






































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































REGISTERS 

HPSC Address: S:DSH 
Reset State: xxxO 00008 

Hub Port Status Change Register. This register indicates a change in status for a port, including over­
current, reset, suspend, enable and connect status. 

7 0 

Bit Bit Function 
Number Mnemonic 

7:5 - Reserved: 

Write zeros to these bits. 

4 RSTSC Reset Status Change (read-, clear-only): 

This bit is cleared in firmware via the USB host request ClearPortFeature 
with a C_PORT _RESET feature selector. '1' indicates reset of port 
complete; 'O' indicates no change. 

Port x (X=1,2,3): This bit is set by hardware approximately 10 msec after 
receipt of a port reset and enable command (SetPortFeature with 
PORT _RESET feature selector). 

Port 4: This bit is set by hardware at the EOF2 point near the end of a frame 
after completion of the hardware-timed reset due to firmware execution of a 
port reset and enable command (SetPortFeature with PORT _RESET 
feature selector). 

3 - Reserved: 

Write a zero to this bit. 

2 PSSC Port Suspend Status Change (read-, clear-only): 

This bit is cleared by firmware upon a USB host request ClearPortFeature 
with C_PORT _SUSPEND feature selector. '1' = resume process complete; 
'O' = no change. The resume process is initiated by firmware upon reception 
of a SetPortFeature request with a PORT _SUSPEND feature selector. 

Port x (X=1,2,3): This bit is set by hardware upon completion of the firmware-
initiated resume process. 

Port 4: This bit is set by hardware 20 msec after the next EOF2 point after 
completion of the resume process. 

NOTE: Bits are returned as part of the second word (2 bytes) in response to a Get Port Status request 
from the USB host. The upper 11 MSbs are reserved and always 'O' per USB 1.0: 0000 0000 
000.4.3.2.1.0 (MSB at left) 

__ _j__ 
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HPSC (Continued) Address: S:D5H 
Reset State: xxxO 00008 

Hub Port Status Change Register. This register indicates a change in status for a port, including over­
current, reset, suspend, enable and connect status. 

Bit Bit Function Number Mnemonic 

1 PESC Port Enable/Disable Status Change (read, clear-only): 

This bit's status does not change due to.USB requests. This bit is cleared by 
firmware via the USB host request ClearPortFeature with a 
C_PORT _ENABLE feature selector. '1' indicates port enabled/ disabled 
status change; 'O' indicates no change. 

Port x (X=1,2,3): This bit is set by hardware due to hardware events only 
(this bit indicates the port was disabled due to babble, physical disconnects, 
or overcurrent). 

Port 4: This bit is set by hardware at the EOF2 point near the end of frame 
due to hardware events only (e.g., the port was disabled due to babble). 

0 PCSC Port Connect Status Change (read-, clear-only): 

This bit is cleared by firmware via a USB host request ClearPortFeature with 
C_PORT _CONNECTION feature selector. '1' indicates connect status 
change; 'O' indicates no change. 

Port x (X=1,2,3): This bit is set by hardware at the EOF2 point near the end 
of a frame due to hardware connects and disconnects. 

Port 4: This bit is set by hardware at the next EOF2 after completion of a hub 
reset (since the internal port is always connected). 

NOTE: Bits are returned as part of the second word (2 bytes) in response to a Get Port Status request 
from the USB host. The upper 11 MSbs are reserved and always 'O' per USB 1.0: 0000 0000 
000.4.3.2.1.0 (MSB at left) 
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REGISTERS 

HPSTAT Address: S:D7H 
Reset State: OxOO 01 OOB 

Hub Port Status Register. This register indicates the current status for a port, including power, reset, 
suspend, low-speed device, enable, connect, Dp. and DM status. 

7 0 

J!~~TAT 't :i:>MtT~t t.4ssr~r J PPSTAT.: I I .PR,$lr~'Eli;be~A1!'·1'l:; .• ~~~~0llfri•t;1 
Bit Bit Function 

Number Mnemonic 

7 DPSTAT Dp Status (read-only): 

Value of Dp for port x at end of last frame. Firmware must return this bit in 
response to a GetBusState request from the host. 

