
















































































































































































































































































































































































































































































































































































































































































































































































































































































































































8X930Ax UNIVERSAL SERIAL BUS MICROCONTROLLER USER'S MANUAL 

Table B-2. Signal Descriptions (Continued) 

Signal 
Type Description 

Alternate 
Name Function 

INT1:0# I External Interrupts 0 and 1. These inputs set bits IE1 :0 in the P3.3:2 
TCON register. If bits IT1 :0 in the TCON register are set, bits 
IE1 :0 are set by a falling edge on INT1#/INTO#. If bits INT1 :0 
are clear, bits IE1 :Oare set by a low level on INT1 :0#. 

P0.7:0 1/0 Port 0. This is an 8-bit, open-drain, bidirectional 1/0 port. AD7:0 

P1.0 1/0 Port 1. This is an 8-bit, bidirectional 1/0 port with internal T2 
P1.1 pull ups. T2EX 
P1.2 ECI 
P1.5:3 CEX2:0 
P1.6 CEX3/WAIT# 
P1.7 CEX4/ A 17 /WCLK 

P2.7:0 1/0 Port 2. This is an 8-bit, bidirectional 1/0 port with internal A15:8 
pull ups. 

P3.0 1/0 Port 3. This is an 8-bit, bidirectional 1/0 port with internal RXD 
P3.1 pull ups. TXD 
P3.3:2 INT1:0# 
P3.5:4 T1:0 
P3.6 WR# 
P3.7 RD#/A16 

PLLSEL.2:0 I Phase Locked Loop Select. Three-bit code selects USB data -
rate (see Table B-4). 

PSEN# 0 Program Store Enable. Read signal output to external -
memory. Asserted for the memory address range specified by 
configuration bits RD1 :0 (UCONFIG0.3:2) See Table B-3. Also 
see RD#. 

RD# 0 Read. Read signal output to external data memory. Asserted P3.7/A16 
for the memory address range specified by configuration bits 
RD1 :0 (UCONFIG0.3:2). See Table B-3. Also see PSEN#. 

RST I Reset. Reset input to the chip. Holding this pin high for 64 -
oscillator periods while the oscillator is running resets the 
device. The port pins are driven to their reset conditions when a 
voltage greater than V IH1 is applied, whether or not the 
oscillator is running. This pin has an internal pulldown resistor, 
which allows the device to be reset by connecting a capacitor 
between this pin and Vee· 

Asserting RST when the chip is in idle mode or powerdown 
mode returns the chip to normal operation. 

RXD 1/0 Receive Serial Data. RXD sends and receives data in serial P3.0 
1/0 mode 0 and receives data in serial 1/0 modes 1 , 2, and 3. 

SOF# 0 Start of Frame. This pin is asserted for eight states when an -
SOF token is received. 

T1:0 I Timer 1 :0 External Clock Inputs. When timer 1 :O operates as P3.5:4 
a counter, a falling edge on the T1 :0 pin increments the count. 

t The descriptions of A 15:8/P2.7:0 and AD7:0/P0.7:0 are for the nonpage mode chip configuration. If the 
chip is configured for page mode operation, port 0 carries the lower address bits (A7:0), and port 2 carries 
the upper address bits (A 15:8) and the data (D7:0). 
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Table B-2. Signal Descriptions (Continued) 

Signal 
Type Description 

Alternate 
Name Function 

T2 1/0 Timer 2 Clock Input/Output. For the timer 2 capture mode, P1 .0 
this signal is the external clock input. For the clock-out mode, it 
is the timer 2 clock output. 

T2EX I Timer 2 External Input. In timer 2 capture mode, a falling edge P1.1 
initiates a capture of the timer 2 registers. In auto-reload mode, 
a falling edge causes the timer 2 registers to be reloaded. In the 
up-down counter mode, this signal determines the count 
direction: 1 = up, O = down. 

TXD 0 Transmit Serial Data. TXD outputs the shift clock in serial 1/0 P3.1 
mode O and transmits serial data in serial 1/0 modes 1, 2, and 
3. 

Vee PWR Supply Voltage. Connect this pin to the +5V supply voltage. -

Veep PWR Supply Voltage. Connect this pin to the +5V supply voltage. -

Vss GND Circuit Ground. Connect this pin to ground. -

VssP GND ~~ultGrou~.Coo~ci~~~n~groood. -

WAIT# I Real-time Wait State Input. The real-time WAIT# input is enabled P1.6/CEX3 
by writing a logical '1' to the WCON.O (RTWE) bit at S:A7H. 
During bus cycles, the external memory system can signal 
'system ready' to the microcontroller in real time by controlling 
the WAIT# input signal on the port 1.6 input. 

WCLK 0 Wait Clock Output. The real-time WCLK output is driven at port P1 .7/CEX4/A17 
1.7 (WCLK) by writing a logical '1' to the WCON.1 (RTWCE) bit 
at S:A7H. When enabled, the WCLK output produces a square 
wave signal with a period of one-half the oscillator frequency. 

WR# 0 Write. Write signal output to external memory. Asserted for the P3.6 
memory address range specified by configuration bits RD1 :O 
(UCONFIG0.3:2) See RD# and Table B-3. 

XTAL1 I Input to the On-chip, Inverting, Oscillator Amplifier. To use -
the internal oscillator, a crystal/resonator circuit is connected to 
this pin. If an external oscillator is used, its output is connected 
to this pin. XTAL 1 is the clock source for internal timing. 

XTAL2 0 Output of the On-chip, Inverting, Oscillator Amplifier. To -
use the internal oscillator, a crystal/resonator circuit is 
connected to this pin. If an external oscillator is used, leave 
XTAL2 unconnected. 

t The descriptions of A15:8/P2.7:0 and AD7:0/P0.7:0 are for the nonpage mode chip configuration. If the 
chip is configured for page mode operation, port O carries the lower address bits (A7:0), and port 2 carries 
the upper address bits (A 15:8) and the data (D7:0}. 

I 
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Table B-3. Memory Signal Selections (RD1 :0) 

RD1:0 A17/P1.7/ 
A16/P3.7/RD# PSEN# P3.6/WR# Features 

CEX4/WCLK 

0 0 A17 A16 Asserted for Asserted for writes to 256-Kbyte external 
all addresses all memory locations memory 

0 1 P1 .7/CEX4/ A16 Asserted for Asserted for writes to 128-Kbyte external 
WCLK all addresses all memory locations memory 

1 0 P1.7/CEX4/ P3.7 only Asserted for- Asserted for writes to 64-Kbyte external 
WCLK all addresses all memory locations memory. One 

additional port pin. 

1 1 P1.7/CEX4/ RD# asserted Asserted for Asserted only for 64-Kbyte external 
WCLK for addresses addresses writes to MCS® 51 memory. Compatible 

s?F:FFFFH 2'.BO:OOOOH microcontroller data with MCS 51 
memory locations. microcontrollers. 

NOTE: RD1 :0 are bits 3:2 of configuration byte UCONFIGO (Figure 4-3 on page 4-5). 

Table B-4. 8X930Ax Operating Frequency 

Internal XTAL1 XTAL1 

PLLSEL2 PLLSEL1 PLLSELO USB Rate 
Frequency 

Frequency 
Clocks 

Pin 43 Pin 42 Pin 44 (2) for CPU 
Fosc 

per 
Comments 

and State (1) (1) (1) 
Peripherals T06c/State 
(1/TCLK) (3) (5) 

0 0 1 1.5 Mbps 3 Mhz 6Mhz 2 PLL Off 
(Low Speed) 

1 0 0 1.5 Mbps 6 Mhz (4) 12 Mhz 2 PLL Off 
(Low Speed) 

1 1 0 12 Mbps 12 Mhz (4) 12 Mhz 1 PLLOn 
(Full Speed) 

NOTES: 
1. Other PLLSELx combinations are not valid. 
2. The sampling rate is 4X the USB rate. 
3. The BX930Ax datasheet AC timing specification defines the following symbols: CPU frequency= FcLK 

= 1/TCLK· 
4. The 8X930Ax CPU and peripherals frequency is 3 Mhz (low clock mode) until the LC bit in PCON is 

cleared. 
5. The number of XTAL 1 clocks per state (Tosclstate) depends on the PLLSEL2:0 selection. When the 

CPU is operating in low clock mode (3 MHz), there are four T05Jstate for PLLSEL2:0 = 100 or 110. 
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APPENDIX C 
REGISTERS 

This appendix is a reference source of information on the 8X930A.x special function registers 
(SFRs). The SFR map in Table C-1 provides the address and reset value for each SFR. SFRs with 
double borders are endpoint-indexed. For additional information, see "Special Function Registers 
(SFRs)" on page 3-15. Tables C-2 through C-7 list the SFRs by functional category. The remain­
der of the appendix contains descriptive tables of the SFRs arranged in alphabetical order. Use 
the prefix "S:" with SFR addresses to distinguish them from other addresses. 

0/8 

FB 

FO 

EB 

EO 

DB 

DO 

ca 

co 

BB 

BO 

AB 

AO 

98 

90 

88 

80 

0/8 

I 

Table C-1. 8X930AxSFR Map 

1/9 2/A 

1/9 2/A 

3/B 

IPH1 
00000000 

3/B 

MCS 251 microcontroller SFRs 

4/C 5/D 6/E 

4/C 5/D 6/E 

L'::l 1 ===:'..11 I Endpoint-indexed SF Rs 

7/F 

FF 

F7 

EF 

E7 

DF 

D7 

CF 

C7 

BF 

B7 

AF 

A7 

9F 

97 

BF 

87 

7/F 
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C.1 SFRS BY FUNCTIONAL CATEGORY 

C-2 

Table C-2. Core SFRs 

Mnemonic Name Address 

AC ct Accumulator S:EOH 

st B register S:FOH 

PSW Program Status Word S:DOH 

PSW1 Program Status Word 1 S:D1H 

5pt Stack Pointer - LSB of SPX S:81H 

SP Ht Stack Pointer High - MSB of SPX S:BEH 

DPTRt Data Pointer (2 bytes) -
DPLt Low Byte of DPTR S:82H 

DP Ht High Byte of DPTR S:83H 

DPXL1 Data Pointer Extended, Low S:84H 

PCON Power Control S:87H 

PCON1 USB Power Control. S:DFH 

IENO Interrupt Enable Control Register O S:A8H 

IEN1 Interrupt Enable Control Register 1 S:B1H 

IPHO Interrupt Priority Control High 0 S:B7H 

IPLO Interrupt Priority Control Low O S:B8H 

IPH1 Interrupt Priority High Control Register 1. S:B3H 

IPL1 Interrupt Priority Low Control Register 1. S:B2H 

1These SFRs can also be accessed by their corresponding registers in the 
register file. 

Table C-3. 1/0 Port SFRs 

Mnemonic Name Address 

PO Port 0 S:80H 

P1 Port 1 S:90H 

P2 Port 2 S:AOH 

P3 Port 3 S:BOH 

____ J 



REGISTERS 

Table C-4. Serial 1/0 SFRs 

Mnemonic Name Address 

SCON Serial Control S:98H 

SBUF Serial Data Buffer S:99H 

SADEN Slave Address Mask S:B9H 

SAD DR Slave Address S:A9H 

Table C-5. USB Function SFRs 

Mnemonic Name Address 

EPCON Endpoint Control Register. S:E1H 

EPINDEX Endpoint Index Register. S:F1H 

FADDR Function Address Register. S:BFH 

FIE Function Interrupt Enable Register. S:A2H 

FIFLG Function Interrupt Flag Register. S:COH 

RXCNTH Receive FIFO Byte-Count High Register. S:E?H 

RXCNTL Receive FIFO Byte-Count Low Register. S:E6H 

RX CON Receive FIFO Control Register. S:E4H 

RXDAT Receive FIFO Data Register. S:E3H 

RXFLG Receive FIFO Flag Register. S:E5H 

RXSTAT Endpoint Receive Status Register. S:E2H 

SOFH Start of Frame High Register. S:D3H 

SOFL Start of Frame Low Register. S:D2H 

TXCNTH Transmit Count High Register. S:F?H 

TXCNTL Transmit Count Low Register. S:F6H 

TX CON Transmit FIFO Control Register. S:F4H 

TXDAT Transmit FIFO Data Register. S:F3H 

TXFLG Transmit Flag Register. S:F5H 

TXSTAT Endpoint Transmit Status Register. S:FAH 
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Table C-6. Timer/Counter and Watchdog Timer SFRs 

Mnemonic Name Address 

TLO Timer/Counter O Low Byte S:8AH 

THO Timer/Counter O High Byte S:8CH 

TL1 Timer/Counter 1 Low Byte S:8BH 

TH1 Timer/Counter 1 High Byte S:8DH 

TL2 Timer/Counter 2 Low Byte S:CCH 

TH2 Timer/Counter 2 High Byte S:CDH 

TCON Timer/Counter 0 and 1 Control S:88H 

TMOD Timer/Counter O and 1 Mode Control S:89H 

T2CON Timer/Counter 2 Control S:C8H 

T2MOD Timer/Counter 2 Mode Control S:C9H 

RCAP2L Timer 2 Reload/Capture Low Byte S:CAH 

RCAP2H Timer 2 Reload/Capture High Byte S:CBH 

WDTRST WatchDog Timer Reset S:A6H 
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Table C-7. Programmable Counter Array (PCA) SFRs 

Mnemonic Name Address 

CCON PCA Timer/Counter Control S:DSH 

CMOD PCA Timer/Counter Mode S:D9H 

CCAPMO PCA Timer/Counter Mode O S:DAH 

CCAPM1 PCA Timer/Counter Mode 1 S:DBH 

CCAPM2 PCA Timer/Counter Mode 2 S:DCH 

CCAPM3 PCA Timer/Counter Mode 3 S:DDH 

CCAPM4 PCA Timer/Counter Mode 4 S:DEH 

CL PCA Timer/Counter Low Byte S:E9H 

CH PCA Timer/Counter High Byte S:F9H 

CCAPOL PCA Compare/Capture Module O Low Byte S:EAH 

CCAP1L PCA Compare/Capture Module 1 Low Byte S:EBH 

CCAP2L PCA Compare/Capture Module 2 Low Byte S:ECH 

CCAP3L PCA Compare/Capture Module 3 Low Byte S:EDH 

CCAP4L PCA Compare/Capture Module 4 Low Byte S:EEH 

CCAPOH PCA Compare/Capture Module O High Byte S:FAH 

CCAP1H PCA Compare/Capture Module 1 High Byte S:FBH 

CCAP2H PCA Compare/Capture Module 2 High Byte S:FCH 

CCAP3H PCA Compare/Capture Module 3 High Byte S:FDH 

CCAP4H PCA Compare/Capture Module 4 High Byte S:FEH 
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C.2 SFR DESCRIPTIONS 

This section contains a complete description of all 8X930A.x SFRs in alphabetical order. 

NOTE 
All SFR bits are software read/write unless otherwise noted in the bit 
definition. 

ACC Address: S:EOH 
Reset State: 0000 OOOOB 

Accumulator. ACC provides SFR access to the accumulator, which resides in the register file as byte 
register R11 (also named ACC). Instructions in the MCSB> 51 architecture use the accumulator as both 
source and destination for calculations and moves. Instructions in the MCS 251 architecture assign no 
special significance to R11. These instructions can use byte registers Rm (m = 0-15) interchangeably. 

7 0 

Accumulator Contents 

Bit Bit Function Number Mnemonic 

7:0 ACC.7:0 Accumulator. 

B Address: S:FOH 
Reset State: 0000 OOOOB 

B Register. The B register provides SFR access to byte register R10 (also named B) in the register 
file. The B register is used as both a source and destination in multiply and divide operations. For all 
other operations, the B register is available for use as one of the byte registers Rm, m = 0-15. 

7 

B Register Contents 

Bit Bit Function Number Mnemonic 

7:0 B.7:0 B Register. 
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REGISTERS 

CCAPxH, CCAPxL (x = 0-4) Address: CCAPOH,L 

Reset State: 

CCAP1H,L 
CCAP2H,L 
CCAP3H,L 
CCAP4H,L 

S:FAH, S:EAH 
S:FBH, S:EBH 
S:FCH, S:ECH 
S:FDH, S:EDH 
S:FEH, S:EEH 
XXXXXXXXB 

PCA Module Compare/Capture Registers. These five register pairs store the 16-bit comparison value 
or captured value for the corresponding compare/capture modules. In the PWM mode, the low-byte 
register controls the duty cycle of the output waveform. 

7 0 

High/Low Byte of Compare/Capture Values 

Bit Bit 
Function 

Number Mnemonic 

7:0 CCAPxH.7:0 High byte of PCA comparison or capture values. 

CCAPxL.7:0 Low byte of PCA comparison or capture values. 
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CCAPMx (x = 0-4) Address: 

Reset State: 

CCAPMO 
CCAPM1 
CCAPM2 
CCAPM3 
CCAPM4 

S:DAH 
S:DBH 
S:DCH 
S:DDH 
S:DEH 

XOOO OOOOB 

PCA Compare/Capture Module Mode Registers. These five registers select the operating mode of the 
corresponding compare/capture module. Each register also contains an enable interrupt bit (ECCFx) 
for generating an interrupt request when the module's compare/capture flag (CCFx in the CCON 
register) is set. See Table 11-3 on page 11-14 for mode select bit combinations. 

7 0 

'--~~~_,__E_C_O_M_x~.__C~A_P_P_x---'-~C-A_P_N_x__,I l~~M_A_T_x~_,__T_O_G~x~'---P_W_M_x~_,___E_C_C_F_x__, 

Bit Bit Function 
Number Mnemonic 

7 - Reserved: 

The value read from this bit is indeterminate. Write a zero to this bit 

6 ECOMx Compare Modes: 

ECOMx = 1 enables the module comparator function. The comparator is 
used to implement the software timer, high-speed output, pulse width 
modulation, and watchdog timer modes. 

5 CAPPx Capture Mode (Positive): 

CAPPx = 1 enables the capture function with capture triggered by a 
positive edge on pin CEXx. 

4 CAPNx Capture Mode (Negative): 

CAPNx= 1 enables the capture function with capture triggered by a 
negative edge on pin CEXx. 

3 MATx Match: 

Set ECOMxand MATxto implement the software timer mode. When 
MATx = 1, a match of the PCA timer/counter with the compare/capture 
register sets the CCFx bit in the CCON register, flagging an interrupt. 

2 TOGx Toggle: 

Set ECOMx, MATx, and TOGxto implement the high-speed output 
mode. When TOGx = 1, a match of the PCA timer/counter with the 
compare/capture register toggles the CEXx pin. 

1 PWMx Pulse Width Modulation Mode: 

PWMx = 1 configures the module for operation as an 8-bit pulse width 
modulator with output waveform on the CEXx pin. 

0 ECCFx Enable CCFx Interrupt: 

Enables compare/capture flag CCF x in the CCON register to generate 
an interrupt request. 
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CCON Address: S:DBH 
Reset State: OOXO OOOOB 

PCA Timer/Counter Control Register. Contains the run control bit and overflow flag for the PCA 
timer/counter, and the compare/capture flags for the five PCA compare/capture modules. 

7 0 

~~c_F~~~c_R~~~~~~~c_c_F_4~1 ~l~c_c_F_3~~-c_c_F2~~-c_c_F_1~~-c_c_F_o~ 

Bit Bit 
Number Mnemonic 

7 CF 

6 CR 

5 -

4:0 CCF4:0 

CH,CL 

Function 

PCA Timer/Counter Overflow Flag: 

Set by hardware when the PCA timer/counter rolls over. This generates 
an interrupt request if the ECF interrupt enable bit in CMOD is set. CF 
can be set by hardware or software but can be cleared only by software. 

PCA Timer/Counter Run Control Bit: 

Set and cleared by software to turn the PCA timer/counter on and off. 

Reserved: 

The value read from this bit is indeterminate. Write a zero to this bit. 

PCA Module Compare/Capture Flags: 

Set by hardware when a match or capture occurs. This generates a PCA 
interrupt request if the ECCFx interrupt enable bit in the corresponding 
CCAPMx register is set. Must be cleared by software. 

Address: 

Reset State: 

S:F9H 
S:E9H 

0000 OOOOB 

CH, CL Registers. These registers operate in cascade to form the 16-bit PCA timer/counter. 

7 0 

High/Low Byte PCA Timer/Counter 

Bit Bit 
Function Number Mnemonic 

7:0 CH.7:0 High byte of the PCA timer/counter 

CL.7:0 Low byte of the PCA timer/counter 
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CMOD Address: S:D9H 
Reset State: OOXX XOOOB 

PCA Timer/Counter Mode Register. Contains bits for selecting the PCA timer/counter input, disabling 
the PCA timer/counter during idle mode, enabling the PCA WOT reset output (module 4 only}, and 
enabling the PCA timer/counter overflow interrupt. 

7 0 

.___c_1_o_L~,___w_o_T_E~..___~~~..___~~------'' '~~~~--'-~C_P_s_1~,___c_P_s_o~..___~E_C_F______, 

Bit Bit 
Function Number Mnemonic 

7 CIDL PCA Timer/Counter Idle Control: 

CIDL = 1 disables the PCA timer/counter during idle mode. CIDL = O 
allows the PCA timer/counter to run during idle mode. 

6 WDTE Watchdog Timer Enable: 

WDTE = 1 enables the watchdog timer output on PCA module 4. 
WDTE = 0 disables the PCA watchdog timer output. 

5:3 - Reserved: 

Values read from these bits are indeterminate. Write zeros to these bits. 

2:1 CPS1:0 PCA Timer/Counter Input Select: 

CPS1 CPSO 

0 0 Fosc /12 
0 1 Fosc /4 
1 0 Timer O overflow 
1 1 External clock at ECI pin (maximum rate= Fosc /8) 

0 ECF PCA Timer/Counter Interrupt Enable: 

ECF = 1 enables the CF bit in the CCON register to generate an interrupt 
request. 
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DPH Address: S:83H 
Reset State: 0000 OOOOB 

Data Pointer High. DPH provides SFR access to register file location 58 (also named DPH). DPH is 
the upper byte of the 16-bit data pointer, DPTR. Instructions in the MCs® 51 architecture use DPTR 
for data moves, code moves, and for a jump instruction (JMP @A+DPTR). See also DPL and DPXL. 

