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ADuC7033

Table 3. SPI Master Mode Timing (PHASE Mode = 0)

Parameter Description Min Typ Max Unit
tsL SCLK low pulse width' (SPIDIV + 1) X thcik ns
tsH SCLK high pulse width' (SPIDIV + 1) X thcik ns
toav Data output valid after SCLK edge? (2 X tuck) + (2 X thcwk) ns
toosu Data output setup before SCLK edge Y2 ts1 ns
tosu Data input setup time before SCLK edge 0 ns
torp Data input hold time after SCLK edge? 3 X tuck ns
tor Data output fall time 35 ns
tor Data output rise time 35 ns
tsr SCLK rise time 35 ns
tsr SCLK fall time 35 ns
" tuck depends on the clock divider (CD) bits in POWCON MMR. ticik = tucik/2<P.
2 tuck = 48.8 ns and corresponds to the 20.48 MHz internal clock from the PLL before the clock divider.
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Figure 3. SPI Master Mode Timing (PHASE Mode = 0)
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ABSOLUTE MAXIMUM RATINGS

Ta = —40°C to +115°C, unless otherwise noted.

Stresses above those listed under Absolute Maximum Ratings

may cause permanent damage to the device. This is a stress

Table 6.
Parameter Rating
AGND to DGND to VSS to 10_VSS -03Vto+0.3V
VBAT to AGND —22Vto +40V
VDD to VSS -0.3Vto+33V
VDD to VSS for 1 sec -0.3Vto+40V
LIN to IO_VSS -16Vto+40V
STI/WU to I10_VSS -3Vto+33V
WU Continuous Current 50 mA
High Voltage 1/0 Pins Short-Circuit 100 mA
Current
Digital I/0 Voltage to DGND —-0.3VtoREG_DVDD +0.3V
VREF to AGND
ADC Inputs to AGND —-0.3VtoREG_AVDD + 0.3V
Storage Temperature 125°C
Junction Temperature
Transient 150°C
Continuous 130°C
Lead Temperature
Soldering Reflow (15 sec) 260°C

rating only; functional operation of the device at these or any
other conditions above those indicated in the operational
section of this specification is not implied. Exposure to absolute
maximum rating conditions for extended periods may affect
device reliability.

ESD CAUTION

ESD (electrostatic discharge) sensitive device.
Charged devices and circuit boards can discharge
without detection. Although this product features
patented or proprietary protection circuitry, damage

may occur on devices subjected to high energy ESD.
—-0.3VtoREG_AVDD +0.3V ‘Qa\ Therefore, proper ESD precautions should be taken to

avoid performance degradation or loss of functionality.
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PIN CONFIGURATION AND FUNCTION DESCRIPTIONS

RESET
GPIO_5/IRQ1/RXD
GPIO_6/TXD
GPIO_7/IRQ4
GPIO_8/IRQ5
TCK

DI

DGND

NC

TDO

NTRST

™S

NC = NO CONNECT

Table 7. Pin Function Descriptions

46 STI

48 LIN/BSD
47 10_VSS
[145 NC

44 VSS

43 NC

42 VDD
141 WU

[137 XTAL2

[140 NC

[139 NC

[138 NC

36 XTAL1

35 DGND

34 DGND

33 REG_DVDD
32 NC

31 GPIO_4/ECLK
30 GPIO_3/MOSI
29 GPIO_2/MISO
28 GPIO_1/SCLK
27 GPIO_0/IRQO/SS
26 NC

25 NC

ADuC7033

TOP VIEW

6
7 (Not to Scale)
8
9

10
11

12

VREF 14 [

GND_SW 15 [

NC 16 []

AGND 22 ]

NC 23]

REG_AVDD 24 []

VBAT 13[]
VTEMP 18
AGND 21 []
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Figure 7. Pin Configuration

Pin No. Mnemonic Type' | Description

1 RESET | Reset Input Pin. Active low. This pin has an internal, weak, pull-up resistor to REG_DVDD. When
not in use, this pin remains unconnected. For added security and robustness, it is
recommended that this pin be strapped via a resistor to REG_DVDD.

2 GPIO_5/IRQ1/RxD | 1/0 General-Purpose Digital Input/Output 5, External Interrupt Request 1, or Receive Data. This is a
multifunction pin. By default and after power-on-reset, this pin configures as an input. The pin
has an internal weak pull-up resistor. This pin remains unconnected when not in use. This
multifunction pin can be configured in one of three states, namely
General-Purpose Digital 1/0 5.

External Interrupt Request 1, active high.
Receive data for UART serial port.

3 GPIO_6/TxD 1/0 General-Purpose Digital Input/Output 6, Transmit Data. This is a multifunction pin. By default
and after power-on-reset, this pin configures as an input. The pin has an internal weak pull-up
resistor. This pin remains unconnected when not in use. This multifunction pin can be
configured in one of two states, namely
General-Purpose Digital 1/0 6.

Transmit data for UART serial port.

4 GPIO_7/IRQ4 1/0 General-Purpose Digital Input/Output 7, External Interrupt Request 4. This is a multifunction
pin. By default and after power-on-reset, this pin configures as an input. The pin has an internal
weak pull-up resistor. This pin remains unconnected when not in use. This multifunction pin
can be configured in one of two states, namely
General-Purpose Digital I/0 7.

External Interrupt Request 4, active high.

5 GPIO_8/IRQ5 1/0 General-Purpose Digital Input/Output 8, External Interrupt Request 5. This is a multifunction
pin. By default and after power-on-reset, this pin configures as an input. The pin has an internal
weak pull-up resistor. This pin remains unconnected when not in use. This multifunction pin
can be configured in one of two states, namely
General-Purpose Digital I/0 8.

External Interrupt Request 5, active high.