Port x (X=1,2,3): Set and cleared by hardware at the EOF2 point near the 
end of a frame (used for diagnostics). 

Port 4: Hard-wired to '1 ', since there is no Dp signal for the embedded port 

6 DMSTAT DM Status (read-only): 

Value of DM for port x at end of last frame. Firmware must return this bit in 
response to a GetBusState request from the host. 

Port x (X=1,2,3): Set and cleared by hardware at the EOF2 point near the 
end of a frame (used for diagnostics). 

Port 4: Hard-wired to 'O', since there is no DM signal for the embedded port. 

4 PP STAT Port Power Status (read-only): 

Port x (X=1,2,3): Set and cleared by hardware based on the present power 
status of the port, as controlled either by firmware using the HPPWR 
register, or by an overcurrent condition in hardware. '1' =port xis powered 
on. 'O' =port xis powered off. The port x power status is only sampled at the 
EOF2 point near end-of-frame. 

Port 4: Hard-wired to '1 ', since the internal function is always powered-on. 

5 LSSTAT Low-speed Device Attach Status (read-only): 

Port x (X=1,2,3): Set and cleared by hardware upon detection of the 
presence or absence of a low-speed device at the EOF2 point near end-of-
frame. '1' = low-speed device is attached to port x. 'O' = full-speed device is 
attached to port x. 
Port 4: Hard-wired to 'O' (full-speed), since port 4 is permanently attached to 
the embedded USB function. 

NOTES: 

Firmware returns the bits of this register in the first word of the 8.x930Hx' response to the host's 
GetPortStatus request. See "GetPortStatus Request Firmware" on page 9-24. 

Overcurrent indication is not represented on a per-port basis because the 8.x930Hx supports ganged power 
control and overcurrent indication. 
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HPSTAT (Continued) Address: S:D?H 
Reset State: OxOO 01 OOB 

Hub Port Status Register. This register indicates the current status for a port, including power, reset, 
suspend, low-speed device, enable, connect, Dp, and DM status. 

7 0 

Bit Bit 
Function Number Mnemonic 

3 PRSTAT Port Reset Status (read-only): 

Port x (X=1,2,3): Set and cleared by hardware as a result of initiating a port x 
reset by writing to HPCON. '1' = reset signaling is currently asserted for port 
x. 'O' = reset signaling is not asserted. Sampled only at the EOF2 point near 
end of frame. 

Port 4: Same as port x. 

2 PSSTAT Port Suspend Status (read-only): 

Port x (X=1,2,3): Set and cleared by hardware as controlled by firmware via 
HPCON. '1' =port xis currently suspended. 'O' = not suspended. Sampled 
only at the EOF2 point near end of frame. 

Port 4: Same as port x. 

1 PESTAT Port Enable/Disable Status (read-only): 

Port x (X=1,2,3): Set and cleared by hardware as controlled by firmware via 
HPCON. '1' =port xis currently enabled. 'O' =port is disabled. Sampled only 
at the EOF2 point near end of frame. 

Port 4: Same as port x. 

0 PCSTAT Port Connect Status (read-only): 

Port xconnect status from previous frame time. 

Port x (X=1,2,3): Set and cleared by hardware after sampling the connect 
state at EOF2 near the end of the present frame. '1' =device is present on 
port x. 'O' =device is not present. This bit will be set if either a physical 
connection is detected, or during a hub reset when a downstream device is 
already connected. This bit will be cleared if a disconnect is detected. 

Port 4: Hard-wired to '1 ', since the internal function is permanently 
connected. 

NOTES: 

Firmware returns the bits of this register in the first word of the 8x930Hx' response to the host's 
GetPortStatus request. See "GetPortStatus Request Firmware" on page 9-24. 

Overcurrent indication is not represented on a per-port basis because the 8x930Hx supports ganged power 
control and overcurrent indication. 
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HSTAT Address: 
Reset State: 

REGISTERS 

S:AEH 
xOOOOOOOB 

Hub Status and Configuration Register. This SFR contains bits for remote wake-up request, status 
and status change indicators for over-current and hub endpoint 1 stall and enable. 