7 0 

DPH Contents 

Bit Bit 
Function Number Mnemonic 

7:0 DPH.7:0 Data Pointer High: 

Bits 8-15 of the extended data pointer, DPX (DR56). 

DPL Address: S:82H 
Reset State: 0000 OOOOB 

Data Pointer Low. DPL provides SFR access to register file location 59 (also named DPL). DPL is the 
low byte of the 16-bit data pointer, DPTR. Instructions in the MCs® 51 architecture use the 16-bit data 
pointer for data moves, code moves, and for a jump instruction (JMP @A+DPTR). See also DPH and 
DPXL. 

7 0 

DPL Contents 

Bit Bit Function 
Number Mnemonic 

7:0 DPL.7:0 Data Pointer Low: 

Bits 0-7 of the extended data pointer, DPX (DR56). 
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DPXL Address: S:84H 
Reset State: 0000 0001 B 

Data Pointer Extended Low. DPXL provides SFR access to register file location 57 (also named 
DPXL). Location 57 is the lower byte of the upper word of the extended data pointer, DPX = DR56, 
whose lower word is the 16-bit data pointer, DPTR. See also DPH and DPL. 

7 

Bit Bit 
Number Mnemonic 

7:0 DPXL.7:0 

EPCON 

DPXL Contents 

Function 

Data Pointer Extended Low: 

Bits 16-23 of the extended data pointer, DPX (DR56). 

Address 
Reset State 

0 

S:E1H 
0011 0101 B 
0001 00008 

Endpoint Control Register. This SFR configures the operation of the endpoint referenced by EPINDEX. 
The reset value is 00110101 B for endpoint 1 and 000100008 for endpoints 1, 2, and 3. 

7 0 

RXSTL TXSTL CTLEP RXSPM I ~l~R_x_1E~~-R_xE_P_E_N~~T_x_o_E~~T_x_E_P_E_N~ 

Bit Bit 
Function Number Mnemonic 

7 RXSTL Stall Receive Endpoint: 

Set this bit to stall the receive endpoint. Clear this bit only when the host has 
intervened through commands sent down endpoint 0. When this bit is set 
and RXSETUP is clear, the receive endpoint will respond with a STALL 
handshake to a valid OUT token. This bit does not affect the reception of 
SETUP tokens by a control endpoint. The state of this bit is sampled on a 
valid OUT token. 

6 TXSTL Stall Transmit Endpoint: 

Set this bit to stall the transmit endpoint. This bit should only be cleared 
when the host has intervened through commands sent down endpoint 0. 
When this bit is set and RXSETUP is clear, the receive endpoint will respond 
with a STALL handshake to a valid IN token.The state of this bit is sampled 
on a valid IN token. 

t x =endpoint index. See EPINDEX. 
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EPCON (Continued) Address 
Reset State X=Oi" 

X= 1, 2, 3t 

REGISTERS 

S:E1H 
0011 0101 B 
0001 OOOOB 

Endpoint Control Register. This SFR configures the operation of the endpoint referenced by EPINDEX. 
The reset value is 001101018 for endpoint 1 and 0001 OOOOB for endpoints 1, 2, and 3. 

7 0 

,__R_x_s_T_L--'-~T_x_s_T_L~'---c_T_L_E_P___.~R_x_s_P_M_,\ ~' ~R_X_IE~~-RX_E_P_E_N~~T_x_o_E~~T_X_E_P_E_N~ 

Bit Bit Function 
Number Mnemonic 

5 CTLEP Control Endpoint: 

Set this bit to configure the endpoint as a control endpoint. Only control 
endpoints are capable of receiving SETUP tokens. The state of this bit is 
sampled on a valid SETUP token. 

4 RXSPM Receive Single Packet Mode: 

Set this bit to configure the receive endpoint for single data packet 
operation. When enabled, only a single data packet is allowed to reside in 
the receive FIFO. The state of this bit is sampled on a valid OUT token. 
Note: For control endpoints (CTLEP=1 ), this bit should be set for single 
packet mode operation as the recommended firmware model. However, it is 
acceptable to have a control endpoint with dual packet mode configuration 
as long as the firmware handles the endpoint correctly. 

3 RXIE Receive Input Enable: 

Set this bit to enable data from the USB to be written into the receive FIFO. 
If cleared, the endpoint will not write the received data into the receive FIFO 
and at the end of reception, it returns a NAK handshake on a valid OUT 
token if the RXSTL bit is not set.This bit does not affect a valid SETUP 
token. 

2 RXEPEN Receive Endpoint Enable: 

Set this bit to enable the receive endpoint. When disabled, the endpoint 
does not respond to a valid OUT or SETUP token. The state of this bit is 
sampled on a valid OUT or SETUP token. This bit is hardware read-only and 
has the highest priority among RXIE and RXSTL. Note that endpoint 0 is 
enabled for reception upon reset. 

1 TXOE Transmit Output Enable. 

This bit is used to enable the data in the transmit FIFO to be transmitted. If 
cleared, the endpoint returns a NAK handshake to a valid IN token if the 
TXSTL bit is not set. The state of this bit is sampled on a valid IN token. 

0 TXEPEN Transmit Endpoint Enable: 

This bit is used to enable the transmit endpoint. When disabled, the 
endpoint does not respond to a valid IN token. Th,E? state of this bit is 
sampled on a valid IN token. This bit is hardware read only. Note that 
endpoint 0 is enabled for transmission upon reset. 

t x = endpoint index. See EPINDEX. 

I 
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EPINDEX Address S:F1 H 
Reset State 1XXX XXOOB 

Endpoint Index Register. This SFR selects the endpoint to use as an index to endpoint-specific SFRs. 

7 

Bit Bit 
Number Mnemonic 

7:2 -

1:0 EPINX1:0 

FAD DR 

0 

Function 

Reserved: 

Write zeros to these bits. 

Note: Although the reset state for bit 7 is '1 ', always write zeros to bits 7:2 of 
this register. 

Endpoint Index Select: 

Used to select the function endpoint number to be indexed. The 8X930Ax is 
set up accordingly: the USB SFR definitions for TXDAT, TXCON, TXFLG, 
TXCNTH/L, RXDAT, RXCON, RXFLG, RXCNTH/L, EPCON, TXSTAT, and 
RXSTAT are adjusted for the selected endpoint. The SFRs are connected to 
the appropriate transmit/receive FIFO pair. This register is hardware read-
only. 

EPINX1 EPINXO 
0 0 
0 1 
1 0 
1 1 

Endpoint 0. Control Transfer 
Endpoint 1. 
Endpoint 2. 
Endpoint 3. 

Address: 
Reset State: 

S:8FH 
0000 OOOOB 

Function Address Register. This SFR holds the address for the USB device. During bus enumeration it 
is written with a unique value assigned by the host. 

7 0 

A6:0 

Bit Bit 
Function Number Mnemonic 

7 - Reserved: 

The value read from this bit is indeterminate. Write a zero to this bit. 

6:0 A6:0 7-bit Programmable Function Address: 

This register is programmed through the commands received via endpoint 0 
on configuration, which should be the only time the firmware should change 
the value of this register. This register is read-only by hardware. 
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REGISTERS 

FIE Address: S:A2H 
Reset State: 0000 OOOOB 

Function Interrupt Enable Register. Enables and disables the receive and transmit done interrupts for 
the four function endpoints. 

7 0 

.__F_R_x_1E_3___..__FT~X_IE_3__..~F_R_x_1E_2---'-~FT_X_l_E2___,ll ~ _F_R_X~IE_1___,~FT~X_IE_1__,_~F_R_x_1E_o_._~FT-X_IE_o__. 

Bit Bit 
Number Mnemonic Function 

7 

6 

5 

4 

3 

2 

1 

0 

NOTE: 

FRXIE3 Function Receive Interrupt Enable 3: 

Enables receive done interrupt for endpoint 3 (FFiXD3). 

FTXIE3 Function Transmit Interrupt Enable 3: 

Enables transmit done interrupt for endpoint 3 (FTXD3). 

FRXIE2 Function Receive Interrupt Enable 2: 

Enables the receive done interrupt for endpoint 2 (FRXD2). 

FTXIE2 Function Transmit Interrupt Enable 2: 

Enables the transmit done interrupt for endpoint 2 (FTXD2). 

FRXIE1 Function Receive Interrupt Enable 1: 

Enables the receive done interrupt for endpoint 1 (FRXD1 ). 

FTXIE1 Function Transmit Interrupt Enable 1: 

Enables the transmit done interrupt for endpoint 1 (FTXD1 ). 

FRXIEO Function Receive Interrupt Enable 0: 

Enables the receive done interrupt for endpoint 0 (FRXDO). 

FTXIEO Function Transmit Interrupt Enable 0: 

Enables the transmit done interrupt for endpointO (FTXDO). 

For all bits, a '1' means the interrupt is enabled and will cause an interrupt to be signaled to 
the microcontroller. A 'O' means the associated interrupt source is disabled and cannot 
cause an interrupt, even though the interrupt bit's value will still be reflected in the FIFLG 
register. 
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Address: 
Reset State: 

FIFLG S:COH 
000000008 

Function Interrupt Flag Register. Contains the USB Function's Transmit and Receive Done interrupt 
flags for non-isochronous endpoints. 

7 0 

~F_R_X_D_3~~FTX~_D_3~~F_R_X_D_2~~FT_X_D_2~' '~F_R_X_D_1~~FT~X_D_1~~F_R_X_DO~~-FT_X_D_o~ 

Bit . Bit 
Number Mnemonic Function 

7 

6 

5 

4 

3 

2 

1 

0 

NOTE: 

C-16 

FRXD3 Function Receive Done Flag, Endpoint 3: 

This bit is set by hardware to indicate that there is either: 

1. Valid data waiting to be serviced in the receive FIFO for function 
endpoint 3 and that the data was received without error and has been 
acknowledged; or 

2. Data was received with a Receive Data Error requiring firmware 
intervention to be cleared. 

FTXD3 Function Transmit Done Flag, Endpoint 3: 

Hardware sets this bit to indicate that one of two conditions exists in the 
transmit Fl FO for function endpoint 3: 

1. The transmit data has been transmitted and the Host has sent an 
acknowledgment which was successfully received; or 

2. A transmit data-related error occurred during transmission of the data 
packet, which requires servicing by firmware to be cleared. 

FRXD2 Function Receive Done Flag, Endpoint 2: 

This bit is similar to FRXD3, above, except that it applies to function 
endpoint2. 

FTXD2 Function Transmit Done Flag, Endpoint 2: 

This bit is similar to FTXD3, above, except that it applies to function 
endpoint2. 

FRXD1 Function Receive Done Flag, Endpoint 1: 

This bit is similar to FRXD3, above, except that it applies to endpoint 1. 

FTXD1 Function Transmit Done Flag, Endpoint 1: 

This bit is similar to FTXD3, above, except that it applies to endpoint 1. 

FRXDO Function Receive Done Flag, Endpoint 0: 

This bit is similar to FRXD3, above, except that it applies to endpoint 0. 

FTXDO Function Transmit Done Flag, Endpoint O: 

This bit is similar to FTXD3, above, except that it applies to endpoint 0. 

For all bits in the Interrupt Flag Register, a '1' indicates that an interrupt is actively pending; a 
'O' indicates that the interrupt is not active. The interrupt status is shown regardless of the 
state of the corresponding interrupt enable bit in the FIE. Bits are set-only by hardware and 
clearable in software. Software can also set the bits for text purposes, allowing the interrupt 
to be generated in software. 
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REGISTERS 

IENO Address: S:A8H 
Reset State: 0000 OOOOB 

Interrupt Enable Register 0. IENO contains two types of interrupt enable bits. The global enable bit 
(EA) enables/disables all of the interrupts (including those in IEN1 ), except the TRAP interrupt, which 
is always enabled. The remaining bits enable/disable the other individual interrupts. 

7 0 

~-E_A~~~E_C~~~E_T2~~~E_s~I l~_E_T_1~~-E_x1~~~E_To~~~Ex_o~ 

Bit Bit 
Function Number Mnemonic 

7 EA Global Interrupt Enable: 

Setting this bit enables all interrupts that are individually enabled by bits 
0-6. Clearing this bit disables all interrupts, except the TRAP interrupt, 
which is always enabled. 

6 EC PCA Interrupt Enable: 

Setting this bit enables the PCA interrupt. 

5 ET2 Timer 2 Overflow Interrupt Enable: 

Setting this bit enables the timer 2 overflow interrupt. 

4 ES Serial 1/0 Port Interrupt Enable: 

Setting this bit enables the serial 1/0 port interrupt. 

3 ET1 Timer 1 Overflow Interrupt Enable: 

Setting this bit enables the timer 1 overflow interrupt. 

2 EX1 External Interrupt 1 Enable: 

Setting this bit enables external interrupt 1. 

1 ETD Timer O Overflow Interrupt Enable: 

Setting this bit enables the timer O overflow interrupt. 

0 EXO External Interrupt O Enable: 

Setting this bit enables external interrupt 0. 
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IEN1 Address: S:B1 H 
Reset State: XXXX XOOOH 

Interrupt Enable Register 1 . Contains the enable bits for the USB interrupts. 

7 0 

Bit Bit 
Function Number Mnemonic 

7:3 - Reserved: 

Values read from these bits are indeterminate. Write zeros to these bits. 

2 ESR Enable Suspend/Resume: 

USB Global Suspend/Resume Interrupt Enable bit. 

1 EF Enable Function: 

Transmit/Receive Done interrupt enable bit for non-isochronous USB 
function endpoints. 

0 ESOF Enable Start-of-Frame: 

Any Start-of-Frame interrupt enable bit for isochronous endpoints. 
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REGISTERS 

IPHO Address: S:B?H 
Reset State: XOOO OOOOB 

Interrupt Priority High Control Register 0. IPHO, together with IPLO, assigns each interrupt in IENO a 
priority level from O (lowest) to 3 (highest): 

IPHO.x IPLO.x Priority Level 

o O O (lowest priority) 

0 1 1 

0 2 

3 (highest priority) 

7 0 

~~~~~-IP_H_o_.6~~-IP_H_o_.5~~-IP_H_o_._4~1 l~l_P_H_o_.3~~-IP_H_o_.2~~-IP_H_o_.1~~-IP_H_o_.o~ 

Bit Bit Function Number Mnemonic 

7 - Reserved: 

The value read from this bit is indeterminate. Write a zero to this bit. 

6 IPH0.6 PCA Interrupt Priority Bit High 

5 IPH0.5 Timer 2 Overflow Interrupt Priority Bit High 

4 IPH0.4 Serial 1/0 Port Interrupt Priority Bit High 

3 IPH0.3 Timer 1 Overflow Interrupt Priority Bit High 

2 IPH0.2 External Interrupt 1 Priority Bit High 

1 IPH0.1 Timer O Overflow Interrupt Priority Bit High 

0 IPHO.O External Interrupt O Priority Bit High 
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IPLO Address: S:B8H 
Reset State: XOOO OOOOB 

Interrupt Priority Low Control Register 0. IPLO, together with IPHO, assigns each interrupt in IENO a 
priority level from O (lowest) to 3 (highest): 

IPHO.x IPLO.x Priority Level 

0 0 0 (lowest priority) 

0 1 1 

0 2 
3 (highest priority) 

7 0 

'---~~---'~l_P_Lo_.6~-'--IP_L_o_.5~"'---IP_L_0_.4__,I ~l~1P_L_o_.3~~1_P_Lo_._2~~1_PL_o_.1~~-IP_L_o_.o~ 

Bit Bit Function Number Mnemonic 

7 - Reserved: 

The value read from this bit is indeterminate. 

Write a zero to this bit. 

6 IPL0.6 PCA Interrupt Priority Bit Low 

5 IPL0.5 Timer 2 Overflow Interrupt Priority Bit Low 

4 IPL0.4 Serial 1/0 Port Interrupt Priority Bit Low 

3 IPL0.3 Timer 1 Overflow Interrupt Priority Bit Low 

2 IPL0.2 External Interrupt 1 Priority Bit Low 

1 IPL0.1 Timer O Overflow Interrupt Priority Bit Low 

0 IPLO.O External Interrupt 0 Priority Bit Low 
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REGISTERS 

IPH1 Address: S:B3H 
Reset State: XOOO OOOOB 

Interrupt Priority High Control Register 1. IPH1, together with IPL 1, assigns each interrupt in IEN1 a 
priority level from 0 (lowest) to 3 (highest): 

IPH1 .x IPL 1.x Priority Level 

O O 0 (lowest priority) 

0 1 

0 2 

3 (highest priority) 

7 0 

'--~~~~~~~~~~~~~~~~!~I ~~~~~l_P_H_1._2~'---IP_H_1_.1~~-IP_H~1._o~ 

Bit Bit Function Number Mnemonic 

7:3 - Reserved: 

Values read from these bits are indeterminate. Write zeros to these bits. 

2 IPH1.2 Global Suspend/Resume Interrupt Priority Bit High 

1 IPH1.1 USB Function Interrupt Priority Bit High 

0 IPH1.0 USB Any SOF Interrupt Priority Bit High 
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IPL1 Address: S:B2H 
Reset State: XOOO OOOOB 

Interrupt Priority Low Control Register 1. IPL 1, together with IPH1. assigns each interrupt in IEN1 a 
priority level from O (lowest) to 3 (highest): 

IPH1 .x IPL 1.x Priority Level 

O O 0 (lowest priority) 

0 1 1 

0 2 
3 (highest priority) 

7 0 

~~~~~~~~~~~~~~~~! ~I ~~~~-l_P_L1_._2~~l_PL_1_.1~~-IP_L_1_.o~ 

Bit Bit 
Number Mnemonic 

7:3 -

2 IPL1.2 

1 IPL1 .1 

0 IPL1.0 

PO 

Function 

Reserved: 

Values read from these bits are indeterminate. Write zeros to these bits. 

Global Suspend/Resume Interrupt Priority Bit Low 

USB Function Interrupt Priority Bit Low 

USB Any SOF Interrupt Priority Bit Low 

Address: 
Reset State: 

S:SOH 
11111111B 

Port 0. PO is the SFR that contains data to be driven out from the port O pins. Read-modify-write 
instructions that read port O read this register. The other instructions that read port O read the port O 
pins. When port O is used for an external bus cycle, the CPU always writes FFH to PO, and the former 
contents of PO are lost. 

7 0 

PO Contents 

Bit Bit 
Function Number Mnemonic 

7:0 P0.7:0 Port O Register: 

Write data to be driven onto the port O pins to these bits. 
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P1 Address: 
Reset State: 

REGISTERS 

S:90H 
111111118 

Port 1. P1 is the SFR that contains data to be driven out from the port 1 pins. Read-modify-write 
instructions that read port 1 read this register. Other instructions that read port 1 read the port 1 pins. 

7 0 

Bit Bit 
Number Mnemonic 

7:0 P1.7:0 

P2 

P1 Contents 

Function 

Port 1 Register: 

Write data to be driven onto the port 1 pins to these bits. 

Address: 
Reset State: 

S:AOH 
1111 11118 

Port 2. P2 is the SFR that contains data to be driven out from the port 2 pins. Read-modify-write 
instructions that read port 2 read this register. Other instructions that read port 2 read the port 2 pins. 

7 0 

Bit Bit 
Function 

Number Mnemonic 

7:0 P2.7:0 Port 2 Register: 

Write data to be driven onto the port 2 pins to these bits. 
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P3 Address: 
Reset State: 

S:BOH 
1111 11118 

Port 3. P3 is the SFR that contains data to be driven out from the port 3 pins. Read-modify-write 
instructions that read port 3 read this register. Other instructions that read port 3 read the port 3 pins. 

7 0 

P3 Contents 

Bit Bit Function Number Mnemonic 

7:0 P3.7:0 Port 3 Register: 

Write data to be driven onto the port 3 pins to these bits. 
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REGISTERS 

PCON Address: S:87H 
Reset State: OOXX OOOOB 

Power Control Register. Contains the power off flag (POF) and bits for enabling the idle and 
powerdown modes. Also contains two general-purpose flags and two bitS that control serial 1/0 
functions-the double baud rate bit and a bit that selects whether accesses to SCON.7 are to the FE 
bit or the SMO bit. 

7 0 

~S_M_O_D_1~_s_M_O_DO~~-L_C~~~PO_F~' '~~G_F_1~~-G_FO~~'~-P_D~~~ID_L~ 

Bit Bit Function 
Number Mnemonic 

7 SMOD1 Double Baud Rate Bit: 

When set, doubles the baud rate when timer 1 is used and mode 1, 2, or 
3 is selected in the SCON register. See "Baud Rates" on page 12-10. 

6 SMODO SCON.7 Select: 

When set, read/write accesses to SCON.7 are to the FE bit. 
When clear, read/write accesses to SCON.7 are to the SMO bit. 
See Figure 12-2 on page 12-5. 

5 LC Low Clock Enable: 

When this bit is set, the CPU and peripherals (except the USB module) 
operate at 3 MHz. This bit is automatically set after a reset. Clearing this 
bit through firmware causes the operating clock to return to the hardware 
selection speed. 

4 POF Power Off Flag: 

Set by hardware as Vee rises above 3 V to indicate that power has been 
off or Vee had fallen below 3 .v and that on-chip volatile memory is 
indeterminate. Set or cleared by software. 

3 GF1 General Purpose Flag: 

Set or cleared by software. One use is to indicate whether an interrupt 
occurred during normal operation or during idle mode. 

2 GFO General Purpose Flag: 

Set or cleared by software. One use is to indicate whether an interrupt 
occurred during normal operation or during idle mode. 

1 PD Powerdown Mode Bit: 

When set, activates powerdown mode. 
Cleared by hardware when an interrupt or reset occurs. 