6 TCK | JTAG Test Clock. This clock input pin is one of the standard 5-pin JTAG debug ports on the part.
TCK is an input pin only and has an internal weak pull-up resistor. This pin remains
unconnected when not in use.
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User software must ensure that the Flash/EE memory controller write cycle is completed, the Flash/EE page or byte may be
has completed any erase or write cycle before the PLL is corrupted.

powered down. If the PLL is powered down before an erase or

The following sections provide detailed descriptions of the bit
designations for each of the Flash/EE memory control MMRs.

FEEOCON and FEE1CON Registers
FEEOCON and FEE1CON

Name:

Address:

Default Value:

Access:

Function:

0xFFFFOE08 and 0xFFFFOE88

0x07

Read/write access

These 8-bit registers are written by user code to control the operating modes of the Flash/EE memory controllers for

Block0 (32 kB) and Block1 (64 kB).

Table 13. Command Codes in FEEOCON and FEE1CON

Code | Command Description’

0x00% | Reserved Reserved, this command should not be written by user code.

0x012 | Single Read Load FEEXDAT with the 16-bit data indexed by FEEXADR.

0x02> | Single Write Write FEEXDAT at the address pointed by FEEXADR. This operation takes 50 ps.

0x03% | Erase-Write Erase the page indexed by FEEXADR and write FEEXDAT at the location pointed by FEEXADR. This operation
takes 20 ms.

0x04% | Single Verify Compare the contents of the location pointed by FEEXADR to the data in FEEXDAT. The result of the comparison
is returned in FEEXSTA Bit 1.

0x052 | Single Erase Erase the page indexed by FEEXADR.

0x06? | Mass Erase Erase BlockO (30 kB) or Block1 (64 kB) of user space. The 2 kB kernel is protected. This operation takes 1.2 sec. To
prevent accidental execution, a command sequence is required to execute this instruction, this is described in
the following command codes.

0x07 Default command.

0x08 Reserved Reserved, this command should not be written by user code.

0x09 Reserved Reserved, this command should not be written by user code.

0x0A | Reserved Reserved, this command should not be written by user code.

0xOB | Signature FEEOCON: This command results in a 24-bit LFSR-based signature being generated and loaded into FEEQSIG.
If FEEOADR is less than 0x97800, this command results in a 24-bit LFSR-based signature of the user code space
from the page specified in FEEOADR upwards, including the kernel, security bits, and the Flash/EE memory key.
If FEEOADR is greater than 0x97800, the kernel and manufacturing data is signed. This operation takes 120 ps.
FEE1CON: This command results in a 24-bit LFSR based signature been generated, beginning at FEETADR and
ending at the end of the 64 kB block, and loaded into FEE1SIG. The last page of this block is not included in the
sign generation.

0x0C | Protect This command can be run only one time. The value of FEExPRO is saved and can be removed only with a mass
erase (0x06) or with the key.

0x0D | Reserved Reserved, this command should not be written by user code.

OXOE | Reserved Reserved, this command should not be written by user code.

O0xOF Ping No operation, interrupt generated.

'xis 0 or 1 to designate Flash/EE memory BlockO or Block1.
2The FEExCON always reads 0x07 immediately after execution of any of these commands.
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FLASH/EE MEMORY SECURITY

The 94 kB of Flash/EE memory available to the user can be read
and write protected using the FFEOHID and FEEIHID
registers.

In Block0, the FEEOHID MMR protects the 30 kB of Flash/EE
memory. Bit 0 to Bit 28 of this register protect Page 0 to Page 57
from writing. Each bit protects two pages, that is, 1 kB. Bit 29 to
Bit 30 protect Page 58 and Page 59 respectively, that is, each bit
write protects a single page of 512 bytes. The MSB of this
register (Bit 31) protects BlockO from been read via JTAG.

The FEEOPRO register mirrors the bit definitions of the
FEEOHID MMR. The FEEOPRO MMR allows user code to
lock the protection or security configuration of the Flash/EE
memory so that the protection configuration is automatically
loaded on subsequent power-on or reset events. This flexibility

BlockO, Flash/EE Memory Protection Registers

allows the user to set and test protection settings temporarily
using the FEEOHID MMR and subsequently lock the required
protection configuration (using FEEOPRO) when shipping
protection systems into the field.

In Blockl1 (64 kB), the FEEIHID MMR protects the 64 kB of
Flash/EE memory. Bit 0 to Bit 29 of this register protect Page 0
to Page 119 from writing. Each bit protects four pages, that is,
2 kB. Bit 30 protects Page 120 to Page 127, that is, Bit 30 write
protects eight pages of 512 bytes. The MSB of this register

(Bit 31) protects Flash/EE Blockl, from been read via JTAG.

As with Block0, FEE1PRO register mirrors the bit definitions of
the FEEIHID MMR. The FEE1PRO MMR allows user code to
lock the protection or security configuration of the Flash/EE
memory so that the protection configuration is automatically
loaded on subsequent power-on or reset events.

Name: FEEOHID and FEEOPRO

Address: 0xFFFFOE20 (for FEEOHID) and 0xFFFFOE1C (for FEEOPRO)

Default Value: 0xFFFFFFFF (for FEEOHID) and 0x00000000 (for FEEOPRO)

Access: Read/write access

Function: These registers are written by user code to configure the protection of the Flash/EE memory.

Table 16. FEEOHID and FEEOPRO MMR Bit Designations

Bit Description

31 Read Protection.

30 Write Protection Bit.

Set by user code to unprotect Page 59.
Cleared by user code to write protect Page 59.
29 Write Protection Bit.

Set by user code to unprotect Page 58.
Cleared by user code to write protect Page 58.
28to 0 | Write Protection Bits.

pages and each page consists of 512 bytes.

two pages and each page consists of 512 bytes.

Cleared by user to protect the 32 kB Flash/EE block code through JTAG read access.
Set by user to allow reading of the 32 kB Flash/EE block code through JTAG read access.