7 0 

Bit Bit 
Function 

Number Mnemonic 

7 - Reserved: 

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

6 HRWUPE Hub Remote Wake-up Enable Bit: 

Set if the device is currently enabled to request remote wake-up. This bit 
is modified through the SetFeature and ClearFeature requests using the 
DEVICE_REMOTE_WAKEUP feature selector. When 'O,' a hub cannot 
propagate resume signaling for connect/disconnect and resume events 
detected on downstream ports. 
NOTE: Do not set this bit until after the hub is enumerated and the host 

issues a SET _FEATURE command with a DEVICE_ 
REMOTE_ WAKEUP feature selector. 

5 EP1STL Hub Endpoint 1 Stall Field: 

Set to '1' via the USB SetFeature request with endpoint stall feature 
selector. When '1 ,' will force a stall response when endpoint 1 is 
addressed. Reset with USB ClearFeature request with endpoint stall 
feature selector. 

4 EP1EN Hub Endpoint 1 Enable: 

Set to '1' upon receipt of a USB SetConfiguration request value of 
0001 H. Endpoint 1 cannot respond unless this bit is set. Bit is reset upon 
receipt of configuration value other than 0001 H or a system or USB 
reset. 
NOTE: This bit must be set in order for the UPWEN# pin to enable 

power to the downstream ports. Downstream power cannot be 
applied until this is done. 

3 OVISC Hub Over-current Indicator Status Change (read/clear-only}: t 

Set to '1' if change is detected in the over-current status, even if the 
condition goes away before it is detected by firmware. Cleared via a 
USB ClearFeature request with C_HUB_OVER_CURRENT feature 
selector. Cleared to 'O' if no change. 

2 - Reserved: 

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

Bits 3:0 are returned in response to a Get Hub Status request from the USB host. This response is a 
four-byte field with zero padding (MSB at left): 0000 0000 0000 00[3] O 0000 0000 0000 00[1] 0. 
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HSTAT (Continued) Address: S:AEH 
Reset State: xOOO 00008 

Hub Status and Configuration Register. This SFR contains bits for remote wake-up request, status 
and status change indicators for over-current and hub endpoint 1 stall and enable. 

7 0 

Bit Bit 
Function Number Mnemonic 

1 OVI Latest Over-current Indicator (read-only): t 

Hardware sets and clears this bit via the OVAi# input pin.'1' indicates an 
over-current condition. 'O' indicates normal power operation. 

0 - Reserved: 

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

t Bits 3:0 are returned in response to a Get Hub Status request from the USB host. This response is a 
four-byte field with zero padding (MSB at left): 0000 0000 0000 00[3] 0 0000 0000 0000 00[1] o. 
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REGISTERS 

IENO Address: S:ABH 
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~T_2 ~~-ES_~! I ET1 EX1 ETO EXO 

Bit Bit 
Function Number Mnemonic 

7 EA Global Interrupt Enable: 

Setting this bit enables all interrupts that are individually enabled by bits 
0-6 of this register, as well as the interrupts enabled by the bits in the 
IEN1 SFR. 

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 ETO Timer O Overflow Interrupt Enable: 

Setting this bit enables the timer 0 overflow interrupt. 

0 EXO External Interrupt 0 Enable: 

Setting this bit enables external interrupt 0. 
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IEN1 Address: 
Reset State: 

S:B1H 
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 USB Hub/Start of Frame: 

Any start-of-frame interrupt enable for isochronous endpoints, or USB 
hub interrupt enable. 
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REGISTERS 

IPHO Address: S:B7H 
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 

0 0 0 (lowest priority) 

0 1 1 

0 2 
3 (highest priority) 

7 0 

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 0 Overflow Interrupt Priority Bit High 

0 IPHO.O External Interrupt O Priority Bit High 
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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 O (lowest) to 3 (highest): 

IPH1.x IPL1.x Priority Level 
0 0 O (lowest priority) 

0 1 1 

0 2 
3 (highest priority) 

7 0 

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 Hub/SOF Interrupt Priority Bit High 
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REGISTERS 

IPLO Address: S:BBH 
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 

O O O (lowest priority) 

