When IEN s
cleared to zero the I2C intemupt will be disabled.

26

Position Bit Description
b7 1IEN Interrupt Enable
D6 ENAB | Bus Enabla
D5 STA Master Mode Stant
D4 STP Master Mode Stop
D3 IFLG Interrupt Flag
D2 AAK Assert Acknowledge
DA - Read back only: 0
Do - Read back only: 0

Table 40

ENAB Bus Enable

When ENAB = 1 the ACES050 BC will respond to calls to its
Slave address (SLAB-0} and to the general call address if bit
GCE in the {2C_ADDR reqgister is set.

STA Start Master Mode

When STA =1 the ACES050 12C enters Master mode and will
send a STAHAT condition on the bus when the bus is free. If the
STAbitis setto 1 when already in Master mode and one or more
bytes have been transmitted then a repeated START condition
will be sent. If the STA bit is set to 1 when the ACER050 1°C is
being accessed in Slave mode then the ACE3S050 I°C will
complete the data transfer in Slave mode and then enter Master
mode when the bus has been released.

After the START condition has been sent this bit will be
automnatically cleared.

STP Stop Master Mode

When STPis setto 1 in Master mods then a STOP condition
is transmitted on the C bus. If the STP bit is set to 1 in Slave
mods then the ACES0S0 2C will behave asif a STOP condition
has been received, but no STOP condition will be transmitted on
the 12C bus. If both STA and STP bits are set the ACES050 12C
will first transmit the STOP condition (if in Master mode) then
transmit the START condition. The STP bit is automatically
cleared: writing a zero to this bit has no effect.

IFLG Interrupt Flag

This bit gets set if an interrupt condition cceurs in the 12C;
howavar aninterrupt will only be generatedif the Interrupt Enable
(IEN) is set. 4

An interrupt condition is defined as one of 26 of the possible
27 ACES050 12C states being entered. The only state that does
not set IFLG is state F8y. Refer to STAT register for more
information on the PC states.

When IFLG s high then the low petiod of the [2C bus clockline,
SCL, is stretched and the data transter is suspoended.

When IFLG is reset to zero the interrupt s reset and the IFC
clock line released.



AAK Assert Acknowledge.

This bit is used to determine whether an Acknowledge bit is
sent whan the I°C Receives data. it also indicates the last byte
to transmit whan the 12C is in Slave Transmit mode.

AAK is set to one: An acknowledge (tow level on SDA) will be
sert during the acknowledge clock pulse on the FC bus when:

1. The Slave address has been received.

2. The general call address has been received and the GCE bit
in tha RC ADDR registers set to one.

3, A data byte has been received in Master or Slave mode.

AAK Is cleared to zero: When a data byte is received a Not
Acknowledge (high leve! on SDA) will be sent, bothin Masterand
Slave modes.

Inthe Slave Transmitter mode then the byte inthe I2C_DATA
register is assumed to be the ‘last byte’. After this byte has been
transmitted tha EC will enter state CBy then retumn to the idle
state.

12C_STAT Status Register Read
This read only register contains a 5-bit status code, as shown
in Table 41.
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Bit | Name Description

[7:3)|STATUS]| State code
[2:0] - Flead back as zero

Table 41

There are 27 possible status codes. When 12C_STAT
contains the status code F8y, no relevant status information is
available and the IFLG bitin the 12C_CNTR register is not set.
All other status codes corraspond to a defined state of the
ACEDOS0 12C. When each of these states Is entered the
corresponding status code appsars in this register and the
IFLG bit in the 12G_CNTR register is set.

when the IFLG bit is clearad the status code returns 1o
F8,. The 27 possible status codes shown in Table 42

It an illegal condition occurs on the j2C bus then the bus
error state is entered, status code 00,. To recover from this
state the STP bit in the 12C_CNTR register must be set and
the IFLG bit cleared. The BC will then return to the idie state,
no STOP condition will ba transmitted on the 2C bus..

Code (Hex} Status
00 Bus error
08 START condition transmitted
10 Repeat START condition transmitted
18 Address + write bit transmitted, ACK received
20 Address + write bit ransmitted, ACK not received
28 Data byte transmitted in master mode, ACK received
30 Data byte transmitted in master mode, ACK not raceived
38 Arbitration lost in address or data byte
40 Address + read bit transmitted, ACK received
43 Address + read bit transmitted, ACK not transmitted
80 Data byte received in master mode, ACK transmitted
58 Data byte received in master mode, Not ACK transmitted
60 Slave address + write bit received, ACK transmitted
68 Arbitration lost in address as master, slave address + wirite bit recaived, ACK transmitted
70 General call address received, ACK transmitted
78 Arbitration lost in address as master, General call address recaived, ACK transmitted
8O Data byte received after slave address received, ACK transmitted
88 Data byte received after slave address recaived, Mot ACK transmitted
80 Data byte received after General Call recaived, ACK transmitted
98 Data byte received after General Call received, Not ACK transmitted
AQ STOP or repeat START condition received in slave mode
A8 Slave address + read bit received, ACK transmitted
BO Arbitration lost in address as master, slave address + read bit received, ACK transmitted
88 Data byte transmitted in slave mode, ACK received
co Data byte transmitted in slave mode, ACK not raceived
cs Last byte transmitted in slave mode, ACK received
F8 - No relevant status information, IFLG =0

Table 42 Possible values of I2C_STAT Register 4
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12C_CCR Clock Control Reglster: Write

This register is write only, the seven LSBs control the dlock
frequency on the 1°C bus when in master mode. The register is
cleared to 0 when the 12C is raset.

Position Bit
D7 -
D6 m3
Ds m2
4 m1
D3 m)
D2 n2
D1 ni
Do n0

Table 43

The frequency of the SCL cloek is given by:
fei

f = — .
T X (m )X

Where:
fscL is the 12C bus clock frequency,
foux Is 8:084 MHz,
m is the value stored in CCR D[6: 3] and
n is the value stored in CCR D[2:0]

12C_ADDR Slave Address: Read/Write

This register sets the slave address ofthe ACE9050*C. This
is only valid when the I°C is in Slave mode, allowing the system
designer to select the required Slave address and prevent
contentions. The register is cleared to 0 when the ACES05Q 1*C
is reset.

Position Bit Description

D7 SLAGS | Slave address 1st bit

D6 SLAS | Slave address 2nd bit

D5 SLA4 | Stave address 3rd bit

D4 SLA3 | Slave address 4th bit

D3 SLA2 | Slave address 5th bit

D2 SLA1 | Slave address 6th bit

D1 SLAQ | Slave address 7th bit

Do GCE | General Call address enable

Table 44

SLAG - SLAQ sets tha 7-bit address. SLAG corresponds to the
first bit received from tha 12C bus after a start condition, When the
ACEQ050 2C receives this address after a START condition it
will enter Slave mode. if GCE is set to one then the 12C will also
recogonise the General Cali Address.(004).

12C_DATA Data Register: Read/Write
This registertontains the data byte to be transmitted or the
data byte which has just been received.

Bits Name Description
[7:0] Read RXData Data received
[7:0] Write TXData Data to transmit
Table 45
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In transmit mode the byte is sent MSB first, in recetve mode
the first bit recelved will be in the MSB of the register. Aftar each
byte is transmitted this register will cortain the byte that was
actually present on tha bus. Therefore in the case of lost
arbitration this register will contain the received byte.

Cleck Synchronisation

if another device on the I2C bus drives the clock line when the
ACE9050I12C isin master mode the ACES050 2C will synchronise
its clock to the 12C bus clock. The high period of the clock will be
determined by tha device that generates the shortest high clock
period. The low period of the clock will be determined by the
davice that generates the longest low clock pericd.

A slave may stretch the low period of the dock to sfow down
the bus Master. The low period may also be stretched for
handshaking purposes. This can be done after each bit transfer
or each byte transtar. The ACE9050 I12C will stretch the clock
after each byte transfer until the IFLG bit in the I2C_CNTR
register is cleared.

Bus Arbitration

In master mode the ACES050 1BC will check that sach
transmitted logic 1 appears onthe I?Cbus as a logic 1. f ancther
device on the bus overrules and pulls the SDA line low arbitration
is lost. If arbitration is lost during the transmission of a data byte
ora not acknowledged bitis received the ACES050 12C will retum
to tha idle state. If arbitration is lost during the transmission of an
address the ACES050 12C will switch to slave mode sothatitcan
recognise its own slave address or the general call address.

Bus and Internal Clock Speeds

‘The 12C bus is defined for bus clock speeds up to 100k bits/
s. The clock speed generated by the ACE050 12C in master
mede is determined by the I2C_CCR register.

All signals within the ACEZJ050 12C are synchronised to an
internal main clock (MCLK).

The frequency of this clock is given by:

fex
(m+1)

fuex =

where:
tucik is the MCLK (main clock) clock frequency,
teux Is 8-064 MHz and
m is the value stored in 12C_CCR D[6: 3]

It the ACES050 I2C is used in systems where there are
other masters on the IC bus then the frequency of MCLK
shouid not be less than 500 kHz to prevent the ACES050
12C from missing a START condition sent by ancther
master. .

Maodes of Operation

The following section details the operation of the
AGES050 12C in the four possible modes of 12C transfer,
namely: Master Transmit, Master Receive, Slave Transmit
and Slave Receive.

Master Transmit Y

in the master transmit mode the ACESQ50 1?C will
transmit a number of bytes to a slave receivar. Before the
master transmit mode can be entared tha I2ZC_CNTR
register should ba initialised as shown in Table 46, where
X is either 0 or 1.



Position Bit State
D7 IEN X
D6 ENAB 1
D5 STA 0
D4 STP 0
D3 IFLG 0
87 AAK X
D1 - 0
Do - 0

Table 46

1. Transmit Start Condition. The master transmit mode is
entered by setting the STA bittoone. The ACES050 12C will then
testthe RC bus andwill transmita START condition when the bus
is free. When a START condition has been transmitted the IFLG
it will be set and the status coda inthe STAT register will be 08y,

ACESQ30

If a repeated START condion has been transmitted then the
status code will be 10y instead of 08y,

2. Transmit Slave Address and Write The 12C_DATA register
should now be loaded, with the address of the slava to be written
toin bits[7:1] and bif0] cleared to zeroto specify Write. The IFLG
bit should now be cleared to zero before the transfer can
continue. When the slave address and wrile bit have been
transmitted and an acknowiedaqe bit received the IFLG willbe set
again. A number of status codes are now possible in the STAT
register, as shown in Tables 47 and 48,

9. Transmit Data if the code 18, or 20y has been dstected inthe
STAT, the next byte tobe placed in the 12C_DATA register is the
first data byte, or a word address in the casa of some memory
devices. The IFLG can then be cleared. After each additional
data byte has been transmitted the IFLG will be set and one of
three status codes will be in the START register, as shawn in
Tables 49 and 50.

Code ACES050 1°C state Micro response Next IC action
184 Addr and Write transmitted, ACK received (a) WriteDATA, dlear IFLG Transmit data byte,receive ACK
{b) Set STA, dear IFLG Transmit repeated START
(c) Set STP, dear IFLG Transmit STOP
{d) Set STA and STP, dear IFLG Transmit STOP then START
204 Addr and Wiite transmitted, ACK not received | As for code 184 As for code 18y

Table 47 Possible siatus codes after Slave address has been transmitted with the ACEZOS0 as the only bus Master

Code ACES050 I1°C state Micro response Next I°C action
3By Arbitration lost {a) Clear IFLG Retum to idle.
{b) Set STA, dear IFLG Transmit START when bus frea.

68y Arbitration lost, Slave Addr and

Clear IFLG: AAK =0

Receivedatabyte, transmit Not ACK

Write received: ACK transmitted

Clear IFLG: AAK =1

Receive data byte, transmit ACK

78y Arbitration lost, GCA, ACK transmitted

As for code 68y

As for code 68y

B0y Arbitration lost, Slave Addr and

Write byte to DATA, clear IFLG, AAK =0 Transmit last byte, receive ACK

Read received: ACK transmitted

Wiite byte to DATA, clear IFLG, AAK =1 Transmit data byte, receive ACK

Table 48 Fossible status codes after Slave address has been transmitted with Multiple Sus Masters

Code ACE9050 I12C state

Micro response Next [2C action

28, Data byte transmitted, ACK received

{a) Write byte to DATA, clear IFLG] Transmit data byte,receive ACK
{b) Set STA, clear IFLG

Transmit repeated STAHT

(c) Set STP, clear IFLG Transmit STOP
(d) Set STA and STP, clear IFLG | Transmit START then STOP
30y Data byte transmitted, ACK not received - | As for code 28y As for code 28y

Table 49 Possible status codes after Data has been transmitted with the ACES050 as the only bus Master

I

Code ACES050 [°C state

T

Micro response Next I’C action

38y Arbitration lost

(a) Clear IFLG
(b) Set STA, clear IFLG

Retum to idle
Transmit START when bus free

Tabile 50 Fossibie extra status codes affer Data has been transmitied with multiple bus Masters
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4, Transmit Stop When all bytes have beentransmitted the STP
bit should be set. The ACES050 2C will then transmit a STOP
condition, clearthe STP bitand return to the idie state. If the Slave
receiver cannot receive any mora data it mustindicate this tothe
Master by generating the Not Acknowledged condition.

Master Receive

In the Master receive mode the ACEZ050 2C will receive a
number of bytes from a Slave transmitter. The sequencs is not
dissimilar to that for Transmit. For some memory devices a
‘dummy writa' may be required to transmit the word address
before tha read cperation.

Before the master receiver mode can be entered the
12C_CNTR register should be initialised as for entering master
transmit mode.

1. Transmit Start Condition The master receive mode is
entered by setting the STA bitto one. The ACES050 2C will then
testthe RC bus and willtransmita START condition whenthe bus
is free. Afterthe START condition has been transmitted the IFLG

bit will be set and status code 08y will be in the 12C_STAT
register. If a repeated START condition has been transmitted
then the status code will be 10y, instead of 08, ,

2. Transmit Slave address and Read The 12C_DATA rogister
should be loaded with the address of the Slave in bits[7:1] and
bit{0] setto 1 ta specify read. Tha {FLG bit should now be cleared
to O before the transfar can continue. When the Slave address
and read bit have been transmitted and an acknowledge bit
received, the IFLG bit will be set again. A number of status codas
are possible in the STAT register; these are shown in Tables 51
and 52.

3. Receive Data If the code 404 has been detected it can be
assurmnaed that a Slave has detected its address and when the
IFLG is cleared tha ACES050 will begin to clock in valid data
on the SDA line. After each data byte has been received the
IFLG will be set, and require clearing. One of three status
codes wil bein the |12C_STAT register, as shown in Tables 53
and 54.