When set by user code, these bits unprotect Page 0 to Page 57 of the 30 kB Flash/EE code memory. Each bit write protects two

When cleared by user code, these bits write protect Page 0 to Page 57 of the 30 kB Flash/EE code memory. Each bit write protects
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Block1, Flash/EE Memory Protection Registers

Name:

Address:

FEE1HID and FEE1PRO

0xFFFFOEAO (for FEE1HID) and 0xFFFFOE9C (for FEE1PRO)

Default Value: O0xFFFFFFFF (for FEE1HID) and 0x00000000 (for FEE1PRO)

Access: Read/write access
Function: These registers are written by user code to configure the protection of the Flash/EE memory.
Table 17. FEE1IHID and FEE1PRO MMR Bit Designations
Bit Description
31 Read Protection.
Cleared by user to protect the 64 kB Flash/EE Block code via JTAG read access.
Set by user to allow reading the 64 kB Flash/EE Block code via JTAG read access.
30 Read Protection. This bit write protects eight pages and each page consists of 512 bytes.
When set by user code, these bits unprotect Page 120 to Page 127 of the 64 kB Flash/EE code memory.
When cleared by user code, these bits write protect Page 120 to Page 127 of the 64 kB Flash/EE code memory.
29to 0 | Write Protection Bits.
When set by user code, these bits unprotect Page 0 to Page 119 of the 64 kB Flash/EE code memory. Each bit write protects four
pages and each page consists of 512 bytes.
When cleared by user code, these bits write protect Page 0 to Page 119 of the 64 kB Flash/EE code memory. Each bit write protects
two pages and each page consists of 512 bytes.
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INITIALIZE ON-CHIP
PERIPHERALS TO FACTORY
CALIBRATED STATE

NO YES
JTAG MODE?
NTRST =1

PAGE ERASED?
0x14 = OXFFFFFFFF

KEY PRESENT?
0x14 = 0x27011970

CHECKSUM PRESENT?
0x14 = CHECKSUM

FLAG PAGE 0 ERROR

NO /

A

YES
LIN COMMAND p———p»

RESET
COMMAND

Figure 15. ADuC7033 Kernel Flowchart
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COMPLETE MMR LISTING
In the following MMR tables, addresses are listed in hex code. Access types include R for read, W for write, and RW for read and write.
Table 19. IRQ Address Base = 0xFFFF0000

Access

Address | Name Byte | Type Default Value Description

0x0000 IRQSTA 4 R 0x00000000 Active IRQ Source. See the Interrupt System section and Table 50.

0x0004 IRQSIG! 4 R Current State of All IRQ Sources (Enabled and Disabled). See the Interrupt
System section and Table 50.

0x0008 IRQEN 4 RW 0x00000000 Enabled IRQ Sources. See the Interrupt System section and Table 50.

0x000C | IRQCLR 4 w MMR to Disable IRQ Sources. See the Interrupt System section and Table 50.

0x0010 | SWICFG 4 W Software Interrupt Configuration MMR. See the Programmed Interrupts
section and Table 51.

0x0100 FIQSTA 4 R 0x00000000 Active IRQ Source. See the Interrupt System section and Table 50.

0x0104 FIQSIG! 4 R Current State of All IRQ Sources (Enabled and Disabled). See the Interrupt
System section and Table 50.

0x0108 FIQEN 4 RW 0x00000000 Enabled IRQ Sources. See the Interrupt System section and Table 50.

0x010C | FIQCLR 4 w MMR to Disable IRQ Sources. See the Interrupt System section and Table 50.

' Depends on the level on the external interrupt pins (GPIO_0, GPIO_5, GPIO_7, and GPIO_8).

Table 20. System Control Address Base = 0xFFFF0200

Access

Address | Name Byte | Type Default Value Description

0x0220 SYSMAPO | 1 RW N/A REMAP Control Register. See the Remap Operation section and Table 10.

0x0230 RSTSTA 1 RW N/A Reset Status MMR. See the Reset section and Table 11 and Table 12.

0x0234 RSTCLR 1 W N/A RSTSTA Clear MMR. See the Reset section and Table 11 and Table 12.

0x0238 | SYSSERO' | 4 RW N/A System Serial Number 0. See the Part Identification section and Table 99 for
details.

0x023C | SYSSER1' | 4 RW N/A System Serial Number 1. See the Part Identification section and Table 100 for
details.

0x0240 | SYSCHK' | 4 RW N/A Kernel Checksum. See the System Kernel Checksum section.

" Updated by kernel.

Table 21. Timer Address Base = 0xFFFF0300

Access

Address | Name Byte | Type Default Value | Description

0x0300 | TOLD 2 RW 0x0000 Timer0 Load Register. See the Timer0—Lifetime Timer and Timer0 Load
Registers sections.

0x0304 | TOVALO 2 R 0x0000 Timer0 Value Register 0. See the Timer0O—Lifetime Timer and Timer0 Value
Registers (TOVALO/TOVAL1) sections.

0x0308 | TOVALI1 4 R 0x00000000 Timer0Q Value Register 1. See the Timer0—Lifetime Timer and Timer0 Value
Registers (TOVALO/TOVAL1) sections.

0x030C | TOCON 4 RW 0x00000000 Timer0 Control MMR. See the Timer0—Lifetime Timer and Timer0 Control
Register sections.

0x0310 | TOCLRI 1 W N/A TimerO Interrupt Clear Register. See the Timer0O—Lifetime Timer and Timer0
Clear Register sections.

0x0314 | TOCAP 2 RW 0x0000 Timer0 Capture Register. See the Timer0O—Lifetime Timer and Timer0 Capture
Register sections.

0x0320 | TILD 4 RW 0x00000000 Timer1 Load Register. See the Timer1 and Timer1 Load Registers sections.

0x0324 | T1VAL 4 R OXFFFFFFFF Timer1 Value Register. See the Timer1 and Timer1 Value Register sections.

0x0328 | T1ICON 4 RW 0x01000000 Timer1 Control MMR. See the Timer1 and Timer1 Control Register sections.

0x032C | T1CLRI 1 W N/A Timer1 Interrupt Clear Register. See the Timer1 and Timer1 Clear Register
sections.