0 1 

0 2 

3 (highest priority) 

7 0 

~~~--'-~IP_L_o_.6~~'-P_Lo_._5__,_~·IP_L_o_.4__.I ~I ~IP_Lo_._3__,_~IP_L_0_.2~~1_P_l0~._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 O Priority Bit Low 
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IPL1 Address: 
Reset State: 

S:B2H 
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 

0 2 
3 (highest priority) 

7 0 

~l~~·~·······~I ~· ··~· ·~i ··~· ·~I····~·· ~·~· ;·~i"-'-'I:~······~· ·."--'-'':~···. I le > ;;..:;, ..• l:;J~f~ f lPL1~1. i[ JPL1 :0. I 
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 Hub/SOF Interrupt Priority Bit Low 

Address: 
Reset State: 

S:BOH 
11111111B 

Port 0. PO is the SFR that contains data to be driven out from the port 0 pins. Read-modify-write 
instructions that read port 0 read this register. The other instructions that read port 0 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 

Bit Bit Function Number Mnemonic 

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

Write data to be driven onto the port 0 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 

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: 

0 

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 

. P2 Cpntents. 

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 
111111118 

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 

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 

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 13-10. 

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 the SCON register (Figure 13-2 on page 13-4). 

5 LC Low-clock Mode Enable: 

Setting this bit forces the internal clock (FcLK) distributed to the CPU and 
peripherals (but not the USB module) to 3 MHz. This bit is automatically 
set after a reset. Clearing this bit through firmware returns F cLK to the 
clock frequency determined by pins PLLSEL2:0. 

4 POF Power Off Flag: 

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

3 GF1 General Purpose Flag: 

Set or cleared by firmware. 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 firmware. 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. This bit should only be set if the 
GSUS bit is also set. 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:ODFH 
Reset State: xxxO OOOOB 

USB Power Control Register. Facilitates the control and status relating to global suspend and 
resume, USB reset separation, and remote wake-up of the 8x930. 

7 0 

Bit Bit Function 
Number Mnemonic 

7:5 - Reserved: 

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

4 URDIS USB Reset Disable: 
(8x930Ax) When clear by firmware, a chip reset occurs upon receiving of a USB 

reset signal. This resets the MCS® 251 core, USB blocks and all 
peripherals. 

When set by firmware, the MCS 251 core and peripherals will not reset 
when a USB reset signal is detected. Upon detecting a USB reset signal, 
the 8x930Ax resets all the USS blocks (FIFOs, FIU, SIE, and 
transceiver), sets the URST bit and generates a USB reset interrupt 
(refer to the description of URST). 

URDIS Reserved: 
(8X930Hx) The value read from these bits are indeterminate. Write zeroes to these 

bits. 

3 URST USB Reset Flag: 
(8x930Ax) This flag will be set by hardware when a USB reset occurs, regardless of 

whether the ESR bit in the IEN1 register is enabled or disabled. The 
URST also serves as the interrupt bit, ORed with GRSM and GSUS bits 
to generate an interrupt. Should be cleared by firmware when serving 
the USB reset interrupt. 

URST Reserved: 
(8x930Hx) The value read from these bits are indeterminate. Write zeroes to these 

bits. 

2 RWU Remote Wake-up Bit: 

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 and GRSM = O). See 
Figure 15-3 on page 15-11. 

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

PCON1 (Continued) Address: S:ODFH 
Reset State: xxxO OOOOB 

USB Power Control Register. Facilitates the control and status relating to global suspend and 
resume, USB reset separation, and remote wake-up of the 8x930. 

7 

~' ---~' _· -~l-__ ..._I u_R_o1s_11 URST I GRSM I GSUS 

1 GRSM Global Resume Bit: 

1 = resume. Set by hardware when a global resume is detected on the 
USB lines. This bit is ORed with GSUS to generate the interruptt 
Cleared by firmware when servicing the global suspend/resume 
interrupt. (This bit can also be set/cleared by firmware for testability.) 

0 

This bit is not set if remote wakeup is used (see RWU). See Figure 15-3 
on page 15-11. 

0 GSUS Global Suspend Bit: 

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, firmware should set the PD bit 
to enter the suspend mode. Cleared by firmware when a resume occurs. 
See Figure 15-3 on page 15-11. 

t Firmware should prioritize GRSM over GSUS if both bits are set simultaneously. 