Code ACES050 I°C state Micro response Next [2C action
40, Addr and Read transmitted, ACK received | Clear IFLG, AAK =0 Receive Data byte, transmit Not ACK
Clear IFLG, AAK = 1 Receive Data byte, transmit ACK
48, Addr and Write transmitted, ACK not received | (a) Set STA, clear IFLG Transmit repeated START
(b} Set STP, clear IFLG Transmit STOP
(b) Set STA and STP, dear IFLG | Transmit STOP then START
Table 51 Possible status codes after Slave address has been transmitted with the ACES050 as the only bus Master
Code ACES050 I°C state Micro response Next I2C action
38y As for Master transmit As for Master transmit As for Master transmit
68y
78y
B0y
Table 52 Possible extra status codes after Slave address has been transmitted with muftiple bus Masters
Code ACES050 I2C state Micro response Next I2C action
504 Data byte received, ACK transmitted Read Data, clear IFLG, AAK =0 ReceiveData byte, transmit NotACK
Read Data, dlear IFLG, AAK =1 Receive Data byte, transmit ACK
584 Data byte received, Not ACK transmitted | (a) Read Data, set STA, clear IFLG Transmit repeated START
{b) Read Data, set STP, clear IFLG Transmit STOP
(b) Read Data, set STA and STP, Transmit STOP then START
clear IFLG
Table 53 Possible stalus codes alfter Data has been received in mulfti-Master system
Code ACE3050 12C state Micro response Next I°C action
38y Arbitration lost As for Master transmit As for Master transmit
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Table 54 Possible status codes after Data has been received in multi-Master system




4. Transmit Stop Whan the Master has finished receiving data
it must signal the end of data to the Slave transmifter by
generating a not acknowiedge on the last byta that was clocked
outbythe Slave. The Stave transmitter must release the dataline
to aliow the Master to generate the STOP condition. When ail
bytes have been received the 1I2C_STAT register should retum
a 58,. The microcontroller is then free tc set the STP bit. The
ACED050 [2Cwill transmit a STOP condition, clear the STF bit
and retum to the idle state.

Slave Transmit

Inthe Slave transmit mode a number of bytes are transmitted
to a Master receiver, The Slava transmitter has control of the
SDA line and must ensure the bits are corectly acknowledged.
Before the Slave transmit mode can be entered the CNTR
register should be initialised as shown in Table S5, where X is
either 0 or 1.

Position Bit State
D7 IEN X
D6 ENAB 1
D5 STA 0
D4 sSTP 0
D3 IFLG 0
D2 AAK 1
M - o]
(1] - 0

Table 55

1. Entering Stave Transmit Mode The ACES050 I>C will enter
Slave transmit mode when it receives its own Slave address
(SLAG-D) and the readbit (bit 0 = 1) after a START condition. The
ACES050 [RC will then transmit an acknowledge bit and sat the
IFL@G bit in the 12C_CNTR register and status code A8y (Slave
address and read bit received, ACK transmitted) will be in the
12C_STAT register.

Slave transmit mode c¢an also be entered directly from a
Master mode if arbitration was lost in Master mode during the
address byte, and tha Slave address and read bitwere received.
The status code in the 1I2C_STAT register will then be BOy.

2. Sending Data The data byte to be transmitted shauld then be
loaded into the I2C_DATA register and the IFLG cleared. When
the ACES050 1%C has transmitted the byte and recsived an
acknowledge tha IFLG will be set and the STAT register will
contain B8y,.

3. Completing Transfer Slave Termination Whenthelastbyte
to be transmitted is loaded into the DATA register the AAK bit
should be cleared when, or immediately before the IFLG is
cleared. After that last bit has been transmitted the IFLG will be
set as usual but tha STAT should contain C8,.

" When this IFLG flag is cleared the ACES050 PC will then
retum o the idle state. The AAK bit must be set to one before
Slave mode can be entered again. ’

4. Master Termination If no acknowledge is received after
transmitting any byte: the SDA line is released to allow the
Master to generate, the Stop condition IFLG will be set and the
STAT ragister will contain CQyy. When the IFLG is cleared the
ACES050 2C will retumn to the idle state. i the STOP condition
is detected after an acknowledge bit then the ACES050 1C will
retum to the idle state.

ACES050

Slave Receive

in the Slave recsive moda a number of data bytes are
received from a Master transmitter. Befora the Slave receive
mode can be enterad tha CNTR register should be initialised as
for Slave transmit mode.

1. Entering Slave Receive Mode The ACEZ050 12C will enter
Slave receive mode when it receives its own Slave address
(SLAB-0) and the writa bit (bit=0) afterthe START condition. The
ACES050 BC will then transmit an acknowledge bit and sat the
IFLG bitin the 12C_CNTR register and status code 60y (Slave
address+write bit received, ACK Transmitted) will be in the
STAT register.

The ACES050 I2C will also enter Slave receive mode when it
receives the general call address 00y {if bit GCE in the ADDR
register is set). Tha status code will then be 704.

Slave receive mode can aisc be entered directly from a
Master mode if arbitration was lost in Master mode during the
address byte, and the Slave address and write bit or general call
address were received. (For the general call condition the GCE
bit in the I*C_ADDR register must be set to one)

The status coda in the 1I2C_STAT register will then be 68, if
tha Slave address was received or 78y if the general call address
was received, The IFLG bit must be cleared to zero to allow the
data transfer to continue.

2. Receiving Data |fthe AAK bitinthe 12C_CNTR registeris set
1o 1 then aftereach byte is received an acknowledge bit (lowlevel
on SDA) is transmitted and the IFLG bit is set, the 12C_STAT
register will contain status code 80y, {or 80y,if Slave recaive mode
was entered with the general cail address). The received data
byte can be read from the I2C_DATA register and the IFLG bit
must be cleared to allow the transfer to continue.

3. Competing Transfer Whenthe STOP condition or a repeated
START condition is detected after the acknowledge bit, thenthe
IFLG bitis set and the 12C_STAT register will contain status code
AQ,,. If the AAK bit is cleared to O during a transfer then the
ACES050 12C will transmit a not acknowledge bit {high level on
SDA) after the next byte is received, and set the I[FLG bit. The
12C_STAT register will contain status code 88, (or 88 if slave
receive mode was erered with the general call address). When
the IFLG bit has been deared to 0 the ACE3050 12C will retum
to the idle state.

RADIO FUNCTIONS

The ACES050 provides the following Radio Functions, which
will typically be required in a mobile phone implementation, all of
which are contrclled by intemal configuration registers:

Modem and SAT managerment,
ACE Seral Interfacs,

IFC counter,

2 pulse width modulators,

Key pad interface and

Tone generator.

These functions are described in the; following sections
1. INTERNAL CONFIGURATION REGISTERS

The ACES050 contains 3 internal configuration registers.
These allow the hardware to be configured via software wiite
instructions. The function of the bits is described in the relevant
section in more datail. This section provides an overview of the
3 intemai canfiguration reqisters.
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Associated Registers

PORTS3 Read/Write PORTS Read/Write (continued)

Bit | Name Block Logic state Bit Name Block Logic state

7 | ENMOD | Modem 0 = No action” 2 |SEL.i2C | FC 0 = ?C Reset”
1 = Modem futy enabled 1 = I2C Enabled, SCL

6 | ONRAD | ACEserial | 0= Latch pulse 3 and SDA sslected

interface generated” i |CLKENAB | Clock Gen |0=C1008 Low

1=Llatch 3setto 1 1=C1008 Enabled”

5 JSTIFC IEC counter | 0 = IFC counter reset” 0 |PWMIMUX]| Output 0=PWM1 *
1 = Enable IFC counter Mux #1 1=0UT_PORT2[1]*

0 = POFFN satto 0"
1=POFFN setto 1

4 | UPOFFN | ATO and
Watchdog

3 | MDMSLP | Modem 0 = Active™
1= Sleep
2 |ENSIS | ClockGen |0=0UT2[0]"
1 = 8-064MHz Clock
1 | SLEEP | Decoder 0 = No action”
1 = CSEPN Inactive for
address FFFFy
o |FFREQ | IFC counter | 0 = 256 period count”

1 = 2432 peried count

*Reset stata in Normal moda

Table 56
PORTA Read/Write
Bit Name Block Logic state
7 | SINTSLP | ACE seral 0 = Active”
intertace 1 = Sleep
6 - Not used
5 - Not used
4 | NOMPLL | Modem 0 = Clk sync to data”
{Data Clk} 1 = Clk not sync to data
3 | TURBO | CPU dock 0 = 1-008MHZ"
1 =2-016MHz
2 | SATMUX | Modem 0 = TXSAT selected”
(SAT Mux) 1 = AXSAT selected
1 IRCM Deceder 0 = Extemnal ROM
1 = Internal AOM™
0 - Mot used
*Reset state in Normal mode
Table 57
PORTS Read/Write
Bit Name Block Logic state
7 - Not used
6 IXOSC_PD Clock Gen | 0 = Active
Oscillatar™
1 = Power down
[s:4] louTZ2_SEL| Cutput 00 = ouT2 [2177
Mux #2 01 =PWM2
10 =Latch 2
3 - Not used
Table 58
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*Reset state in Normal mode
Table 58 fcontinued)

2. AMPS/TACS MODEM AND SAT CONTROLLER
General Description

The Modem function supparts both AMPS and TACS mokile
phene systerns. Selection is made via software; no external
component changes are necessary. The Modem provides the
following hardware:

CPU interface
Data Recsiver
Data Transmitter
SAT Decoder
SAT Transmitter

The Data Receiver contains a Digital Discriminator, Data
Decodar and Word Sync Detector (see Fig. 20). The Transmitter
generatasMandwesteranoodeddata.TheSATmceivermeasures
the incoming SAT signal. The SAT transmitter can either re-
transmitthe received SAT orgenerateoneof the 3 standard SAT
tones .

External Pins

AFC/RXDATA Data Input (pin 60)

Data is fed into the digital Discriminator via this input pin. The
data can be a composite Voice, Data and SAT modulated carrier
mixed down to efther 54kHz ar 450 kHz. The signal must be of
the CMOS input levels described in the AC Characteristics
section, The ACES030 provides such an cutput on its AFCOUT
pin. The ACES030 sampies the 450kHz IF with a 504kHz
clocked register to produce a 54kHz CMOS output.

TXDATA Transmit Data Output {pin 63)

When enabled this output generates Manchester encoded
Data at the appropriste data rate. This produces a digital output
which must be fitared and combined with the other sources of TX
modulation. Tha ACE040 provides these functions viathe DATIL
input.

RXSAT Received SAT Input (pin 51)

This input is for the received SAT which, must have been
filtered to give the appropriate SAT tone with CMOS level
swings. The ACES040 provides the filtering and amplificationto
provide a suitable signal on the RSO dutput.

TXSAT Transmit SAT output {pin 62)

This output provides a CMOS level SAT frequency output.
The source can either ba the Recsived SAT, or a totally
independent SAT tone generated locally in the ACES050. This
outputwhich must befitteredand combined withthe othar source
of TX modutation, The ACES040 provides these functions viathe
TSI input.
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RXSAT SAT SAT -
ACE3040 >  DECODER | TRANSMITTER TXSAT
k
. 1
o MICRO DATA BUS
AFCIN AUDIO AND CONTROL
450KHz DEMODULATOR | % I
Y 3
DATA RECEIVER
AFC/RXDATA DATA
»  WORD SYNC DET TXDATA
5akHz DATADECODER | TRANSMITTER
DISCRIMINATOR
SoakHz ACE3030 ACE3050
Fig.20 AMPS/TACS Modem and SAT Controller
Associated Registers MODPRTO (Table 62)
The Modem has 3 dedicated registars for control and data This is a dedicated read/write port used for controlling the
transfer. Thers are also bits in the general registers PORT3 and Modem,;
PORT4 which are used to set up the Modern. The bits are
described in mare detail in the relevant section. Bit Name Function
MDMSLP PORT3(3] (Table 59) 7 | MDRESN 0 = Resat Madem
This bit datarmines whether the modem is active or in sleep 1 = Modem enabled
mode. The modemis putinto sleep mode by tuming off the dock 5 | ATN 0= TACS Modem
to the Modem and associate circuitry. - 1 = AMPS Modem
MDOMSLP Modem mode [5: 4] | SCCTX[1:0] E}%ﬂ l;ftg?&?;f generator
. 01 = 8.00kHz2
0 Active 10 = 6-03kHz
1 Sleep 11 = No SAT transmitted
Table 59 3 ENAMPI| 0 = TX output disabled
ENMOD PORT3[7] 1 =TX output enabled
This bitis used to set up the Modem. |t must be setto 1 by the 2 | SYNDET ? = gaereOdmé}de
software after a reset and before the Modem is used. It should = Syne m
then remain at 1. 1 ENWS 0 = Word sync disabled
1 = Receiver will re-synchronise
This bit is used to control the source of the Transmitted SAT 0 -ce (1) = Voice dfahr?r?ele
signal.
Table 52
ATMUX i Lt
S u Multiplexer output MODPRT1
Locally generated SAT Moz:l-g:i is a dedicated read/write port used for controlling the
1 RXSAT Write (Table 63)
Table 60 Bit Name Function
NOMPLL PORT4{4] (Tabie 61}
In the Data Decoder the modem uses a locally generated 7 | MDMTST Must always be setto 0
clock to recover the data. NOMPLL selects whether this dock is 6 | TXDINV 0 = TX Data nat inverted
forced to lock to the extract Data dock or not. Refer to Data 1 = TX Data inverted
Decoder section for more detail. -
5 RXDINV 0 =RX Data _not inverted
NOMPLL Decoder clock 1= AX Data invertad
4 LF1_2 0= Discriminator enabled
0 Normal mode: Data clock locked to incoming clock 1 = Discriminator bypassed (Test)
1 Frae-running: Data clock unfocked 3:0 | SQLEV [3: 0] | Set the squelch threshold level
Table 61 Table 63
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MODPHT1 (continued)

Read (Table 64}
Bit Name Function
7 - Not used
6 | Bl 0 = Busy/idle bit=0

1 = Busy/idle bit =1

[5:4] | SCCRX [1:0] [ Bits [5:4]: SAT genarator
00 =5-97kHz

01 =6-00kHz

10 = 6-03kHz

11 = No SAT received

[(3:0] | SQRX [3:01 Number of Data bits in a word that
have exceeded the pre-set Squelch

threshoid

Table 64

MODPHT?2 This is a read/write port used for data transfer
Write (Tabie 65)

Bit Name Function
[7:0] | TXD {7:0] Data byte to transmit
Table 65
Read ({Table 66}
Bit Name Function
[7:0] | RXD [7:0] Received Data byte (nate 1)

NOTE 1.When VC_CCN and ENWS = 0, busy/idle bits are extracted
from the data stream and are not present in RXD.
Table 66

MODEM BLOCK DESCRIPTIONS

Interrupts

The madem has 4 interrupt lines which feed into the Internal
Interrupt Control block. The interrupts can be read, reset and
individually masked in this block

IRQ-RX Bit3

This interrupt is generated every time the data (RXD [7:0))
and squeich values (SQRX [3:0]) are updated. This will be
approximately every 800us for AMPS and 1msfor TACS. Ifbusy/
idle bits are extracted, these times will vary by a maximum of one
bit period.