0x0330 T1CAP 4 R 0x00000000 Timer1 Capture Register. See the Timer1 and Timer1 Capture Register sections.
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Temperature Channel ADC Offset Calibration Register

Name:
Address:

Default
Value:

Access:

Function:

ADC20F
0xFFFF0538

Part specific, factory programmed

Read/write

This ADC Offset MMR holds a 16-bit offset cali-
bration coefficient for the temperature channel.
The register is configured at power-on with a
factory default value. However, this register is
automatically overwritten if an offset calibration
of the temperature channel is initiated by the user
via bits in the ADCMDE MMR. User code can only
write to this calibration register if the ADC

is in idle mode. An ADC must be enabled and in
idle mode before being written to any offset or
gain register. The ADC must be in idle mode for at
least 23 ps.

Current Channel ADC Gain Calibration Register

Name:
Address:

Default
Value:

Access:

Function:

ADCOGN
0xFFFF053C

Part specific, factory programmed

Read/write

This gain MMR holds a 16-bit gain calibration
coefficient for scaling the I-ADC conversion result.
The register is configured at power-on with a
factory default value. However, this register is
automatically overwritten if a gain calibration of
the I-ADC is initiated by the user via bits in the
ADCMDE MMR. User code can only write to this
calibration register if the ADC is in idle mode. An
ADC must be enabled and in idle mode before
being written to any offset or gain register. The
ADC must be in idle mode for at least 23 ps.

Voltage Channel Gain Calibration Register

Name:
Address:

Default
Value:

Access:

Function:

ADCIGN
0xFFFF0540

Part specific, factory programmed

Read/write

This gain MMR holds a 16-bit gain calibration
coefficient for scaling a voltage channel conversion
result. The register is configured at power-on with
a factory default value. However, this register is
automatically overwritten if a gain calibration of
the voltage channel is initiated by the user via bits
in the ADCMDE MMR. User code can only write
to this calibration register if the ADC is in idle
mode. An ADC must be enabled and in idle mode
before being written to any offset or gain register.
The ADC must be in idle mode for at least 23 ps.

Temperature Channel Gain Calibration Register

Name:
Address:

Default
Value:

Access:

Function:
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ADC2GN
0xFFFF0544

Part specific, factory programmed

Read/write

This gain MMR holds a 16-bit gain calibration
coefficient for scaling a temperature channel
conversion result. The register is configured at
power-on with a factory default value. However,
this register is automatically overwritten if a gain
calibration of the temperature channel is initiated
by the user via bits in the ADCMDE MMR. User
code can only write to this calibration register if the
ADC s in idle mode. An ADC must be enabled
and in idle mode before being written to any offset
or gain register. The ADC must be in idle mode for
at least 23 us.
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ADC Comparator and Accumulator

Every I-ADC result can also be compared to a preset threshold
level (ADCOTH) as configured via ADCCFG[4:3]. An MCU
interrupt is generated if the absolute (sign independent) value
of the ADC result is greater than the preprogrammed com-
parator threshold level. An extended function of this comparator
function allows user code to configure a threshold counter
(ADCOTHYV) to monitor the number of I-ADC results that have
occurred above or below the preset threshold level. Again, an
ADC interrupt is generated when the threshold counter reaches
a preset value (ADCOTCL).

Finally, a 32-bit accumulator (ADCOACC) function can be
configured (ADCCFG[6:5]) allowing the I-ADC to add (or
subtract) multiple I-ADC sample results. User code can read the
accumulated value directly (ADCOACC) without any further
software processing.

ADC Sinc3 Digital Filter Response

The overall frequency response on all ADuC7033 ADCs is
dominated by the low-pass filter response of the on-chip Sinc3
digital filters. The Sinc3 filters are used to decimate the ADC
>-A modulator output data bit stream to generate a valid 16-bit
data result. The digital filter response is identical for all ADCs
and is configured via the 16-bit ADC filter (ADCFLT) register. This
register determines the overall throughput rate of the ADCs. The
noise resolution of the ADCs is determined by the programmed
ADC throughput rate. In the case of the current channel ADC,
the noise resolution is determined by the throughput rate and
selected gain.

The overall frequency response and the ADC throughput is
dominated by the configuration of the Sinc3 filter decimation
factor (SF) bits (ADCFLT[6:0]) and the averaging factor (AF)
bits (ADCFLT([13:8]). Due to limitations on the digital filter
internal data path, there are some limitations on the allowable
combinations of SF and AF that can be used to generate a
required ADC output rate. This restriction limits the minimum
ADC update in normal power mode to 4 Hz or 1 Hz in low
power mode. The calculation of the ADC throughput rate is
detailed in the ADCFLT bit designations table (see Table 39) and
the restrictions on allowable combinations of AF and SF values
are outlined in Table 41.

By default, the ADCFLT = 0x07 configures the ADCs for a
throughput of 1.0 kHz with all other filtering options (chop,
running average, averaging factor, and Sinc3 modify) disabled.
A typical filter response based on this default configuration is
shown in Figure 21.
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Figure 21. Typical Digital Filter Response at fapc = 1.0 kHz
(ADCFLT = 0x0007)
An additional Sinc3 modify bit (ADCFLT[7]) is also available
in the ADCFLT register. This bit is set by user code to modify
the standard Sinc3 frequency response increasing the filter stop-
band rejection by approximately 5 dB. This is achieved by inserting
a second notch (NOTCH2) at

frorerz = 1.333 X fyorcu
where fvorcn is the location of the first notch in the response.