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PSW Address: S:DOH 
Reset State: 0000 OOOOB 

7 0 

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, SUBB) 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 5-10). 

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). 

5 FO Flag 0: 

This general-purpose flag is available to the user. 

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

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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REGISTERS 

PSW1 Address: S:D1 H 
Reset State: 0000 OOOOB 

7 0 

~_o_v_~_, _Ao_~_N_~_R_s_1~11 RSO OV 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 if the result of the last logical or arithmetic operation was 
negative (i.e., bit 15 = 1 ). Otherwise it is cleared. 

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

Identical to the RS 1 :O 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. 

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

Reset State: 0000 OOOOB 

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 

I ' 

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 
(Endpoint-indexed) 

Address: 

Reset States: 
Endpoint 1 

Other 
Endpointst 

S:E7H 
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 

Bit Bit Function Number Mnemonic 

Endpoint 1 

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

9:0 BC9:0 Receive Byte Count. 
Ten-bit, ring buffer byte. Stores receive byte count (RXCNT). Implemented 
for function endpoint 1 only. 

Other Endpointst 

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

4:0 BC4:0 Receive Byte Count. 
Five-bit, ring buffer. Stores receive byte count (RXCNT). 3. 

Other endpoints = Hub endpoint O; function endpoints 0, 3:2 or 0, 5:2 (6EPP option, 8x930Ax only). Byte 
count registers are not implemented for hub endpoint 1. 
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RX CON 
(Endpoint-indexed) 

REGISTERS 

Address: S:E4H 
Reset State: oxoo 01008 

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

7 0 

I, ,~qi,.R ,' l'~/. '• .. SL',/,.ICi~~w~(:',·:oi:::;~~~p:;;J 11:~~x1~·;::.j~!t:F~~;ij!\;'.'.:I :;:~~~HI: ,:.flt~F)i';q 

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 8x930 core frequency of 12 MHz, not all instructions that access the 
receive FIFO are guaranteed to work due to critical paths inherent in the 
8x930 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:t 

Set this bit to release the receive FIFO when a data set read is complete. 
Setting this bit "clears" the RXFIF "bif' (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: t 

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 firmware. 

t ARM mode is recommended. ADVWM and REVWP, which control the write marker and write pointer 
when ARM = 0, are used for test purposes, 
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RXCON (Continued) 
(Endpoint-indexed) 

Address: S:E4H 
Reset State: OxOO 01008 

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

7 0 

Bit 
Number 

2 

0 

Bit 
Mnemonic 

ARM 

ADVWM 

REVWP 

f'.unction 

Auto Receive Management: 

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

RXISO RX Status Write Pointer Write Marker 
X ACK Unchanged Advanced 

0 NAK Reversed 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 ARM mode is recommended. ADVWM and REVWP, which control the write marker and write pointer 
when ARM = 0, are used for test purposes, 
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RX DAT 
(Endpoint-indexed) 

REGISTERS 

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 

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 8x930 reads from this register. The write 
pointer and read pointer are incremented automatically after a write and 
read, respectively. 
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RXFLG 
(Endpoint-indexed) 

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 

Bit 
Number 

7:6 

5:4 

3 

Bit 
Mnemonic 

RXFIF1:0 

RXEMP 

-~-·-· 
Function 

Receive FIFO Index Flags: (read-only) 

These read-only flags indicate which data packets are present in the receive 
FIFO (see Table 7-5 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. 

RXFIF1 :0 Operation Flag Next RXFIF1 :0 Next Flag 
00 Adv WM X 01 Unchanged 
01 Adv WM X 01 Unchanged 
10 Adv WM X 11 Unchanged 

00 Set RXFFRC X 00 Unchanged 
01 Set RXFFRC X 00 Unchanged 
11 Set RXFFRC X 10/01 Unchanged 
10 Set RXFFRC X 00 Unchanged 

XX Rev WP X 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. 

t When set, all transmissions are NAKed. 
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RXFLG (Continued) 
(Endpoint-indexed) 

REGISTERS 

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~XF_l.F_1~_R_X_f_IFO~~--~-~' ' RXEMP RXFIJLL 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 Flagt: 

