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6 MCU module description

This following sections provide a detailed description of the MCU module system functions
and peripherals, including:

8032 MCU registers

Special function registers

8032 addressing modes
UPSD34xx instruction set summary
Dual data pointers

Debug unit

Interrupt system

MCU clock generation

Power saving modes

Oscillator and external components
I/0O ports

MCU bus interface

Supervisory functions

Standard 8032 timer/counters
Serial UART interfaces

IrDA interface

I°C interface

SPl interface

Analog to digital converter
Programmable counter array (PCA)
USB interface
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8

Note:

Special function registers (SFR)

A group of registers designated as special function register (SFR) is shown in Table 5 on
page 42. SFRs control the operating modes of the MCU core and also control the peripheral
interfaces and I/O pins on the MCU module. The SFRs can be accessed only by using the
Direct Addressing method within the address range from 80h to FFh of internal 8032 SRAM.
Sixteen addresses in SFR address space are both byte- and bit-addressable. The bit-
addressable SFRs are noted in Table 5.

106 of a possible 128 SFR addresses are occupied. The remaining unoccupied SFR
addresses (designated as “RESERVED” in Table 5) should not be written. Reading
unoccupied locations will return an undefined value.

There is a separate set of control registers for the PSD module, designated as csiop, and
they are described in the Section 28: PSD module on page 191. The I/O pins, PLD, and
other functions on the PSD module are NOT controlled by SFRs.
SFRs are categorized as follows:
® MCU core registers:
IP, A, B, PSW, SP, DPTL, DPTH, DPTC, DPTM
® MCU module I/O Port registers:
P1, P3, P4, P1SFS0, P1SFS1, P3SFS, P4SFS0, P4SFS1
e Standard 8032 Timer registers
TCON, TMOD, T2CON, THO, TH1, TH2, TLO, TL1, TL2, RCAP2L, RCAP2H
® Standard Serial Interfaces (UART)
SCONO, SBUF0, SCON1, SBUF1
® Power, clock, and bus timing registers
PCON, CCONO, CCON1, BUSCON
e Hardware watchdog timer registers
WDKEY, WDRST
® Interrupt system registers
IP, IPA, IE, IEA
® Prog. Counter Array (PCA) control registers

PCACLO, PCACHO, PCACONO, PCASTA, PCACL1, PCACH1, PCACON1, CCON2,
CCONS3

® PCA capture/compare and PWM registers

CAPCOMLO, CAPCOMHO, TCMMODEO, CAPCOML1, CAPCOMH1, TCMMODE?2,
CAPCOML2, CAPCOMH2, TCMMODE2, CAPCOML3, CAPCOMH3, TCMMODES,
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9.4

9.5

Note:

9.6

Note:

Immediate addressing

This mode uses 8-bits of data (a constant) contained in the second byte of the instruction,
and stores it into the memory location or register indicated by the first byte of the instruction.
Thus, the data is immediately available within the instruction. This mode is commonly used
to initialize registers and SFRs or to perform mask operations.

There is also a 16-bit version of this mode for loading the DPTR register. In this case, the
two bytes following the instruction byte contain the 16-bit value. For example:

MOV A, 40# ; Move the constant, 40h, into
; the accumulator

MOV DPTR, 1234# ; Move the constant, 1234h, into
; DPTR

External direct addressing

This mode will access external memory (XDATA) by using the 16-bit address stored in the
DPTR register. There are only two instructions using this mode and both use the
accumulator to either receive a byte from external memory addressed by DPTR or to send a
byte from the accumulator to the address in DPTR. The UPSD34xx has a special feature to
alternate the contents (source and destination) of DPTR rapidly to implement very efficient
memory-to-memory transfers. For example:

MOVX A, @DPTR ; Move contents of accumulator to
; XDATA at address contained in
; DPTR

MOVX @DPTR, A ; Move XDATA to accumulator

See details in Section 11: Dual data pointers on page 57.

External indirect addressing

This mode will access external memory (XDATA) by using the 8-bit address stored in either
register RO or R1. This is the fastest way to access XDATA (least bus cycles), but because

only 8-bits are available for address, this mode limits XDATA to a size of only 256 bytes (the
traditional Port 2 of the 8032 MCU is not available in the UPSD34xx, so it is not possible to
write the upper address byte).

For example:

MOVX @RO0,A ; Move into the accumulator the
; XDATA that is pointed to by
; the address contained in RO.