0 IDL Idle Mode Bit: 

When set, activates idle mode. 
Cleared by hardware when an interrupt or reset occurs. 
If IDL and PD are both set, PD takes precedence. 
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PCON1 Address: S:DFH 
Reset State: XXXX XOOOB 

USB Power Control Register. Facilitates USB power control of the 8X930Ax, including global 
suspend/resume and USB function resume. 

7 0 

Bit Bit Function Number Mnemonic 

7:3 - Reserved: 

The value read from these bits are indeterminate. Write zeroes to these 
bits. 

2 RWU Remote Wake-up Bit: (Cleared by hardware) 

1 = wake-up. This bit is used by the USB function to initiate a remote 
wake-up. Set by firmware to drive resume signaling on the USB lines to 
the host or upstream hub. Cleared by hardware. Note: do not set this bit 
unless the USB function is suspended (GSUS = 1 ). See Figure 14-4 on 
page 14-10. 

1 GRSM Global Resume Bit: (Set by hardware) 

1 =resume. Set by hardware when a global resume is detected on the 
USB lines. This bit is ORed with GSUS to generate the interrupt.t 
Cleared by software when servicing the GRSM interrupt. (This bit can 
also be set/cleared by software for testability.) This bit is not set if remote 
wakeup is used (see RWU). See Figure 14-4 on page 14-10. 

0 GSUS Global Suspend Bit: (Set and cleared by hardware) 

1 = suspend. This bit is set by hardware when global suspend is 
detected on the USB lines. This bit is ORed with the GRSM bit to 
generate the interrupt.t During this ISR, software should set the PD bit 
to enter the suspend mode. Cleared by firmware when a resume occurs. 
See Figure 14-4on page 14-10. 

t Software should prioritize GRSM over GSUS if both bits are set simultaneously. 
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REGISTERS 

PSW Address: S:DOH 
Reset State: 0000 OOOOB 

Program Status Word. PSW contains bits that reflect the results of operations, bits that select the 
register bank for registers RO-R7, and two general-purpose flags that are available to the user. 

7 0 

~_c_v_~_Ac_~_F_o_~_R_s_1 ~I I RSo OV UD p 

Bit Bit 
Function 

Number Mnemonic 

7 CY Carry Flag: 

The carry flag is set by an addition instruction (ADD, ADDC) if there is a 
carry out of the MSB. It is set by a subtraction (SUB, SUBS) or compare 
(CMP) if a borrow is needed for the MSB. The carry flag is also affected 
by logical bit, bit move, multiply, decimal adjust, and some rotate and 
shift instructions (see Table 5-1 O on page 5-16). 

6 AC Auxiliary Carry Flag: 

The auxiliary carry flag is affected only by instructions that address 8-bit 
operands. The AC flag is set if an arithmetic instruction with an 8-bit 
operand produces a carry out of bit 3 (from addition) or a borrow into bit 
3 (from subtraction). Otherwise it is cleared. This flag is useful for BCD 
arithmetic (see Table 5-10 on page 5-16). 

5 FO FlagO: 

This general-purpose flag is available to the user. 

4:3 RS1:0 Register Bank Select Bits 1 and 0: 

These bits select the memory locations that comprise the active bank of 
the register file (registers RO-R7). 

RS1 RSO Bank Address 

0 0 0 OOH-07H 
0 1 1 08H-OFH. 
1 0 2 10H-17H 
1 1 3 18H-1FH 

2 ov Overflow Flag: 

This bit is set if an addition or subtraction of signed variables results in 
an overflow error (i.e., if the magnitude of the sum or difference is too 
great for the seven LSBs in 2's-complement representation). The 
overflow flag is also set if a multiplication product overflows one byte or if 
a division by zero is attempted. 

1 UD User-definable Flag: 

This general-purpose flag is available to the user. 

0 p Parity Bit: 

This bit indicates the parity of the accumulator. It is set if an odd number 
of bits in the accumulator are set. Otherwise, it is cleared. Not all 
instructions update the parity bit. The parity bit is set or cleared by 
instructions that change the contents of the accumulator (ACC, Register 
R11). 
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PSW1 Address: S;D1 H 
Reset State: 0000 OOOOB 

Program Status Word 1. PSW1 contains bits that reflect the results of operations and bits that select 
ttie register bank for registers RO-R7. 

7 0 

~-C_Y~~~A_C~~~N~~~R_s_1~ll~_R_So~~~o_v~~~z~~~~~ 

Bit Bit Function 
Number Mnemonic 

7 CY Carry Flag: 

Identical to the CY bit in the PSW register. 

6 AC Auxiliary Carry Flag: 

Identical to the AC bit in the PSW register. 

5 N Negative Flag: 

This bit is set ifthe result of the last logical or arithmetic operation was 
negative. Otherwise it is cleared. 

4:3 RS1:0 Register Bank Select Bits 0 and 1: 

Identical to.the RS1:0 bits in the PSW register. 

2 ov Overflow Flag: 

Identical to the OV bit in the PSW register. 

1 z Zero Flag: 

This flag is set if the result of the last logical or arithmetic operation is 
zero. Otherwise it is cleared. 

0 - Reserved: 

The value read from this bit is indeterminate. Write a zero to this bit. 
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REGISTERS 

RCAP2H, RCAP2L Address: RCAP2H S:CBH 
RCAP2L S:CAH 

Reset State: 0000 00008 

Timer 2 Reload/Capture Registers. This register pair stores 16-bit values to be loaded into or captured 
from the timer register (TH2/TL2) in timer 2. 

7 0 

High/Low Byte of Timer 2 Reload/Capture Value 

Bit Bit 
Function 

Number Mnemonic 

7:0 RCAP2H.7:0 High byte of the timer 2 reload/recapture register 

RCAP2L.7:0 Low byte of the timer 2 reload/recapture register 
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RXCNTH, 
RXCNTL 

Address: 

Reset States: 
Endpoint 1 

Endpoints 0, 2, 3 

S:E?H 
S:E6H 

RXCNTH XXXX XXOOB 
RXCNTL 0000 OOOOB 

RXCNTL XXXO OOOOB 

Receive FIFO Byte-count High and Low Registers. High and low register in a two-register ring buffer 
used to store the byte count for the data packets received in the receive FIFO specified by EPINDEX. 

15 (RXCNT) Endpoint 1 8 
~I ~~~,~~--,-~~-,-~---,1~1 ~~-.---~--,-~BC-9--.~B-ca___, 

7 (RXCNTL) 0 

~I ~B_C7~~'~-B_C_6~~-B_c_s~~-B_C4~'~'~B_C3~~-B_c_2~~-B_c_1~~-BC_o~ 

7 (RXCNTL) Endpoints 0, 2, 3 0 
,~.~~~,~~~~~~~-B-C-4~,~, ~BC-3~~8-C-2~~8-C-1~~B-C-O~ 

Bit Bit 
Function Number Mnemonic 

Endpoint 1 (x= 1)t 

15:10 - Reserved. Write zeros to these bits. 

9:0 BC9:0 Receive Byte Count. 
Ten-bit, ring buffer byte count register stores receive byte count (RXCNT) 
of O to 1023 bytes for endpoint 1 only. 

Endpoints 0, 2, 3. (x = O, 2, 3) t 

7:0 - Reserved. Write zeros to these bits. 

4:0 BC4:0 Receive Byte Count. 
Five-bit, ring buffer byte count register stores receive byte count (RXCNT) 
of O to 16 bytes for endpoints 0, 2, and 3. 

t x= endpoint index. See the EPINDEX register. 
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RX CON Address: S:E4H 
Reset State: OXOO 01 OOB 

Receive FIFO Control Register. Controls the receive FIFO specified by EPINDEX. 

7 0 

RXCLR RXWS RXFFRC II~ _R_x_1_s_o__. __ A_R_M _ _,_A_D_v_w_M__,__R_E_v_w_P~ 

Bit Bit 
Function 

Number Mnemonic 

7 RXCLR Clear the Receive FIFO: 

Set this bit to flush the entire receive FIFO. All flags in RXFLG revert to their 
reset states (RXEMP is set; all other flags clear). The ARM, RXISO and 
RXWS bits in this register and the RXSEQ bit in the RXSTAT register are not 
affected by this operation. Hardware clears this bit when the flush operation 
is completed. 

6 - Reserved: 

Values read from this bit are indeterminate. Write zero to this bit. 

5 RXWS Receive FIFO Wait-state Read: 

At the 8X930Ax tore frequency of 12 MHz, not all instructions that access 
the receive Fl FO are guaranteed to work due to critical paths inherent in the 
8X930Ax architecture.While all MOV instructions from the receive FIFO are 
guaranteed to work at 12 MHz, arithmetic instructions (e.g., ADD, SUB, etc.) 
where the receive FIFO is the source and the register file the destination 
may not work at this speed. For applications using arithmetic instructions, 
set the RXWS bit to read the receive FIFO with one wait state - this will 
eliminate the critical path. This bit is not reset when the RXCLR bit is set. 

4 RXFFRC FIFO Read Complete: 

Set this bit to release the receive FIFO when a data set read is complete. 
Setting this bit "clears" the RXFIF "bit" (in the RXFLG register) 
corresponding to the data set that was just read. Hardware clears this bit 
after the RXFIF bit is cleared. All data from this data set must have been 
read. Note that FIFO Read Complete only works if STOVW and EDOVW are 
cleared. 

3 RXISO Isochronous Data Type: 

Set this bit to indicate that the receive FIFO is programmed to receive 
isochronous data and to set up the USB Interface to handle an isochronous 
data transfer. This bit is not reset when the RXCLR bit is set; it must be 
cleared by software. 

t The write marker and write pointer should only be controlled manually for testing (when the ARM bi! is 
clear). At all other times the ARM bit should be set and the ADVWM and REVWP bits should be left alone. 
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RX CON Address: S:E4H 
Reset State: OXOO 01 OOB 

Receive FIFO Control Register. Controls the receive FIFO specified by EPINDEX. 

7 0 

.__R_x_c_L_R__,~~~~-'---R_XW~S--'~R_X_FF_R_c__.I ~I _R_x_1_s_o__,~_A_R_M~_._A_o_v_w~M__,__R_E_v_w~P-' 

Bit 
Number 

2 

0 

Bit 
Mnemonic 

ARM 

ADV WM 

REVWP 

Function 

Auto Receive Management: 

When set, the write pointer and write marker are adjusted automatically 
based on the following conditions: 

RXISO RX Status Write Pointer 

X ACK Unchanged 

0 NAK Reversed 

Write Marker 

Advanced 

Unchanged 

1 NAK Unchanged Advanced 

When this bit is set, setting REVWP or ADVWM has no effect. Hardware 
neither clears nor sets this bit. This is a sticky bit that is not reset when 
RXCLR is set. 

Note: This bit should always be set, except for testing. 

Advance Write Marker: t 
(For non-ARM mode only) Set this bit to advance the write marker to the 
origin of the next data set. Advancing the write marker is used for back-to­
back receptions. Hardware clears this bit after the write marker is advanced. 
Setting this bit is effective only when the REVWP, ARM and RXCLR bits are 
clear. 

Reverse Write Pointer: t 
(For non-ARM mode only) Set this bit to return the write pointer to the origin 
of the last data set received, as identified by the write marker. The FIU can 
then re-receive the last data packet and write to the receive FIFO starting 
from the same origin when the host re-sends the same data packet. 
Hardware clears this bit after the write pointer is reversed. Setting this bit is 
effective only when the ADVWM, ARM, and RXCLR bits are all clear. 

REVWP is used when a data packet is bad. When the function interface 
receives the data packet again, the write starts at the origin of the previous 
(bad) data set. 

t The write marker and write pointer should only be controlled manually for testing (when the ARM bit is 
clear). At all other times the ARM bit should be set and the ADVWM and REVWP bits should be left alone. 
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RX DAT Address: S:E3H 
Reset: XXXX XXXXB 

Receive FIFO Data Register. Receive FIFO data specified by EPINDEX is stored and read from this 
register. 

7 0 

RXDAT.7:0 

Bit Bit Function Number Mnemonic 

7:0 RXDAT.7:0 To write data to the receive FIFO, the FIU writes to this register. To read 
data from the receive FIFO, the 8X930Ax reads from this register. The 
write pointer and read pointer are incremented automatically after a write 
and read, respectively. 
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RXFLG Address: S:ESH 
Reset State: OOXX 10008 

Receive FIFO Flag Register. These flags indicate the status of data packets in the receive FIFO 
specified by EPINDEX. 

7 0 

~R_X_Fl_F_1~_R_X_F_IF_O~~~~~~~~I I RXEMP RXFULL RXURF RXOVF 

Bit 
Number 

7:6 

5:4 

3 

C-34 

Bit 
Mnemonic 

RXFIF[1:0] 

RXEMP 

Function 

Receive FIFO Index Flags: (read-only) 

These read-only flags indicate which data packets are present in the receive 
FIFO (see Table 7-6 on page 7-26). The RXFIF bits are updated after each 
write to RXCNT to reflect the addition of a data packet. Likewise, the RXFIF 
bits are cleared in sequence after each setting of the RXFFRC bit. The next­
state table for RXFIF bits is shown below for operation in dual packet mode. 

RXFIF[1 :O] Operation Flag Next RXFIF[1 :O] Next Flag 

00 Adv WM X 01 Unchanged 
01 Adv WM X 01 Unchanged 
1 O Adv WM X 11 Unchanged 

00 
01 
11 
10 

xx 

Set RXFFRC X 
Set RXFFRC X 
Set RXFFRC X 
Set RXFFRC X 

Rev WP X 

00 
00 
10/01 
00 

Unchanged 

Unchanged 
Unchanged 
Unchanged 
Unchanged 

Unchanged 

When the receive FIFO is programmed to operate in single packet mode 
(RXSPM set in EPCON), valid RXFIF states are 00 and 01 only. 

In ISO mode, RXOVF, RXURF, and RXFIF are handled using the following 
rule: Firmware events cause status change immediately, while USB events 
cause status change only at SOF. RXFIF is "incremented" by the USB and 
"decremented" by firmware.Therefore, setting RXFFRC "decrements" 
RXFIF immediately. However, a successful USB transaction within a frame 
"increments" RXFIF only at SOF. For traceability, you must check the RXFIF 
flags before and after reads from the receive FIFO and the setting of 
RXFFRC in RXCON. 

NOTE: To simplify firmware development, it is recommended that you utilize 
control endpoints in single-packet mode only. 

Reserved: 
Values read from these bits are indeterminate. Write zeros to these bits. 

Receive FIFO Empty Flag (read-only): 

Hardware sets this flag when the write pointer is at the same location as the 
read pointer AND the write pointer equals the write marker and neither 
pointer has rolled over. Hardware clears the bit when the empty condition no 
longer exists. This is not a sticky bit and always tracks the current status of 
the receive FIFO, regardless of ISO or non-ISO mode. 
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REGISTERS 

RXFLG (Continued) Address: S:E5H 
Reset State: OOXX 10008 

Receive FIFO Flag Register. These flags indicate the status of data packets in the receive FIFO 
specified by EPINDEX. 

7 0 

,__R_x_F_1_F_1_,_~R_x_F_1F_o___.~~~---''--~~--'I I RXEMP RXFULL RXURF RXOVF 

Bit Bit 
Function 

Number Mnemonic 

2 RXFULL Receive FIFO Full Flag (read-only): 

Hardware sets this flag when the write pointer has rolled over and equals 
the read pointer. Hardware clears the bit when the full condition no longer 
exists. This is not a sticky bit and always tracks the current status of the 
receive FIFO, regardless of ISO or non-ISO mode. 

1 RXURF Receive FIFO Underrun Flag. 

Hardware sets this bit when an additional byte is read from an empty receive 
FIFO or RXCNT. Hardware does not clear the bit, so you must clear it in 
firmware. When the receive FIFO underruns, the read pointer will not 
advance - it remains locked in the empty position. 

n ISO mode, RXOVF, RXURF, and RXFIF are handled using the following 
rule: Firmware events cause status change immediately, while USB events 
cause status change only at SOF. Since underrun can only be caused by 
firmware, RXURF is updated immediately. You must check the RXURF flag 
after reads from the receive FIFO before setting the RXFFRC bit in RXCON. 

NOTE: When this bit is set, the FIFO is in an unknown state. It is 
recommended that you reset the FIFO in the error management routine 
using the RXCLR bit in the RXCON register. 

0 RXOVF Receive FIFO Overrun Flag. 

This bit is set when the FIU writes an additional byte to a full receive FIFO or 
writes a byte count to RXCNT with FIF1 :0 = 11. This is a sticky bit that must 
be cleared through software, although it can be cleared by hardware if a 
SETUP packet is received after an RXOVF error had already occurred. 

When this bit is set, the FIFO is in an unknown state, thus it is 
recommended that you reset the FIFO in the error management routine 
using the RXCLR bit in the RXCON register. When the receive FIFO 
overruns, the write pointer will not advance - it remains locked in the full 
position. 

n ISO mode, RXOVF, RXURF, and RXFIF are handled using the following 
rule: Firmware events cause status change immediately, while USB events 
cause status change only at SOF. Since overrun can only be caused by the 
USB, RXOVF is updated only at the next SOF regardless of where the 
overrun occurred during the current frame. 
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RXSTAT Address: S:E2H 
Reset State: 0000 OOOOB 

Endpoint Receive Status Register. Contains the current endpoint status of the receive FIFO specified 
by EPINDEX. 

7 0 

~R_x_s_Eo_~R_x_s_E_T_uP~_s_T_o_vw_..__E_o_o_vw___.l I Rxsovw I Rxvo10 RXERR RXACK 

Bit Bit Function Number Mnemonic 

7 RXSEQ Receiver Endpoint Sequence Bit (read, conditional write): 

This bit will be toggled on completion of an ACK handshake in response to 
an OUT token. This bit will be set (or cleared) by hardware after reception of 
a SETUP token. 

This bit can be written by firmware if the RXSOVW bit is set when written 
together with the new RXSEQ value. t 
Note: Always verify this bit after writing to ensure that there is no conflict with 
hardware, which could occur if a new SETUP token is received. 

6 RXSETUP Received Setup Token: 

This bit is set by hardware when a valid SETUP token has been received. 
When set, this bit causes received IN or OUT tokens to be NAKed until the 
bit is cleared to allow proper data management for the transmit and receive 
FIFOs from the previous transaction. 

IN or OUT tokens are NAKed even if the endpoint is stalled (RXSTL or 
TXSTL) to allow a control transaction to clear a stalled endpoint. 

Clear this bit upon detection of a SETUP token after the firmware is ready to 
complete the status stage of a control transaction. 

5 STOVW Start Overwrite Flag (read-only): 

Set by hardware upon receipt of a SETUP token for any control endpoint to 
indicate that the receive FIFO is being overwritten with new SETUP data. 
When set, the FIFO state (Fl F and read pointer) resets and is locked for this 
endpoint until EDOVW is set. This prevents a prior, ongoing firmware read 
from corrupting the read pointer as the receive FIFO is being cleared and 
new data is being written into it. This bit is cleared by hardware during the 
handshake phase of the setup stage. 

This bit is only used for control endpoints. 

4 EDOVW End Overwrite Flag: 

This flag is set by hardware during the handshake phase of a SETUP stage. 
It is set after every SETUP packet is received and must be cleared prior to 
reading the contents of the FIFO. When set, the FIFO state (FIF and read 
pointer) remains locked for this endpoint until this bit is cleared. This 
prevents a prior, ongoing firmware read from corrupting the read pointer 
after the new data has been written into the receive FIFO. 

This bit is only used for control endpoints. 

t Under normal operation, this bit should not be modified by the user. 

tt The SIE will handle all sequential bit tracking. This bit should only be used when initializing a new 
configuration or interface. 
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RXSTAT (Continued) Address: S:E2H 
Reset State: 0000 OOOOB 

Endpoint Receive Status Register. Contains the current endpoint status of the receive FIFO specified 
by EPINDEX. 

7 0 

~R_x_s_Ea_~R_x_s_E_T_UP~_s_T_o_vw_~E_D_o_vw~l I Rxsovw I RXVOID RX ERR RXACK 

Bit Bit 
Function 

Number Mnemonic 

3 RXSOVW Receive Data Sequence Overwrite Bit: 

Write a '1' to this bit to allow the value of the RXSEQ bit to be overwritten. 
This is needed to clear a STALL on a control endpoint. Writing a 'O' to this bit 
has no effect on RXSEQ. This bit always returns 'O' when read. t, tt 

2 RXVOID Receive Void Condition (read-only): 

This bit is set when no valid data is received in response to a SETUP or 
OUT token due to one of the following conditions: 

1. The receive FIFO is still locked. 

2. The EPCON register's RXSTL bit is set for a non-control endpoint. 

This bit is set and cleared by hardware. For non-isochronous transactions, 
this bit is updated by hardware at the end of the transaction in respond to a 
valid OUT token. For isochronous transactions, it is not updated until the 
next SOF. 

1 RX ERR Receive Error (read-only): 

Set when an error condition has occurred with the reception. Complete or 
partial data has been written into the receive Fl FO. No handshake is 
returned. The error can be one of the following conditions: 

1. Data failed CRC check. 

2. Bit stuffing error. 

3. A receive FIFO goes into overrun or underrun condition while receiving. 

This bit is updated by hardware at the end of a valid SETUP or OUT token 
transaction (non-isochronous) or at the next SOF on each valid OUT token 
transaction (isochronous). 

The corresponding FRXDx bit of FIFLG is set when active. This bit is 
updated with the RXACK bit at the end of data reception and is mutually 
exclusive with RXACK. 

0 RXACK Receive Acknowledged (read-only): 

This bit is set when data is received completely into a receive FIFO and an 
ACK handshake is sent. This read-only bit is updated by hardware at the 
end of a valid SETUP or OUT token transaction (non-isochronous) or at the 
next SOF on each valid OUT token transaction (isochronous). 