Hardware sets this bit when an additional byte is read from an empty receive 
FIFO or RXCNT. Hardware does not clear this 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. 

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. 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 Flagt: 

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 firmware, although it can be cleared by hardware if a 
SETUP packet is received after an RXOVF error had already occurred.t 

When this bit is set, the FIFO is in an unknown state, thus it is 
recommended that you reset the Fl FO 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. 

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. 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.t 

t When set, all transmissions are NAKed. 
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RXSTAT 
(Endpoint-indexed) 

Address: S:E2H 
Reset State: 0000 00008 

Endpoint Receive Status Register. Contains the current endpoint status of the receive FIFO specified 
by EPINDEX. (Endpoint-indexed SFR) 

7 • 0 

1111,1"~tt,111J,fil.ij!tl~mi~w~!Jl1m~tc>:~M¥·.·mr11,~~··'·l l1·/i\~;s,q;~w·,!····ffl~M;,i~ .. 111',~~~~~; ·ii··i~~~~~· .. 
Bit Bit 

Function Number Mnemonic 

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

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 
along with the new RXSEQ value. 
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 (FIF 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 at the end of 
handshake phase transmission of the setup stage. 

This bit is used only for control endpoints. 

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

tt For additional information on the operation of these bits see Appendix D, "Data Flow Model." 

ttt The SIE will handle all sequence bit tracking. This bit should be used only when initializing a new 
configuration or interface. 
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RXSTAT 
(Endpoint-indexed) 

REGISTERS 

Address: S:E2H 
Reset State: 0000 OOOOB 

Endpoint Receive Status Register. Contains the current endpoint status of the receive FIFO specified 
by EPINDEX. (Endpoint-indexed SFR) 

7 0 

11ix.$i;a !B~~ia~µej <,$Tovw ~b.g~ J [~¥~~~!: ~~i.ZetP :f ~ema I ai<~¢r< ,1 

Bit Bit 
Function Number Mnemonic 

4 EDOVW End Overwrite Flag:t 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. 
NOTE: Make sure the EDOVW bit is cleared prior to reading the contents 

of the FIFO. 

3 RXSOVW Receive Data Sequence Overwrite Bit: t 

Write a '1' to this bit to allow the value of the RXSEQ bit to be overwritten. 
Writing a 'O' to this bit has no effect on RXSEQ. This bit always returns 'O' 
when read. ttt 

2 RXVOID Receive Void Condition (read-only):tt 

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 

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 response to a 
valid OUT token. For isochronous transactions, it is not updated until the 
next SOF. 

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

tt For additional information on the operation of these bits see Appendix D, "Data Flow Model." 

ttt The SIE will handle all sequence bit tracking. This bit should be used only when initializing a new 
configuration or interface. 
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RXSTAT 
(Endpoint-indexed) 

Address: S:E2H 
Reset State: 0000 00008 

Endpoint Receive Status Register. Contains the current endpoint status of the receive FIFO specified 
by EPINDEX. (Endpoint-indexed SFR) 

7 0 

Bit Bit Function 
Number Mnemonic 

1 RXERR Receive Error (read-only):tt 

Set when an error condition has occurred with the reception. Complete or 
partial data has been written into the receive FIFO. 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 or FIFLG1 (8x930Ax with 6EPP) 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):tt 

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 FRXDxbit of FIFLG or FIFLG1 (8x930Axwith 6EPP) is 
set when active. This bit is updated with the RXERR bit at the end of data 
reception and is mutually exclusive with RXERR. 

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

tt For additional information on the operation of these bits see Appendix D, "Data Flow Model." 

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

SAD DR Address: S:A9H 
Reset State: 0000 OOOOB 

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

7 

Bit Bit 
Number Mnemonic 

7:0 SADDR.7:0 

SADEN 

SlaveJndiviclua.1 Address 

Function 

Address: 
Reset State: 

0 

S:B9H 
0000 OOOOB 

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

7 

Bit Bit 
Number Mnemonic 

7:0 SADEN.7:0 

SBUF 

Function 

Address: 
Reset State: 

0 

S:99H 
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 

Bit Bit Function Number Mnemonic 

7:0 SBUF.7:0 
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SCON Address: 