This mode is not supported by UPSD34xx.
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Power saving modes

Table 34. PCON register bit definition (continued)
Bit Symbol R/W Function
Activate Power-down mode
1 PD R,W 0 = Not in Power-down mode
1 = Enter Power-down mode
Activate Idle mode
0 IDL R,W 0 = Not in Idle mode

1 = Enter Idle mode
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18.4

A[10:8] and the remaining pins can be configured for other functions such as generating
chip selects to the external devices.

Figure 19. Connecting external devices using ports A and B for address AD[15:0]

uPSD34xx
MCU ADI[7:0] PSD
Module Module
AD[15:8]
PSEN Port B A8-15
AO-7
&E p— Port A 0
RD or WR ||
D[7:0] —‘
- External J
1 8-bit
RD or WA CS]. Device
Al10434

Figure 20. Connecting external devices using port A and an external latch for
address AD[15:0]

uPSD34xx
MCU AD[7:0] PSD
Module Module
ADI[15:8]
PSEN
&E = Port B AB-15
RD or WR [
D[7:0]
L
A
T L]
A7-0 External
L C X
H cs 8-bit
RD or WR =21 Device
Al10435

Programmable bus timing

The length of the bus cycles are user programmable at run time. The number of MCU_CLK
periods in a bus cycle can be specified in the SFR register named BUSCON (see Table 49
on page 88). By default, the BUSCON register is loaded with long bus cycle times (6
MCU_CLK periods) after a reset condition. It is important that the post-reset initialization
firmware sets the bus cycle times appropriately to get the most performance, according to
Table 51 on page 90. Keep in mind that the PSD module has a faster Turbo mode (default)
and a slower but less power consuming Non-Turbo mode. The bus cycle times must be
programmed in BUSCON to optimize for each mode as shown in Table 51. See

Section 28.5: PSD module detailed operation on page 207 for more details.
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Serial UART interfaces

21.2

Serial port control registers

The SFR SCONO controls UARTO, and SCON1 controls UART1, shown in Table 65 and
Table 67. These registers contain not only the mode selection bits, but also the 9th data bit
for transmit and receive (bits TB8 and RB8), and the UART Interrupt flags, Tl and RI.

Table 65. SCONO: serial port UARTO control register (SFR 98h, reset value 00h)
Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
SMO SM1 SM2 REN TB8 RB8 TI RI

Table 66. SCONO register bit definition

Bit Symbol R/W Definition
7 SMO R,W | Serial Mode Select, See Table 64 on page 108.
Important, notice bit order of SMO and SM1.
[SM0:SM1] = 00b, Mode 0
6 SM1 R,W [SMO:SM1] = 01b, Mode 1
[SM0:SM1] = 10b, Mode 2
[SM0:SM1] = 11b, Mode 3
Serial Multiprocessor Communication Enable.
Mode 0: SM2 has no effect but should remain 0.
5 SM2 RW Mode 1 If SM2 = 0 then stop bit ignored. SM2 =1 then Rl active
if stop bit = 1.
Mode 2 and 3: Multiprocessor Comm Enable. If SM2=0, 9th bit
is ignored. If SM2=1, Rl active when 9th bit = 1.
Receive Enable.
4 REN R,W- |If REN=0, UART reception disabled. If REN=1, reception is
enabled
3 B8 RW TB8 is assigned to the 9th transmission bit in Mode 2 and 3. Not
used in Mode 0 and 1.
Mode 0: RB8 is not used.
° RBS RW Mode 1: If SM2 = 0, the RB8 is the level of the received stop bit.
’ Mode 2 and 3: RB8 is the 9th data bit that was received in Mode
2 and 3.
Transmit Interrupt flag.
1 Tl RW Causes interrupt at end of 8th bit time when transmitting in
’ Mode 0, or at beginning of stop bit transmission in other modes.
Must clear flag with firmware.
Receive Interrupt flag.
0 RI RW Causes interrupt at end of 8th bit time when receiving in Mode O,
’ or halfway through stop bit reception in other modes (see SM2
for exception). Must clear this flag with firmware.