There is a slight increase in ADC noise if this bit is active.
Figure 22 shows the modified 1 kHz filter response when the
Sinc3 modify bit is active. The new notch is clearly visible at
1.33 kHz, as is the improvement in stop-band rejection when
compared to the standard 1 kHz response.
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Figure 22. Modified Sinc3 Digital Filter Response at fapc = 1.0 kHz
(ADCFLT = 0x0087)

06847-020

In ADC normal power mode, the maximum ADC throughput
rate is 8 kHz. This is configured by setting the SF and AF bits in
the ADCFLT MMR to 0, with all other filtering options disabled.
This results in 0x0000 written to ADCFLT. A typical 8 kHz filter
response based on these settings is shown in Figure 23.
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In summary, the simplified ADC transfer function can be
described as

ADCGN

Viy xPGA
ADCGN you

REF

ADC,,,; { - ADCOF} X

This equation is valid for the voltage/temperature channel ADC.
For the current channel ADC,

ADCGN

V,y x PGA
ADCGN,,,

ADC,,,; { -Kx ADCOF} x

REF

where K is dependent on the PGA gain setting and ADC mode.

Normal Mode

For PGA gains of 1, 4, 8, 16, 32, and 64, the K factor is 1. For
PGA gains of 2 and 128, the K factor is 2. For a PGA gain of
256, the K factor is 4. For a PGA gain of 512, the K factor is 8.

Low Power Mode

The PGA gain is set to 128 and the K factor is 32.

Low Power Plus Mode

The PGA gain is set to 512 and the K factor is 8.

In low power and low power plus modes, the K factor doubles if
(REG_AVDD)/2 is used as the reference.

ADC DIAGNOSTICS

The ADuC7033 features diagnostic capability on both ADCs.
Current ADC Diagnostics

The ADuC7033 features the capability to detect open-circuit
conditions on the application board. This is accomplished using
the two current sources on IIN+ and IIN—; these are controlled
via ADCOCON[14:13].

Note that these current sources have a tolerance of +30%. A
PGA gain = 2 (ADCOCON[3:0] = 0001) must be used when
current sources are enabled.

Temperature ADC Diagnostics

The ADuC7033 features the capability to detect open-circuit
conditions on the temperature channel inputs. This is
accomplished using the two current sources on VTEMP and
GND_SW, controlled via ADCICON[14:13].
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The operating mode, clocking mode, and programmable clock
divider are controlled using two MMRs, PLLCON and POWCON,
and the status of the PLL is indicated by PLLSTA. PLLCON
controls the operating mode of the clock system and POWCON
controls both the core clock frequency and the power-down
mode. PLLSTA indicates the presence of an oscillator on the
XTAL1 pin, the PLL lock status, and the PLL interrupt.

It is recommended that before powering down the ADuC7033,
switch the clock source for the PLL to the low power 131 kHz
oscillator to reduce wake-up time. The low power oscillator is
always active.

When the ADuC7033 wakes up from power-down, the MCU
core begins executing code as soon as the PLL begins oscillating.
This occurs before the PLL has locked to a frequency of

20.48 MHz. To ensure the Flash/EE memory controller is
executing with a valid clock, the controller is driven with a PLL
output divided by eight clock source while the PLL is locking.
When the PLL locks, the PLL output is switched from the PLL
output divided by eight to the locked PLL output.

POWKEYO 0x01; //POWCON KEY
POWCON = 0x00; //Full Power-down

If user code requires an accurate PLL output, user code must
poll the Lock Status Bit PLLSTA[1] after wake-up before
resuming normal code execution.

The PLL is locked within 2 ms if the PLL is clocked from an
active clock source, such as a low power 131 kHz oscillator, after
waking up.

PLLCON is a protected MMR with two 32-bit keys: PLLKEY0
(prewrite key) and PLLKEY1 (postwrite key).

PLLKEYO0 = 0x000000A A
PLLKEY1 = 0x00000055

POWCON is a protected MMR with two 32-bit keys:
POWKEYO (prewrite key) and POWKEY1 (postwrite key).

POWKEYO0 = 0x00000001
POWKEY1 = 0x000000F4
An example of writing to both MMRs follows.

POWKEY1 = OxF4; //POWCON KEY

1AL*i1A2; //dummy cycle to clear the pipe line, where iAl and i1A2 are defined
as longs and are not 0O

PLLKEYO = OxAA; //PLLCON KEY

PLLCON = 0x0; //Switch to Low Power Osc.

PLLKEY1 = 0x55; //PLLCON KEY

1A1*1A2; //dummy cycle to prevent Flash/EE memory access during clock change

PLLSTA Register

Name: PLLSTA

Address: 0xFFFF0400

Default Value: N/A

Access: Read only

Function: This 8-bit register allows user code to monitor the lock state of the PLL and the status of the external crystal.

Table 44. PLLSTA MMR Bit Designations

Bit Description
31to3 Reserved.
2 XTAL Clock, Read Only. This is a live representation of the current logic level on XTALT1. It allows the user to check to see

if an external clock source is present. If present, this bit alternates high and low at a frequency of 32.768 kHz.

1 PLL Lock Status Bit, Read Only.

Set when the PLL is locked and outputting 20.48 MHz.
Clear when the PLL is not locked and outputting an fcore divided by 8 clock source.

0 PLL Interrupt.
Set if the PLL lock status bit signal goes low.
Cleared by writing 1 to this bit.
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TIMERO—LIFETIME TIMER

Timer0 is a general-purpose, 48-bit count up, or a 16-bit count
up/down timer with a programmable prescaler. Timer0 can be
clocked from either the core clock or the low power 32.768 kHz
oscillator with a prescaler of 1, 16, 256, or 32,768. This gives a
minimum resolution of 48.83 ns when the core is operating at
20.48 MHz with a prescaler of 1.

In 48-bit mode, Timer0 counts up from zero. The current
counter value can be read from TOVALO and TOVALI.

In 16-bit mode, Timer0 can count up or count down. A 16-bit
value can be written to TOLD to load into the counter. The cur-
rent counter value is read from TOVALO. Timer0 has a capture
register (TOCAP) triggered by a selected IRQ source initial
assertion. When triggered, the current timer value is copied to
TOCAP and the timer continues running. This feature can be
used to determine the assertion of an event with more accuracy
than by servicing an interrupt alone.