IRQ-BI-SAT BitS

This internupt has a dual function, dependent on whether the
Modem is set up for a contral channel or a voice channel.

On a control channel the intarmupt occurs every time the busy/
idle bit B_| is updated in MODPORT1. This will occur nominally
every 1ms in an AMPS system and 1-25ms in TACS.

Onavoice channel this interrupt indicates there is an updated
SAT value present in SCCRX. This will occur every 10 to 12ms.

IRQ-WS Bit6

This interrupt occurs every time the 11-bit Barker code is
detected in the incoming data stream. Refer the Word Sync
Detector for more details.

IRG-TX Bit7

This intemupt occurs every time the first bit of a byte s
transmitted from the Mcdem Transmittar. The software must
ensura that the data in TXD is valid prior this interrupt. When
enabled it will generate an interrupt every 800us for AMPS and
1ms for TACS. The Data transmission sequence s discussedin
more detail in the Modem Transmitter section.

RE-SYNC 1 2 " 2
arciaxoatA —>—To a+fp o—fp o—--—Ffo o— a
cd cd cd ] (] TO DATA
f i i i ;| ] D> occonen
C1008 ] +2 frrbm

MOQDPRT1 [4): LF1_2

Y

DISCRIMINATOR ENABLE/BYPASS

MOCDPRT? {5]: RXDINV

Y

RXDATA INVERT/NOT INVERT

Fig. 21 Modern discriminator

Control Block

The Modem can be confiqured for either AMPS or TACS
systems. Varicus docks and timing blocks are configured
depending on whether the data has a 10kHz or an 8kHz Bitrate
for AMPS/TACS respectively. The Modem can aiso be entirely
reset under software control.

If the Modem is nat required the clock to the associated
circuitry can be stopped, thus reducing the current consumption
of the ACES0S0.

Discriminator (Fig. 21)

The Discriminatoruses adigital delay technique. Theincoming
signalis first sampled at 504kHz. This means the inpuican either
be the 450kHz IF at CMOS levels or the 54kHz output from the
ACEQ030; it makes no difference to the operation of the
discriminator.
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In the ACE9Q30 the signal is initially sampled at 504kHz,
which is below the Nyquist frequency, so effectively a mixing
tunction occurs. 504kHz mixed with 450kHz gives a frequency
component at 54kHz. Further sampling of the signal at 504kHz
in the ACES050 then has no effect.

The signal is then passed through a delay line of 12 D-type
flip-flops, clocked at 504 kHz, giving a delay of 23.8ps, or
1.286 nominal 54kHz cycles. The non-delayed and delayed
signals are then EXORed together, which produces a digital
version of the analog equivalent FM demodulator: a 90
degree phase shifter and mixer. The ACES030 contains a
similar discriminator, optimised for the speech content of the
signal. The ACES030 data sheet contains a full description of
the operation of such a circuit.



Assoclated Register bits
LF1_2 MODPRT 1[4] (Table 67)

Bit Name Function

4 LF1_2 0 = Discriminater enabled
1 = Discriminator bypassed (tast)
Tabla 67

Fortest purposes the discriminater can be bypassed. Thisis
achieved by setting LF1_2. In this case the Modem requires
10KkHz or 8kHz Manchester encoded data, i.e. the basaband
data signal.

RXDINV MODFRT 1[5] (Table €8)

8it Name Function

5 RXDINYV 0 = RX Data not inverted

1 = RX Data inverted
Table 68

The phase of the Data from the Discriminator is determined
by the RF architecture of the receiver. The data can be inverted
1o cater for both high side and low side VCO architectures.

Data Decoder

The Data Decoder is responsibleforclock and data extraction
from the discriminated baseband Manchester encoded data
stream. Manchester encoded datainherently contains the clock.
The Data Decoder extrac!s the clock timing from the incoming
data stream and regenarates an approprately phased clock.
The circult then EXORs the extracted clock with the data. This
yields a 1 for the bit pericd if the data bit is in phase, ora O if the
data is out of phase. !t then samples the output from the EXCR
at 504kHz.

Thus, nominally 50-4 or 63 samples are taken per bit peried
for AMPS or TACS respectively. The data decoder wiil then
decide iftha bitis a 1 or a 0, on the state with the highest number
of samples. If the number of ‘correct’ samples is over a certain
threshold then a flag is set. The required threshold can be setby
software and is referred to as the squelch level. The flag is
passed to the Word Sync Detector along with the value of the bit.

The Data Decoder uses a digital transition tracking loop to
regenerate the correctly phased clock. A clock at 50 degrees to the
data extraction clock and an integrate-and-dump function are used.
This 90 degree clock is again EXORed with the incoming data
stream. The result of this is fed into an up/down counter. The autput
of the counter, along with the bit value, will determine whether the
phase ofthaincoming clock was early or late. The phase of the clock
over the next bit period will be aftered 1o pull the clock in the
appropriate direction. This process repeats for every bit period. The
amount the clock is pulled is determined by the SYNDET bit.

Manchester sncoded datatransitions occtron the bit boundaries
as well as in *he centre of the bit. This is especially true for a string
of 1s or 0s. Thera is a chance the clock will lock on to these, 180
degrees out of phase. The word structure contains a dotting
sequence: this is & 1010... pattern which is devoid of incorrect
transitions. The hardware can recognise the eror condttion during
this time and automatically correct the clock phase.

Assoclated Registers
SYNDET MODPRT 0 {2] (Table 69)

Bit Name Function
2 | SYNDET 0 = Capture mode
1 = Sync mode
Table 69

ACE9050

The digital tracking loop can be configured in two modes:
Capture or Sync, as detailed in Table 70.

Regenerated clock shift
Mode
TACS (125us) AMPS (100us)
0 = Capture mode| 4% (12ps) +5% (10us)
1=Syncmods | £1-6% (4us) +1% (2us)

Table 70

In Capture mode the regenerated clock is shifted by a greater
parcentage of the cycle than in Sync mode. This will allow the
regenerated clock to slip over and then acquire the incoming
dock phase faster, For example, to re-acquire phase in the
AMPS systern would take around 2ms with good signal levels.

tn Sync mode the regenerated clock is not shifted as much,
allowing more accurate data extraction over the bit period. if the
regenerated clock becomes out of phase in this mode it will of
course take longer to re-acquire the correct phase. For example
in the AMPS system, to re-acquire phase would take around
10ms.

Thaclock rate for the circuitis 504kHz, hence the circuit works
to a resciution which is a muttiple of 2us in all cases. In genaeral,
the SYNDET bit shoutd be setto Capture mode until the system
design is satisfied that the Modem is in Word Sync. Then the
SYNDET should be switchad to Syncmede before data reading
begins.

NOMPLL Nominal PLL Port 4 [5]
The Digital Tracking oop’s operation can be tumed on or oft
with the NOMPLL bit, as shown in Table 71.

NOMPLL Mode
0 Data Clock synchronising enabled
1 Data Clock free-running
Table 71

Thae NOMPLL bit will generalty be set to 0 to allow nermal
operation of the digital tracking loop and clock synchronisation
circuit,

With NOMPLL set to 1 the regenerated clock will nottry tolock
totheincoming dataclock, but will keep its current phase. i there
is a short period of ime when data is not present it may be
advantageous o set the NOMPLL bit. The Digital tracking loop
will then be prevented from *hunting’ for a non-existent data
clock, When the data then reappears, the regenerated clock
should still be in phase and data can be immediately decoded
without the need to re-synchronise. This facility is of use in
systems where the receiver can power down for short periods of
time in Standby mode, thus reducing the overall current
consumption of the phene unit.

SQLEV [3: 0) MODPRT1 [3:.0]

The software can set a 'squelich jevel’ for the incoming data.
This sets the number of samples of a bit that have to be ‘correct’
for the bitto be approved. The Data Decoder setsaflagatthe end
of a bit period if the squelch level has been reached. The Word
Syne Detector then sums the number of approved bits that occur
in a byte and updates the SQRX register at the same time asthe
data register.

Four bits are used to determine the squeich threshold, giving
16 different levels. The number of samples for AMPS and TACS
systems is 50 and 63 respectively.

Table 72 on the following page shows the number of samples
required for a bit to meet the level set, and the percentage of the
total number of samples for both AMPS and TACS sattings that
this represents.
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SQLEV AMPS % TACS %
g:o} Samples {50 samples) (63 samples)
0000 62 - a8
0001 60 - 95
0010 58 - 92
oo 56 - 89
0100 54 - 86
o101 52 - 83
0110 50 100 79
0111 48 96 _ 76
1000 46 92 73
1001 44 88 70
1010 42 84 67
1011 40 80 63
1100 38 76 60
1101 36 72 57
1110 34 68 54
1111 32 64 51

Table 72 Squelch level settings
word Sync Detector

The Word Sync Detector contains the hardware to detect the
Barker code, synchronise the received bytes to the incoming
data frame, extract Busy/idie bits and update the RXD and
SQRX registers. It also generates the IRG-WS, IRQ-RBX and
IRQ-BI-SATinterrupts. The hardware has four modes of operation
which can be selected by software.

The Barker code sequence Is used for achieving frame
synchronisation to the incoming data word boundaries. it occurs
in a message after the dotting sequence and before the firstdata
word. The hardwars detection circuit is an 11-bit serial shift
register with appropriate asynchronous decoda logic to detect
the Barker code {11100010010). The action upon detecting
word sync depends on the modse of the hardware.

The Word Sync Detector contains a parallel register, into
which the Incorming data, RXD, is dlocked. When the hardware
is in the appropriate mode the Busy/idle bits are removed from
the data sequence before being fed to the Data Receive (RXD)
register. The Word Syne Detector alsotallies the number oftimes
the Squelch level flag is set for an eight-bit byte and stores this
inthe SQRX register. The Word Sync Detectorcontains byteand
frame counters which generate the IRQ-RX interrupt when the
gata and squelch registers are updated. The software must
ensure these registers are read within the suitable time frame
after IRG-WS to avoid losing data.

Associated Registers

VC_CCN Voice/Control Channel MODPRTO bit0 (Table 73)
This bit allows the software to control the mode of the Word

Synec Detector between Control ¢channel and Voice channel. 1t

ENWS Description
0 Data will not reframe f a Barker code is detected
1 Data will reframa if a Barker code is detected

NOTE: Regardiess of the setting of ENWS the IRQ-WS will be
generatad on detection of a Barker code.
Tabla 74

RXD(7:0] MODPAT2 Read (Table 75)
This register contains the data from a forward channet (FVC
or FOCC) segmented inte 8-bit chunks.

Bit | Name Function

7: 0 |RXD[7:0]| Data byts received

Table 75

The first bit received goes to tha most significant bit of the
register. Ona Control channel tha Busy/idle bitscanbe extracted.
All other data on the Control channel and all data on the voice
channel will be presentin the registars. This includes the dotting
and Barker sequences. The IRQ-RX interrupt occurs when the
registers have been updated.

SQRX[3:0] MODPRT1[3:0] Read (Table 76)

These four bits contain the number of bits in the present
received byte that have surpassed the Squelch threshold set. It
will thus contain a number between O and 8. This register is
updated at the same time as the AXD registar.

SQRX [3:0] | Number of bits surpassing Squeich level
0000 0
0001 1
oJoaly; 2
0011 3
0100 4
o101 5
0110 6
0111 7
10Q0 8

1001 to 1111 Not valid

Table 76 Possible Squelch readings

8_t MODPRT1[6] Read (Table 77)

This bit is the extracted Busy/ldle bit from a Control channel
data stream. Nota that an IRQ-BI-SAT intenupt occurs whenthis
bit is updated.

also operates in conjunction with the ENWS bit; VC_CCN must 81 Busy/idie bit
be set to reflect the category of the current channel. -
= 0 0

VC_CCN Mode 1 1

o Control channel Table 77 ‘

1 Voice channel

Mod f it
Table 73 es of Operation

ENWS Enable Word Sync MODPRT 0 [1]{T able 74}

This bit allaws the software to control the mode of the Word
Sync Detecter between “Sync on Barker and * Not Sync on
Barker It also operates in conjunction with the VC_CCN bit.
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The Word Sync Detector has four modes of operation. The
modes affect how Busy/idle bits a handled, the function of the
IRQ-BI-SAT interrupt and the action of the Word Sync Detector
upon finding a Barker code in the incoming data stream. The
modes are salected via the VC_CCN and ENWS bits, as shown
in Tatde 78.
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VC_CCN | ENWS Mode Descrption

0 ¢ Control channel syncronised Data reframe = disabled
{AG-BI-SAT = Busy/ldle
Busy/ldle bits extracted

0 1 Control channel unsynchronised Data reframe = enabled
|RQ-BI-SAT = Not Valid
Busy/ldle bits not extracted

1 0 Voica channel Data reframse = disabled
IRQ-BI-SAT = SAT update

1 1 Voice channel Data reframe = enabled
{RQ-BI-SAT = SAT update

Table 78

Control Channel

When on a Control channel the software must decide when
toswitchbetween the synchronised and unsynchronised modes.
The Modem does not give any direct indication that bit
synchronisation has been achieved; however, the IRG-WS
providas indication that a Barker code has been detected. The
systemn designer can look for the IRQ-WS being generated
requiarty in a suitable time window comesponding to the frame
time, RSS! levels and squelch levels, before determining the
Modem is in synchronisation.

Once the software has detemmined that the Modem is in
synchronisation the ENWS bit must to be set to 2ero. The Ward
Sync Detector wili then remove the Busy/dle bits from the
incoming data stream and not re-synchronise on Barker codes.
The software must disable ENWS before the first Busy/dle bit
oceurs after the Barker Code in the control channel frame. The
tirme for this is 1ms on AMPS or 1.25ms on TACS systems. The
software does not then have to re-enable ENWS uniess
synchronisation is lost.