The corresponding FRXDx bit of FIFLG is set when active. This bit is 
updated with the RXERR bit at the end of data reception and is mutually 
exclusive with RXERR. 

Under normal operation, this bit should not be modified by the user. 

tt The SIE will handle all sequential bit tracking. This bit should only be used when initializing a new 
configuration or interface. 
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SAD DR Address: S:A9H 
Reset State: 0000 OOOOB 

Slave Individual Address Register. SADDR contains the device's individual address for multiprocessor 
communication. 

7 0 

Slave Individual Address 

Bit Bit Function Number Mnemonic 

7:0 SADDR.7:0 

SADEN Address: S:B9H 
Reset State: 0000 OOOOB 

Mask Byte Register. This register masks bits in the SADDR register to form the device's given address 
for multiprocessor communication. 

7 0 

Mask for SADDR 

Bit Bit 
Function 

Number Mnemonic 

7:0 SADEN.7:0 

SBUF Address: S:99H 
Reset State: XXXX XXXXB 

Serial Data Buffer. Writing to SBUF loads the transmit buffer of the serial 1/0 port. Reading SBUF 
reads the receive buffer of the serial 1/0 port. 

7 0 

Data SenVReceived by Serial 1/0 Port 

Bit Bit 
Function 

Number Mnemonic 

7:0 SBUF.7:0 
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SCON Address: S:9SH 
Reset State: 0000 OOOOB 

Serial Port Control Register. SCON contains serial 1/0 control and status bits, including the mode 
select bits and the interrupt flag bits. 

7 0 

~F_El_S_M_o~~S_M_1~~~S_M_2~~-R_E_N~~I l~_T_B_s~~~RB_S~~~-Tl~~~-R_I~~ 

Bit Bit Function 
Number Mnemonic 

7 FE Framing Error Bit: 

To select this function, set the SMODO bit in the PCON register. Set by 
hardware to indicate an invalid stop bit. Cleared by software, not by valid 
frames. 

SMO Serial Port Mode Bit O: 

To select this function, clear the SMODO bit in the PCON register. 
Software writes to bits SMO and SM 1 to select the serial port operating 
mode. Refer to the SM1 bit for the mode selections. 

6 SM1 Serial Port Mode Bit 1: 

Software writes to bits SM1 and SMO (above) to select the serial port 
operating mode. 

SMO SM1 Mode Description Baud Rate 
0 0 0 Shift register Fosc/12 
0 1 1 S-bit UART Variable 
1 0 2 9-bit UART F oscl32t or F osc/64 t 
1 1 3 9-bit UART Variable 

tselect by programming the SMOD bit in the PCON register (see section 
"Baud Rates" on page 12-10). 

5 SM2 Serial Port Mode Bit 2: 

Software writes to bit SM2 to enable and disable the multiprocessor 
communication and automatic address recognition features. This allows 
the serial port to differentiate between data and command frames and to 
recognize slave and broadcast addresses. 

4 REN Receiver Enable Bit: 

To enable reception, set this bit. To enable transmission, clear this bit. 

3 TBS Transmit Bit S: 

In modes 2 and 3, software writes the ninth data bit to be transmitted to 
TBS. Not used in modes 0 and 1. 

2 RBS Receiver Bit S: 

Mode O: Not used. 

Mode 1 (SM2 clear): Set or cleared by hardware to reflect the stop bit 
received. 

Modes 2 and 3 (SM2 set): Set or cleared by hardware to reflect the ninth 
data bit received. 
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SCON (Continued) Address: S:98H 
Reset State: 0000 00008 

Serial Port Control Register. SCON contains serial 1/0 control and status bits, including the mode 
select bits and the interrupt flag bits. 

7 0 

~F_E_IS_M~O~~S_M~1~~~S_M_2~~~R_E_N~I l~~T_B_8~~~R_B_8~~~-T_l~~~-R_I~~ 

Bit Bit Function Number Mnemonic 

1 Tl Transmit Interrupt Flag Bit: 

Set by the transmitter after the last data bit is transmitted. Cleared by 
software. 

0 RI Receive Interrupt Flag Bit: 

Set by the receiver after the last data bit of a frame has been received. 
Cleared by software. 
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SOFH Address: S:D3H 
Reset State: 0000 00008 

Start of Frame High Register. Contains isochronous data transfer enable and interrupt bits and the 
upper three bits of the 11-bit time stamp received from the host. 

7 0 

,__so_F_A_c_K_.__As_o_F_...____so_F_1E_,__FT_L_o_c_K__.l l s0Foo1s I Ts1 o TS9 TS8 

Bit Bit Function Number Mnemonic 

7 SOFA CK SOF Token Received without Error (read-only): 

When set, this bit indicates that the 11-bit time stamp stored in SOFL and 
SOFH is valid. This bit is updated every time a SOF token is received from 
the USB bus, and it is cleared when an artificial SOF is generated by the 
frame timer. This bit is set and cleared by hardware. 

6 ASOF Any Start-of-Frame: 

This bit is set by hardware to indicate that a new frame has started. The 
interrupt can result either from reception of an actual SOF packet or from an 
artificially-generated SOF from the frame timer. This interrupt is asserted in 
hardware even if the frame timer is not locked to the USB bus frame timing. 
When set, this bit is an indication that either an actual SOFpacket was 
received or an artificial SOF was generated by the frame timer. This bit must 
be cleared by software or inverted and driven to the SOF# pin. The effect of 
setting this bit by software is the same as hardware: the external pin will be 
driven with an inverted ASOF value for eight Tel.Ks. 

This bit also serves as the SOF interrupt flag. This interrupt is only asserted 
in hardware if the SOF interrupt is enabled (SOFIE set) and the interrupt 
channel is enabled. 

5 SOFIE SOF Interrupt Enable: 

When this bit is set, setting the ASOF bit causes an interrupt request to be 
generated if the interrupt channel is enabled. Hardware reads but does not 
write this bit. 

4 FTLOCK Frame Timer Locked (read-only): 

When set, this bit indicates that the frame timer is presently locked to the 
USB bus' frame time. When cleared, this bit indicates that the frame timer is 
attempting to synchronize to the frame time. 

3. SOFODIS SOF# Pin Output Disable: 

When set, no low pulse will be driven to the SOF# pin in response to setting 
the ASOF bit. The SOF# pin will be driven to '1' when SOFODIS is set. 
When this bit is. clear, setting the ASOF bit causes the SOF# pin to be 
toggled with a low pulse for eight TcLKs. 

2:0 TS10:8 Time stamp received from host: 

TS10:8 are the upper three bits of the 11-bit frame number issued with an 
SOF token. This time stamp is valid only if the SOFACK bit is set. 
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SOFL Address: S:02H 
Reset State: 0000 00008 

Start-of-Frame Low Register. Contains the lower eight bits of the 11-bit time stamp received from the 
host. 

7 

Bit Bit 
Number Mnemonic 

7:0 TS7:0 

SP 

0 

TS7:0 

Function 

Time stamp received from host: 

This time stamp is valid only if the SOFACK bit in the SOFH register is set. 
TS7:0 are the lower eight bits of the 11-bit frame number issued with a SOF 
token. IF an artificial SOF is generated, the time stamp remains at its 
previous value and it is up to firmware to update it. These bits are set and 
cleared by hardware. 

Address: 
Reset State: 

S:81H 
0000 01118 

Stack Pointer. SP provides SFR access to location S3 in the register file (also named SP). SP is the 
lowest byte of the extended stack pointer (SPX = ORSO). The extended stack pointer points to the 
current top of stack. When a byte is saved (PUSHed) on the stack, SPX is incremented, and then the 
byte is written to the top of stack. When a byte is retrieved (POPped) from the stack, it is copied from 
the top of stack, and then SPX is decremented. 

7 0 

SP Contents 

Bit Bit 
Function Number Mnemonic 

7:0 SP.7:0 Stack Pointer: 

Bits 0-7 of the extended stack pointer, SPX (ORSO). 
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SPH Address: S:BEH 
Reset State: 0000 OOOOB 

Stack Pointer High. SPH provides SFR access to location 62 in the register file (also named SPH). 
SPH is the upper byte of the lower word of DR60, the extended stack pointer (SPX). The extended 
stack pointer points to the current top of stack. When a byte is saved (PUSHed) on the stack, SPX is 
incremented, and then the byte is written to the top of stack. When a byte is retrieved (POPped) from 
the stack, it is copied from the top of stack, and then SPX is decremented. 

7 0 

SPH Contents 

Bit Bit Function 
Number Mnemonic 

7:0 SPH.7:0 Stack Pointer High: 

Bits 8-15 of the extended stack pointer, SPX (DR(60)). 
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T2CON Address: 
Reset State: 

S:C8H 
0000 OOOOB 

Timer 2 Control Register. Contains the receive clock, transmit clock, and capture/reload bits used to 
configure timer 2. Also contains the run control bit, counter/timer select bit, overflow flag, external flag, 
and external enable for timer 2. 

7 0 

~-T_F_2~~~EX_F_2~~-R_C_L_K~~-T_C_L_K~I J~E_X_E_N_2__.~_T_R_2~~-C_IT_2_#~~C_P_IR_L_2_#__, 

Bit Bit 
Function Number Mnemonic 

7 TF2 Timer 2 Overflow Flag: 

Set by timer 2 overflow. Must be cleared by software. TF2 is not set if 
RCLK=1orTCLK=1. 

6 EXF2 Timer 2 External Flag: 

If EXEN2 = 1, capture or reload caused by a negative transition on T2EX 
sets EFX2. EXF2 does not cause an interrupt in up/down counter mode 
(DCEN = 1). 

5 RCLK Receive Clock Bit: 

Selects timer 2 overflow pulses (RCLK = 1) or timer 1 overflow pulses 
(RCLK = 0) as the baud rate generator for serial port modes 1 and 3. 

4 TCLK Transmit Clock Bit: 

Selects timer 2 overflow pulses (TCLK = 1) or timer 1 overflow pulses 
(TCLK = 0) as the baud rate generator for serial port modes 1 and 3. 

3 EXEN2 Timer 2 External Enable Bit: 

Setting EXEN2 causes a capture or reload to occur as a result of a 
negative transition on T2EX unless timer 2 is being used as the baud 
rate generator for the serial port. Clearing EXEN2 causes· timer 2 to 
ignore events at T2EX. 

2 TR2 Timer 2 Run Control Bit: 

Setting this bit starts the timer. 

1 C/T2# Timer 2 Counter/Timer Select: 

C/T2# = 0 selects timer operation: timer 2 counts the divided-down 
system clock. C/T2# = 1 selects counter operation: timer 2 counts 
negative transitions on external pin T2. 

0 CP/RL2# Capture/Reload Bit: 

When set, captures occur on negative transitions at T2EX if EXEN2 = 1. 
When cleared, auto-reloads occur on timer 2 overflows or negative 
transitions at T2EX if EXEN2 = 1. The CP/RL2# bit is ignored and timer 2 
forced to auto-reload on timer 2 overflow, if RCLK = 1 or TCLK = 1. 
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T2MOD Address: S:C9H 
Reset State: XXXX XXOOB 

Timer 2 Mode Control Register. Contains the timer 2 down count enable and clock-out enable bits for 
timer2. 

7 0 

Bit Bit Function 
Number Mnemonic 

7:2 - Reserved: 

Values read from these bits are indeterminate. Write zeros to these bits. 

1 T20E Timer 2 Output Enable Bit: 

In the timer 2 clock-out mode, connects the programmable clock output 
to external pin T2. 

0 OGEN Down Count Enable Bit: 

Configures timer 2 as an up/down counter. 
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TCON Address: S:88H 
Reset State: 0000 OOOOB 

Timer/Counter Control Register. Contains the overflow and external interrupt flags and the run control 
and interrupt transition select bits for timer 0 and timer 1. 

7 0 

TF1 TR1 TFO TRO I l~_1_E1~~~1_T_1~~~1E_o~~~1T_o~ 

Bit Bit Function 
Number Mnemonic 

7 TF1 Timer 1 Overflow Flag: 

Set by hardware when the timer 1 register overflows. Cleared by 
hardware when the processor vectors to the interrupt routine. 

6 TR1 Timer 1 Run Control Bit: 

SeVcleared by software to turn timer 1 on/off. 

5 TFO Timer 0 Overflow Flag: 

Set by hardware when the timer 0 register overflows. Cleared by 
hardware when the processor vectors to the interrupt routine. 

4 TAO Timer O Run Control Bit: 

SeVcleared by software to turn timer 1 on/off. 

3 IE1 Interrupt 1 Flag: 

Set by hardware when an external interrupt is detected on the INT1 #pin. 
Edge- or level- triggered (see IT1 ). Cleared when interrupt is processed 
if edge-triggered. 

2 IT1 Interrupt 1 Type Control Bit: 

Set this bit to select edge-triggered (high-to-low) for external interrupt 1. 
Clear this bit to select level-triggered (active low). 

1 IEO Interrupt 1 Flag: 

Set by hardware when an external interrupt is detected on the INTO# pin. 
Edge- or level- triggered (see ITO). Cleared when interrupt is processed 
if edge-triggered. 

0 ITO Interrupt 0 Type Control Bit: 

Set this bit to select edge-triggered (high-to-low) for external interrupt 0. 
Clear this bit to select level-triggered (active low). 
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TMOD Address: 
Reset State: 

REGISTERS 

S:89H 
0000 00008 

Timer/Counter Mode Control Register. Contains mode select, run control select, and counter/timer 
select bits for controlling timer O and timer 1. 

7 0 

'--G~AT_E_1~~-c_1T_1_#~-'--~M_1_1~-'--~M_o_1__,l~I _G~AT_E_o~~-C_IT_O_#~~~M_1_0~-'--~M_o_o___, 

Bit Bit Function 
Number Mnemonic 

7 GATE1 Timer 1 Gate: 

When GATE1 = 0, run control bit TR1 gates the input signal to the timer 
register. When GATE1 = 1 and TR1 = 1, external signal INT1 gates the 
timer input. 

6 C/T1# Timer 1 Counter/Timer Select: 

C/T1 # = O selects timer operation: timer 1 counts the divided-down 
system clock. C/T1 # = 1 selects counter operation: timer 1 counts 
negative transitions on external pin T1. 

5,4 M11,M01 Timer 1 Mode Select: 

M11 M01 
0 0 Mode O: 8-bit timer/counter (TH1) with 5-bit prescalar (TL 1) 
0 1 Mode 1: 16-bit timer/counter 
1 0 Mode 2: 8-bit auto-reload timer/counter (TL 1 ). Reloaded 

from TH1 at overflow. 
1 1 Mode 3: Timer 1 halted. Retains count. 

3 GATEO Timer O Gate: 

When GATED = 0, run control bit TRO gates the input signal to the timer 
register. When GATEO = 1 and TRO = 1, external signal INTO gates the 
timer input. 

2 CITO# Timer O Counter/Timer Select: 

CITO# = O selects timer operation: timer O counts the divided-down 
system clock. CITO#= 1 selects counter operation: timer 0 counts 
negative transitions on external pin TO. 

1, 0 M10, MOO Timer O Mode Select: 

M10 MOO 
0 0 Mode O: 8-bit timer/counter (TO) with 5-bit prescalar (TLO) 
0 1 Mode 1: 16-bit timer/counter 
1 0 Mode 2: 8-bit auto-reload timer/counter (TLO). Reloaded 

from THO at overflow. 
1 1 Mode 3: TLO is an 8-bit timer/counter. THO is an 8-bit 

timer using timer 1's TR1 and TF1 bits. 
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THO,TLO Address: THO S:8CH 
TLO S:8AH 

Reset State: 0000 OOOOB 

THO, TLO Timer Registers. These registers operate in cascade to form the 16-bit timer register in timer 
O or separately as 8-bit timer/counters. 

7 0 

High/Low Byte of Timer 0 Register 

Bit Bit 
Function 

Number Mnemonic 

7:0 TH0.7:0 High byte of the timer O timer register. 

TL0.7:0 Low byte of the timer O timer register. 

TH1, TL1 Address: TH1 S:8DH 
TL1 S:8BH 

Reset State: 0000 OOOOB 

TH1, TL 1 Timer Registers. These registers operate in cascade to form the 16-bit timer register in timer 
1 or separately as 8-bit timer/counters. 

7 0 

High/Low Byte of Timer 1 Register 

Bit Bit Function 
Number Mnemonic 

7:0 TH1.7:0 High byte of the timer 1 timer register. 

TL1.7:0 Low byte of the timer 1 timer register. 
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TH2, TL2 Address: TH2 S:CDH 
TL2 S:CCH 

Reset State: 0000 00008 

TH2, TL2 Timer Registers. These registers operate in cascade to form the 16-bit timer register in timer 
2. 

7 0 

High/Low Byte of Timer 2 Register 

Bit Bit 
Function Number Mnemonic 

7:0 TH2.7:0 High byte of the timer 2 timer register. 

TL2.7:0 Low byte of the timer 2 timer register. 
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TXCNTH, 
TXCNTL 

Address: 

Reset States: Endpoint 1 

Endpoints 0, 2, 3 

S:F7H 
S:F6H 

TXCNTH XXXX XXOOB 
TXCNTL 0000 OOOOB 

TXCNTL XXXO OOOOB 

Transmit FIFO Byte-count High and Low Registers. High and low register in a two-register ring buffer 
used to store the byte count for the data packets in the transmit FIFO specified by EPINDEX. Note that 
TXCNTH exists only for function endpoint 1 and is unavailable for all other endpoints. During normal 
operations, these registers should only be written by the 8X930Ax CPU. 

15 (TXCNTH) Endpoint 1 8 
~, ~~~,~~-----.~~---,-~----,,~, ~~..--~-,-~BC-9----.~B-C8----, 

7(TXCNTL) 0 

~' ~B_C7~~'~-B_C_6~~-B_C_5~~-B_C_4~' ~' ~B_C3~~-B_c_2~~-B_c_1~~-BC_o~ 
7 (TXCNTL) Endpoints 0, 2, 3 0 

~, ~~~,~~~~~~~-B-C-4~,~, ~BC-3~~B-C-2~~B-C-1~~B-C-O~ 

Bit Bit Function Number Mnemonic 

Endpoint 1 (x= 1)t 

15:10 - Reserved. 

Write zeros to these bits. 
' 

9:0 BC9:0 Transmit Byte Count. 
Ten-bit, ring buffer byte count register stores transmit byte count (TXCNT) 
of Oto 1023 bytes for endpoint 1 only. 

Endpoints 0, 2, 3. (x= O, 2, 3)t 

7:0 - Reserved. 

Write zeros to these bits. 

4:0 BC4:0 Transmit Byte Count. 
Five-bit, ring buffer byte count register stores transmit byte count (TXCNT) 
of 0 to 16 bytes for endpoints 0, 2, and 3. 

t x = endpoint index. See the EPI NDEX register. 
NOTE: To send a status stage after a CNTL write or no data control command or a null packet, write Oto 

TXCNT. 
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TX CON Address: 
Reset State: 

REGISTERS 

S:F4H 
X=1t OOOX0100B 

x = 0, 2, 3t OXXX 01 DOB 

USB Transmit FIFO Control Register. Controls the transmit FIFO specified by EPINDEX. 

7 0 

~T_x_c_LR~~F_F_sz_._1 ~-F_F_s_z._o~--~11 TXISO ATM ADV RM REVRP 

Bit Bit Function Number Mnemonic 

7 TXCLR Transmit Clear: 

Setting this bit flushes the transmit FIFO, sets the EMPTY bit in TXFLG, and 
clears all other bits in TXFLG. After the flush, hardware clears this bit. 
Setting this bit does not affect the ATM, TXISO, and FFSZ bits. 

6:5 FFSZ[1:0] FIFO Size: 

These two bits are used for FIFO size configuration by function endpoint 1 
only. The endpoint 1 FIFO size configurations (in bytes) are: 

FFSZ[1:0] Transmit Size Receive Size 

00 256 256 
01 512 512 
10 1024 0 
11 0 1024 

These bits are not reset when the TXCLR bit is set in the TXCON register. 

NOTE: The receive FIFO size is also set by the TXCON FFSZ bits. 
Therefore, there are no corresponding FFSZ bits in RXCON. 

4 - Reserved: 

Values read from this bit are indeterminate. Write zero to this bit. 

3 TXISO Transmit Isochronous Data: 

Software sets this bit to indicate that the transmit FIFO contains isochronous 
data. The FIU uses this bit to set up the handshake protocol at the end of a 
transmission. This bit is not reset when TXCLR is set and must be cleared 
by software. 

x = endpoint index. See EPINDEX. 

H The read marker and read pointer should only be controlled manually for testing (when the ATM bit is 
clear). At all other times the ATM bit should be set and the ADVRM and REVRP bits should be left alone. 
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TXCON (Continued) Address: 
Reset State: 

S:F4H 
X= 1 t 000X 01008 

X= 0, 2, 31 OXXX 01008 

US8 Transmit FIFO Control Register. Controls the transmit FIFO specified by EPINDEX. 

7 0 

.__T_x_c_L_R____,c..._F_F_s_z_.1_..__F_F_s_z_.o____,'------'11 TXISO ATM ADV RM REVRP 

Bit Bit Function Number Mnemonic 

2 ATM Automatic Transmit Management: 

Setting this bit (the default value) causes the read pointer and read marker 
to be adjusted automatically as indicated: 

ISO TX Status Read Pointer Read Marker 

x ACK Unchanged Advanced* 
0 NAK Reversed** Unchanged 
1 NAK Unchanged Advanced* 

* to origin of next data set ** to origin of the data set last read 

When this bit is set, setting REVRP or ADVRM has no effect. This is a sticky 
bit that is not reset when TXCLR is set, but can be set and cleared by 
software. Hardware neither clears nor sets this bit. 

Note: This bit should always be set, except for testing. 

1 ADV RM Advance Read Marker Control (non-ATM mode only) tt: 
Setting this bit advances the read marker to point to the origin of the next 
data packet (the position of the read pointer) to prepare for the next packet 
transmission. Hardware clears this bit after the read marker is advanced. 
Setting this bit is effective only when the REVRP, ATM, and TXCLR bits are 
all clear. 