Table 67. SCONT1: serial port UART1 control register (SFR D8h, reset value 00h)
Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
SMO SM1 SM2 REN TB8 RB8 TI RI
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Figure 36. UART mode 3, block diagram
Timer1 Timer2
Overflow Overflow Internal Bus
TB8
Write
to i
D S X
= BUF Pin
oL Q SBU
YYvvVvveyyv ]
| Zero Detector
T
v I
Start Shift  Data
Tx Control
+16 Tx Clock - Send
Serial
Port
Interrupt
y Sample
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Figure 37. UART mode 3, timing diagram
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Endpoint FIFO pairing

Endpoint FIFOs can be paired for double buffering to provide an efficient method for bulk
data transfers. With double buffering enabled, the MCU can operate on one data packet
while another is being transferred over USB.

When two FIFOs are paired, the active FIFO is automatically toggled by the update of
USIZE. The MCU must only use the odd numbered endpoint FIFO when paired in order to
access the active FIFO. For example, if endpoints 3 and 4 OUT FIFOs are paired, the active
FIFO is accessed via endpoint 3's OUT FIFO (see Table 102).

Table 100. USB device address register (UADDR 0E2h, reset value 00h)

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
- USBADDR[6:0]
Table 101. UADDR register bit definition
Bit Symbol R/W Definition
7 - - Reserved
USB Address of the device.
6:0 | USBADDR R/W These bits are cleared with a Hardware RESET. When a USB
RESET is detected, the address register should be cleared.

Table 102. Pairing control register (UPAIR OE3h, reset value 00h)
Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
- - - - PR3OUT | PR1OUT PR3IN PR1IN
Table 103. UPAIR register bit definition
Bit Symbol R/W Definition
7 =~ - Reserved
6 - - Reserved
5 - - Reserved
4 — - Reserved
Setting this bit enables double buffering of the OUT FIFOs for
3 PR30OUT R/W Endpoints 3 and 4. Access to the double buffered FIFOs is
through Endpoint3’s OUT FIFO.
Setting this bit enables double buffering of the OUT FIFOs for
2 PR10OUT R/W Endpoints 1 and 2. Access to the double buffered FIFOs is
through Endpoint1’s OUT FIFO.
Setting this bit enables double buffering of the IN FIFOs for
1 PR3IN R/W Endpoints 3 and 4. Access to the double buffered FIFOs is
through Endpoint3’s IN FIFO.
Setting this bit enables double buffering of the IN FIFOs for
0 PR1IN R/W Endpoints 1 and 2. Access to the double buffered FIFOs is

through Endpoint1’s IN FIFO.
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® USB setup command index and value registers (USCI and USCV)

When a Setup/Data packet is received over the USB, the 8 bytes of data received are
stored in a command buffer. The USB setup command index register (see Table 134)
determines which one of the eight bytes in the buffer is read using the USB setup

command value register (see Table 136).

Table 134. USB setup command index register (USCI OF5h, reset value 00h)

Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
- - - - - USCI[2:0]
Table 135. USCI register bit definition
Bit Symbol R/W Definition
7:3 - - Reserved
. . Index to access one of the 8 bytes of USB Setup Command
2:0 USCIf2:0] RIW Data received with the last Setup transaction
Table 136. USB setup command value register (USCV OF6h, reset value 00h)
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
USCVI[7:0]
Table 137. USCV register bit definition
Bit Symbol R/W Definition
The nth byte of the 8 bytes of USB Setup Command Data
7:0 USCV RAW received with the last Setup transaction. The nth byte that is

read from this register is specified by the index value in the

USCI register.
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from the Secondary Flash memory in program space. After the writing is complete, the Main
Flash can be “reclassified” back to program space, then execution can continue from the
new code in Main Flash memory. The mapping example of Figure 67 will accommodate this
operation.

Memory sector select rules

When defining sector select signals (FSx, CSBOOTx, RS0, CSIOP, PSELX) in PSDsoft
Express, the user must keep these rules in mind:

® Main Flash and Secondary Flash memory sector select signals may not be larger than
their physical sector size as defined in Table 157 on page 193.

® Any Main Flash memory sector select may not be mapped in the same address range
as another Main Flash sector select (cannot overlap segments of Main Flash on top of
each other).

® Any Secondary Flash memory sector select may not be mapped in the same address
range as another Secondary Flash sector select (cannot overlap segments of
Secondary Flash on top of each other).

® A Secondary Flash memory sector may overlap a Main Flash memory sector. In the
case of overlap, priority is given to the Secondary Flash memory sector.

® SRAM, CSIOP, or PSELx may overlap any Flash memory sector. In the case of overlap,
priority is given to SRAM, CSIOP, or PSELx.