As the number of bits in a frame is not divisible by eight the
Word Syne Datector circuit uses frame counters to realign the
data on subsequent frames instead of Barker codes. This
ensures spurious Barker codes occurring inthe datado not upset
the synchronisation of the Modem. Due to this action Barker
codes will appear distorted when read in the AXD registers. Tha
dotting and Barker code will appear as the following three
consecutiva bytes: AAy, B8, and 12,,. Once in synchronisation,
the softwara must ensure that the IRQ-WS still occur within the
time window set up. If a number of IRQ-WS are missed, the
software must assume the Modem has become unsynchronised
and take appropriate action. It is up to the system designer to
decide on the threshoid for the number of IRQ-WS dropped, or
any other type of software averaging . Table 79 shows a typical
saquence for locking onto data when on a Control channet.

Voice Channel

Data is not a continucus stream on a Voice channel, ason a
Control channel. The data sequence also does notcontain Busy/
Idie bits. The software designer has to determine when valid data
ls present on the voice channel. The IRQ-WS internupt timing
cannot be used for this purpose, as the data stream is not
continuous. Aiso IRQ-WS interrupts will oceur sporadically, even
when no data is present, due to the probability of an incoming
signal beinq decoded as a valid Barker code.

The voice channel data sequence begins with a long dotting
sequence. The software can monitorthe datapresentinthe RXD
registers, and when these reliably yield a pattern of AA, or 554
it can be assumed a data sequence is being transmitted. The
software should then ensure an IRQ-WS occurs toindicate valid
data is being received. Other systemn parameters such as RSSI,
RX audio Jevel and SAT can also ba measured by the software.

ENWSmay be leftenabled, or disabled after synchronisation,
As there are no Busy/ldie bits and the frame is divisibla by eight
it is not critical to the hardware operation.

Function Description

ENMOD =1

MDOMSLP =0

MDMAESN =1

LFi_2=0

RXDINV = Setup to system
NOMPLL =0

SQLEV[3:0] = Set as required
A_TN = Sat as Required
Disable all Modem Interrupts

VC_CCN=0
SYNDET =0
ENWS =1

Enable IRQ-WS interrupt

Ensure the IRQ-WS
interrupts are occuming in
the corract ime window.
Itis up to the system
dasigner to determine
the exact criteria.

When this occurs set

ENWS = 0 within 1ms
SYNDET =1

Enable IRQ-RX interrupt
within 800ps.

Read and Squelch on interrupt

Ensure IRQ-WS cccurs
in correct ime window.
The data registers should
contain AAy, B8y & 1245
at the end of a frame.

1 Setup

2 initialise

2 Acquire
5 Verity

6 Lock

7 Read Data
8 Check

Table 79 Data sychronisation and acquisition sequence

Data Transmitter

The Modem transmitter is considerably simpler than the
receiver. it contains 2 data register for writing data 8 bits at atime
and Manchester encoding circuitry. It also contains timing and
interrupt circuitry. s

Data to be transmitted is written one byte at a tme to
TXD[7:0). This data is then transmitted on the next IRG-TX
interrupt, it the output is enabled. Bit 7 (most significant) is
transmitted first. The Data Transmitter generates the IRQ-TX
interrupts at the correct rate for the chosan system {800ps for
AMPS or 10005 for TACS) regardless of whetherthe transmitter
is enablad or not. The Transmitter encodes the data into
Manchester format before transmission. This is achieved by
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IRQTY —»-
LOAD
DATA BUS ————] TXD REGISTER > DATAT:0
B-BIT SHIFT
REGISTER
a7
¢ TXDATA
AMPS 100us L
TACS 125us —» -
cLocK TXDATIN  ENAMPI
MODPRTT MODPRTO
Fig. 22 Modem Transmitter biock diagram
IRQTX {RGTX IRGTX IRQTX IRQTX IAQTX IRATX
ENABLE J WRITE i3t DATA ENABLE ENAMPI  WRITE 3rd DATA WRITE LAST DATA  LAST DATA BYTE DISABLE
NTERAUPT  BYTETO TXD (161 DATA BYTE BYTE TO TXD BYTE 70 TXD TRANSMITTED ENANPI
REGISTER TRANSNITTED) {2nd DATA BYTE (LAST -1
WAMTE2nd DATA  TRANSMITTED) DATA BYTE
BYTE TO TXD TRANSMITTED)

Fig. 23 Modem lransrmission sequerice

generating a square wave at the bit rate and EXORing the
generated clock with the relevantbit, forthe bit period. The output
can then be inverted, if this is required by the system designer.
A block diagram ls shown in Fig. 22.

No data manipulationis made by the encoder hardware. The
software must generate the dotting and Word sync pattams and
the BCH coding.

It the Transmitter is enabied the contents of the TXD register
will be transmitted on an IRQ-TX interrupt, regardless of whether
this register has been updated. This enables the generationotan
ST tone with no overhead onthe processor, other than iming the
required duration, The software must simply write FFy or 00y to
the TXD.

Assoclated Reglisters (Tables B0, 81 and 82)
MODPRT2 This is a read/writa port used for data transfer
Write

Bit | Narme Function

7:0 [TXD[7:01| Data byte to transmit {bit 7 ransmitted first)

Table 80

ENAMPI MODPRT 0 bit 3

Bit Function

TX outputdisabled
1 | TX output enabled

Table 81
TXDINY MODPRT 1 bit 6

Bit Function

Trua Data output
1 | Inverse Data output

Table 82
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Data transmission sequence

Table 83 and Fig. 23 describe the correct sequerce for
transmitting a Data message. Note that in the Sth step {Set
ENAMPI high quickly) the latancy batween the IRQ-TX and
setting ENAMPI will cause part of the first byte not to be
transmitted. This byte will always be part of a dotting sequence,
so this will not cause a degradation in data, however it is
desirabis to reduce this time to a minimum.

Step Action
1 Enable IRQ-TX interrupt
2 | wait for IRQ-TX interrupt
3 | Write Data byte to TXD
4 | Wait for IRQ-TX interrupt
5 | Set ENAMP! high quickly
6 | Write Data byte to TXD
7 | Wait for [RQ-TX interrupt
8 Aepeat steps 6 and 7 until last byte
g | write last byte
10 | Wait for IRQ-TX interrupt
11 | Wait for IRQ-TX interrupt
12 | Disabls ENAMPI
Table 83 Modem iransmission sequernce
SAT MANAGEMENT

The SAT Managemant circuitry consists of a SAT detector,
SAT generator and a multiplexer. Refar to the Extemal Pins
saction of the General Description for details of the two extemal
pins: RXSAT and TXSAT .

SAT Detector

The SAT Detactor measures the frequency of the signal on
RXSAT input. When the Modem is configured for a Voice
channel (VC_CCNhigh) a SAT measurement will occurevery 10
to 12 ms. The SAT receiver measures the duration of 4 SAT
cycies and depending on the result determines the SAT value.




Fuither software fittering may be required. The result of the
measurement will reside in MODPRT1 bits 5 and 6. If the I1RQ-
BI-SAT interrupt is not masked an IRQHBI-SAT intarrupt will
occur atthe end of eachmeasurementperiod, afterthe MODPRT 1
has beaen updated.

Assoclated Register
SCCRX [1:0} MODPRT1 {5:4]

Read
SCCRX [1:0] |SAT tone (Hz} Limits (Hz)
0o 8970 5955-5984
01 6000 5085-6014
10 6030 6015-6045
11 No SAT < 5955 > 6045
Table 84
SAT Transmitter

Tha ACES0S0 has an on-chip SAT generator which can
generate 5-97kHz, 6kHz, or 6-03 kHz signals. The selection is
made via bits SCCTX [1:0] in MODPRTO. Alternatively the
received SAT can be looped around and re-transmitted. The
ACES050 provides amultiplexer so eithar sourcecan be selected
under software control via the SATMUX bit in PORTA4.

The generator circuit consists of a series of preset counters
running fromthe system clocik. The ACES050 makes no allowance
for varying the phase of the regenerated SAT tone as this nota
requiremnent for current AMPS or TACS protocals,

When the Received SAT is looped around the ACEZ050 only
buffers the incoming SAT signal on RXSAT befors feeding it to
the TXSAT output pin.

Assoclated Registers

SCCTX[1:01 MODPRTO [5:4]

Write

SCCTX [1:0] Generated SAT tone (Hz)
00 5870
o1 6000
10 6030
11 No SAT generated
Table 85
SATMUX PORT 4{2]
SATMUX TX SAT source

0 Intemally generated SAT
1 RX SAT

Table 86

3. ACE SERIAL INTERFACE BLOCK
General Description

The ACE Serial Interface contains two senial interfaces: The
ACEBus and the SynthBus. The ACEBuS is used to distribute
data to and from ICs in the ACE chipset. The SynthBus is
redundant when using the ACE chipset.

The ACES050 contains the Master Transmitter/Receiver unit
for the ACEBus. The ACE9040 and ACES030 contain slave
units. The bus is used for programming the devices into the
required state. This will be required when the phone is powered
up, and during phone operation. The ACES030¢an alsotransmit
ADCs values to the ACES050 on the ACEBuS.

ACE9050

Thabuses canbeused for datatransfer betwean any ICs that
have the appropriate interface logic; however, in a system using
the ACE Chips the following wards are valid on the ACEBus:

ACES030
Sleep Word
Normal (ADC Values Read)
Set-up
Synth Word A
Synth Word B
Synth Word C
Synth Word D
Synth Dummy word {Low Noisa Moda)

ACES040
Operating mode
Intialising Mode 0
Initialising Mode 1
Handsfree
For more information refer to the ACE3030 and ACE2040
data sheets.
The ACEBuUSs consists of a 1-008MHz clock, a bidirectional
data line and 4 latch outputs. The clock and data fines are
commeon, while the latch outputs are connected as follows:

Latch 0: Controt (ACE9040, LEN)

Latch 1: Radio interface section (ACES030, LATCHB)
Latch 2: Intemally connected to MUX #2

Latch 3: Synthesiser section (ACES030, LATCHC)

Valid data is transmitted in a stream of 24 continuous bits. At
the end of the last bit tha relevant [atch is activated. This will latch
the data into the target device, The data line will becorne tristate
after the data ransfer so that data may be received from a bus
driver.

The black contains eight ACES050 registers. Three are for
serial data transmit, three for receive and two are for bus control.
The block also contains interrupt generating circuitry. The
SynthBus contains a data line Syrthdata, clock line Synthclk and
associated Latch?, which is multiplexed with QUT2{2} and
PWM2,

The clock to ACE Serial Interface block can be disabled to
reduce the overail power consumption of the ACE2050. Tuming
off this clock will disable the ACE Seriat Interface but will nottum
off the C1008 clock.

External Pins

€1008 (pin 90)

Referto Clock Generator Section. This clockis used fordata
transfer. In the ACES030 and ACES040 it is also used for
ciocking other functions so care mustbe exerdsed intuming this
dock off.

DTFG (pin 82)

Bidirectional data line. The ACE9050 clocks out data loaded
into the 3 registers. Data is clocked in and out of the ACE9S050
cn the falling edge of C1008.

LATCH 0 {pin 80}

Latch pulse used to target data transfer. Ina system usingthe
ACE chip set LatchQ is connected to the LEN input of the
ACES040. The latch is nominally a 500ns pulse.

LATCH 1 {pin 78}

Latch pulse usedto targetdatatransfer. Ina systemusingthe
ACE chip set Latch1 is connected the ACES030 Radio Interface
{LATCHB). The latch is nominally a 500ns pulse.

LATCH 3 {(pin 75)

Latch pulse used to target data transfer and optimisa the
performance of the synthesiser. ina system using the ACE chip
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set Latchd is connectad to the LATCHC input of the ACES030
Synthesiser. The length of the latch can be varied and the latch
can be set permanently high. Latch 3 can be used with the
SynthBus, but is fixed at 500ns.

SYNTHCL (pin 73)

SynthBus clock line at nominally 126kHz. This Is not a
continuous dock. it is only activated when data transtfar is
required.

SYNTHDAT (pin 72)
SynthBus Data line. Contains valid data from the ACES050,
or is set to zera.

Transmitter Section

The transmitter consists of five write registers, interrupt and
latch generating Jogic, clock divider and timer, and thres shift
registers connected in series. These forn the 24-bit message
that is sent out on OTFG. The most significant bit of LSICOM 0
is transmitted first (refer to Fig. 7).

Associated Reglsters

Write
Register 8its Description
LSICOM O 7.0 First byte to transmit
LSICOM 1 7:0 Second byte to transmit
LSICOM 2 7.0 Third byte to transmit
Table 87
SINTSLEEP Port 4 [7]
Bit Name Function
7 |SINTSLEEP| 0 = ACE Serial Interface enabled
1 = ACE Serial Interface powered down

Table 88
STR_WIDTH Writa
The pulse width of Latch 3 is programmable between 99-2us
and 12.6ms, with 93-2us increments. This register only works
with the ACEBus, not the Synthbus.

Bits Description

6:0 { Pulse duration in increments of 100 C1008 periods.
This register is decremented when a pulse is
generated. Writing a value of Q in this register
terminates the pulse.

Table 89

LSICOM 3 Write

This register is the control register. This is used to define the
mode of the data transfer, select which latch to activate and also
is used to initiata the transter.

Bit | Name Function

7 Go 0 = No data transfer

1 = Begin data transfer
CL Mustbe 1
5 ANS

0 = No Answer request
1 = Answer raquest

4 [Not used| Mustbe 0
Table 80 Valid bit flelds for ACEBus data transfer
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LSICOM 3 (continued)
Bit| Name

Function

Not used| Mustba 0

Not used| Must be 0
Latch 1 | Latch 1 enabled for data transfer
Latch O | Latch O enabled for data transfer

Table 90 (continued)

[wR ECRE L R

Bit | Name Function

7 Go 0 = No data transfer

1 = Begin data transfer
cL Mustbe 0
Not used| Mustbe 0
Not used | Mustbe 0
Latch 3 | Latch 3 enabled for data transfer
Latch 2 | Latch 2 enabled for data transfer
Not used| Mustbe 0
Not used] Mustbe 0

Table 91 Valid bit fields for SynithBus

Sending Data

To begin the transmitting sequence the appropriate word has
to be writtento LSICOM 3.1f a Latch 3is required for the ACEBus
a non-zero value must be written to STR_WIDTH prior to writing
the control word in LSICOM 3.