0 REV RP Reverse Read Pointer Control (non-ATM mode only) tt: 
In the case of bad transmission, the same data stack may need to be 
available for retransmit. Setting this bit reverses the read pointer to point to 
the origin of the. last data set (the position of the read marker) so that the FIU 
can reread the last set for retransmission. Hardware Clears this bit after the 
read pointer is reversed. Setting this bit is effective only when the ADVRM, 
ATM, and TXCLR bits are all clear. 

x = endpoint index. See EPINDEX. 

1"t The read marker and read pointer should only be controlled manually for testing (when the ATM bit is 
clear). At all other times the ATM bit should be set and the ADV RM and REV RP bits should be left .alone. 
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TXDAT Address: S:F3H 
Reset State: XXXX XXXXB 

USB Transmit FIFO Data Register. Data from the transmit FIFO specified by EPINDEX is written to and 
stored in this register. 

7 0 

Transmit Data Byte 

Bit Bit Function 
Number Mnemonic 

7:0 TXDAT[7:0] Transmit Data Byte (write-only)t: 

To write data to the transmit FIFO, write to this register. The write pointer 
and read pointer are incremented automatically after a write and read 
respectively. 

·r This register can be read by firmware, but it should only be read if Fl F1 :O * 00. 
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TXFLG Address: S:F5H 
Reset State: OOXX 10008 

Transmit FIFO Flag Register. These flags indicate the status of data packets in the transmit FIFO 
specified by EPINDEX. 

7 0 

'--T_x_F_1F_1__.~T_x_F_1F_o~..__~~--''--~~--'I I TXEMP TXFULL TXU RF TXOVF 

Bit 
Number 

7:6 

5:4 

3 

Bit 
Mnemonic 

TXFIF[1:0] 

TXEMP 

Function 

FIFO Index Flags (read-only}: 

These flags indicate which data sets are present in the transmit FIFO. The 
FIF bits are set in sequence after each write to TXCNT to reflect the addition 
of a data set. Likewise, TXFIF1 and TXFIFO are cleared in sequence alter 
each advance of the read marker to indicate that the set is effectively 
discarded. The bit is cleared whether the read marker is advanced by 
software (setting ADVRM) or automatically by hardware (ATM = 1 ). The 
next-state table for the TXFIF bits is shown below: 

TXFIF[1 :O] Operation Flag Next TXFIF[1 :O] Next Flag 

00 Wr TXCNT X 01 
01 WrTXCNT X 11 
10 WrTXCNT X 11 
11 WrTXCNT X 11 

00 
01 
11 
10 

Adv RM 
Adv RM 
Adv RM 
Adv RM 

x 
x 
x 
x 

00 
00 
10/01 
00 

Unchanged 
Unchanged 
Unchanged 
TXOVF = 1 

Unchanged 
Unchanged 
Unchanged 
Unchanged 

XX Rev RP X Unchanged Unchanged 

In ISO mode, TXOVF, TXURF, and TXFIF are handled using the following 
rule: Firmware events cause status change immediately, while USB events 
cause status change only at SOF. TXFIF is "incremented" by firmware and 
"decremented" by the USS.Therefore, writes to TXCNT "increment" TXFIF 
immediately. However, a successful USB transaction any time within a 
frame "decrements" TXFIF only at SOF. 

You must check the TXFIF flags before and alter writes to the transmit FIFO 
and TXCNT for traceability. 

NOTE: To simplify firmware development, configure control endpoints in 
single-packet mode. 

Reserved: 

Values read from these bits are indeterminate. Write zeros to these bits. 

Transmit FIFO Empty Flag (read-only): 

Hardware sets this bit when the write pointer has not rolled over and is at the 
same location as the read pointer. Hardware clears this bit when the 
pointers are at different locations. 

Regardless of ISO or non-ISO mode, this bit always tracks the current 
transmit FIFO status. 

t When set, all transmissions are NAKed. 
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TXFLG (Continued) Address: S:F5H 
Reset State: OOXX 1000B 

Transmit FIFO Flag Register. These flags indicate the status of data packets in the transmit FIFO 
specified by EPINDEX. 

7 0 

~T_X_Fl_F_1~_T_X_F_IF_O~~~~~~~~I I TXEMP TXFULL TXURF I TXOVF 

Bit Bit 
Function 

Number Mnemonic 

2 TXFULL Transmit FIFO Full Flag (read-only): 

Hardware sets this bit when the write pointer has rolled over and equals the 
read marker. Hardware clears this bit when the full condition no longer 
exists. 

Regardless of ISO or non-ISO mode, this bit always tracks the current 
transmit FIFO status. Check this bit to avoid causing a TXOVF condition. 

1 TXU RF Transmit FIFO Underrun Flag: 

Hardware sets this flag when an additional byte is read from an empty 
transmit FIFO or TXCNT [This is caused when the value written to TXCNT is 
greater than the number of bytes written to TXDAT.]. This is a sticky bit that 
must be cleared through software. When this flag is set, the FIFO is in an 
unknown state, thus it is recommended that you reset the FIFO in your error 
management routine using the TXCLR bit in TXCON. 

When the transmit FIFO underruns, the read pointer will not advance - it 
remains locked in the empty position.t 

In ISO mode, TXOVF, TXURF, and TXFIF are handled using the following 
rule: Firmware events cause status change immediately, while USB events 
cause status change only at SOF. Since underrun can only be caused by 
USB, TXURF is updated at the next SOF regardless of where the underrun 
occurs in the frame. 

0 TXOVF Transmit FIFO Overrun Flag: 

This bit is set when an additional byte is written to a full FIFO or full TXCNT 
with TXFIF1:0=11. This is a sticky bit that must be cleared through 
software. When this bit is set, the FIFO.is in an unknown state, thus it is 
recommended that you reset the FIFO in your error management routine 
using the TXCLR bit in TXCON. 

When the receive FIFO overruns, the write pointer will not advance - it 
remains locked in the full position. Check this bit after loading the FIFO prior 
to writing the byte count register.t 

In ISO mode, TXOVF, TXURF, and TXFIF are handled using the following 
rule: Firmware events cause status change immediately, while USB events 
cause status change only at SOF. Since overrun can only be caused by 
firmware, TXOVF is updated immediately. Check the TXOVF flag after 
writing to the transmit FIFO before writing to TXCNT. 

t When set, all transmissions are NAKed. 
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TX STAT Address: S:F2H 
Reset State: 0000 OOOOB 

Endpoint Transmit Status Register. Contains the current endpoint status of the transmit FIFO specified 
by EPINDEX. 

7 0 

~T_xs_E_a~---~--~l _Tx_F_L_us_H~l I Txsovw I Txvo10 TXERR TXACK 

Bit Bit Function Number Mnemonic 

7 TXSEQ Transmitter's Current Sequence Bit (read, conditional write): 

This bit will be transmitted in the next PIO and toggled on a valid ACK 
handshake. This bit is toggled by hardware on a valid SETUP token. This bit 
can be written by firmware if the TXSOVW bit is set when written together 
with the new TXSEQ value. t 

6:5 - Reserved: 

Values read from these bits are indeterminate. Write zeros to these bits. 

4 TXFLUSH Transmit FIFO Packet Flushed: 

When set, this bit indicates that hardware flushed a stale ISO data packet 
from the transmit FIFO due to a TXFIF = '11' at SOF. This bit is set by 
hardware, but can also be set by software with the same effect.t 

3 TXSOVW Transmit Data Sequence Overwrite Bit: 

Write a '1' to this bitto allow the value of the TXSEQ bit to be overwritten. 
Writing a 'O' to this bit has no effect on TXSEQ. This bit always returns 'O' 
when read.t, tt 

2 TXVOID Transmit Void (read-only): 

A void condition has occurred in response to a valid IN token. Transmit void 
is closely associated with the NAK/STALL handshake returned by function 
after a valid IN token, due to the conditions that cause the transmit FIFO to 
be unenabled or not ready to transmit. 

Use this bit to check any NAK/STALL handshake ever returned by function. 

This bit does not affect the FTXDx, TXERR or TXACK bits. This bit is 
updated by hardware at the end of a non-isochronous transaction in 
response to a valid IN token. For isochronous transactions, this bit is not 
updated until the next SOF. 

Under normal operation, this bit should not be modified by the user. 

tt The SIE will handle all sequential bit tracking. This bit should only be used when initializing a new 
configuration or interface. 
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TXSTAT (Continued) Address: S:F2H 
Reset State: 0000 00008 

Endpoint Transmit Status Register. Contains the current endpoint status of the transmit FIFO specified 
by EPINDEX. 

7 0 

~T_xs_E_o~---~--~\ _Tx_F_L_us_H~I \ Txsovw \ Txvo1D TXERR TXACK 

Bit Bit 
Function 

Number Mnemonic 

1 TXERR Transmit Error (read-only): 

An error condition has occurred with the transmission. Complete or partial 
data has been transmitted. The error can be one of the following: 

1. Data transmitted successfully but no handshake received. 
2. Transmit FIFO goes into underrun condition while transmitting. 

The corresponding transmit done bit (FTXDx in FIFLG) is set when active. 
For non-isochronous transactions, this bit is updated by hardware together 
with the TXACK bit at the end of the data transmission (this bit is mutually 
exclusive with TXACK). For isochronous transactions, this bit is not updated 
until the next SOF. 

0 TXACK Transmit Acknowledge (read-only): 

Data transmission completed and acknowledged successfully. The 
corresponding transmit done bit (FTXDx in FIFLG) is set when active. For 
non-isochronous transactions, this bit is updated by hardware together with 
the TXERR bit at the end of data transmission (this bit is mutually exclusive 
with TXERR). For isochronous transactions, this bit is not updated until the 
next SOF. 

t Under normal operation, this bit should not be modified by the user. 

tt The SIE will handle all sequential bit tracking. This bit should only be used when initializing a new 
configuration or interface. 

I 

WDTRST Address: S:A6H 
Reset State: XXXX XXXXB 

Watchdog Timer Reset Register. Writing the two-byte sequence 1 EH-E1 H to the WDTRST register 
clears and enables the hardware WDT. The WDTRST register is a write-only register. Attempts to 
read it return FFH. The WDT itself is not read or write accessible. See Chapter 10, "Timer/Counters 
and WatchDog Timer." 

7 

WDTRST Contents (Write-only) 

Bit Bit 
Function 

Number Mnemonic 

7:0 WDTRST.7:0 Provides user control of the hardware WDT. 

0 
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APPENDIX D 
DATA FLOW MODEL 

This appendix describes the data flow model for the 8X930Ax USB transactions. This data flow 
model, presented in truth table form, is intended to bridge the hardware and firmware layers of 
the 8X930Ax. It describes the behavior of the 8X930Ax in response to a particular USB event, 
given a known state/configuration. 

The types of data transfer supported by the 8X930Ax are: 

• Non-isochronous transfer (interrupt, bulk) 

• Isochronous transfer 

• Control Transfer 

Table D-1. Non-isochronous Transmit Data Flow 

TXFIF 
New 

TX TX TX 
TX TX TX 

USB Event TXFIF OVF URF Inter- Comments (1 :0) 
(1 :0) ERR ACK Void (1) (1) rupt 

Response 

00 Received IN 00 no no 1 no no None NAK No data was 
token, but no chg chg chg chg loaded, so 
data or NAK 
TXOE = 0 

Received IN 00 no no 1 no no None NAK Control 
token, chg chg chg chg endpoint only. 
RXSETUP = Endpoint will 
1 NAK when 

RXSETUP = 
1 even if 
TXSTL = 1 

Data loaded 01 no no no no no None NIA Software 
into FIFO chg chg chg chg chg should always 
from CPU, check TXFIF 
CNT written bits before 

loading and 
TXOVF after 
loading. 

Data loaded 00 no no no 1 no None NA Ks Only overrun 
into FIFO, chg chg chg chg future trans- Fl FO error can 
FIFO error actions occur here. 
occurs Software 

should always 
checkTXOVF 
before write 
CNT. 

NOTES: 
1. These are sticky bits, which must be cleared by firmware. Also, this table assumes TXEPEN and ATM are 

enabled. 
2. Future transactions are NAKed even if the transmit endpoint is stalled when RXSETUP = 1. 
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Table D-1. Non-isochronous Transmit Data Flow (Continued) 

TXFIF New 
TX TX TX 

TX TX TX 
USB 

(1 :0) Event TXFIF 
ERR ACK Void 

OVF URF Inter-
Response Comments 

(1 :0) (1) (1) rupt 

01/10 Received IN 00 0 1 0 no no Set Send data ACK 
token, data chg chg transmit received, so 
transmitted, interrupt no errors. 
host ACKs Read marker 

advanced 

Received IN 01/10 1 0 0 no no Set Send data SIE times-out. 
token, data chg chg transmit Read ptr' 
transmitted, interrupt reversed. 
no ACK 
(time-out) 

Received IN 01/10 no no 1 no no None NAK, NAKs Received 
token, but chg chg chg chg future trans- Setup token 
RXSETUP = actions (or transmit 
1 (orTXOE = except disabled), so 
0) SETUP. IN tokens are 

NAKed. (2) 

Received IN 01/10 1 0 0 no 1 Set Send data Only 
token, data chg transmit with bit- underrun FIFO 
transmitted, Inter- stuff error. error can 
FIFO error rupt NA Ks occur here. 
occurs future trans- Read ptr 

actions. reversed. 

Received IN 01/10 1 O (no 1 no 1 (no None NAK Treated like a 
token with (no chg) chg chg) ''void" 
existing chg) condition. 
FIFO error 
and TXERR 
set. 

Received IN 00 0 1 0 no no Set Send data Data is 
token chg chg transmit retransmitted. 
without interrupt TXACK is set 
existing andTXERR is 
FIFO error cleared. The 
butTXERR TXERR was 
set, data set by 
re trans- previous 
mitted, host transaction 
AC Ks when host 

time-out. 

NOTES: 
1. These are sticky bits, which must be cleared by firmware. Also, this table assumes TXEPEN and ATM are 

enabled. 
2. Future transactions are NAKed even if the transmit endpoint is stalled when RXSETUP = 1. 
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Table D-1. Non-isochronous Transmit Data Flow (Continued) 

TXFIF 
New 

TX TX TX 
TX TX TX 

USB 
Event TXFIF OVF URF Inter- Comments 

(1:0) (1 :0) ERR ACK Void (1) (1) rupt Response 

Data loaded 11 no no no no no None N/A Software 
into FIFO chg chg chg chg chg should always 
from CPU, check TXFIF 
CNT written bits before 

loading and 
TXOVF after 
loading. 

Data loaded 01/10 no no no 1 no None NA Ks Only overrun 
into FIFO, chg chg chg chg future trans- Fl FO error can 
FIFO error actions occur here. 
occurs. CNT Software 
not written should always 
yet. checkTXOVF 

before write 
CNT 

Note: no 
TXERR, but 
TXOVF set. 

11 Received IN 10 or 0 1 0 no no Set Send data ACK 
token, data 01 chg chg transmit received, so 
transmitted, interrupt no errors. 
host ACKs Read marker 

advanced. 

Received IN 11 1 0 0 no no Set Send data SIE times-out. 
token, data chg chg transmit Read ptr 
Ira nsm itted, interrupt reversed. 
no ACK 
(time-out) 

Received IN 11 0 0 1 no no None NAK, NAKs Received 
token, but chg chg future trans- Setup token 
RXSETUP = actions (or transmit 
1 (orTXOE = disabled), so 
0) IN tokens are 

NAKed. (2) 

Received IN 11 1 0 0 no 1 Set Send data Only FIFO 
token, data chg transmit with bit- underrun 
transmitted, interrupt stuff error, error can 
FIFO error NAK future occur here. 
occurs transactions Read ptr 

reversed. 

NOTES: 
1. These are sticky bits, which must be cleared by firmware. Also, this table assumes TXEPEN and ATM are 

enabled. 
2. Future transactions are NAKed even if the transmit endpoint is stalled when RXSETUP = 1. 
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Table D-1. Non-isochronous Transmit Data Flow (Continued) 

TXFIF New TX TX TX TX TX TX use Event TXFIF OVF URF Inter- Comments 
(1 :0) (1:0) ERR ACK Void (1) (1) rupt Response 

Received IN 11 1 0 1 no 1 None NAK Treated like a 
token with (no (no chg (no ''void" 
existing chg) chg) chg) condition. 
FIFO error 
and TXERR 
set. 

Received IN 10 or 0 1 0 no no Set Send data Data is 
token 01 chg chg transmit retransmitted. 
without interrupt TXACK is set 
existing and TXERR is 
FIFO error cleared. The 
butTXERR TXERRwas 
set, data set by 
re trans- previous 
milted, host transaction 
AC Ks when host 

time-out. 

Data loaded 11 no no no 1 no None N/A Writing into 
into FIFO chg chg chg chg CNTwhen 
from CPU, TXFIF = 11 
CNT written sets TXOVF 

bit. Software 
should always 
check TXFIF 
bits before 
loading. 

NOTES: 
1. These are sticky bits, which must be cleared by firmware. Also, this table assumes TXEPEN and ATM are 

enabled. 
2. Future transactions are NAKed even if the transmit endpoint is stalled when RXSETUP = 1. 

D-4 

I 



DATA FLOW MODEL 

Table D-2. Isochronous Transmit Data Flow in Dual-packet Mode 

New (at next SOF) 

TXFIF 
TX TX TX TX USB 

(1 :0) 
Event FIF 

TX TX TX 
OVF URF Inter-

Response 
Comments 

(1:0) (1,2) (1,2) rupt 
(2) ERR ACK Void 

00 Received IN 00 no no 1 no no None Send null No data was 
token, but no data chg chg chg chg data packet loaded, so send 
orTXOE=O null data 

packet. This 
event should 
never happen. 

Data loaded into 01 no no no no no None N/A Software 
FIFO from CPU, chg chg chg chg chg should always 
CNT written check TXFIF 

bits before 
loading and 
TXOVF after 
loading. 

Data loaded into 00 no no no 1 no None N/A Only overrun 
FIFO, FIFO error chg chg chg chg FIFO error can 

occur here. 
Software 
should always 
checkTXOVF 
before write 
CNT 

01/10 Received IN 00 0 1 0 no no None Send data No ACK (time-
token, data chg chg out) for ISO. 
transmitted with Read marker 
or without trans- advance.ct. 
mission error 

Received IN 00 1 0 0 no 1 None Send CRC Only underrun 
token, data trans- chg with bit-stuff FIFO error can 
milted, FIFO error occur here. 
error occurs Read marker 

advanced. 

NOTES: 
1. These are sticky bits, which must be cleared by firmware. 
2. TXFIF, TXOVF and TXURF are l]andled with the following golden rule: Firmware events cause status change 

immediately while USB events only cause status change at SOF. 
TXOVF: Since overrun can only be caused by firmware, TXOVF is updated immediately. 
TXURF: Since underrun can only be caused by USB, TXURF is updated at SOF. 
TXFIF: TXFIF is "incremented" by firmware and "decremented" by USB. Therefore, writes to TXCNT will 
"increment" TXFIF immediately. However, a successful USB transaction anytime in a frame will only "decrement" 
TXFIF at SOF. 
TXERR, TXACK, and TXVOID can only be caused by USB; thus they are updated at the end of every valid 
transaction. 

3. Note: This table assumes TXEPEN and ATM are enabled. 
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Table D-2. Isochronous Transmit Data Flow in Dual-packet Mode (Continued) 

New (at next SOF) 

TXFIF 
TX TX TX TX use Event FIF OVF URF Inter- Comments (1:0) (1:0) TX TX TX (1,2) (1,2) rupt 

Response 

(2) ERR ACK Void 

Received IN 01/10 1 0 1 no 1 None Send null Treated like a 
token with (no (no chg (no data packet "void" condition. 
existing FIFO chg) chg) chg) 
error 

Received IN 01/10 0 0 1 no no None Send null Endpoint not 
token, but TXOE chg chg data packet enabled for 
=0 transmit, but 

no NAK for 
ISO. 

Data loaded into 11 no no no no no None N/A Software 
FIFO from CPU, chg chg chg chg chg should always 
CNTwritten checkTXFIF 

bits before 
loading and 
TXOVF after 
loading. 

Data loaded into 01/10 no no no 1 no None N/A Only overrun 
FIFO, FIFO error chg chg chg chg FIFO error can 
occurs occur here. 

Software 
should always 
checkTXOVF 
before write 
CNT 

Note: no 
TXERR, but 
TXOVF set. 

11 Received IN 10 or 0 1 0 no no None Send data No ACK (time-
token, data 01 chg chg out) for ISO. 
transmitted with Read marker 
or without trans- advanced. 
mission error 

NOTES: 
1. These are sticky bits, which must be cleared by firmware. 
2. TXFIF, TXOVF and TXURF are handled with the following golden rule: Firmware events cause status change 

immediately while USB events only cause status change at SOF. 
TXOVF: Since overrun can only be caused by firmware, TXOVF is updated immediately. 
TXURF: Since underrun can only be caused by USB, TXURF is updated at SOF. 
TXFIF: TXFIF is "incremented" by firmware and "decremented" by USB. Therefore, writes to TXCNT will 
"incremenf' TXFIF immediately. However, a successful USB transaction anytime in a frame will only "decrement" 
TXFIF at SOF. 
TXERR, TXACK, and TXVOID can only be caused by USB; thus they are updated at the end of every valid 
transaction. 

3. Note: This table assumes TXEPEN and ATM are enabled. 
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Table D-2. Isochronous Transmit Data Flow in Dual-packet Mode (Continued) 

New {at next SOF) 

TXFIF 
TX TX TX TX 

USB Event FIF OVF URF Inter- Comments (1 :0) (1 :0) TX TX TX {1,2) (1,2) rupt 
Response 

(2) ERR ACK Void 

Received IN 10 or 1 0 0 no 1 None Send data Only a FIFO 
token, data trans- 01 chg with bit-stuff underrun error 
mitted, FIFO error can occur 
error occurs here. Read 

marker 
advanced. 