PSELx is for optional Peripheral I/O Mode on Port A.

® The address range for sector selects for SRAM, PSELx, and CSIOP must not overlap
each other as they have the same priority, causing contention if overlapped.

Figure 68 illustrates the priority scheme of the memory elements of the PSD module.
Priority refers to which memory will ultimately produce a byte of data or code to the 8032
MCU for a given bus cycle. Any memory on a higher level can overlap and has priority over
any memory on a lower level. Memories on the same level must not overlap.

Example: FSO is valid when the 8032 produces an address in the range of 8000h to BFFFh.
CSBOOTO is valid from 8000h to 9FFFh. RSO is valid from 8000h to 87FFh. Any address
from the 8032 in the range of RS0 always accesses the SRAM. Any address in the range of
CSBOOTO greater than 87FFh (and less than 9FFFh) automatically addresses Secondary
Flash memory. Any address greater than 9FFFh accesses Main Flash memory. One-half of
the Main Flash memory segment and one-fourth of the Secondary Flash memory segment
cannot be accessed by the 8032.

Figure 68. PSD module memory priority
Highest priority
A

Level 1
SRAM,
CSIOP, and
Peripheral 1/0
mode
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\
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DPLD and GPLD

Figure 73.
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28.5.35

28.5.36

28.5.37

I/O ports

There are four programmable 1/O ports on the PSD module: Port A (80-pin device only), Port
B, Port C, and Port D. Ports A and B are eight bits each, Port C is four bits, and Port D is two
bits for 80-pin devices or 1-bit for 52-pin devices. Each port pin is individually configurable,
thus allowing multiple functions per port. The ports are configured using PSDsoft Express
then programming with JTAG, and also by the 8032 writing to csiop registers at run-time.
Topics discussed in this section are:

® General port architecture

@ Port operating modes

® Individual port structure

General port architecture

The general architecture for a single 1/0 Port pin is shown in Figure 79 on page 232. Port
structures for Ports A, B, C, and D differ slightly and are shown in Figure 84 on page 243
though Figure 87 on page 247.

Figure 79 on page 232 shows four csiop registers whose outputs are determined by the
value that the 8032 writes to csiop Direction, Drive, Control, and Data Out. The I/O Port logic
contains an output mux whose mux select signal is determined by PSDsoft Express and the
csiop Control register bits at run-time. Inputs to this output mux include the following:

1. Data from the csiop Data Out register for MCU I/O output mode (All ports)

2. Latched de-multiplexed 8032 Address for Address Output mode (Ports A and B only)
3. Peripheral I/O mode data bit (Port A only)

4. GPLD OMC output (Ports A, B, and C).

The Port Data Buffer (PDB) provides feedback to the 8032 and allows only one source at a

time to be read when the 8032 reads various csiop registers. There is one PDB for each port
pin enabling the 8032 to read the following on a pin-by-pin basis:

MCU 1/O signal direction setting (csiop Direction reg)
Pin drive type setting (csiop Drive Select reg)
Latched Addr Out mode setting (csiop Control reg)
MCU I/O pin output setting (csiop Data Out reg)
Output Enable of pin driver (csiop Enable Out reg)

6. MCU I/O pin input (csiop Data In reg)

ok w0~

A port pin’s output enable signal is controlled by a two input OR gate whose inputs come
from: a product term of the AND-OR array; the output of the csiop direction register. If an
output enable from the AND-OR Array is not defined, and the port pin is not defined as an
OMC output, and if Peripheral I/O mode is not used, then the csiop direction register has
sole control of the OE signal.

As shown in Figure 79 on page 232, a physical port pin is connected to the 1/O Port logic
and is also separately routed to an IMC, allowing the 8032 to read a port pin by two different
methods (MCU 1/O input mode or read the IMC).