When LSICOM 3{7} {GO) is set, the clock to the serial shift
registers is enabled. Data from LSICCM 0, 1 and 2 are clocked
outon the falling edge of C1008. Afterthe 24 data bils have been
clocked out, the appropriate latch is generated oh the next falling
edge of C1008. At the same time as the latch the [RQ-SEND
interruptis generated intemally. This is fed to the interruptcontrol
block where it can be masked. The LSICOM 3 will then be reset,
s0 as 1o be ready for the next data transfer,

O|== M)W~ |tn|D

Receiver Section

The receiver consists of three serial registers which can be
read via LSICOM 4, 5 and 6. [t also contains a counter, clocking
and interrupt generating circuitry.

Associated Registers
Read

Register | Bits Description

LSICOM 4 | 7:0 | First byts received (ACES030 preamble)
JLsicoms | 7:0 | Second byte received (ACEZQ30 result 1)
LSICOM 6 { 7:0 | Third byte received (ACES030 resutt 2)

Table 92
Receiving Data

Inorderto receive, LSICOM 3[5} (ANS) must be set. Afterthe
transmission sequence, data on the DTFG lineis clockedinta the
receiver on the falling edge of C1008. This process begins onthe
fitth negative clock edge after the fatch pulse, to allow a response
time from tha slave (Fig. 8).

After 24 clock cycles the complete word will have been
clocked into the ACES050. The data in the shift registers is
latched into the three read registers. At the same time the IRG-
REC interrupt is generated.

The IRQ-SENDinteruptis genaratedin the receive sequence
with the relevant latch in the same way as for a transmit only
sequenca.



PROGRAMMING
Programming Constraints

The programming of the interface s relatively straightforward
when used with the ACE Chipset. However, the following
constraints apply:

{a) To activate a Latch 3 transfer on the ACEBus, the
STR_WIDTH register must be written to with a non-zero
value prior to writing to LSICOM3 [7] (GO) set.

(b) After writing to LSICOMS3 with the GO bit set, registers
LSICOMO to 3 must not be written for 25ps or until an IRG-
SEND Interrupt has been generated.

(c) After writing to LSICOM3 with the GO and ANS bits set,
LSICOMO to 3 must not be written to until 6 clock cycles after
an IRQ-SEND. LSICOMS cannot be written to with bit 7 (GO)
saturtil 55us or the IRQ-REC interrupt has been generated.
This is becausa the DTFG will contain the slave data until this
time.

(d) Avalusgreaterthan Omustnotbewrittento the STR_WIDTH
register preceding a LATCHO, 1, 2 transfer or & Latch3
transfer with the SynthBus.

{e) The ACEBus and the SynthBus cannot be used
simuitanecusly.

Programming Sequences

ACEBus Transfers

Latch 0 Data Transfer
(1) Write Data te LSICOMQ,1 and 2
(2) Write to LSICOM3 control word:

ACES050

The Strobe width will be a minimum of 100us, However data
can be transmitted to the other slave units during the Latch3 high
time. Ajtematively the Latch3 may be terminated prematurely by
wnting 0 into the STA_WIDTH reqister. This may only be done
afterthe IRQ-SEND interrupt, toensurethelatchis notterminated
prematurely.

The ONRAD bit (PORT 3 [6]) can be used {o keep the Latch
3line high. Care mustbe taken when enabling Latch3 in this way
so that spurious data is not clocked into the synthesiser. By
setting the STR_WIDTH register to a suitably large value and
enabling ONRAD before the STR_WIDTH time expites, the
Latch 3 line can be permanently asserted. The STR_WIDTH
time bagins when the data transfer has completed.

SynthBus Transfers
Latch 3 Data Transfer

(1) Write Datato LSICOM 0to 2
(2) Write LSICOMS3 Control word:

GO | CL | ANS L3 L2

1 0 0 0 1 0 0 0

{3) Service IRQ-SEND interrupt if enabled

Latch 2 Data Transfer
(1) Write Data to LSICOM 0 to 2
{2) Write LSICOM 3 Control word:

GO CL | ANS L3 L2

1 0 0 0 0 1 0 0

GO CL | ANS L1 Lo

1 1 0 0 0 0 0 1

(3) Service IRQ-SEND interrupt if enabled

Latch 1 Data Transfer
{(a) Without answer request
(1) Write Data to LSICOMO, 1 and 2

{2) Write LSICOM3 Control word:
GO CL | ANS L1 Lo
1 1 0 0] 0 0 1 0

{3) Service 1RQ-SEND interrupt if enabled

(b) With answer request
(1) Write Datato LSICOM 0, 1 and 2
(2) Write LSICOM 3 Control word:

GO CL | ANS L1 Lo

1 1 1 0 ] 4 1 o

(3) Service IRQ-SEND interrupt if enabled
(4) Wait for IRQ-REC interrupt
(5) Read data from LSICOM 4, § and 6

Latch 3 Data Transfer (ACEBus)
(1) Write Data to LSICOM 010 2
(2) Write Strobe Width to STR_WIDTH{non-zaro valus)
(3) Write LSICCM 3 Control word:

GO CL [ ANS L1 Lo

1 1 0 0 o 0] 0 0
(4) Service IRQ-SEND interrupt if enabled

(3} Service IRQ-SEND interrupt if enabled

4, IFC COUNTER

The IEC counter is used as part of the Automatic Frequency
Compensation loop, in conjunction with 6303 timer. The IFC
counts a predetermined number of pericds of the AFC_IN/
RXDATA signal. By tiring this duration the frequency of theinput
can be determined. In a system using the ACE chipset this input
frequency will be 54kHz. The Number of pericds counted can be
either 256 or 2432. This will give measurement times over a
period of approximately 5ms or 45ms when using the ACE
chipset. Other input frequencies are possible, but would give
different time periods and thus accuracy could be affected.

External Signals

AFC/RXDATA Input (pin 60)

This signal also feeds to the AMPS/TACS modem. This pin
can be diractly connected to the AFCOUT pin of the ACES030,
when this devica is being used.

ICN Qutput (pin 77}

This outputis used in emulation mode only. It is output of the
IFC counter, which should be connect to the Emulator 6303
PORT2 [0]. Itis intemally connected to the ACES050 6303.

<
F

Assoclated Registers

Register Bit Descriptlen
STIFCN PCRT 3[5] 0 | Reset counter”
1 Enable counter
IFFREQ PORT 3 [0 0 2432 counts
1 256 counts
*The counter must be reset before it can ba enabled
Table 93
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TCSR 5303 Timer Cortrol Status Register

Register used to control and read the status of th 6303 Timer
block. Refer to '6303 Processor Unit' section of Hitachi or
Motorola data book tor tull details .

ICR 6303 Input Capture register

16 bit read only register used to hold the value of the free running
counter captuted when the proper transition of the ICN Input
occurred. Refar to ‘6303 Processor Unit' section or Hitachi or
Matorola data book for full details.

Detailed Operation

Once the IFC counter is set the next rising edge of the AFC/
RXDATA input pin will generate a negative transition on ICN.
The IFC counter will then count the required number of transitions
and create a positive edge on ICN atthe end of the count period.

The program has to control the 6303 timer in such a way that
first the negative and then the positive transition of ICN is
captured. The software canthencalculatethe difference between
the two readings, which will give the elapsed time.

Programming Example
initialise

(a) SetIFFREQ to the determine the required Count

(b} ResetSTIFCNUbit. This bitis resetby a hardware reset or by
writing 0. t is not reset by the counter finishing execution.

{c) Ensure the 6303 TCSR register is configured so as fo
capture a falling edge on ICN.

Begin Count

(a) Write 1 to STIFCN

{b) Read the ICR after the negative transition on ICN

(c) Set TCSR register so as to capture a rising edge on ICN
(Within 5 o1 45 ms)

End of Count
(a) When a capture has occurred the {CH register can be read.

Caiculate

From the difference between the two ICR values captured,
the elapsed time for the count period can be calculated. Itisthen
possible to estimata the offsst of the system crystal and cancel
out this error using the ACES030 DACs.

1ftha crystalis off frequency itwill have little effectonthe timer
accuracy. it will however affect the main synthesiser as the ermor
is muliplied by the divider ratio setin the main synithesiser, The
absolte error is then mixed down to appear on the 54kHz
directty.

5. PULSE WIDTH MODULATOR

Two Pulsa Width Modulators are available in the ACES050.
Thesa provide CMOS type outputs whoseavaraga hightime can
be set by software. External components canbe usedtofitarthe
output and give a mean DC level, The valuas chosen for these
components depend on tha ripple and response time required in
the application. Typical applications for such outputs are LCD
contrast control and battery charging control. The PWM outputs
are fed to output muitiplexers; the corresponding axtemal pin
function is selected by software.

The PWM dircuits are designed to minimise the low frequency
components of the output wave form. The PWM works on a
2545 cycle time, with 0-992us pulse duration. Tha number of
pulses is programmed using the appropriate register. The
hardware ensures that the pulses are distributed as evenly as
possible within a cycle. Thisis shown in Fig. 24 for some simple
programming exampies.

With suitable extemal components the following forrmula can be
used to obtain the mean DC level of a PWM output:

VMEAN = (DAC[TO] —‘256) XVDD
External Pins

OUT2[1YPWM1 Output {pin 98)

Selection for the source for this pin is made via the PWMIMUX
bitin PORTS. This pinis also described inthe Extemal Ports and
Multiplexer section.

OUT[2VPWM2/LATCH[2] Output (pin 81)

Selection for the source for this pin is made via the OUT2.2_SEL
bits in PORTS. This pinis also describedin the Extemal Ports and
Multiplexer section.

Associated Registers

Write
Register | Bits Description
DAC1 PORT | 7:0 | Number of output pulses in a cycle
period
DAC2 PORT | 7:0 | Number of output puises in a cycle
pericd
Table 94

NUMBER
LOADED
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CLOCK

Fig. 24 Pulse Wiath Generator oulput
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PORTS Read/Write (Note 1)

Bits Name Description

5.4 |OUT2.2_SEL| 00 = OUT_PORT2{2] (Note 2)
01 = PWM2
10 = Latch 2
11 = Not valid

o | pPWvMIMUX | O0=PWM1
1 = QUT_PORTZ(1] {note 2)

NOTES
1. These register bits are also described in the External Ports and
Multiplexar section.

2. Reset state. Table 95

6. BEEP ALARM RING (BAR) TONE GENERATOR

The ACES050provides a Beep Alarmand Ring Tone generator
unit. This prevides a digital output pulse train. The high and low
tfime can be programmed with software. Itis thus possible tovary
the output tone frequency, period and volume. The pulse train
can also be disabled whereupon the output will be setlow. Within
the system this output can be used to control a buzzer driver.

External Pin
BAR Qutput (Pin 96) _

CMOS outputwhichis determined by the stateofthe registers
in the BAR block (BARHIGH, BARLOW and BARENABLE).

Assoclated Registers

Write
Reqgister | Bits Description
BARHIGH | 7:0 | BARONtime
BARLOW | 7:0 | BAR OFF tme

BARENABLE| O | 0=BARoutputiow

1 = BAR output pulsing

ACES050
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Fig. 25 Keyport configuration
Output Port
The output port has five individual outputs, which can beused
as scanning outputs connected to a keyboard matrix, or can be
used for other general purpcses .

Extemnal Pins

KPO[4: 0] Outputs (Pins 59: 55)
The state of these outputs are defined by the respective hits in
the intemal registers KEYP and KPOT.

Associated Registers
KEYP Writs

Keypad output port register

Bits Description

Table 96

Programming

The two programmable 8-bit registers determine the ONand
OFF times in staps of approximately 8us (7-9us). The maximum
ON and OFF times are approximately 2ms each (2-02ms). The
foltowing formula is used to calculate the actual imes:

BAR ON Time = (256~ BARHIGH[7:0])X7-93s
BAR OFF Time = (256—BARLOW[7:0]) X 7-93us

7. KEYPAD INTERFACE AND CHIP IDENTITY

The Keyboard interface consists of a 5-bit output port, a 4-bit
input port and associated registers to read, write and configure
the ports (see Fig. 25).

Altematively these ports can be used for general /0. The
output port drive configuration can be set via software to provide
the systam designer with full flexibiiity. The port has tristate
outputbutters, controlled by the KPOT register. By programming
KEYP and KPOT appropriately the outputs canbe configuredto
drive in the following ways:

High impedance

Driving logic output (high or low)
Open drain

Open source.

40 | Sets or dears assodated bit in Output Port register

Tabie 87
KPOT Write
Output Port driver configuration
Bits Description

4:0 | 0= Output driven to lavel set by relevant KEYP hit

1 = Cutput tristate
Table 98

Programming Examples
The following bit pattems thus yield the following output
configurations:

'\‘ﬂi KPOT Output Description

0 0 0 Logic drive

1 0 1 Logic drive

0 0 0 Open drain

0 1 z Opean drain

1 0 1 Open source

1 1 z Cpen source

X 1 Zz High impedance

Table 99
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Input Port

The Keyboard interface has four inputs. These inputs can
also be used as general inputs. The upperfour bits of this portare
hardwiredand provide a means of identifying the present variant
of the ACE3050.

External Pins

KPI[2:0] 4-bit Input port {pins 66 to 63)
The state of this input port can be obtained by reading the
respactive bits in the internai register KEYP.

Associated Registers
KEYP [7:0] Read
Kaypad input port register

Bits Description
[7:4] | Chip Identity code (See Table 101)
(3:0] | Reads the level of the associated input on KP| {3:0]
Table 100
identity code
Bits Description
7 Read back 0
6 Head back 0
5 Read back
4 Read back 0

Table 1071

8. AUTONOMOUS TIMEOUT (ATOQ)

The Autoriomous Time Out circuit (ATO) is provided to
facilitate an automatic power down of the phona in the event of
the phone entering an illegal transmitting state. The ATQ block
requires external functions to implement its intended operation.

The ATO monitors the status of the RXCD and TXPOW
inputs; in a typical system these will indicata the presence of
received and transmitted signals, respectively. If a transmitted
signatis detected, without the presence of a received signal the
ATO dircuitry can change the state of the output pin, POFFN.
This should be used to remove power from the phone system via
extamal power controi circuitry,

The main block in the ATO is a 30-second counter. it is resat
by an accepted processor write to the RESATO register. The
state of the extemal inputs RXCD and TXPOW determine
whether the processor access is accepted. if the processor does
not attempt to access the register, or access is blocked for a
period of 30 seconds, the ATO Timer expires and an ATO reset
occurs.

External Pins

RXCD Receive Path Carrier Detect Input (pin 100)
Digitalinputtoindicate the presence of a carrierin the receiver
part of the Radio as shown in Table 102.