Received IN 11 1 0 1 no 1 None Send null Treated like a 
token with (no (no chg (no data packet "void" condition. 
existing FIFO chg) chg) chg) 
error 

Received IN 11 0 0 1 no no None Send null Endpoint not 
token, but TXOE chg chg data packet enabled for 
=0 transmit, but 

no NAK for 
ISO. 

Receive SOF 10 or no no no no no None None Host never read 
indication 01 chg chg chg chg chg (SOF last frame's 

interrupt ISO. packet. 
set) Read marker 

ASOF and ptr 

set. advanced, 
oldest packet 
is flushed from 
FIFO. 

Data loaded into 11 no no no 1 no None N/A CNT written 
FIFO from CPU, chg chg chg chg when TXFIF=11 
CNTwritten will setTXOVF 

bit. 

Software 
should always 
check TXFIF 
bits before 
loading. 

NOTES: 
1. These are sticky bits, which must be cleared by firmware. 
2. TXFIF, TXOVF and TXURF are handled with the following golden rule: Firmware events cause status change 

immediately while USB events only cause status change at SOF. 
TXOVF: Since overrun can only be caused by firmware, TXOVF is updated immediately. 
TXURF: Since underrun can only be caused by USB, TXURF is updated at SOF. 
TXFIF: TXFIF is "incremented" by firmware and "decremented" by USB. Therefore, writes to TXCNT will 
"incremenf' TXFIF immediately. However, a successful USB transaction anytime in a frame will only "decrement" 
TXFIF at SOF. 
TXERR, TXACK, and TXVOID can only be caused by USB; thus they are updated at the end of every valid 
transaction. 

3. Note: This table assumes TXEPEN and ATM are enabled. 
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Table D-3. Non-isochronous Receive Data Flow in Single-packet Mode (RXSPM = 1) 

FIF New RX RX RX RX RX RX RX USB 
(1 :0) Event FIF ERR ACK Void Setup OVF URF Inter- Response Comments 

(1 :0) (1) (1) rupt 

00 Received 00 no no 1 no no no None NAK FIFO not ready. 
OUT token, chg chg chg chg chg 
but RXIE = 0 

Received 00 no no no no no no None None FIFO not 
OUT token, chg chg chg chg chg chg loaded. Write 
but timed-out ptr reversed. 
waiting for 
data 

Received 01 0 1 0 0 no no Set ACK Received, no 
OUT token, chg chg receive errors, advance 
no errors interrupt write marker. 

Received 00 1 0 0 0 no no Set Time-out Write ptr 
OUT token, chg chg receive reversed. 
data CRC or interrupt (Possible to 
bit-stuff error have RXERR 

cleared by 
hardware 
before seen by 
software.) 

Received 00 1 0 0 0 1 no Set Time-out, Only RXOVF 
OUT token, chg receive NAK FIFO error can 
FIFO error interrupt future occur, requires 
occurs transac- firmware inter-

lions vention. 

Received 00 1 0 1 0 1 no None NAK Considered to 
OUT token (no (no (no chg be a "void" 
with FIFO chg) chg) chg) condition. Will 
error already NAK until 
existing software clears 

condition. 

Received 00 no no 1 no no no None ACK Last ACK 
OUT token, chg chg chg chg chg corrupted, so 
but data send again but 
sequence ignore the data. 
mismatch 

Received 01 0 1 0 1 0 0 Set ACK RXIE or RXSTL 
SETUP receive has no effect. 
token, no interrupt (2) 
errors RXSETUPwill 

be set (control 
endpoints only). 

NOTE: 
1. These are sticky bits, which must be cleared by firmware. Also, this table assumes RXEPEN and ARM are 

enabled. 
2. STOVW is set after a valid SETUP token is received and cleared during handshake phase. EDOVW is set during 

handshake phase. 
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Table D-3. Non-isochronous Receive Data Flow in Single-packet Mode (RXSPM = 1) (Continued) 

FIF New RX RX RX RX RX RX RX USB 
(1 :0) 

Event FIF ERR ACK Void Setup OVF URF Inter- Response Comments 
(1 :0) (1) (1) rupt 

Received 00 1 0 0 0 0 0 Set Time-out FIFO is reset 
SETUP receive automatically 
token, but interrupt and FIFO data 
timed-out is invalid. (2) 
waiting for 
data 

Received 00 1 0 0 1 0 0 Set Time-out Write ptr 
SETUP receive reversed, (2) 
token, data interrupt 
CRC or bit-
stuff error 

Received 00 1 0 0 1 1 0 Set Time-out, (2) 
SETUP receive NAK 
token, FIFO interrupt future 
error occurs transac-

tions 

Received 01 0 1 0 1 0 0 Set ACK Causes FIFO 
SETUP receive to reset 
token with interrupt automatically, 
FIFO error forcing new 
already SETUP to be 
existing received. RXI E 

or RXSTL has 
no effect. (2) 
RXSETUPwill 
be set (control 
endpoints only). 

CPU reads 00 no no no no no 1 None NAK FIFO was 
FIFO, chg chg chg chg chg future empty when 
causes FIFO transac- read. Should 
error lions, always check 

except RXFIF bits 
SETUP before reading. 

01 Received 01 no no 1 no no no None NAK FIFO not ready, 
OUT token chg chg chg chg chg so data is 

ignored (CRC or 
FIFO error not 
possible) 

NOTE: 
1. These are sticky bits, which must be cleared by firmware. Also, this table assumes RXEPEN and ARM are 

enabled. 
2. STOVW is set after a valid SETUP token is received and cleared during handshake phase. EDOVW is set during 

handshake phase. 
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Table D-3. Non-isochronous Receive Data Flow in Single-packet Mode (RXSPM = 1) (Continued) 

FIF 
New 

RX RX RX RX 
RX RX RX 

USB Event FIF OVF URF Inter- Comments 
(1 :0) (1 :0) ERR ACK Void Setup (1) (1) rupt Response 

Received 01 0 1 0 1 0 0 Set ACK Causes FIFO 
SETUP receive to reset 
token, no interrupt automatically, 
errors forcing new 

SETUP to be 
received. RXIE 
or RXSTL has 
no effect. (2) 
RXSETUPwill 
be set (control 
endpoints only). 

Received 01 1 0 0 0 0 0 Set 1ime-out FIFO is reset 
SETUP receive automatically 
token, but interrupt and FIFO data 
timed-out is invalid. (2) 
waiting for 
data 

Received 00 1 0 0 1 0 0 Set 1ime-out Write ptr 
SETUP receive reversed. RXIE 
token, data interrupt or RXSTL has 
CRC or bit- no effect. (2) 
stuff error RXSETUPwill 

be set (control 
endpoints only). 

Received 00 1 0 0 1 1 0 Set 1ime-out, (2) (control 
SETUP receive NAK endpoints only). 
token, FIFO interrupt future 
error occurs transac-

tions 

Received 01 0 1 0 1 0 0 Set ACK Causes FIFO 
SETUP receive to reset 
token with interrupt automatically, 
FIFO error forcing new 
already SETUP to be 
existing received. RXIE 

or RXSTL has 
no effect. (2) 
RXSETUPwill 
be set (control 
endpoints only). 

CPU reads 00 no no no no no no None None 
FIFO, sets chg chg chg chg chg chg 
RX FF RC 

NOTE: 
1. These are sticky bits, which must be cleared by firmware. Also, this table assumes RXEPEN and ARM are 

enabled. 
2. STOVW is set after a valid SETUP token is received and cleared during handshake phase. EDOVW is set during 

handshake phase. 
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Table D-3. Non-isochronous Receive Data Flow in Single-packet Mode (RXSPM = 1) (Continued) 

FIF 
New 

RX RX RX RX 
RX RX RX 

USB 
Event FIF OVF URF Inter- Comments (1 :0) (1 :0) ERR ACK Void Setup (1) (1) rupt Response 

CPU reads 01 no no no no no 1 None lime-out, Software 
FIFO, chg chg chg chg chg NAK should check 
causes FIFO future RXURF bit 
error. transac- before writing 
RXFFRC not tions RXFFRC. 
set yet. 

CPU reads 00 no no no no no 1 None lime-out, Software 
FIFO, chg chg chg chg chg NAK should check 
causes FIFO future RXURF bit 
error. Set transac- before writing 
RXFFRC. tions RX FF RC. 

NOTE: 
1. These are sticky bits, which must be cleared by firmware. Also, this table assumes RXEPEN and ARM are 

enabled. 
2. STOVW is set after a valid SETUP token is received and cleared during handshake phase. EDOVW is set during 

handshake phase. 

Table D-4. Non-isochronous Receive Data Flow in Dual-packet Mode (RXSPM = 0) 

FIF 
New 

RX RX RX RX 
RX RX RX 

USB 
Event FIF OVF URF Inter- Comments 

(1 :0) 
(1 :0) 

ERR ACK Void Setup 
(1) (1) rupt Response 

00 Received 00 no no 1 no no no None NAK Fl FO not ready. 
OUT token, chg chg chg chg chg 
but RXIE = 0 

Received 00 no no 1 no no no None None FIFO not loaded. 
OUT token, chg chg chg chg chg Write ptr 
but timed-out reversed. 
waiting for 
data 

Received 01 0 1 0 0 no no Set ACK Received, no 
OUT token, chg chg receive errors, advance 
no errors interrupt write marker. 

NOTES: 
1. These are sticky bits, which must be cleared by firmware. Also, this table assumes RXEPEN and ARM are enabled. 
2. STOVW is set after a valid SETUP token is received and cleared during handshake phase. EDOVW is set during 

handshake phase. 
3. Note: Dual-packet mode is NOT recommended for Control endpoints. 
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Table D-4. Non-isochronous Receive Data Flow in Dual-packet Mode (RXSPM = 0) (Continued) 

FIF 
New 

RX RX RX RX 
RX RX RX use Event FIF OVF URF Inter- Comments (1 :0) (1 :0) ERR ACK Void Setup (1) (1) rupt Response 

Received 00 1 0 0 0 no no Set lime-out Write ptr 
OUT token, chg chg receive reversed. 
data CRC or interrupt (Possible to have 
bit-stuff error RXERR cleared 

by hardware 
before seen by 
software.) 

Received 00 1 0 0 0 1 no Set lime-out, Only RXOVF 
OUT token, chg receive NAK FIFO error can 
FIFO error interrupt future occur, requires 
occurs transac- firmware inter-

lions vention. 

Received 00 1 O(no 1 0 1 no None NAK Considered to be 
OUT token (no chg) (no chg a ''void" 
with FIFO chg) chg) condition. Will 
error already NAK until 
existing software clears 

condition. 

Received 00 no no no no no no None ACK Last ACK 
OUT token, chg chg chg chg chg chg corrupted, so 
but data send again but 
sequence ignore the data. 
mismatch 

Received 01 0 1 0 1 0 0 Set ACK Causes FIFO to 
SETUP receive reset automati-
token, no interrupt cally, forcing new 
errors (dual SETUP to be 
packet mode received. RXIE 
not recom- or RXSTL has no 
mended!) effect. (2) 

RXSETUP will be 
set (control 
endpoints only). 

Received 00 1 0 0 0 0 0 Set lime-out FIFO is reset 
SETUP receive automatically and 
token, but interrupt FIFO data is 
timed-out invalid. (2) 
waiting for 
data 

NOTES: 
1. These are sticky bits, which must be cleared by firmware. Also, this table assumes RXEPEN and ARM are enabled. 
2. STOVW is set after a valid SETUP token is received and cleared during handshake phase. EDOVW is set during 

handshake phase. 
3. Note: Dual-packet mode is NOT recommended for Control endpoints. 
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Table D-4. Non-isochronous Receive Data Flow in Dual-packet Mode (RXSPM = 0) (Continued) 

FIF 
New 

RX RX RX RX 
RX RX RX use 

Event FIF OVF URF Inter· Comments 
(1:0) (1 :0) ERR ACK Void Setup (1) (1) rupt Response 

Received 00 1 0 0 1 0 0 Set Time-out Write ptr 
SETUP receive reversed, RXIE 
token, data interrupt or RXSTL has no 
CRC or bit- effect. (2) 
stuff error RXSETUP will be 
{dual packet set {control 
mode not endpoints only). 
recom-
mended) 

Received 00 1 0 0 1 1 0 Set Time-out, RXIE or RXSTL 
SETUP receive NAK has no effect. (2) 
token, FIFO interrupt future RXSETUP will be 
error occurs Iran sac- set (control 

lions endpoints only). 

Received 01 0 1 0 1 0 0 Set ACK Causes FIFO to 
SETUP receive reset automati-
token with interrupt cally, forcing new 
FIFO error SETUP to be 
already received. RXIE 
existing or RXSTL has no 

effect. (2) 
RXSETUP will be 
set {control 
endpoints only). 

CPU reads 00 no no no no no 1 None NAK FIFO was empty 
FIFO, chg chg chg chg chg future when read. 
causes FIFO Iran sac- Should always 
error lions check RXFIF bits 

before reading. 

01/10 Received 01/10 no no 1 no no no None NAK Fl FO not ready. 
OUT token, chg chg chg chg chg 
but RXIE = 0 

Received 01/10 no no 1 no no no None None FIFO not loaded. 
OUT!oken, chg chg chg chg chg Write ptr 
but timed-out reversed. 
waiting for 
data 

Received 11 0 1 0 0 no no Set ACK Received, no 
OUT token, chg chg receive errors, advance 
no errors interrupt write marker. 

NOTES: 
1. These are sticky bits, which must be cleared by firmware. Also, this table assumes RXEPEN and ARM are enabled. 
2. STOVW is set after a valid SETUP token is received and cleared during handshake phase. EDOVW is set during 

handshake phase. 
3. Note: Dual-packet mode is NOT recommended for Control endpoints. 
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Table D-4. Non-isochronous Receive Data Flow in Dual-packet Mode (RXSPM = O) (Continued) 

FIF 
New 

RX RX RX RX 
RX RX RX 

USB 
Event FIF OVF URF Inter- Comments 

(1:0) (1 :0) ERR ACK Void Setup (1) (1) rupt Response 

Received 01/10 1 0 0 0 no no Set TI me-out Write ptr 
OUT token, chg chg receive reversed. 
data CRC or interrupt (Possible to have 
bit-stuff error RXERR cleared 

by hardware 
before seen by 
software.) 

Received 01/10 1 0 0 0 1 no Set TI me-out, Only RXOVF 
OUT token, chg receive NAK FIFO error can 
FIFO error interrupt future occur, requires 
occurs transac- firmware inter-

tions vention. 

Received 01/10 1 O(no 1 0 1 no None NAK Considered to be 
OUT token (no chg) (no chg a "void" 
with FIFO chg) chg) condition. Will 
error already NAK until 
existing software clears 

condition. 

Received 01/10 no no no no no no None ACK Last ACK 
OUT token, chg chg chg chg chg chg corrupted, so 
but data send again but 
sequence ignore the data. 
mismatch 

Received 01/10 0 1 0 1 0 0 Set ACK Causes FIFO to 
SETUP receive reset automati-
token, no interrupt cally, forcing new 
errors (dual- SETUP to be 
packet mode received .. RXIE 
not recom- or RXSTL has no 
mended) effect. (2) 

RXSETUP will be 
set (control 
endpoints only). 

Received 01/10 1 0 0 0 0 0 Set · TI me-out FIFO is reset 
SETUP receive automatically, 
token, but interrupt forcing new 
timed-out SETUP to be 
waiting for received. (2) 
data 

NOTES: 
1. These are sticky bits, which must be cleared by firmware. Also, this table assumes RXEPEN and ARM are enabled. 
2. STOVW is set after a valid SETUP token is received and cleared during handshake phase. EDOVW is set during 

handshake phase. 
3. Note: Dual-packet mode is NOT recommended for Control endpoints. 
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Table D-4. Non-isochronous Receive Data Flow in Dual-packet Mode (RXSPM = O) (Continued) 

FIF New RX RX RX RX RX RX RX USB Event FIF OVF URF Inter- Comments (1:0) (1 :0) ERR ACK Void Setup (1) (1) rupt Response 

Received 00 1 0 0 1 0 0 Set Time-out Write ptr 
SETUP receive reversed. RXIE 
token, data interrupt or RXSTL has nc 
CRC or bit- effect. (2) 
stuff error 
(dual-packet 
mode not 
recom-
mended) 

Received 00 1 0 0 1 1 0 Set Time-out, RXIE or RXSTL 
SETUP receive NAK has no effect, (2) 
token, FIFO interrupt future RXSETUP will be 
error occurs Iran sac- set (control 

lions endpoints only). 

Received 01/10 0 1 0 1 0 0 Set ACK Causes FIFO to 
SETUP receive reset automati-
token with interrupt cally, forcing new 
FIFO error SETUP to be 
already received. (2) 
existing RXSETUP will be 

set (control 
endpoints only). 

CPU reads 00 no no no no no no None None 
FIFO, sets chg chg chg chg chg chg 
RXFFRC 

CPU reads 01/10 no no no no no 1 None Time-out, Software should 
FIFO, chg chg chg chg chg NAK check RXURF bit 
causes FIFO future before writing 
error. Iran sac- RXFFRC. 
RXFFRC not lions 
set yet. 

CPU reads 00 no no no no no 1 None Time-out, Software should 
FIFO, chg chg chg chg chg NAK check RXURF bit 
causes FIFO future before writing 
error. Set transac- RXFFRC. 
RXFFRC. lions 

11 Received 11 no no 1 no no no None NAK FIFO not ready, 
OUT token chg chg chg chg chg so data is 

ignored (CRC or 
FIFO error not 
possible). 

NOTES: 
1. These are sticky bits, which must be cleared by firmware. Also, this table assumes RXEPEN and ARM are enabled 
2. STOVW is set after a valid SETUP token is received and cleared during handshake phase. EDOVW is set during 

handshake phase. 
3. Note: Dual-packet mode is NOT recommended for Control endpoints. 
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Table D-4. Non-isochronous.Receive Data Flow in Dual-packet Mode (RXSPM = O) (Continued) 

FIF New 
RX RX RX RX RX ~x RX 

USB 
[1:0) 

Event FIF 
ERR ACK Void Setup 

OVF URF Inter-
Response 

Comments 
(1 :0) (1) (1) rupt 

Received 01 0 1 0 1 0 0 Set ACK Causes FIFO to 
SETUP receive reset automati-
token, no interrupt cally, forcing new 
errors (dual· SETUP to be 
packet mode received. (2) 
not recom· RXSETUP will be 
mended!) set. (control 

endpoints only). 

Received 11 1 0 0 0 0 0 Set Time-out Fl FO is reset 
SETUP receive automatically and 
token, but interrupt FIFO data is 
timed-out invalid. (2) 
waiting for 
data 

Received 00 1 0 0 1 0 0 Set Time-out Write ptr 
SETUP receive reversed. RXIE 
token, data interrupt or RXSTL has no 
CRC or bit- effect. (2) 
stuff error 
(dual-packet 
mode not 
recom-
mended). 

Received 00 1 0 0 1 1 0 Set Time-out, RXIE or RXSTL 
SETUP receive NAK has no effect. (2) 
token, FIFO interrupt future RXSETUP will be 
error (dual- transac- set (control 
packet mode tions endpoints only). 
not recom-
mended). 

Received 01 0 1 0 1 0 0 Set ACK Causes FIFO to 
SETUP receive reset automati-
token with interrupt cally, forcing new 
FIFO error SETUP to be 
already received. (2) 
existing RXSETUP will be 

set (control 
endpoints only). 

CPU reads 10/01 no no no no no no None None 
FIFO, sets chg chg chg chg chg chg 
RXFFRC 

NOTES: 
1. These are sticky bits, which must be cleared by firmware. Also, this table assumes RXEPEN and ARM are enabled. 
2. STOVW is set after a valid SETUP token is received and cleared during handshake phase. EDOVW is set during 

handshake phase. 
3. Note: Dual-packet mode is NOT recommended for Control endpoints. 
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Table D-4. Non-isochronous Receive Data Flow in Dual-packet Mode (RXSPM = D) (Continued) 

FIF New RX RX RX RX RX RX RX use Event FIF OVF URF Inter- Comments (1:0) (1:0) ERR ACK Void Setup (1) (1) rupt Response 

CPU reads 11 no no no no no 1 None NA Ks Software should 
FIFO, chg chg chg chg chg future check RXURF bil 
causes FIFO transac- before writing 
error. tions FFRC 
RXFFRC not 
written yet. 

CPU reads 10/01 no no no no no 1 None NA Ks Software should 
FIFO, chg chg chg chg chg future check RXURF bil 
causes FIFO transac- before writing 
error. Set tions FFRC 
RXFFRC. 

NOTES: 
1. These are sticky bits, which must be cleared by firmware. Also, this table assumes RXEPEN and ARM are enablec 
2. STOVW is set after a valid SETUP token is received and cleared during handshake phase. EDOVW is set during 

handshake phase. 
3. Note: Dual-packet mode is NOT recommended for Control endpoints. 
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Table D-5. Isochronous Receive Data Flow In Dual-packet Mode (RXSPM = 0) 

New (at next SOF) RX RX RX FIF Event RXFIF OVF URF Inter- use Comments 
(1:0) (1:0) RX RX RX (1,2) (1,2) rupt Response 

(2) ERR ACK Void 

)0 Received OUT 00 no no 1 no no None None/ FIFO not ready, 
token, but RXIE chg chg chg chg Time-out or timed-out 
=0 waiting for data 

packet, but no 
NAKsent 

Received OUT 00 no no no no no None None/ FIFO not loaded. 
token, but chg chg chg chg chg Time-out 
timed-out 
waiting for data 

Received OUT 01 0 1 0 no no None None/ Received, no 
token, .no errors chg chg Time-out errors, advance 

write marker 

Received OUT 01 1 0 0 no no None None/ Bad data still 
token, data chg chg Time-out loaded into 
CRC or bit-stuff FIFO. 
error 

Received OUT 01 1 0 0 1 no None None/ OnlyRXOVF 
token, FIFO chg Time-out FIFO error can 
error occurs occur, requires 

firmware, inter-
vention. 