TimerO reloads the value from TOLD when Timer0 overflows.
The TimerO interface consists of six MMRS.

e TOLD is a 16-bit register holding the 16-bit value that
is loaded into the counter. TOLD is only available in
16-bit mode.

e  TOCAP is a 16-bit register that holds the 16-bit value
captured by an enabled IRQ event. TOCAP is only
available in 16-bit mode.

e TOVALO/TOVALI are 16-bit and 32-bit registers that hold
the 16 least significant bits (LSBs) and 32 most significant
bits (MSBs), respectively. TOVALO and TOVALLI are read
only. In 16-bit mode, 16-bit TOVALO is used. In 48-bit
mode, both 16-bit TOVALO and 32-bit TOVALL1 are used.

LOW POWER
32.768kHz OSCILLATOR

PRECISION

TOCLRI is an 8-bit register. Writing any value to this
register clears the interrupt. TOCLRI is only available in
16-bit mode.

TOCON is the configuration MMR described in Table 53.

Timer0 Value Registers (TOVALO/TOVAL1)

Name: TOVALO/TOVAL1

Address: 0xFFFF0304, 0xFFFF0308

Default Value: 0x0000, 0x00000000

Access: Read access only

Function: TOVALO and TOVALLI are 16-bit and 32-bit

registers that hold the 16 LSBs and 32 MSBs,
respectively. TOVALO and TOVALI are read
only. In 16-bit mode, 16-bit TOVALO is used.
In 48-bit mode, both 16-bit TOVALO and
32-bit TOVALI1 are used.

Timer0 Capture Register

Name: TOCAP

Address: 0xFFFF0314

Default Value: ~ 0x0000

Access: Read/write

Function: This is a 16-bit register that holds the 16-bit value

captured by an enabled IRQ event. Available only
in 16-bit mode.

16-BIT LOAD

32.768kHz OSCILLATOR

EXTERNAL 32.768kHz
WATCH CRYSTAL

PRESCALER
1, 16, 256, OR 32768

48-BIT UP COUNTER

16-BIT UP/DOWN COUNTER [ TIMEROIRQ

CORE
CLOCK FREQUENCY

IRQ[31:0] —»D—»

{

TIMERO
VALUE

\

CAPTURE

06847-030

Figure 34. Timer0 Block Diagram
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Timer2 Control Register

Name:
Address:
Default Value:
Access:

Function:

T2CON
0xFFFF0348
0x0000

Read/write

This 16-bit MMR configures the mode of operation of Timer2.

Table 55. T2CON MMR Bit Designations

Bit

Description

15to 11

Reserved.

10to 9

Clock Source Select.

00 = core clock (default).

01 = low power (32.768 kHz) oscillator.
10 = external (32.768 kHz) watch crystal.
11 = precision (32.768 kHz) oscillator.

Count Up.
Set by user for Timer2 to count up.
Cleared by user for Timer2 to count down (default).

Timer2 Enable Bit.
Set by user to enable Timer2.
Cleared by user to disable Timer2 (default).

Timer2 Mode.
Set by user to operate in periodic mode.
Cleared by user to operate in free running mode (default).

5to4

Format.
00 = binary (default).
01 =reserved.

10 = hours:minutes:seconds:hundredths (23 hours to 0 hours). This is only valid with a 32 kHz clock.
11 = hours:minutes:seconds:hundredths (255 hours to 0 hours). This is only valid with a 32 kHz clock.

3to0

Prescaler.
0000 = source clock/1 (default).
0100 = source clock/16.

1000 = source clock/256. This setting should be used in conjunction with Timer2 in the format
hours:minutes:seconds:hundredths. See Format 10 and Format 11 listed with Bits[5:4] in this table.

1111 = source clock/32,768.
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GENERAL-PURPOSE INPUT/OUTPUT

The ADuC7033 features nine general-purpose bidirectional
input/output (GPIO) pins. In general, many of the GPIO pins
have multiple functions that can be configured by user code. By
default, the GPIO pins are configured in GPIO mode. All GPIO
pins have an internal pull-up resistor with a sink capability of
0.8 mA and a source capability of 0.1 mA.

The nine GPIOs are grouped into three ports: Port0, Port1, and
Port2. Port0 is five bits wide. Portl and Port2 are both two bits
wide. The GPIO assignment within each port is detailed in
Table 58. A typical GPIO structure is shown Figure 39.

External interrupts are present on GPIO_0, GPIO_5, GPIO_7,
and GPIO_8. These interrupts are level triggered and are active
high. These interrupts are not latched; therefore, the interrupt
source must be present until either IRQSTA or FIQSTA are
interrogated. The interrupt source must be active for at least
one CD divided core clock to guarantee recognition.

All port pins are configured and controlled by four sets (one set
for each port) of four port-specific MMRs as follows:

e  GPxCON: Portx control register

e  GPxDAT: Portx configuration and data register
e  GPxSET: Data Set Portx

e  GPxCLR: Data Clear Portx

where x corresponds to the port number (0, 1, or 2).

During normal operation, user code can control the function
and state of the external GPIO pins by these general-purpose
registers. All GPIO pins retain their external level (high or low)
during power-down (POWCON) mode.

REG_DVDD
OUTPUT DRIVE ENABLE
GPxDAT[31:24]

OUTPUT DATA
GPxDAT[23:16) — ™| GPIO

_—

INPUT DATA
GPxDAT[7:0] !

GPIO IRQ! <—<]J

1ONLY AVAILABLE ON GPIO_0, GPIO_5, GPIO_7, AND GPIO_8.
Figure 39. ADuC7033 GPIO

06847-035
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High Voltage Interface Control Register
Name: HVCON

Address: 0xFFFF0804
Default Value: Updated by kernel
Access: Read/write

Function: This 8-bit register acts as a command byte interpreter for the high voltage control interface. Bytes written to this
register are interpreted as read or write commands to a set of four indirect registers related to the high voltage circuits.
The HVDAT register is used to store data to be written to, or read back from, the indirect registers.

Table 71. HVCON MMR Write Bit Designations

Bit Description

7t00 Command Byte. Interpreted as

0x00 = read back High Voltage Register HYCFGO into HVDAT.