Level Description
0 Receive signal absent
1 Recsive signal present
Table 102

A typical source for the receive signal strength would be the
ASS| output from the IF Strip. However this will need to be
compared to a predefined level and the fogical output fed to the
ACES050. The ACES030 provides an ADC, programmabis
threshold register and comparator for this purpose via BXCD.

TXPOW TX power level input (pin 61)
Digital input to monitor the presence of a Transmittad signal,
as shown in Table 103,

Level Description
0 Transmit signal absent
1 Transmit signal prasant
Table 103

A typical sourcs for the transmit signal presence would be a
detector in the TX path. However this will need to be compared
to a predefined level and the logical output fed to the ACES050.
The ACESO30 provides two Op Amps that may be used for this
purpose. One may be used as a buffer/amp and the other as a
comparator in conjunction with a DAC, which is also on the
ACES030. The level of TXPOW can be directly determined via
IN Port1[7], POWDET,

POFFN Power Off output {pin 85)

This pin is intended 1o be used fo control extemal power
regulators for the phone, It is reset low by an MRN reset. The
software and the ATO then control the state of POFFN:

The software can set the state of POFFN directly via

Port 3[4].

The ATO reset can only drive POFFN output low.

POFFN is not dleared by a Watchdog reset, so that this type
of reset will not power down the phone. When in Service mode
the ATO Heset is disabled and the IROM code sets POFFN to
logic 1.

Asscciated Registers
RESATO Reset ATQ: Wiite

Bit Description

R Write access resets the 30s ATO timer.
Table 104

UPOFFN Port 3
Bit 4 of this register sets the state of the POFFN output, as shown
in Table 105.

Bit ;| Name Description

4 | UPOFFN | 0= POFFN output set low

1= POFFN output set high

Table 105



Block Descriptions

ATO Timer

The ATC timer is a 30 second resetable counter. If the ATO
counter reaches 30 seconds, an ATO Reset is generated. The
countar is reset by the following actions:

{a) External MRN Reset
(b} Accepted Procsssar Write to the RESATO register

The lavels of the two extemal signals RXCO (pin 100) and
TXPOW (pin 61) are used to detarmina whether a processor
Write to RESATO is accepted or not, as shown in Tabie 106.

RXCD TXPOW RESATO access
0 0 Accepted
0] 1 Denied
1 0 Accapted
1 1 Accepted

NOTE: Tha CPU cannot tell whether a hardware access has been
accepted or not.
Tabile 106

The RXCD input is filtered prior to use in the ATO Timer logic
by the RXCD Filter.
Tha ATO timer is NOT reset by Watchdog reset.

ATO Reset
Whenthe ATQ Times Qutthe ATO reset circuitis trigered and
the following occurs:

{a) A Time Out Interrupt is generated.
{b) If the POFFN is high it will be driven low.

The Time Out interrupt is generated atleast 1 second betore
the POFFN is driven low. This is to give the processor time to

ACES9050

clean up before power is mmoved. The processar cannot
prevent tha ATO reset at this stage.

The ACES050 design assumes that the ATO Resst will
remove powaer from the phone system. If the system is designed
in such away that power is not removed from the ACES050 the
PCFFN pin is only guaranteed to stay low for approximately 1
sacond. The state of the internal circuitry is not qguaranteed after
an ATO Reset.

RXCD Filter

The purposa of tha fitter is to smooth out short glitches inthe
RXCD input. The filter waits for 1 second of RXCD becoming
high before the filter outputis asserted. Orce the outputhas been
assarted for mora than 1 second, if the RXCD goas low for more
that 1 sacond the fitter output will go fow.

The filter hardware consists of a 10-bit up-down counter
clocked at492Hz. if the RXCDinputis high the counterincrements.
If it is low the counter decrements. Thus, assuming the counter
bagins at zero, with a fixed high on the RXCD the counter's MSB
will assert aftar 1 second and will overflow after approximately 2
seconds. When the countar overflows and RXCD is high it will
continua to hotd the maximum countvalue and conversely, when
it reaches zero and AXCD is low, it will contain zero. The MSB
of the counter is the filter output which is fed to the ATO.

Programming Guide

Although the processor only needs to access the ATO
register once every 30 seconds to pravent the reset, the access
should cceur more frequently. This would ensure a spurious
error condition unfortunately imed would notcause an ATO tum-
uft. Servicing the ATO with the Watchdog would be the sensible
approach.
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PROGRAMMER'S GUIDE TO CONTROL PORTS

PORT 4 ACES050 Configuration

AND REGISTERS Read/Write
IN_PORT 1 External Inputs .
Read Bit| Name Description
sit| Name Description 7 | SINTSLEEP | 0= ACE serial interface active®
1 = Sleep
7 | POWDET | Level of TXPOW pin 6 Notused | Read back O
6 SERV Level of SERV pin 5 Notused | Readback 0
5 ) Head back 0 4 | NOMPLL | 0= Clock synchronised to data™
4 | INP1[4] | Level of INP1 [4] pinn 1 = Clock free running
3 | INP1[3] | Level of INP1[3] pin 3 TURBO 0 = 1-008MHz processor bus”
2 | INP1[2] | Level of INF1 [2] pin 1 = 2.016MHz processor bus
1 | INRQ[1] | Level of INRQ [1] pin (interrupt ar INP1 [1]) 2 SATMUX | 0=TXSAT selected”
0 | INRQ[O] | Level of INRQ [0] pin (interrupt ar INP1 {O]} 1 = RXSAT selected
1 IROM 0 = External RCM
Table 107 1 = Intemal ROM”*
OUT_PORT 2 External Outputs 0 | Notused |-
Read * Reset state in Normal mode
Bit| Name Description Table 110
7 {ouTe2 m Inverted drive to QUTP2 [T] pin PORT 5 ACES050 Conﬁguraﬁon
& |OuTP2 (6]| Inverted drive to OUTP2 [6] pin ReadWrite
5 | Reserved | Should be setta 0 Bit| Name |Description Logic state
4 | Reserved | Shouldbe setto 0 . -
3 | Reserved | Should be setto 0 7 - Not used -
2 |OUTP2 2]} Drive level of OUTP2 [2] pin when 6 X050 Power down| 0 = Active”
salec ted by Port 5 oscillator 1 = Power down
1 |OUTP2 {1}| Drive level of QUTPZ [1] pin when [5:4]]OUT2.2 _SEL | Mutltiplex 00 =0uUTZ (21"
salec ted by Pert 5 contrel 01 =PWM2
0 {OUTP2[0]| Drive level to CPUCL pin when CFUCL is 10=Latch 2"
disabled in Port 3 3 - Not used -
Table 108 2 { SEL 12C |[Select?C | 0= I°C reset”
1 = I2C enabled
PORT 3 ACES050 Configuration 1 CLKENAB |CLK enahle | 0= C1008 low
Read/\Write 1 = C1008 enabled”
. . ) 0 | PWMIMUX |Multiplexer | 0=PWM 1
Bit | Name |}Description Logic state control 1= OUT_PORT 2 U]*
7 | ENMOD |[Mocdemon | 0 = No action” * Reset state in Normal mode
1 = Modem fully enabled Table 111
] . - »
6 | ONBAD fAfErfasenal C: : LL‘::cE g pui.ste ?enerated MODPRT 0 Modem Control
interface =latch3setto1 Read/Wirite
5 { STIFC |StartiFC 0 = IFC counter reset
count 1 = Enabie IFC counter Bit Name Function
4 |UPOFFN [Power . | 0=POFFN setto0” "
control 1 = POFFN set to 1 7 MDRESN 0 = Aeset Modem
3 |MDMSLP [Modem 0 = Active” 1 = Modem enabled
rode 1 = Sleep 6 A_TN 0 =TACS Modem
2 | ENSIS [CPUCLpin | 0=0UT2[0" 1= AMPS Modem
1= 8-064MHz Clk [5:4]| SCCTX 1 [0] | Bits 5: 4 = SAT generator
1 | SLEEP |Sieep 0 = CSEPN active for 00 =597kHz" '~
address FFFF," 01=6-00kHz °
1 = CSEPN inactive for 10 = 6-03kHz
address FFFFy 11 = No SAT transmitted
o | FFrReQ IFC 0 = 256 period count” 3 | ENAMI [ 0=TXoutputdisabled
counter 1 = 2432 pericd count 1= TX output enabled

* Reset state in Normal mode
Table 109

46

¥ Reset stata in Normal mode

Table 112

Cont...



MODPRT 0 Modem Control (continued)

Bit Name Function
2 | SYNDET | 0= Capture mode”
1 = Syn¢ mode
1 ENWS | 0= Word sync disabled”
1 = Receiver will resynchronise
0 | VC_CCN | 0= Control channel”
1 = Voice channel

* Reset stats in Normal mode

Table 112 (continued)

MODPRT 1 Modem Control Write

ACES050

BANK_SEL Bank Select Register

Write only
Bit | Name Description
[7:5] - Not usad
4 CSs Chip Select: 1 = CSE2N, 0= CSEPN
3 BA17 Banked address A17
2 BA16 Banked address A16
1 BA15 Bankad address A15
0 BAi4 Banked address A14
Table 116

ACE9050 REGISTERS BY BLOCK

6303
Bit Name Function
Name R/W | Addr Description
7 | MDMTST | Mustalways be setto O
6 TXDINY 0 = TX data not inverted” DDR 1 w 00 | Data Dir register P1
1 = TX data inverted DDR 2 w 01 | Data Dir register P2
5 | AXDINV | 0= RXdata notinverted” PORT 1 AW | 02 | DataPort1
1 = RX data inverted PORT2 AwW| 03 {DataPort2
4 LF1_2 0 = Discriminator enabled” TCSA 1 AW | 08 | Timer Control/Status
1 = Discriminator bypassed (Test) FRC_HIGH RW | 09 | Free runcounter MSB
[3:0]] SQLEV {3:0] | Set the squeich threshold level FRC_LOW Aw | 0A | Free runcounter LSB
- - ICR_HIGH R 0D | IP Captura register MSB
de
Reset state in Normal moce e 113 ICR.LOW | A | OE |IP Capture register LSB
T AMCH w 10 | Rate and made control
MODPRT 1 Modem Status Read TRCSA AW | 11 | TX/AX Contrdl and Status
Bit Name Function RDR R | 12 jAXdata
TDR W 13 | TX data
7 - Notused Table 117
6 Bl 0 = Busy/ldie bit =0 ACES050 Internal Ports
1 = Busy/ldle bit=1
[5:4] SCCRX [1:0]] Bits 5: 4 = SAT received Name R/W | Addr Description
00 = 5.97kHz
01 = 6-00kHz PCAT 3 RW | 26 | ACES050 configuration
10 = 6.03kHz PORT 4 RW [ 40 | ACES050 configuration
11 = No SAT received PORT 5 AW | 42 | ACES050 configuration
[3:0]| SQRX {3:0] | Number of data bits in a word that have Bus Interf Table 118
exceeded the preset Squelch threshald S Interface
Table 114 Name R/W | Addr Description
. . BANK_SEL W 44 Bank select
LSICOM 3 ACE Serial Interface Control Register i
Write Table 119
External Ports
Bit Name Function :
Name R/W | Addr Description
7 GO 0 = No data transfer
1= Begln data transfer IN_PORT 1 R 22 External i/P Port
6 cL | 0=SynthBus (126kHz) OUY_PORT 2 |RW | 24 | External O/P Port
1= ACEBus (1 .008MHZ) KEYP AW 36 Keypad /P and chip 1D
5 ANS 0 = No answer request KPOT W | 88 | O/F type for KPO
1 = Answer request Table 120 *
4 | Notused | Mustbe0 Watchdog and ATO
3 Latch 3 SynthBus: Latch 3
2 Latch 2 SynthBus: Latch 2 Name R/W | Addr Description
1 Latch 1 Latch 1 enabled for data transfer REWD W | 6A | Reset Watchdog
Q Latch O Latch O enablad for data transier RESATO W 6C | Reset Time Out
Table 115 Table 1271
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Interrupts 2C
Name R/W | Addr Description Name R/W | Addr Description
IRQPRTO W 70 | Reset internal interrupts 12C_ADDR AW | 54 | 1°C Slave address
IRQPRT1 w 72 | Mask intemal interrupts 12C_DATA AW | 55 |#C Data TwRx
IRQPATZ2 A 2C | Read intemal interrupts 12C_CNTR AWl 56 | I”C Control
IRQPAT4 W 74 | Reset extemnal interrupts 12C_STAT R 57 | I*C Status
IRQPRTS W 76 | Mask external interrupts 12C_CCR W 57 1 12C Clock
|IRQPATG R 2E | Read axernal interrupts Tabie 125
Table 122 Modem
ACE Serial interface Name |RW| Addr Description
N Add D ri
ame | R/W | Addr escription MODPRTO | RW] 30 | Configuration
LSICOMO w 60 | ACE interface TX1 MODPHRT1 AW| 32 | Control/Status
LSICOM1 w 62 | ACE interface TX2 MODPHRT2 RwW! 34 | Data TwHx
LSICOM2 W 64 | ACE interface TX3
Tabla 1
LSICOM3 W | 66 | ACE interface Contral BAR able 126
LSICOM4 R 3A | ACE interface RX1
(SICOM5 R 3C | ACE interface AX2 Name | RW | Addr Description
L3ICOME R 3E | ACE interface AX3 BARHIGH w 50 ] BARon
STA_WIDTH W 67 Latch 3 width BARLOW w 51 BAR off
Table 123 BARENABLE | W 52 | BAR Qutput Enable
PWM Table 127
Baud Rate Generator
Name R/W | Addr Description
Name R/W | Addr Description
DAC1 w sB PWM 1 data
DAC? W 5C | PWM 2 data BRG w 53 | UART Baud select
Table 124 Table 128
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ACE9050 DEVELOPMENT PLATFORM

Tools:

Pentica offers an In Circuit Emulator suitable for the 6303 CPU.. The software compiler used comes
from IAR. Pentica has a sales office in the US, in Boston Mass. The phone number is 617-275-4419,

1AR may be contacted at:

IAR Systems Software Inc.
One Maritime Plaza

San Francisco

CA 94111

415-765-5500
info@iar.com

Here are a few tips in regards to the Pentica ICE:

We have used the Mime 610-6303R-PRX-256K-H40D.

610 is for 8 bit machines.

6303R is the processor

256K - This is the model that can emulate the full memory space of the ACES050. It interfaces with the
banked addressing circuit . To use the banked addressing you need to buy Instrumentation pod with
user signal inputs.