Received OUT 00 1 (no 0 (no 1 1 (no no None None/ Treated like a 
token with chg) chg) chg) chg Time-out "void" condition. 
FIFO error 
already existing 

CPU reads 00 no no no no 1 None None/ FIFO was 
FIFO, causes chg chg chg chg Time-out empty when 
FIFO error read. Should 

always check 
RXFIFbits 
before reading. 

'.!OTES: 
I. These are sticky bits, which must be cleared by firmware. Also, this table assumes RXEPEN and ARM are enabled. 
~. RXFIF, RXOVF and RXURF are handled with the following golden rule: Firmware events cause status change 

immediately while USB events only cause status change at SOF. _ 
RXURF: Since underrun can only be caused by firmware, RXURF is updated immediately. 
RXOVF: Since overrun can only be caused by USB, RXOVF is updated at SOF. 
RXFIF: RXFIF is "incremented" by USB and "decremented" by firmware. Therefore, setting RXFFRC will 
"decremenf' RXFIF immediately. However, a successful USB transaction anytime in a frame will only "incremenf' 
RXFIF at SOF. , 
RXERR, RXACK, and RXVOID can only be caused by USB, thus they are updated attfte end of transaction. 
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Table D-5. Isochronous Receive Data Flow in Dual-packet Mode (RXSPM = 0) (Continued) 

New (at next SOF) 
RX RX RX 

FIF 
Event 

RXFIF 
OVF URF Inter-

USB 
Comments (1 :0) (1 :0) RX RX RX 

(1,2) (1,2) rupt 
Response 

(2) ERR ACK Void 

Receive SOF no up- up- up- up- no None None/ Flags are 
indication chg/up dated dated dated dated chg (SOF Time-out updated at SOF. 

dated interrupt) Software must 
check for RXFIF 
= 00 condition 
to detect no ISO 
packet received 
this frame. 

01/10 Received OUT 01/10 no no 1 no no None None/ FIFO not ready. 
token, but RXIE chg chg chg chg Time-out 
=0 

Received OUT 01/10 no no no no no None None/ FIFO not loaded 
token, but chg chg chg chg chg Time-out 
timed-out 
waiting for data 

Received OUT 11 0 1 0 no no None None/ Received, no 
token, no errors chg chg Time-out errors, advance 

write marker. 

Received OUT 11 1 0 0 no no None None/ Possible to 
token, data chg chg Time-out have RXERR 
CRC or bit-stuff cleared by 
error hardware 

before seen by 
software. 
Reverse write 
pointer. 

Received OUT 11 1 0 0 1 no None None/ Only OVF FIFO 
token, FIFO chg Time-out error can occur, 
error occurs requires 

firmware inter-
vention. 

Received OUT 01/10 no no 1 no no None None/ Treated like a 
token with chg chg chg chg Time-out "void" condition. 
FIFO error 
already existing 

NOTES: 
1. These are sticky bits, which must be cleared by firmware. Also, this table assumes RXEPEN and ARM are enabled 
2. RXFIF, RXOVF and RXURF are handled with the following golden rule: Firmware events cause status change 

immediately while USB events only cause status change at SOF. 
RXURF: Since underrun can only be caused by firmware, RXURF is updated immediately. 
RXOVF: Since overrun can only be caused by USB, RXOVF is updated at SOF. 
RXFIF: RXFIF is "incremented" by USB and "decremented" by firmware. Therefore, setting RXFFRC will 
"decrement" RXFIF immediately. However, a successful USB transaction anytime in a frame will only "increment" 
RXFI F at SOF. 
RXERR, RXACK, and RXVOID can only be caused by USB, thus they are updated at the end of transaction. 
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Table D-5. Isochronous Receive Data Flow in Dual-packet Mode (RXSPM = O) (Continued) 

New (at next SOF) 
RX RX RX 

FIF 
Event 

RXFIF 
OVF URF Inter- USB 

Comments (1 :0) (1 :0) RX RX RX 
(1,2) (1,2) rupt 

Response 
(2) ERR ACK Void 

CPU reads 00 no no no no no None None/ 
FIFO, sets chg chg chg chg chg Time-out 
RX FF RC 

CPU reads 00 no no no no 1 None None/ Software should 
FIFO, causes chg chg chg chg Time-out check RXURF 
FIFO error bit before 

writing RXFFRC. 

11 Received OUT 11 no no 1 no no None None/ FIFO not ready, 
token chg chg chg chg Time-out but data must be 

taken. This 
situation should 
never happen. 

Received SOF no up- up- up- up- no None None/ Error condition 
indication chg/ dated dated dated dated chg (SOF Time-out (not handled by 

up- interrupt) hardware). 
dated Software should 

not allow this 
condition. 

CPU reads 10 or no no no no no None None/ 
FIFO, sets 01 chg chg chg chg chg Time-out 
RXFFRC 

CPU reads 11 no no no no 1 None None/ Software should 
FIFO, causes chg chg chg chg Time-out check RXURF 
FIFO error. bit before 
RXFFRC not writing RXFFRC. 
set yet. 

CPU reads 10 or no no no no 1 None None/ Software should 
FIFO, causes 01 chg chg chg chg Time-out check RXURF 
FIFO error. Set bit before 
RXFFRC. writing RXFFRC. 

NOTES: 
1. These are sticky bits, which must be cleared by firmware. Also, this table assumes RXEPEN and ARM are enabled. 
2. RXFIF, RXOVF and RXURF are handled with the following golden rule: Firmware events cause status change 

immediately while USB events only cause status change at SOF. 
RXURF: Since underrun can only be caused by firmware, RXURF is updated immediately. 
RXOVF: Since overrun can only be caused by USS, RXOVF is updated at SOF. 
RXFIF: RXFIF is "incremented" by USB and "decremented" by firmware. Therefore, setting RXFFRC will 
"decrement" RXFIF immediately. However, a successful USB transaction anytime in a frame will only "increment" 
RXFI F at SOF. 
RXERR, RXACK, and RXVOID can only be caused by USB, thus they are updated at the end of transaction. 
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GLOSSARY 

This glossary defines acronyms, abbreviations, and terms that have special meaning in this man­
ual. (Chapter I, "Guide to this Manual," discusses notational conventions and general terminol­
ogy.) 

#Odata16 

#ldata16 

#data 

#data16 

#short 

ACK 

accumulator 

addrll 

addrl6 

addr24 

ALU 

assert 

I 

A 32-bit constant that is immediately addressed in an 
instruction. The upper word is filled with zeros. 

A 32-bit constant that is immediately addressed in an 
instruction. The upper word is filled with ones. 

An 8-bit constant that is immediately addressed in an 
instruction. 

A 16-bit constantthat is immediately addressed in an 
instruction. 

A constant, equal to 1, 2, or 4, that is immediately 
addressed in an instruction. 

Acknowledgment. Handshake packet indicating a 
positive acknowledgment. 

A register or storage location that forms the result of 
an arithmetic or logical operation. 

An 11-bit destination address. The destination can be 
anywhere in the same 2 Kbyte block of memory as the 
first byte of the next instruction. 

A 16-bit destination address. The destination can be 
anywhere within the same 64 Kbyte region as the first 
byte of the next instruction. 

A 24-bit destination address. The destination can be 
anywhere within the 16 Mbyte address space. 

Arithmetic-logic unit. The part of the CPU that 
processes arithmetic and logical operations. 

The term assert refers to the act of making a signal 
active (enabled). The polarity (high/low) is defined by 
the signal name. Active~low signals are designated by 
a pound symbol(#) suffix; active-high signals have no 
suffix. To assert RD# is to drive it low; to assert ALE 
is to drive it high. 
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big endien form 

binary-code compatibility 

binary mode 

bit 

bit (operand) 

bit51 

bit stuffing 

bulk transfer 

bus enumeration 

byte 

clear 

code memory 

configuration bytes 

dir8 

dir16 

DPTR 

Glossary-2 

Method of storing data that places the most significant 
byte at lower storage addresses. 

The ability of an 8X930Ax to execute, without 
modification, binary code written for an MCS 51 
microcontroller. 

An operating mode, selected by a configuration bit, 
that enables an 8X930Ax to execute, without 
modification, binary code written for an MCS 51 
microcontroller. 

A binary digit. 

An addressable bit in the 8X930Ax architecture. 

An addressable bit in the MCS 51 architecture. 

Insertion of a 'O' bit into a data stream to cause an 
electrical transition on the data wires allowing a PLL 
to remain locked. 

Non-periodic, large, "bursty" communication 
typically used for a transfer that can use any available 
bandwidth and can also be delayed until bandwidth is 
available. 

Detecting and identifying USB devices. 

Any 8-bit unit of data. 

The term clear refers to the value of a bit or the act of 
giving it a value. If a bit is clear, its value is "O''; 
clearing a bit gives it a "O" value. 

See program memory. 

Bytes, residing in on-chip non-volatile memory, that 
determine a set of operating parameters for the 
8X930Ax. 

An 8-bit direct address. This can be a memory address 
or an SFR address. 

A 16-bit memory address (OO:OOOOH-OO:FFFFH) 
used in direct addressing. 

The 16-bit data pointer. In 8X930Ax microcontrollers, 
DPfR is the lower 16 bits of the 24-bit extended data 
pointer, DPX. 
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DPX 

deassert 

doping 

double word 

dword 

edge-triggered 

encryption array 

endpoint 

EPROM 

external address 

FET 

FIFO 

I 
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The 24-bit extended data pointer in 8X930A.x 
microcontrollers. See also DPTR. 

The term deassert refers to the act of making a signal 
inactive (disabled). The polarity (high/low) is defined 
by the signal name. Active-low signals are designated 
by a pound symbol(#) suffix; active-high signals have 
no suffix. To deassert RD# is to drive it high; to 
deassert ALE is to drive it low. 

The process of introducing a periodic table Group III 
or Group V element into a Group IV element (e.g., 
silicon). A Group III impurity (e.g., indium or 
gallium) results in a p-type material. A Group V 
impurity (e.g., arsenic or antimony) results in an n­

type material. 

A 32-bit unit of data. In memory, a double word 
comprises four contiguous bytes. 

See double word. 

The mode in which a device or component recognizes 
a falling edge (high-to-low transition), a rising edge 
(low-to-high transition), or a rising or falling edge of 
an input signal as the assertion of that signal. See also 
level-triggered. 

An array of key bytes used to encrypt user code in the 
on-chip code memory as that code is read; protects 
against unauthorized access to user's code. 

A uniquely identifiable portion of a USB device that 
is the source or sink of information in a 
communication flow between the host and the device. 

Erasable, programmable read-only memory 

A 16-bit or 17-bit address presented on the device 
pins. The address decoded by an external device 
depends on how many of these address bits the 
external system uses. See also internal address. 

Field-effect transistor. 

Circular data buffer associated with an endpoint. Each 
endpoint has a transmit FIFO and a receive FIFO. 
Transmit FIFOs are written by the 8X930Ax CPU 
then read by the FIU for transmission. Receive FIFOs 
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FIU 

function 

idle mode 

input leakage 

integer 

internal address 

interrupt handler 

interrupt latency 

interrupt response time 

interrupt service routine (ISR) 

isochronous data 

isochronous transfer 

level-triggered 

low clock mode 

LSB 

Glossary-4 

are written by the FIU following reception then read 
by the CPU. 

Function Interface Unit. Manages data received and 
transmitted by the USB module. 

A USB device that provides a capability to the host. 

The power conservation mode that freezes the core 
clocks but leaves the peripheral clocks running. 

Current leakage from an input pin to power or ground. 

Any member of the set consisting of the positive and 
negative whole numbers and zero. 

The 24-bit address that the device generates. See also 
external address. 

The module responsible for handling interrupts that 
are to be serviced by user-written interrupt service 
routines. 

The delay between an interrupt request and the time 
when the first instruction in the interrupt service 
routine begins execution. 

The time delay between an interrupt request and the 
resulting break in the current instruction stream. 

The software routine that services an interrupt. 

A stream of data whose timing is implied by its 
delivery rate. 

One of four USB transfer types, isochronous transfers 
provide periodic, continuous communication between 
host and device. 

The mode in which a device or component recognizes 
a high level (logic one) or a low level (logic zero) of 
an input signal as the assertion of that signal. See also 
edge-triggered. 

The default mode upon reset, low clock mode ensures 
that the Ice drawn by the 8X930Ax is less than one 
unit load. 

Least-significant bit of a byte or least-significant byte 
ofa word. 
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maskable interrupt 

MSB 

multiplexed bus 

n-channel FET 

n-type material 

nonmaskable interrupt 

npn transistor 

NRZI 

OTPROM 

p-channel FET 

p-type material 

PC 

phase-locked loop 

PLL 

program memory 

I 

GLOSSARY 

An interrupt that can be disabled (masked) by its 
individual mask bit in an interrupt enable register. All 
8X930Ax interrupts, except the software trap 
(TRAP), are maskable. 

Most-significant bit of a byte or most-significant byte 
ofa word. 

A bus on which the data is time-multiplexed with 
(some of) the address bits. 

A field-effect transistor with an n-type conducting 
path (channel). 

Semiconductor material with introduced impurities 
(doping) causing it to have an excess of negatively 
charged carriers. 

An interrupt that cannot be disabled (masked). The 
software trap (TRAP) is the 8X930Ax's only 
nonmaskable interrupt. 

A transistor consisting of one part p-type material and 
two parts n-type material. 

Non Return to Zero Invert. A method of encoding 
serial data in which ones and zeroes are represented 
by opposite and alternating high and low voltages 
where there is no return to zero (reference) voltage 
between encoded bits. Eliminates the need for clock 
pulses. 

One-time-programmable read-only memory, a version 
ofEPROM. 

A field-effect transistor with a p-type conducting 
path. 

Semiconductor material with introduced impurities 
(doping) causing it to have an excess of positively 
charged carriers. 

Program counter. 

A circuit that acts as a phase detector to keep an 
oscillator in phase with an incoming frequency. 

See phase-locked loop. 

A part of memory where instructions can be stored for 
fetching and execution. 
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powerdown mode 

PWM 

rel 

reserved bits 

resume 

RT 

SIE 

set 

SFR 

sign extension 

sink current 

SOF 

source-code compatibility 

source current 

Glossary-6 

The power conservation mode that freezes both the 
core clocks and the peripheral clocks. 

Pulse-width modulated (outputs). 

A signed (two's complement) 8-bit, relative 
destination address. The destination is -128 to +127 
bytes relative to the first byte of the next instruction. 

Register bits that are not used in this device but may 
be used in future implementations. Avoid any 
software dependence on these bits. In the 8X930A.x, 
the value read from a reserved bit is indeterminate; do 
not write a "1" to a reserved bit. 

Once a device is in the suspend state, its operation can 
be resumed by receiving non-idle signaling on the 
bus. See also suspend. 

Real-time 

Serial Bus Interface Engine. Handles the 
communications protocol of the USB. 

The term set refers to the value of a bit or the act of 
giving it a value. If a bit is set, its value is "1"; setting 
a bit gives it a "1" value. 

A special function register that resides in its 
associated on-chip peripheral or in the 8X930A.x core. 

A method for converting data to a larger format by 
filling the extra bit positions with the value of the 
sign. This conversion preserves the positive or 
negative value of signed integers. 

Current flowing into a device to ground. Always a 
positive value. 

Start of Frame. The SOF is the first transaction in 
each frame. SOF allows endpoints to identify the start 
of frame and synchronize internal endpoint clocks to 
the host. 

The ability of an 8X930A.x to execute re-compiled 
source code written for an MCS 51 microcontroller. 

Current flowing out of a device from V cc· Always a 
negative value. 
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source mode 

SP 

SPX 

state time (or state) 

suspend 

UART 

USB 

WDT 

word 

wraparound 
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An operating mode that is selected by a configuration 
bit. In source mode, an 8X930A.x can execute re­
compiled source code written for an MCS 51 
microcontroller. In source mode, the 8X930A.x cannot 
execute unmodified binary code written for an MCS 
51 microcontroller. See binary mode. 

Stack pointer. 

Extended stack pointer. 

The basic time unit of the device; the combined 
period of the two internal timing signals, PHI and 
PH2. (The internal clock generator produces PH 1 and 
PH2 by halving the frequency of the signal on 
XTALl.) With a 16 MHz crystal, one state time 
equals 125 ns. Because the device can operate at 
many frequencies, this manual defines time 
requirements in terms of state times rather than in 
specific units of time. 

A low current mode used when the USB bus is idle. 
The 8X930A.x enters suspend when there is a constant 
idle state on the bus lines for more than 3.0 msec. 
When a device is in suspend state, it draws less than 
500 µA from the bus. See also resume. 

Universal asynchronous receiver and transmitter. A 
part of the serial 1/0 port. 

Universal Serial Bus. An industry-standard extension 
to the PC architecture with a focus on Computer 
Telephony Integration (CTI), consumer, and 
productivity applications. 

Watchdog timer, an internal timer that resets the 
device if the software fails to operate properly. 

A 16-bit unit of data. In memory, a word comprises 
two contiguous bytes. 

The result of interpreting an address whose 
hexadecimal expression uses more bits than the 
number of available address lines. Wraparound 
ignores the upper address bits and directs access to the 
value expressed by the lower bits. 
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#Odatal6, A-3 
#ldatal6, A-3 
#data 

definition, A-3 
#datal6, A-3 
#short, A-3 
8X930Ax, 1-1 

block diagram, 2-2 

A 
A15:8, 9-1 

description, 15-2 
A16 

description, 15-2 
AC flag, 5-17, 5-18 
ACALL instruction, 5-14, A-24, A-26 
ACC, 3-12, 3-17, C-2, C-6 
Accumulator, 3-14 

in register file, 3-12 
AD7:0, 9-1 

description, 15-2 
ADD instruction, 5-8, A-14 
ADDC instruction, 5-8, A-14 
addrll, 5-12, A-3 
addr16, 5-12, A-3 
addr24, 5-12, A-3 
Address spaces, See Memory space, SFRs, Register 

file, External memory, Compatibility 
Addresses 

internal vs external, 4-10 
Addressing modes, 3-5, 5-4 

See also Data instructions, Bit instructions, 
Control instructions 

AJMP instruction, 5-14, A-24 
ALE 

caution, 13-6 
description, 15-2 
extended, 4-11 
following reset, 13-6 
idle mode, 14-5 

ANL instruction, 5-9, 5-10 
for bits, A-23 

ANL/ instruction, 5-10 
for bits, A-23 

I 

INDEX 
Arithmetic instructions, 5-8, 5-9 

table of, A-14, A-15, A-16 

B 
B register, 3-14, C-6 

as SFR, 3-17, C-2 
in register file, 3-12 

Base address, 5-4 
Baud rate, See Serial 110 port, Timer I, Timer 2 
Big endien form, 5-2 
Binary and source modes, 2-4, 4-12-4-13, 5-1 

opcode maps, 4-12 
selection guidelines, 4-12 

Bit address 
addressing modes, 5-11 
definition, A-3 
examples, 5-10 

Bit instructions, 5-10-5-11 
addressing modes, 5-4, 5-10 

bit51, 5-10, A-3 
Broadcast address, See Serial 110 port 
Bulletin board service (BBS), 1-7, 1-9 
Bus cycles 

See External bus cycles 

c 
Call instructions, 5-14 
Capacitors 

bypass, 13-2 
CCAP1H-CCAP4H, CCAP1L-CCAP4L, 3-20, 

C-5, C-7 
CCAPMl-4, 3-20, 11-15, C-5, C-8 

interrupts, 6-6 
CCON, 3-20, 11-14, C-5, C-9 
CEX4:0, 9-1 
CH, CL, 3-20, C-5, C-9 
CJNE instruction, A-25 
Clock, 2-7 

external, 2-7, 13-3 
idle and powerdown modes, 14-5 
idle mode, 14-5 
on-chip crystal, 2-7 
on-chip PLL, 2-7 
PLLSEL2:0, 2-8, 13-1 
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powerdown mode, 14-6, 14-7 
sources, 13-2 
USB rates (table), 2-8, B-6 

CLR instruction, 5-9, 5-10, A-17, A-23 
CMOD, 3-20, 11-13, C-5, C-10 

interrupts, 6-6 
CMP instruction, 5-8, 5-13, A-15 
Code constants, 4-14 
Code fetches 

external, 15-1, 15-6 
internal, 15-6 
page hit and page miss, 15-6 
page mode, 15-6 

Code memory 
MCS 51 architecture, 3-3 
See also On-chip code memory, External code 

memory 
Compatibility (MCS 251 and MCS 51 

architectures), 3-2-3-5 
address spaces, 3-2, 3-4 
external memory, 3-5 
instruction set, 5-1 
SFR space, 3-5 
See also Binary and source modes 

CompuServe, 1-7 
Configuration 

array, 4-1 
external, 4-3 
on-chip, 4-2 

bits, 4-4 
external memory, 4-7 
overview, 4-1 
wait state, 4-11 

Configuration bytes 
bus cycles, 15-15 
UCONFIGO, 4-1 
UCONFIGO (table), 4-5 
UCONFIGl, 4-1 
UCONFIGl (table), 4-6 
verifying, 16-1 

Control instructions, 5-11-5-15 
addressing modes, 5-11, 5-13 
table of, A-24 

Core, 2-6 
SFRs, 3-17, C-2 

CPL instruction, 5-9, 5-10, A-17, A-23 
CPU, 2-6 

block diagram, 2-6 
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Crystal 
on-chip oscillator, 13-2 