0x01 = read back High Voltage Register HVCFG1 into HVDAT.

0x02 = read back High Voltage Status Register HVSTA into HVDAT.

0x03 = read back High Voltage Status Register HYMON into HVDAT.

0x08 = write the value in HVDAT to the High Voltage Register HYCFGO.

0x09 = write the value in HVDAT to the High Voltage Register HVCFG1.

All other command bytes are reserved and should not be written by user code.

Table 72. HVCON MMR Read Bit Designations

Bit Description
7t03 Reserved.
2 Transmit Command to High Voltage Die Status.

1 = command completed successfully.
0 = command failed.

1 Read Command from High Voltage Die Status.
1 = command completed successfully.
0 = command failed.

0 Busy Bit (Read Only). When user code reads this register, Bit 0 should be interpreted as the busy signal for the high
voltage interface. This bit can be used to determine if a read request has completed. High voltage (read/write)
commands, as described previously in the High Voltage Peripheral Control Interface section, should not be written
to HVCON unless busy = 0.

1 = high voltage interface is busy and has not completed the previous command written to HVCON. Bit 1 and Bit 2 are
not valid.

0 = high voltage interface is not busy and has completed the command written to HVCON. Bit 1 and Bit 2 are valid.
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UART SERIAL INTERFACE

The ADuC7033 features a 16,450-compatible UART. The UART
is a full-duplex, universal, asynchronous receiver/transmitter. A
UART performs serial-to-parallel conversion on data characters
received from a peripheral device, and parallel-to-serial conver-
sion on data characters received from the ARM7TDMI. The
UART features a fractional divider that facilitates high accuracy
baud rate generation and a network addressable mode. The
UART functionality is available on the GPIO_5/RxD and
GPIO_6/TxD pins of the ADuC7033.

The serial communication adopts an asynchronous protocol
that supports various word length, stop bits, and parity genera-
tion options selectable in the configuration register.

BAUD RATE GENERATION

The ADuC7033 features two methods of generating the UART
baud rate: normal 450 UART baud rate generation and ADuC7033
fractional divider. These methods are detailed in the Normal
450 UART Baud Rate Generation section and the Fractional
Divider section.

Normal 450 UART Baud Rate Generation

The baud rate is a divided version of the core clock using the
value in the COMDIV0 and COMDIV1 MMRs (16-bit value,

DL). The standard baud rate generator formula is
20.48 MHz
Baud rate = —(——— oy
277 x16x2x DL

Table 79 lists common baud rate values.

Table 79. Baud Rate Using the Standard Baud Rate Generator

Fractional Divider

The fractional divider combined with the normal baud rate gen-
erator allows the generation of accurate, high speed baud rates.

CORE FBEN

clock —™| 2

—»|
.
/(M+N/2048)

Figure 42. Fractional Divider Baud Rate Generation

06847-038

Calculation of the baud rate using a fractional divider is as
follows:

20.48 MHz
Baud rate = N (2)
2P x16xDLx2x (M +——)
2048
N 20.48 MHz

M+ = CD
2048  Baud ratex2™" x16x DLx2

Table 80 lists common baud rate values.

Table 80. Baud Rate Using the Fractional Baud Rate Generator

Baud Actual

Rate CD | DL M| N Baud Rate % Error
9600 0 0x42 | 1 21 9598.55 0.015
19,200 0 ox21 | 1 21 19,197.09 0.015
115,200 0 0x5 1 228 | 115,177.51 0.0195

Baud Rate CD | DL Actual Baud Rate % Error
9600 0 0x43 9552 0.50
19,200 0 0x21 19,394 1.01
115,200 0 0x6 106,667 7.41
9600 3 0x8 10,000 417
19,200 3 0x4 20,000 417
115,200 3 0x1 80,000 30.56

UART REGISTER DEFINITION

The UART interface consists of the following nine registers:

e  COMTX: 8-bit transmit register

e COMRKX: 8-bit receive register

e COMDIVO: divisor latch (low byte)

e COMDIVI: divisor latch (high byte)

e  COMCONLO: line control register

e COMSTAQO: line status register

e  COMIENQO: interrupt enable register

e  COMIIDO: interrupt identification register

e COMDIV2: 16-bit fractional baud divide register

COMTX, COMRX, and COMDIVO share the same address
location. COMTX and COMRX can be accessed when Bit 7 in
the COMCONO register is cleared. COMDIVO0 can be accessed
when Bit 7 of COMCONO is set.
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SPI Control Register
Name: SPICON
Address: 0xFFFF0A10

Default Value: 0x0000
Access: Read/write

Function: The 16-bit MMR configures the serial peripheral interface.

Table 89. SPICON MMR Bit Designations

Bit Description
15t0 13 Reserved.
12 Continuous Transfer Enable.

Set by the user to enable continuous transfer. In master mode, the transfer continues until no valid data is available in
the SPITX register. SS is asserted and remains asserted for the duration of each 8-bit serial transfer until SPITX is empty.

Cleared by the user to disable continuous transfer. Each transfer consists of a single 8-bit serial transfer. If valid data
exists in the SPITX register, a new transfer is initiated after a stall period.

1 Loopback Enable.
Set by user to connect MISO to MOSI and test software.
Cleared by user to be in normal mode.

10 Slave Output Enable.
Set by user to enable the slave output.
Cleared by user to disable slave output.

9 Slave Select Input Enable.
Set by user in master mode to enable the output.
8 SPIRX Overflow Overwrite Enable.

Set by the user, the valid data in the SPIRX register is overwritten by the new serial byte received.
Cleared by the user, the new serial byte received is discarded.

7 SPITX Underflow Mode.
Set by the user to transmit the previous data.
Cleared by the user to transmit 0.

6 Transfer and Interrupt Mode (Master Mode).
Set by the user to initiate a transfer with a write to the SPITX register. Interrupt occurs when SPITX is empty.
Cleared by the user to initiate a transfer with a read of the SPIRX register. Interrupt occurs when SPIRX is full.