HDA40 :- This is the header for the pod. The 40 way DIL interfaces with the Eval board.

The hardware comes with MimeView which is a PC based GUI.

SOFTWARE:

The C compiler assembler linker & librarian is an 1AR product. It is designed for either the 6301 of 6303
processor.

The compiler has a start up file CSTARTUP that can be customized. We locked at this and found we
did not need to change it.

The linker uses an .XCL fite for defining program segments. We had to make a minor change.

The library contains the normal C headers and pr compiled blocks. We created simple Getchar,
Putchar and Printf routines and compiled them in the fibrary. These interface to the UART.

You can buy the CSPY product with the Compiler at a bundle price. It is available ip two versions. One
is compatible with the ICE as an aiternative to the MimeView. We have never used this. The other
version is a PC simulator, which should enable you to test your program before loading it on the
hardware. | have this version, but as yet have not used it.

Power up sequences:

We have not found the Demo Board or ICE to be particularly sensitive to the Power up sequence.
Generally we power up the ICE. Plug it into the board. Turn on the board, Load up the program and run
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the ICE. We have plugged and unplugged the ICE into the board with no ill effects. We were told the
IGE shouid not be running when you do this; however we have inadvertently done this as well |

Only other suggestions:

The pod must be plugged in the right way round.

The ICE MUST be in Muitiplexed mode (Mode 2)

The ICE must have a suitable clock source selected {Internal or external). If no external clock is
available the internal clock works fine.

The DMAP must be set up for target between 0 to 17FF

The ACES050 board must be in Emulation mode

In Emulation mode the ACE2050 gets the clock form ECLK, no external 8 MHz is required.

The ICE should be reset with: RSYS & RESE instructions & the red button pushed before G1800 is
issued.

Using the Emulator clock cautions:

Please note that the Emulator is the same as a standard 6303 with a divide by four. Thus to achieve
the standard 1.008MHz ECLK for the ACES050 you need a 4.032 MHz input to the ICE. This can either
be from a sig gen, or the ACES030 but the ACES030 requires buffering and dividing by 2. Otherwise,
the ACES050 buss will operate at 2 Mhz resufting in the UART operating at 19.2 K baud. You can also
use the internal ICE clock set at 4MHZ, which is close enough to make the ACES050 run at 1MHz. (the
AMPS modem won't fock onto control channels too well with 1MHz clock).

To run the development platform in emulation mode you must also put the ACES050 into emulation via
the SIL switch. The other optional thing to do is to put a jumper on J23 and remove any from J22 and
J21 if you want the ICE to reset the board.

Onee in emulation mode the ICE removes ALL of the 6303 functionality from the ACES050, that
includes the 6303 ports, Timer counter and R$232 modem. The modem on the ICE is supported on
the board via the MAX233, but the wires on the J13 need to be changed over to select the Number 2
tranciver which is connected to the ICE. We have found that the internal ACE9050 6303 outputs do
shadow the ICE ones, but the inputs don't have any effect, so for reliable operation use the ICE ones.

With regards to the ICE knowing about Turbo mode the answer is no, because it doesn't have tol |
think you can run the ICE with an external 8.064 MHz clock which will give a 2.016MHz ECLK running
into the ACES050. Now what you must do is to set the TURBO bit in the ACES050 {Port4 hit3) and this
will then interanlly divide the ECLK by 2 and everything will come out in the wash,

The 8MHz clock in XIN on the ACE9050 does not need to be running when the ACES030 is is
Emulation mode EXCEPT if you are using the 12C, where upon you must provide this clock.

ACE9050 /O in emulation mode:

In emulation mode the ACES050 6303 is effectively bypassed and the Emulator 6303 functions are
1ive'. This includes the SCI., timer and 1/O ports (Port 1 & 2).in other words you must connect to the ICE
port 1 in Emulation mode, not the ACES050. Unfortunately there is no socket to this directly on the
Development platform. What you will have to do is connect the wires to the pins of the 6303 socket, or
sandwich a socket between the board socket and the ICE. The socket in the middle can have wires

soldered on which can gain access to the port.

The port will work when set to output because it still hangs on the bus and shadows the emulator port
because it has the same address, but is not really the 'active’ address location
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6303 PORTS

The ACEQ050 6303 Port 1 is NOT tri-state in Emulation mode. The ports actually shadow the emulator
ports. This means that If the ports are configured for output, then both will drive. However they should
drive the same logic levels. There still may be switching time differences so it is recommended not to
link the lines together. If the ports are always read, then there would be no contention issue. In
Emulation mode the Emulator Ports get read and not the ACES050 6303 ports.

The GPS Tools Package

1.0verview

The GPS Tool Package contains several files aiding the sofiware development
of the ACE 9050. These include header files containing register addresses and batch files simplifying
the compile and link operations.

This document describes the modifications made to the compiler and linker
functions. It also gives a description of the various commands used and the reasoning behind the
changes.

Upon the ACE DESIGN FILE disk you should find the following archived files within the
GPSTOOLS.ZIP :

Ink6303.xcl compile.bat

putchar.c
cl6303 1.bat

getchar.c
stdio.h 2.bat

printf.c
i09050.h 3.bat

demosof.c
i06303.h lib.bat

2.File descriptions

2.1 Ink6303.xcl
This file is a modification upon the linker file for the 6301 processor and is the non-banked version
for the ACE 9050. The main changes to the file are the definitions for the ROM and RAM start
addresses, these being set at 1800H for ROM and 80H for RAM. The other modification loads the
C library for the 6303 rather than that for the 6301. The CPU definition is left unchanged since the
6303 is completely compatible with the 6301.

2.2 cl6303
This is the C library for the 6303 processor. It is left largely unmodified from the cl6301 library and
renamed for continuity and clarification purposes, the only alteration being the configuring for the
source files printf, putchar and getchar.

2.3 Stdio.h
This header file of standard 1/O function declarations is left unchanged from the original version.

2.4 109050.h
This is a header file defining all register addresses for the ACE 9050. Inclusion of this file enables
the development software to be written without continual declarations of the register addresses.

2.5i06303
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In a similar fashion to the i09050.h file, this header file contains definitions of the internal registers
for the 6303 processor.

2.6 Batch files
Several batch (.bat) files are included in the GPS Tool Package. Each batch file compiles and links
a desired C program. The purpose of these files is to allow the developer to perform the compile
and link commands without having to type the relevant line commands each time. Running the
compile.bat file presents the developer with a menu. Choosing an option from this menu will run a
specific batch file , either 1.bat, 2.bat or 3.bat corresponding to options 1,2, and 3 respectively.

2.6.1 1.bat
This file simply compiles and links the desired C program. This is achieved by selecting option 1
from the compiler menu and writing 1 followed by the program name {minus the extension). The
batch file will then perform the compile and link commands reporting any errors and warnings
before returning to the DOS prompt. The file includes the standard compile command line:

icc6303 %1.c -r07
The line simply compiles the source program to a .ro7 format, with the %1 section pulling in the
program name. Added to the basic command are several switches that perform useful functions,
these being -e and -P. The -e switch enables target dependent extensions whilst the -P switch
generates PROMable code such that objects can be mapped to RAM and then to ROM therefore
eliminating the problem of C language not being able to be put into ROM directly. The linker
command includes the standard line:

xlink %1.r07 -f Ink6303.xc!

which links the compiled file (file.rd7) with the non-banked memory model for the §303 processor.
As with the compiler command, several switches are added. The options include -r, -0 %1.d07, -I
9,1 and -x. The -r switch generates a file adapted for the C-SPY high level debugger whilst the -0
switch writes the output to a defined file (.d07 selected here). including the -l switch generates a list
on file.Ist and the -x option allows the contents to be controlled. The other important line in the
batch file is the following :

Niar_keyviar_key %1.do7

which generates symbol files such that the program can be viewed in several formats (C, assembly
or a combination), allowing a greater degree of analysis when using the emulator.

2.6.2 2.bat
This batch file is a useful variation to the 1.bat file. it is effectively the same with an additional line
at the end. The line :
AmvEx(01

is added allowing the user to compile and link their desired software and tranéfer automatically to
the ICE emutation package. This file is run similarly to 1.bat by typing 2 followed by the filename.

2.6.3 3.bat
This is again a useful variation upon the 1.bat file in that it compiles the program to Motoroia S
format so that it can be used with an EPROM emulator.A -P option is addled to the compile line to
enable the generation of PROMable code for this purpose. In addition the line :

Jlepem32
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is added to enable the EPROM software to be run. Again the file is run by typing 3 followed by the
file the user wishes to compile.

2.6.4 lib bat
This is a useful batch file that adds a -b switch to the compiler command line. This allows the
software in question to be compiled for library modules.The file is executed by typing lib followed
by the program filename.

2.7 Source files
The source files are the modified versions of the printf.c, putchar.c and getchar.c files. The
changes are made such that they can be interfaced with the RS232. The files have been
configured to the C library (cl6303).

2.8 Demosof.c
This is a framework that glues together the software for the hardware drivers developed by GPS
for demonstration purposes. The program allows the user to demonstrate the performance of a
number of blocks that make up the ACE 9050. These include the data modem transmitter and
receiver, SAT transmitter and receiver, pulse width modulator and Beep,Alarm,Ring {BAR).

Pentica System emulator setup tips:

2 bat shows what switches we used for the compiler & linker. The iar_key utility is then called
so that the symbol table is generated & loaded.

There is no Configuration file to set up the emulator for the evaluation board. There are a few
set ups and we entered them on the Emulator command line. | think when you power up the
emulator you can load in the last setup.

You can create a & run a batch file to do these, but you will have to read the Pentica
Documentation.

We set up:

Mode 1 (Multiplexed mode of Data/address operation)

cloc 4 or E (depending on whether you use an external clock of the Emulator})
Dmap O - 17FF (Map the addresses from O to 17FF to external memory}

Then we reset the ICE:
rsys (Reset within emulator)

Then reset the HW:
reset { or push the button)

Then te Run code:
g 1800 (Start from address 1800, which is where ROM starts)
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1) GENERAL DESCRIPTION
The ACE%050 Development platform is designed
for Software development and system integration
of the ACE Chip set. The main features are:

B Provision for an extemnal processor or In Circuit
Emulator

Access to Data, Address and Control bus Via
standard HP Logic analyser connectors

RS232 Driver provides standard RS232 levels
DIL sockets provided for EEPROM & FLASH
Direct Interface with ACE Radio Platform

[2C PROM Socket

Direct Access to all ACE9050 External Ports &
Functions

Multiple clocking & reset schemes

2) POWER
Power is applied to the board via J14:
P Vdd (5v)
2 Vss(0Ov)
The power is a single supply that supplies ali
devices present on the board.

3) CLOCK
When running in a Radio system the ACE9050
requires an 8.064 MHz clock. The device will
function with an 8 MHz clock for software
development. The input source can either be an
Crystal or logic level input. The Development
platform provides numerous clocking schemes:

Crystal:
U7 provides a site for a crystal with peripheral
components

External source
J17 provides an SMC connector for a signal
generator { +5 dBm)

Radio Board
J10 provides a jumper to connect the clock supply
from the radio board header J6.

Emulator
The Emulator can be clocked from its own
internal source, or externally via the crystal site
U9 or an external source via J18. The external
source is AC coupled via C5.

4) RESET

The master reset can be driven from 3 different
sources, which are selectable via Jumper
connections:

On Board Reset
This will be used typically when developing code
using EPRCM, ROM Emulator or FLASH. A
jumper on J22 selects this reset.

ICE Reset:
If the selected ICE has a system reset function via
software command this can be selected by a
jumper on J23

Radio Board Reset:
The ACES040 has a Voltage comparator and reset
function on board. This can be used as the system
reset by placing a jumper on J21

5) MODES OF OPERATION
The ACE9050 Has four modes of operation.
These are selected with U6: Each mode is selected
with a corresponding switch. Putting the switch in
the On position enables that mode. If ail Switches
are OFF then Normal mode is selected.
1 On = Test
2 On = Service Mode
3 On = Emulation Mode

6) RS232 INTERFACE
U8 is a Dual RS232 Transmitter & Receiver. This
is configured to access either the internal
ACES050 Serial Interface or an External 6303
Serial Interface via J13 & J12. This also allows
for swapping over the RX and TX lines if
required. The following mapping is implemented:

nz 13
1 ; Emulator RX Data In
RX Data:1 2:ACES050 RX dataIn
TX Data:2 3 :ACE9050 TX data Out
4 : Emulator TX data Out

J12 is then connected to J11, 2 9 way D-type
RS232 connector. Only the ‘'data and ground
terminals of this connector are used.

J1}

2: RX Data

3: TX Data

5: Ground.

The boards when shipped are configured for the
ACE9050 Serial interface using a straight (Non-
Swapping) cable.



7)

MEMORY & 12C

U3, U4 and U5 provide sockets for PROM and
EEPROM type memory devices. US also provides
access to the 12C interface.

Program Memory:

U3 Provides a socket for a 128K x 8 Program
memory. Provision is made for programming a 5v
or 12v FLASH memory via the ACE9050. A link

will be required on J19 to connect the WEN puise.

The programming voltage is required on J15 pin2.
J15 also provides a convenient ground connection
and a 5v supply which may be used in the case of
5v FLASH.

If 2 64K x 8 memory is used a link will be
required from pin 32 to pin 30 for Vdd. The
Boards shipped HAVE THIS LINK IN PLACE.

If a 256K x 8 memory is required a link will need
to be place from J1 pinl8 to U3 pin 30. It is
considered that not many customers will require
this size of memory.

Electrically Erasable Memory:

The board supports both serial and parallel format
of EEPROM. U3 provides a socket for an 8K x 3
device. This is hardwired to the CSEEPN line
from the ACE9050. The Ready signal is
accessible via J16. This output could be fed to an
input port of the ACES050 if this type of
handshaking is required.

US provides a socket for a Serial PROM such as
the XICOR X24 series. Pins 1-3 may be used o
set up an address on the device via U10. If,
however, these pins are required to be connected
to ground this can be achieved by connecting OR
links in R4, RS & R6 and ensuring the Switch is
in the OFF position, or removed.

12C

8

9)

Pins 5 and 6 provide access to the 12C
connections SDA and SCL respectively.

IN CIRCUIT EMULATOR INTERFACE

U2 Provides an interface for an external 6303 or
ICE. The ACE9050 has to be in Emulation mode.
Service mode is optional. The ICE must be set
into Multiplexed Mode. Provision is made for
driving the ICE with a external clock or Crystal if
required.