CY flag, 5-17, 5-18 

D 
DA instruction, A-16 
Data instructions, 5-4-5-10 

addressing modes, 5-4 
Data Pointer, C-2 
Data pointer, See DPH, DPL, DPTR, DPX, DPXL 
Data transfer instructions, 5-9-5-10 

table of, A-22 
See also Move instructions 

Data types, 5-2 
Datasheets 

onWWW, 1-7 
DEC instruction, 5-8, A-15 
Destination register, 5-3 
dirl6, A-3 
dir8, A-3 
Direct addressing, 5-4 

in control instructions, 5-12 
Displacement addressing, 5-4, 5-7 
DIV instruction, 5-8, A-16 
Division, 5-8 
DJNZ instruction, A-25 
Documents 

ordering, 1-7 
related, 1-5 

DPH, DPL, 3-14, C-11 
asSFRs, 3-17,C-2 

DPTR, 3-14 
in jump instruction, 5-12 

DPX, 3-5, 3-12, 3-14, 5-4 
DPXL, 3-14, C-12 

asSFR, 3-17,C-2 
external data memory mapping, 3-5, 5-4, 5-9 
reset value, 3-5 

E 
EA#, 3-8 

description, 15-2 
ECALL instruction, 5-14, A-24 
ECI, 9-1 
EJMP instruction, 5-14, A-24 
EMAP# bit, 3-9, 4-14 
Encryption, 16-1 
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Encryption array, 16-1 
key bytes, 16-5 

EPCON, 7-6, C-12 
EPINDEX, 7-5, C-14 
ERET instruction, 5-14, A-24 
Escape prefix (ASH), 4-12 
Extended ALE, A-1, A-11 
Extended stack pointer, See SPX 
External address lines 

number of, 4-8 
See also External bus 

External bus 
inactive, 15-3 
pin status, 15-15, 15-16 
structure in page mode, nonpage mode, 15-6 

External bus cycles, 15-3-15-16 
definitions, 15-3 
extended ALE wait state, 15-10 
extended RD#/WR#/PSEN# wait state, 15-8 
nonpage mode, 15-3, 15-5 
page mode, 15-6-15-8 
page-hit vs page-miss, 15-6 
Real-time wait states, 15-8 

External code memory 
example, 15-20, 15-30 
idle mode, 14-5 
powerdown mode, 14-6 

External memory, 3-9 
design examples, 15-17-15-30 
MCS 51 architecture, 3-2, 3-4, 3-5 

External memory interface 
configuring, 4-7-4-14 
signals, 15-3 

External RAM 
example, 15-26 
exiting idle mode, 14-6 

F 
FO flag, 5-17 
FADDR, 7-13, C-14 
FaxBack service, 1-7, 1-8 
FIE, 6-3, 6-7, C-15 
FIFLG, 6-3, 6-9, C-16 
Flash memory 

example, 15-18, 15-20, 15-30 
Frame Timer, 6-9 

I 

G 
Given address, See Serial 110 port 
Global resume interrupt, 6-10 
Global suspend interrupt, 6-10 

H 
Hardware 

application notes, 1-6 
Help desk, 1-7 

I/O ports, 9-1-9-7 
external memory access, 9-6, 9-7 
latches, 9-2 
loading, 9-6 
pullups, 9-5 
quasi-bidirectional, 9-5 
SFRs, 3-15 
See also Ports 0-3 

Idle mode, 2-6, 14-1, 14-5 
entering, 14-5 
exiting, 13-5, 14-5 
external bus, 15-3 

INDEX 

IENO, 3-17,6-3,6-6,6-11,6-21, 12-11, 14-7,C-2, 
C-17 

IENl, 3-17, 6-3, 6-12, 6-21, C-2, C-18 
Immediate addressing, 5-4 
INC instruction, 5-8, A-15 
Indirect addressing, 5-4 

in control instructions, 5-12 
in data instructions, 5-6 

Instruction set 
MCS 251 architecture, A-l-A-138 
MCS 51 architecture, 5-1 

Instructions 
arithmetic, 5-8 
bit, 5-10 
data, 5-4 
data transfer, 5-9 
logical, 5-9 

INTl:O#, 6-1, 9-1, 10-1, 10-2 
pulse width measurements, 10-11 

Intel Architecture Labs, 1-8 
Interrupt request, 6-1 

cleared by hardware, 6-4, 6-5 
Interrupt service routine 

exiting idle mode, 14-5 
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exiting powerdown mode, 14-7 
Interrupts, 6-1-6-22 

blocking conditions, 6-21 
detection, 6-4 
edge-triggered, 6-4, 6-5 
enable/disable, 6-11 
exiting idle mode, 14-5 
exiting powerdown mode, 14-7 
external (INTl:O#), 6-1, 6-3, 6-18, 14-7 
global enable, 6-11 
global resume (GRSM), 14-3, 14-6 
global suspend (GSUS), 14-3, 14-6 
instruction completion time, 6-17 
latency, 6-16-6-20 
level-triggered, 6-4, 6-5 
PCA, 6-5 
polling, 6-16, 6-17 
priority, 6-1, 6-3, 6-4, 6-5, 6-13-6-15 
priority within level, 6-13 
processing, 6-16-6-22 
request, See Interrupt request 
response time, 6-16, 6-17 
sampling, 6-4, 6-17 
serial port, 6-6 
service routine (ISR), 6-4, 6-5, 6-16, 6-21, 6-

22 
sources, 6-3 
timer/counters, 6-5 
vector cycle, 6-21 
vectors, 3-3, 6-4, 6-5 

INTR bit 
and RETI instruction, 4-14, 5-15 

IPHO, 3-17, 6-3, 6-14, 6-21, C-2, C-19 
bit definitions, 6-13 

IPHl, 3-17, 6-3, 6-15, 6-21, C-2, C-21 
bit definitions, 6-13 

IPLO, 3-17, 6-3, 6-14, 6-21, C-2, C-20 
bit definitions, 6-13 

IPL!, 3-17, 6-3, 6-15, C-2, C-22 
bit definitions, 6-13 

Isochronous RX dataflow 
Dual-packet mode, D-18 

Isochronous TX dataflow 
Dual-packet mode, D-5 

ISR, See Interrupts, service routine 
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J 
JB instruction, 5-13, A-24 
JBC instruction, 5-13, A-24 
JC instruction, A-24 
JE instruction, A-24 
JG instruction, A-24 
JLE instruction, A-24 
JMP instruction, A-24 
JNB instruction, 5-13, A-24 
JNC instruction, A-24 
JNE instruction, A-24 
JNZ instruction, A-24 
JSG instruction, A-25 
JSGE instruction, A-25 
JSL instruction, A-24 
JSLE instruction, A-25 
Jump instructions 

bit-conditional, 5-13 
compare-conditional, 5-13, 5-14 
unconditional, 5-14 

JZ instruction, A-24 

K 
Key bytes, See Encryption array 

L 
Latency, 6-16 
LCALL instruction, 5-14, A-24 
LJMP instruction, 5-14, A-24 
Lock bits 

protection types, 16-5 
verifying, 16-1 

Logical instructions, 5-9 
table of, A-17 

Low clock mode, 14-1, 14-8 
entering, 14-8 
exiting, 14-9 

M 
MCS 251 microcontroller 

core, 2-6 
Memory space, 2-5, 3-1, 3-5-3-9 

compatibility, See Compatibility (MCS 251 
and MCS 51 architectures) 

regions, 3-2, 3-5 
reserved locations, 3-5 
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Miller effect, 13-3 
MOV instruction, A-19, A-20, A-21 

for bits, 5-10, A-23 
MOVC instruction, 3-2, 5-9, A-21 
Move instructions 

table of, A-19 
MOVH instruction, 5-9, A-21 
MOVS instruction, 5-9, A-21 
MOVX instruction, 3-2, 5-9, A-21 
MOVZ instruction, 5-9, A-21 
MUL instruction, 5-8 
Multiplication, 5-8 

N 
N flag, 5-9, 5-18 
Noise reduction, 13-2, 13-3 
Non-isochronous RX dataflow 

Dual-packet mode, D-11 
Single-packet mode, D-8 

Non-isochronous TX dataflow, D-1 
Nonpage mode 

bus cycles, See External bus cycles, Nonpage 
mode 

bus structure, 15-3 
configuration, 4-7 
design example, 15-22, 15-26 
port pin status, 15-16 

Nonvolatile memory 
verifying, 16-1-16-6 

NOP instruction, 5-14, A-25 

0 
On-chip code memory, 15-8 

accessing in data memory, 4-14 
accessing in region 00:, 3-9 
idle mode, 14-5 
setup for verifying, 16-3-16-4 
starting address, 3-8, 16-1 
top eight bytes, 3-8, 4-1, 16-2 
verifying, 16-1 

On-chip oscillator 
hardware setup, 13-1 

On-chip RAM, 3-8 

I 

bit addressable, 3-8, 5-11 
bit addressable in MCS 51 architecture, 5-11 
idle mode, 14-5 
MCS 51 architecture, 3-2, 3-4 

reset, 13-6 
ONCE mode, 14-1 

entering, 14-9 
exiting, 14-9 

Opcodes 

INDEX 

for binary and source modes, 4-12, 5-1 
map, A-4 

binary mode, 4-13 
source mode, 4-13 

See also Binary and source modes 
ORL instruction, 5-9, 5-10 

for bits, A-23 
ORL/ instruction, 5-10 

for bits, A-23 
Oscillator 

at startup, 13-6 
ceramic resonator, 13-3 
during reset, 13-4 
on-chip crystal, 2-7, 13-2 
on-chip PLL, 2-7 
ONCE mode, 14-9 
powerdown mode, 14-6, 14-7 
verifying nonvolatile memory, 16-3 

ov bit, 5-17, 5-18 
Overflow See OV bit 

p 
Pbit, 5-17 
PO, 3-19, 9-2, C-2, C-22 
Pl, 3-19, 9-2, C-2, C-23 
P2, 3-19, 9-2, C-2, C-23 
P3, 3-19, 9-2, C-2, C-24 
Page mode, 2-6 

address access time, 15-6 
bus cycles, See External bus cycles, page 

mode 
configuration, 4-7 
design example, 15-20, 15-29 
port pin status, 15-16 

PAGE# bit, 4-7 
Parity See P bit 
PCA 

compare/capture modules, 11-1 
idle mode, 14-5 
pulse width modulation, 11-10 
SFRs, 3-20, C-5 
timer/counter, 11-1 
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watchdog timer, 11-1, 11-9 
PCON, 3-17, 12-7, 14-2, 14-5, 14-6, C-2, C-25 

idle mode, 14-5 
powerdown mode, 14-7 
reset, 13-5 

PCONl, 3-17, 14-3, 14-6, C-2, C·26 
Peripheral cycle, 2-7 
Phase 1 and phase 2, 2-7 
Phone numbers, customer support, 1-7 
Pin conditions, 14-4 
Pins 

unused inputs, 13-2 
Pipeline, 2-7 
POP instruction, 3-14, 5-10, A-22 
Port 0, 9-2 

and top of on-chip code memory, 16-2 
pullups, 9-7 
structure, 9-3 
See also External bus 

Port 1, 9-2 
structure, 9-3 

Port 2, 9-2 
and top of on-chip code memory, 16-2 
structure, 9-4 
See also External bus 

Port 3, 9-2 
structure, 9-3 

Ports 
at power on, 13-6 
exiting idle mode, 14-6 
exiting powerdown mode, 14-6 
extended execution times, 5-1, A-1, A-11 
verifying nonvolatile memory, 16-3, 16-4 

Power supply, 13-2 
Powerdown mode, 2-6, 14-1, 14-6-14-7 

accidental entry, 14-5 
entering, 14-7 
exiting, 13-5, 14-7 
external bus, 15-3 

Program status word See PSW, PSWJ 
PSEN# 

caution, 13-6 
description, 15-2 
idle mode, 14-5 
regions for asserting, 4-8 

PSW, 5-17, A-26 
PSW, PSWl, 3-17, 5-15-5-16, C-2, C-27, C-28 

conditionaljumps, 5-13 
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effects of instructions on flags, 5-16 
PSWl, 5-18, A-26, C-2 
Pull ups, 9-7 

ports 1, 2, 3, 9-5 
Pulse width measurements, 10-11 
PUSH instruction, 3-14, 5-10, A-22 

R 
RCAP2H, RCAP2L, 3-19, 10-4, 12-12, C-4, C-29 
RD#, 9-1 

described, 15-2 
regions for asserting, 4-8 

RD 1 :0 configuration bits, 4-8 
Read-modify-write instructions, 9-2, 9-4 
Real-time wait states, 15-11 
Register addressing, 5-4, 5-5 
Register banks, 3-2, 3-9 

accessing in memory address space, 5-4 
implementation, 3-9, 3-12 
MCS 51 architecture, 3-2 
selection bits (RSl:O), 5-17, 5-18 

Register file, 2-7, 3-1, 3-5, 3-9-3-14 
address space, 3-2 
addressing locations in, 3-12 
and reset, 13-6 
MGS 51 architecture, 3-4 
naming registers, 3-12 
register types, 3-12 

Registers, See Register addressing, Register banks, 
Register file · 

rel, A-3 
Relative addressing, 5-4, 5-12 
Reset, 13-4-13-7 

cold start, 13-5, 14-1 
entering ONCE mode, 14-9 
exiting idle mode, 14-5 
exiting powerdown mode, 14-7 
externally initiated, 13-5 
need for, 13-6 
operation, 13-6 
power-on reset, 13-1, 13-6 
timing sequence, 13-6, 13-7 
USB initiated, 13-5 
warm start, 13-5, 14-1 
WDT initiated, 13-5 

RET instruction, 5-14, A-24 
RETI instruction, 5-15, 6-1, 6-21, 6-22, A-24 
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Return instructions, 5-14 
RL instruction, A-17 
RLC instruction, A-17 
Rotate instructions, 5-9 
RR instruction, A-17 
RRC instruction, A-17 
RST, 13-5, 13-6, B-4 

ONCE mode, 14-9 
See Reset 

RTWCE (Real-time WAIT CLOCK Enable) Bit, 
15-12 

RTWE (Real-time WAIT# Enable) Control Bit, 
15-12 

RXCNTH, 7-28, C-30 
RXCNTL, 7-28, C-30 
RXCON, 7-29, C-31 
RXD, 9-1, 12-1 

mode 0, 12-2 
modes 1, 2, 3, 12-7 

RXDAT, 7-27, C-33 
RXFLG, 7-31, C-34 
RXSTAT, 7-10, C-36 

s 
SADDR, 3-19, 12-2, 12-8, 12-9, 12-10, C-3, C-38 
SADEN, 3-19, 12-2, 12-8, 12-9, 12-10, C-3, C-38 
SBUF, 3-19, 12-2, 12-3, C-3, C-38 
SCON, 3-19, 12-2, 12-3, 12-4, 12-7, C-3, C-39 

bit definitions, 12-1 
interrupts, 6-6 

Security, 16-1 
Serial Bus Interface Engine, 7-1 
Serial 1/0 port, 12-1-12-13 

I 

asynchronous modes, 12-7 
automatic address recognition, 12-8-12-10 
baud rate generator, 10-7 
baud rate, mode 0, 12-2, 12-10 
baud rate, modes 1,2,3, 12-7, 12-11-12-13 
broadcast address, 12-9 
data frame, modes 1, 2, 3, 12-7 
framing bit error detection, 12-7 
full-duplex, 12-7 
given address, 12-8 
half-duplex, 12-2 
interrupts, 12-1, 12-8 
mode 0, 12-2-12-3 
modes 1, 2, 3, 12-7 

multiprocessor communication, 12-8 
SFRs, 3-19, 12-2, C-3 
synchronous mode, 12-2 
timer 1 baud rate, 12-11, 12-12 
timer 2 baud rate, 12-12-12-13 
timing, mode 0, 12-6 

SETB instruction, 5-10, A-23 
SFRs 

accessing, 3-15 
address space, 3-1, 3-2 
idle mode, 14-5 
MCS 51 architecture, 3-4 
powerdown mode, 14-6 
reset initialization, 13-6 
reset values, 3-15 
tables of, 3-15 
unimplemented, 3-15 

Shift instruction, 5-9 
Signature bytes 

values, 16-6 
verifying, 16-1, 16-6 

SJMP instruction, 5-14, A-24 
SLL instruction, 5-9, A-17 
SOF# pin, 6-10 
SOFH, 7-12, C-41 
SOFL, 7-13, C-42 
Software 

application notes, 1-6 
Solutions OEM, 1-8 
Source register, 5-3 
SP, 3-14, 3-17, C-2, C-42 
Special function registers See SFRs 
SPH, 3-14, 3-17, C-2, C-43 
SPX, 3-12, 3-14 
SRA instruction, 5-9, A-18 
SRL instruction, 5-9, A-18 
State time, 2-7 
SUB instruction, 5-8, A-14 
SUBB instruction, 5-8, A-14 
SWAP instruction, 5-9, A-18 

T 
Tl:O, 9-1, 10-2 
T2, 9-1, 10-2 

INDEX 

T2CON, 3-19, 10-1, 10-4, 10-11, 10-18, 12-13, C-
4, C-44 

baud rate generator, 12-12 
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T2EX, 9-1, 10-2, 10-12, 12-12 
T2MOD, 3-19, 10-1, 10-4, 10-11, 10-17,C-4,C-45 
Target address, 5-4 
TCON, 3-19, 10-1, 10-4, 10-6, 10-9, C-4, C-46 

interrupts, 6-1 
Tech support, 1-7 
TH2, TL2 

baud rate generator; 12-12, 12-13 
THx, TLx (x= 0, 1, 2), 3cl9, 10-4, C-4, C-48, C-49 
Timer 0, 10-4-10-9 

applications, 10-10 
auto-reload, 10-5 
interrupt, 10-4 
mode 0, 10-4 · 
mode 1, 10-5 
mode 2, 10-5 
mode 3, 10-6 
pulse width measurements, 10-11 

Timer 1 
applications, 10-10 
auto-reload, 10-10 
baud rate generator, 10-6 · 
interrupt, 10-6 
mode 0, 10-7 
model, 10-7 
mode 2, 10-10 
mode 3, 10-10 
pulse width measurements, 10-11 

Timer 2, 10-11-10-18 
auto-reload mode, 10-13 
baud rate generator, 10-15 
capture mode, 10-12 
clock out mode, 10-15 
interrupt, 10-12 
.mode select, 10-16 

Timer/counters, 10-1-10-18 
external input sampling, 10-2 
internal clock, 10-1 
interrupts, 10-1 
overview, 10-1-10-2 
registers, 10-4 
SFRs, 3-19, C-4 
signal descriptions, 10-2 
See also Timer 0, Timer 1, Timer 2 

TMOD, 3-19, 10-1, 10-4, 10-6, 10-8, 12-11, C-4, 
C-47 

Tosc, 2-9 
TRAP instruction, 5-15, 6-3, 6-11, 6-22, A-25 

lndex-8 

TXCNTH, 7-19, C-50 
TXCNTL, 7-19, C-50 
TXCON, 7-20, C-51 
TXD, 9-1, 12-1 

mode 0, 12-2 
modes 1, 2, 3, 12-7 

. TXFLG, 7-22, C-54 
TXSTAT, 7-8, C-56 

u 
UART, 12-1 
UCONFIGl:O 

See Configuration bytes 
UD flag, 5-17 
USB 

configuration descriptor, 8-2 
device descriptor, 8-2 
function · 

suspend and resume, 14-1 
function operations 

post-receive, 8-9 
post-transmit, 8-6 
pre-transmit, 8-5 
receive, 8-8 
transmit, 8-3 

function resume interrupt, 6-10 
function routines 

overview, 8-1 
receive, 8-2 
receive SOF, 8-1, 8-14 
setup, 8-1, 8-12 
transmit, 8-2 

globalresume, 14-8 
global suspend, 14-6 
idle state, 8-1, 8-2 
Interrupts 

Any SOF, 6-5 
Function, 6-5, 6-6-6-9 
Function resume, 6-10 
Global suspend/resume, 6-5, 6-10 
Start-of-Frame, 6-9-6-10 

module, 2-3, 2-10 
block diagram, 2-3 

power control, 14-6 
powerdown, 14-6 
programming models, 8-1 
remote wake-up, 14-8 
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Transaction dataflow model, 7-1, D-1 
unenumerated state, 8-1, 8-2 

USB FIFO Information 

v 

Receive, 7-24 
RXFLG, 7-31, C-34 
scooping, 7-24 
write marker, 7-24, 8-8 
write pointer, 7-24, 8-8 

Transmit 
Capacities, 7-4 
Data Set Management, 7-1 7 
Data/Byte Count Registers, 7-15 
read marker, 7-14 
read pointer, 7-14, 8-3 
TransmitFIFO, 7-14 
TXCNTUTXCNTH, 7-15 
write pointer, 8-3 

Vee, 13-2 
during reset, 13-4 
power off flag, 14-1 
power-on reset, 13-6 
powerdown mode, 14-7 

Verifying nonvolatile memory, 16-1 
Vss, 13-2 

w 
Wait state, 5-1, A-1, A-11 

configuration bits, 4-11 
extended ALE, 4-11 
RD#/WR#/PSEN#, 4-11 

WAIT# (Wait State) Input, 15-2 
Watchdogtimer(hardware), 10-1, 10-17, 10-19 

enabling, disabling, 10-17 
in idle mode, 10-19 
in powerdown mode, 10-19 
initiated reset, 13-5 
overflow, 10-1 7 
SFR (WDTRST), 3-19, 10-4, C-4 

Watchdog Timer (PCA), 11-1, 11-9 
WCLK (Wait Clock) Output, 15-2 
WCON (Real-time wait state control), 15-11 
WDTRST, 3-19, 10-4, 10-17, C-4, C-57 
World Wide Web, 1-7 
WR#, 9-1 

described, 15-2 

I 

x 
XALE# bit, 4-11 
XCH instruction, 5-9, A-22 
XCHD instruction, 5-9, A-22 
XRL instruction, 5-9 
XTALl, XTAL2, 13-2 

capacitance loading, 13-3 

z 
Z flag, 5-9, 5-18 

INDEX 
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