Port operating modes

I/O Port logic has several modes of operation. Table 171 on page 229 summarizes which
modes are available on each port. Each of the port operating modes are described in

231/300




PSD module UPSD3422, UPSD3433, UPSD3434, UPSD3454

28.6.7

262/300

Figure 93. Recommended JTAG connector

VIEW: Looking into face of shrouded
male connector, with 0.025"

14 R X 13 posts on 0.1" centers.
TERR TDO
Connector reference:
12xr =11 Molex 70247-1401
GND TCK
This connector accepts a 14-pin
10 ® = 9 ribbon cable such as:
GND TMS

KEY e Samtec:
8 % VIZI 7 WAY HCSD-07-D-06.00-01-S-N
cc H

6 X ® 5 ¢ Digikey:

4 ® =X 3
CNTL GND

2 X X 1
TRST JEN

Al09187

Chaining UPSD34xx devices

It is possible to chain a UPSD34xx device with other UPSD34xx devices on a circuit board,
and also chain with IEEE 1149.1 compliant devices from other manufacturers. Figure 94 on
page 263 shows a chaining example. The TDO of one device connects to the TDI of the next
device, and so on. Only one device is performing JTAG operations at any given time while
the other two devices are in BYPASS mode. Configuration for JTAG chaining can be made in
PSDsoft Express by choosing “More than one device” when prompted about chaining
devices. Notice in Figure 94 on page 263 that the UPSD34xx devices are chained
externally, but also be aware that the two die within each UPSD34xx device are chained
internally. This internal chaining of die is transparent to the user and is taken care of by
PSDsoft Express and 3rd party JTAG tool software.

The example in Figure 94 on page 263 also shows how to use 6-pin JTAG when chaining
devices. The signals TSTAT and TERR are configured as open-drain type signals from
PSDsoft Express. This facilitates a wired-OR connection of TSTAT signals from multiple
UPSD34xx devices and also a wired-OR connection of TERR signals from those same
multiple devices. PSDsoft Express puts TSTAT and TERR signals into open-drain mode by
default, requiring external pull-up resistors. Click on 'Properties' in the JTAG-ISP window of
PSDsoft Express to change to standard CMOS push-pull outputs if desired, but wired-OR
logic is not possible in CMOS output mode.
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31 DC and AC parameters

This section summarizes the operating and measurement conditions, and the DC and AC
characteristics of the device. The parameters in the DC and AC characteristic tables that
follow are derived from tests performed under the measurement conditions summarized in
the relevant tables. Designers should check that the operating conditions in their circuit
match the measurement conditions when relying on the quoted parameters.

Table 206. Operating conditions (5 V devices)

Symbol Parameter Min. Max. Unit
Vpp Supply voltage 4.5 5.5 Vv
Vee AVee Supply voltage 3.0 3.6 Vv
Ambien_t operating temperature _40 85 °C
T (industrial)
Ambient operating temperature o
(commercial) 0 70 ¢
Table 207. Operating conditions (3.3 V devices)
Symbol Parameter Min. Max. Unit
Vee Voo AVge | Supply voltage 3.0 3.6 Vv
Ambient operating temperature (industrial) —40 85 °C
Ta Ambient o_perating temperature 0 70 °C
(commercial)
Table 208. AC signal letters for timing
Letter Meaning
A Address
C Clock
D Input data
| Instruction
L ALE
N RESET input or output
P PSEN signal
Q Output data
R RD signal
w WR signal
M Output Macrocell
Note: Example: t,y x = time from address valid to ALE invalid.
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34.4

34.5

34.6

Workaround

Revision A and B - When a USB reset is detected, the USB SIE's registers must be
initialized appropriately by the firmware. The 3400 USB firmware examples clear USB SIE's
registers if USB reset is detected.

Data toggle

Description

The data toggle bit is read only.

Impact on application

The IN FIFO data toggle bit is controlled exclusively by the USB SIE; therefore, it is not
possible to change the state of the data toggle bit by firmware.

Workaround

Revision A - For cases where the data toggle bit must be reset, such as after a Clear
Feature/Stall request, sending the subsequent data on that endpoint twice results in getting
the data toggle bit back to the state that it should be.

Revision B - A change in silicon was made so that the data toggle bit is reset by disabling
and then enabling the respective endpoint's FIFO.

USB FIFO accessibility

Description

The USB FIFO is only accessible by firmware and not by a JTAG debugger.

Impact on application

Using a JTAG debugger, it is not possible to view the USB FIFO's contents in a memory
dump window.

Workaround

Revision A and B - None identified at this time.

Erroneous resend of data packet

Description

When a data packet is sent the respective IN FIFO busy bit is not automatically cleared by
the USB SIE. This can cause a data packet to be erroneously resent to the host in response
to an IN PID immediately after the first correct transmission of this data packet.

Impact on application

Since the Data Toggle in the retransmitted data packet is toggled from when the data was
first sent, the host will treat this packet as valid. If the identified workaround is not
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