LOGIC ANALYSER INTERFACE

(V8]

Three 20 way header are provide for a Logic
analyser. These were designed to be used with the
HP 16500 {or equivalent ) Logic analyser series,
and the 100KOhm Termination adapter (01650-
63202). The following signal mapping will then
occur:

Con SIGNAL LSA
JE19 ADDR 16 DO
J118 ApDr 17 Dl
17 EMUL_ADDR 14 D2
J116 EMUL_ADDR 15 D3
115 DATAQ D4
114 DATA ] D5
113 DATA2 D6
J1 12 DATA 3 D7
JI 11 DATA 4 D8
JI 10 DATAS D9
J109 DATA 6 D10
J1 08 Data? D11
1107 QEN D12
J1 06 WEN D13
J105 CSE2N Di4
J104 CSEPN D15
J103 E CLk CLK 1
CON SIGNAL LSA
1219 ADDRQ DO
J2 18 ADDR | Dl
1217 ADDR 2 D2
J2 16 ADDR 3 D3
Jj215 ADDR 4 D4
J2 14 ADDR 5 D5
1213 ADDR 6 Dé
1212 ADDR 7 D7
J2 11 ADDR 8 D38
1210 ADDRY D9
209 ADDR 10 D10
J2 08 ADDR 11 D11
1207 ADDR 12 D12
1206 APDR 13 D13
J2 05 ADDR 14 D14
J2 04 ADDR 15 D15
CONN SIGNAL LSA
1319 Up PorT! 0 DO
1318 Up PorT! | Dl
1317 Up Portl 2 D2
I3 16 Up PorT1 3 D3
1315 Ur PORTI 4 . D4
J3 14 Ur PORT! 5 4 D35
1313 Up PORT! 6 Dé
1312 Up PORTE 7 D7
1311 [{u] D3
1310 IRQ ne
1309 R/W D10
J3 08 ADDR STROBE D11




10) RADIO BOARD INTERFACE

J10 provides a direct interface to the Ver3A radio
board connector J24. J10 is in parallel with the J§
so that the inter board connections can be
monitored even with a IDC connector in J10. The
following lines are connected between the Radio
board and ACE9050:

Reset IP: Pin 1
From ACE9040 LVN. This will also require J21
in place

RXSAT IP: Pin 3
Received SAT input from ACES040 RSO (Pin
36) to ACE9050 Modem SAT RX Block (pin 51)

Data IP: Pin 5

54 KHz data from ACE9030 AFCOUT (Pin 7) to
ACE9050 AFCIN (Pin 60}. This is both for data
and the AFC loop.

TXSATOP:Pin 7:
TX SAT Output to ACE9040 TSI (Pin 9) for
filtering & combining with Audio and Data TX.

TXDATA GP: Pin 9:
DATA Cutput to ACES040 DATI (Pin8) for
filtering & combining with SAT & Audio TX.

J6 Provides the digital interface with the Radio
board. This connector allows the ACE9050 or the
PC Interface card to be used to control the Radio
Board.

3 C1008 O/P: 1MHz Serial Data Clk
5 lat0 O/fP: ACE%040 Latch
7 Latl O/P: ACES030 Latch
9 Lat3 O/P: ACES030 Latch
11 Data I/O: Data
13 8.064 LP: UP Clock Input
11) GENERAL ACE9050 1/O

J4,15, 17, J8-& 19 Provide a means to access the
other function of the ACES050 that are required
to implement a complete phone solution. These
are listed below:

Pin  Description ACE9050 Pin
J4: Key Pad Connector (Input)
1 KPI ¢ 69
2 KPII 638
3 KPI 2 67
4 KP!3 66

J5 Key Pad Connector (Output)

1

L s N S 6

KPO 4
KPO 3
KPO 2
KPO 1
KP0 0

J7 INPUT PORT & INTERRUPT

th b N —

INRQO
INRQI

IP Port! 4
IP Port} 3
IP Portl 4

J8 RADIO PORT

— 0 e sl A B WKN -

0

Beep Alarm Ring O/P
External Reset O/P
Power Off O/P

TX DataO/P

TX Sat O/P
DATAIN 1

RX SAT I

TX Power Detect /P
RX Power RSS! I/P
GND

J9 QUTPUT PORT

1

AV IR - PN I

OP Port2 7

QP Port2 6

OP Port2 2/PWM2/L.2
QP Port2 1/PWM]

38
57
56
55

71
70
54
53
52

96
89
85
63
62
60
51
61
100

79
76
81
93

CPUCLK (disabled at res) 94
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ACE9050 DEVELOPMENT BOARD
DEMO SOFTWARE

Description

This software is a combination of the low level routines used to characterize & evaluate the
ACES050 and some higher level routines written to exercise parts of the radio board. The code is
menu driven from a PC. All that is required on a PC is a terminal emulator. The RS232 interface
uses standard ASCH characters. All the operation routines and menus are generated by the 6303
embedded software. All the code is in the C programming language including interrupt routines.
The IAR compiler & linker were used. The Compiler requires that the target specific options are
enabled to allow the interrupts to work. The CSTARTUP.S07 provided with the compiler was used
with minor modification; as was the LNK6303.XCL. Batch files were written to speed up the
compile & linking process.

The software is simple to use and operate. A radio board is required to utilize all the functions, but
the code will work with a radic board if a suitable clock source is used.

Hardware Configuration:

1. J20 {10 pin header) of ACES050 board should be connected to J24 of the RF evaluation
board

2. J6 (14 pin header) of ACE9050 board should be connected to J23 of the RF evaluation
board.

3. Power should be supplied to J4 of the RF evaluation board and J14 on the ACES050
development board

4. J11 RS 232 should be connected to COM port of PC. Note the cable should be a
standard 9 pin cable. The board is already configured for null modem.

5. Windows Terminal Communications software or equivalent may be used to
communicate through the COM port. The COM port settings should be set for 9600
baud, 8 bit, no parity and 1 stop bit.

Menus & Description:

Modemn Receive ........ 1
This menu option will pull one complete frame of data from a FCC and display the data in its raw
form. This includes the word repeats, dotting and Barker code.

The Menu gives the option of Discriminator bypass. The discriminator should be enabled. Once
the software has locked onto the channel data can be grabbed. If the signal is lost and then
recovers the software will automatically re-synchronize when required.

Modem Transmit ... 2

This allows CW data, or a burst to be Transmitted. Up to 10 data words can be transmitted. The
data is not formatted in any way before transmission. In CW mode the same data byte is
continually TXed.

SAT Management .... 3
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This allows the SAT generator to be enabled and the SAT tone chosen: or an automatic mode
where the same SAT received is Transmitted. In the latter the SAT is measured and re-generated:
not just transponded as this gives a cleaner TX SAT.

Pulse Width Mod ..... 4
This enables both Pulse width modulators to be programmed to the mean DC level required.
Vav = (number /256) * Vdd

Beep Alarm Ring ...... 5

This enables the Beep alarm Ring tone to be generated of the users choice. The high & low times
can be programmed:

ON = (256 - Barhigh) * 7.9us

OFF = (256 - BarLow) * 7.9us

Watchdog & ATO ... 6

For this the chip must be in NOCRMAL mode. Ensure No2 (Red) switch on the select bank is Off.
Either the Watchdog, or ATO service can be demonstrated. Once this occurs a 1 second counter
starts until the desired time-out occurs. Note: {F the ATO hit is prevented the Watchdog still
occurs. The Chip will drive the POFFN line low after 30 seconds. If the Watchdog is stopped the
chip will reset after 4 seconds.

Program Up Radio Board ..... 7
This is used to program a .FIL file into the radio board. Once this is done a further menu of Radio
functions (8) will appear.

The Programming of the board wiil either be from a serial EEROM or via the PC serial interface. If
valid data is detected in an EEROM then this can be loaded, if not a .FIL file must be sent down
from the PC. When data is loaded from the PC this is stored in RAM in the most compact form
possible. The user has the option of saving this data in the EEROM. This will delete previous
EEROM data.

Radio Board Operations ... 8
This menu appears after the radio board has been loaded. it will produce a sub menu of radio
functions

AFC Demonstration

This will run the Automatic Frequency Compensation, if the RSS! is high enough. The XTAL will
be pulled until the main VCO is on frequency. The software uses averaging of the received data
and will complete when the VCO is within 100 Hz of the desired frequency. The VCO frequency
will be monitored every second, until the function is halted.

Channel Changing Demonstration
This allows any valid channel in the range 1 to 1024 to be selected. The RF will then be tuned to
the required frequency and the new channel number displayed. 5

Power Control .
Two Mobile power states can be selected: Full on or standby.

RSSI Results:
This allows the present Radio board RSS! figure to be displayed. The RSSI is updated every
second.

Code Structure



ACE9050 DEVELOPMENT BOARD APPLICATION BRIEF

The code is split between many functions residing in several C files, all in the same directory.
Several Header files are also required. These are logically named; but described below for
completeness.

GPSDEMO.C
This contains the main() function and the menu generation functions.

DEM_BITS.C
This mops up all the routines to exercise the relatively simple ACE9050 biocks: PWM, BAR, ATO
& Watchdog.

FiL_DEMO.C

This contains the functions required to load a .FIL file from the PC; strip off the comments and
combine the data into valid words for the ACEBus. it also contains the functions for programming
the Radio board and management of the EEPROM. The WLC drivers were used to actuaily write
& read the EEPROM data. This is why some of WLC software is in the sub directory. The Radio
board data is stored in a global array called WORDS. The contents of words are chars. These are
formatted correctly for the ACEBus, but with the word ID bits not set. The bit manipulation of the
data from the .FIL format occurs before the data is stored, using the .FIL line number for labeling.
If the received .FIL line number does not tally with the internal counter, the data is of dubious
origin and the load will abort. The WORDS array numbers are given labels in Define statements
for clarity of code.

GENERICS.C
This contains all the generic functions used throughout the code. These are generally to convert
data to and from various number formats from the ASCIl codes used on the RS232 interface.

INT_ROUT.C
This contains the interrupt routines for 3 of the 6303 interrupts:

SCI: If the UART is programmed to generate an interrupt this will service it. Generally the SCl is
polled, but for downloading a .FiL file the interrupt must be used. A circular buffer is created to
prevent overrun errors.

IRQ: This case statement services all the ACES050 internal interrupt sources. The external
interrupts are not supported by software.

TIC: This supports the Timer interrupt generated when measuring the AFC.

MOD_SAT.C

This contains the functions for the modem transmitter, receiver & SAT control. When in modem
receive the function uses the timer to create a time window for the IRQ-WS. If this does not occur
the modem will automatically go into the synchronization function. The SAT receiver takes ten
measurements of the incoming SAT and the SAT with greatest number of samples out of the ten
in its 'bin’ wins. If less tan 8 are in any one bin then NO SAT is recorded. The SAT. routine also
times the SAT interrupt interval. if this is too long again NO SAT is recorded.

RAD_DEMO.C
This contains the routines for the Radio Demo mentu: AFC, Channel change, Power Control and
RSSI.

GLOBALS.C



ACE9050 DEVELOPMENT BOARD APPLICATION BRIEF

This contains the definitions & initializes all the Global variables used in the program. These have
been kept to a minimum. Buffers, variables & Boolean operators used in interrupts form the butk
of the Global variables.

Header Files:

GLOBALS H

This include file is the mirrer image of the Globals.c file, but with the variables defined as EXTERN
and are not initialized. All the .C files (except Globals.c) require this file to be included to allow
them to compile on their own.

GPSDEC.H

This contains the prototype declarations for functions that are called in more than one file.
Functions only used within one file are declared in that file. Al the .C files require this file to be
included to allow them to compile on their own.

GPSDEMO.H

This contains all the defines used within the programmes to make the code more readable. It also
contains the pre processor directive to determine the time window to validate a IRQ-WS interrupt.
The defines are grouped as per the file they are predominately used in.

DRIVERS.H & HARDWARE.H
These are header files required by the WLC software.

BATCH files & LNK6303.XCL

The all.bat compiles & links all the files together. The C files are compiled to .R07 files which are
linked to produce a .MOT file for loading a FLASH in the Motorola format. {f a compiler error
cceurs in any of the files the linker won't be invoked. The LNK6303.XCL file has been edited to
include the .RO7 files for all the C files required to produce the software; both GPS & WLC files.

1.BAT: Compile & link 1 file, named on command line
2.BAT: As 1.BAT, but the errors get piped to ERRORS.TXT
ALL.BAT Compiles & links all the files in the software.
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ACES050 DEVELOPMENT PLATFORM IS52
NAME DESCRIPTION
U1l ACE 9050
Uz 6303 EMULATION SOCKET 40W DIL
U3 EXTERNAL EPROM SOCKET 32W DIL
U4 EEPROM SOCKET 28W DIL
U5 12C BUS SOCKET 8W DIL
U6 4 WAY SINGLE POLE SWITCHES ACES050 Mode Select
U7 8MHz CRYSTAL
us RS232 DRIVER 20W DIL
ulo 4 WAY SINGLE POLE SWITCHES
J1 20 WAY BOXED HEADER LSA Data & Control Bus
J2 20 WAY BOXED HEADER LSA Address
J3 20 WAY BOXED HEADER LSA Emulation & Ports
J4 4 WAY HEADER PINS Key Pad connector {input)
J5 5 WAY HEADER PINS Key Pad Connector (Output)
J6 14 WAY BOXED HEADER Radio Board Digital interface
37 5 WAY HEADER PINS input & Interrupt
J8 10 WAY HEADER PINS Radio Port
J9 5 WAY HEADER FINS Qutput port
J10 2 WAY HEADER PINS Radio Clock Linker
Jil 9 WAY D-TYPE PLUG RS232
J12 2 WAY HEADER PINS RS232 configure
J13 4 WAY HEADER PINS RS5232 Configure
J14 2 WAY HEADER PINS; Supply Connection
J15 3 WAY HEADER PIN FLASH Programming Vpp
J16 1 HEADER PIN EEPROM Ready
Ji7 SMC CONNECTOR,; EXTERNAL CLOCK I/P
J18 SMC CONNECTOR, EXTERNAL CLOCK FOR 6303 EMULATION
J19 2 WAY HEADER PINS FLASH WEN Linker .
J20 10 WAY BOXED HEADER Radio Board Radio Interface )
J21 2 WAY HEADER PINS Radic Board Reset Linker
J22 2 WAY HEADER PINS On Board Reset Linker
J23 2 WAY HEADER PINS ICE Reset Linker
Cl 10nF; EXTERNAL ACES050 Clock AC Coupling
C2,C3,R7 CRYSTAL SET-UP COMPONENTS

R2

PUSH SWITCH

Push-To-Reset System switch
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