5 LSB First Transfer Enable Bit.
Set by the user; the LSB is transmitted first.
Cleared by the user; the MSB is transmitted first.

Reserved. Should be written as 0.

3 Serial Clock Polarity Mode Bit.
Set by user, the serial clock idles high.
Cleared by user the serial clock idles low.

2 Serial Clock Phase Mode Bit.
Set by the user. The serial clock pulses at the beginning of each serial bit transfer.
Cleared by the user. The serial clock pulses at the end of each serial bit transfer.

1 Master Mode Enable Bit.
Set by the user to enable master mode.
Cleared by the user to enable slave mode.

0 SPI Enable Bit.
Set by the user to enable the SPI.
Cleared to disable the SPI.
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Bit Description
7 Sync Timer Stop Edge Type Bit.
Cleared to 0 by user code to stop the sync timer on the falling edge count configured through the LHSCON1[7:4]
register.
Set to 1 by user code to stop the sync timer on the rising edge count configured through the LHSCON1[7:4] register.
6 Mode of Operation Bit.

Cleared to 0 by user code to select LIN mode of operation.
Set to 1 by user code to select BSD mode of operation.

5 Enable Compare Interrupt Bit.

Cleared to 0 by user code to disable compare interrupts.

Set to 1 by user code to generate an LHS interrupt (IRQEN[7]) when the value in LHSVALO (LIN synchronization bit timer)
= the value in the LHSCMP register. The LHS Compare Interrupt Bit LHSSTA[3] is set when this interrupt occurs. This
configuration is used in BSD write mode to allow user code to correctly time the output pulse widths of BSD bits to be
transmitted.

4 Enable Stop Interrupt.
Cleared to 0 by user code to disable interrupts when a stop condition occurs.
Set to 1 by user code to generate an interrupt when a stop condition occurs.

3 Enable Start Interrupt.
Cleared to 0 by user code to disable interrupts when a start condition occurs.
Set to 1 by user code to generate an interrupt when a start condition occurs.

2 LIN Sync Enable Bit.
Cleared to 0 by user code to disable LHS functionality.
Set to 1 by user code to enable LHS functionality.

1 Edge Counter Clear Bit.
Set to 1 by user code to clear the internal edge counters in the LHS peripheral.
This bit is automatically cleared to 0 after a 15 ps delay.

0 LHS Reset Bit.
Set to 1 by user code to reset all LHS logic to default conditions.
This bit is automatically cleared to 0 after a 15 ys delay.
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LIN HARDWARE INTERFACE
LIN Frame Protocol

The LIN frame protocol is broken into four main categories:
break symbol, sync byte, protected identifier, and data bytes.

The format of the frame header, break, synchronization byte,
and protected identifier are shown in Figure 40. Essentially, the
embedded UART, LIN hardware synchronization logic, and the
high voltage transceiver interface all combine on-chip to support
and manage LIN-based transmissions and receptions.

LIN Frame Break Symbol

As shown in Figure 4[, the LIN break symbol is used to signal
the start of a new frame. It lasts at least 13 bit periods and a
slave must be able to detect a break symbol, even if it expects
data or is in the process of receiving data. The ADuC7033
accomplishes this by using the LHSVALL1 break condition and
break error detect functionality as previously described. The
break period does not have to be accurately measured, but if a
bus fault condition (bus held low) occurs, it must be flagged.

LIN Frame Synchronization Byte

The baud rate of the communication using LIN is calculated
from the sync byte, as shown in Figure 40. The time between
the first falling edge of the sync field and the fifth falling edge
of the sync field is measured. This result is divided by 8 to give
the baud rate of the data that is going to be transmitted. The
ADuC7033 implements the timing of this sync byte in hard-
ware. For more information on this feature, refer to the LIN
Hardware Synchronization Status Register section.

LIN Frame Protected Identifier

After receiving the LIN sync field, the required baud rate for the
UART is calculated. The UART is then configured, allowing the
ADuC7033 to receive the protected identifier, as shown in
Figure 40. The protected identifier consists of two subfields: the
identifier and the identifier parity. The 6-bit identifier contains
the identifier of the target for the frame. The identifier signifies
the number of data bytes to be either received or transmitted.
The number of bytes is user-configurable at the system level
design. The parity is calculated on the identifier, and is

dependent on the revision of LIN for which the system is
designed.

LIN Frame Data Byte

The data byte frame carries between one and eight bytes of data.
The number of bytes contained in the frame is dependent on
the LIN master. The data byte frame splits into data bytes, as
shown in Figure 00.

LIN Frame Data Transmission and Reception

When the break symbol and synchronization byte have been
correctly received, data is transmitted and received via the
COMTX and COMRX MMRes, after configuration of the UART
to the required baud rate. To configure the UART for use with
LIN requires the use of the following UART MMR:s:

COMDIVO: divisor latch (low byte).
COMDIV1: divisor latch (high byte).

COMDIV2: 16-bit fractional baud divide register. The required
values for COMDIV0, COMDIV1, and COMDIV2 are derived
from the LHSVALO to generate the required baud rate.

COMCONO is a line control register. As soon as the UART is
correctly configured, the LIN protocol for receiving and
transmitting data is identical to the UART specification.

To manage data on the LIN bus requires use of the following
UART MMRs:

COMTX: 8-bit transmit register.
COMRX: 8-bit receive register.
COMCONO: line control register.
COMSTAQO: line status register.

Transmitting data on the LIN bus requires that the relevant data
be placed into COMTX. Reading data received on the LIN bus
requires the monitoring of COMRX. To ensure that data is
received or transmitted correctly, COMSTAOQ is monitored.

For more information refer to the UART Serial Interface and
UART Register Definition sections of this data sheet.

Under software control, it is possible to multiplex the UART
data lines (TxD and RxD) to the external GPIO pins (GPIO_7
and GPIO_8). For more information, refer to the description of
the GPIO Portl Control Register (GP1CON) section.
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