Reset State: 

S:9SH 
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 

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 firmware, not by valid 
frames. 

SMO Serial Port Mode Bit O: 

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

6 SM1 Serial Port Mode Bit 1: 

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

SMO SM1 Mode Description Baud Ratet 
0 0 0 Shift register FcLK/6 
0 1 1 S-bit UART Variable 
1 0 2 9-bit UART F cu/16tt or F cu/32tt 
1 1 3 9-bit UART Variable 

tsee note on page page 13-1. 

ttselect by programming the SMOD bit in the PCON register (see 
section "Baud Rates" on page 13-10). 

5 SM2 Serial Port Mode Bit 2: 

Firmware 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, firmware writes the ninth data bit to be transmitted to 
TBS. Not used in modes O and 1. 

C-5S J 



REGISTERS 

Address: S:98H 
Reset State: 0000 OOOOB 

SCON (Continued) 

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 

Bit Bit 
Function Number Mnemonic 

2 RB8 Receiver Bit 8: 

Mode 0: 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. 

1 Tl Transmit Interrupt Flag Bit: 

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

0 RI Receive Interrupt Flag Bit: 

Set by the receiver after the last data bit of a frame has been received. 
Cleared by firmware. 
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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 

Bit Bit Function Number Mnemonic 

7 SO FACK 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 SOF packet was 
received or an artificial SOF was generated by the frame timer. This bit must 
be cleared by firmware or inverted and driven to the SOF# pin. The effect of 
setting this bit by firmware is the same as hardware: the external pin will be 
driven with an inverted ASOF value for eight TcLKs. 

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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REGISTERS 

SOFL Address: S:D2H 
Reset State: 0000 OOOOB 

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 0111B 

Stack Pointer. SP provides SFR access to location 63 in the register file (also named SP). SP is the 
lowest byte of the extended stack pointer (SPX = DR60). 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 (DR60). 
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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 

Bit Bit 
Function Number Mnemonic 

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

Bits 8-15 of the extended stack pointer, SPX (DR(60)). 

C-62 I 



__ l 

REGISTERS 

T2CON Address: S:CBH 
Reset State: 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 

1 · TF2 · 1 .• EXF2 · r . FICi.l< . 1 · 'Tell<· · .11. ex!N2H + TR2 l 002#· · h~flfata# 1 

Bit Bit Function 
Number Mnemonic 

7 TF2 Timer 2 Overflow Flag: 

Set by timer 2 overflow. Must be cleared by firmware. TF2 is not set if 
RCLK = 1 or TCLK = 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 = O) 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. 

t--·-------
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: 
Reset State: 

S:C9H 
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 DCEN Down Count Enable Bit: 

Configures timer 2 as an up/down counter. 
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TCON Address: S:BBH 
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 

I,, 1tF1 ,;;j~p ! , :~f~,:::ll ;#i~i 1
' ':l: \;t;Rq , I l...__1_1:1_.__•_n_.._____._•eo_, __.___'__..._' ,'1~t,..._.,:'i;"""'"';: ;I 

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: 

Set/cleared by firmware to tum 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 TRO Timer 0 Run Control Bit: 

Set/cleared by firmware to tum 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 0 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: 

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 

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 CIT1# Timer 1 Counter/Timer Select: 

C/T1 # = 0 selects timer operation: timer 1 counts the divided-down 
system clock. CIT1 # = 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 GATED Timer O Gate: 

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

2 CITO# Timer 0 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 0 Mode Select: 

M10 MOO 
0 0 Mode 0: 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 00008 

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 ayte of Timer 0 Aegi$fer 

Bit Bit 
Function Number Mnemonic 

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

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

TH1, TL1 Address: TH1 S:8DH 
TL1 S:88H 

Reset State: 0000 00008 

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 

::·:.: ;:',. 

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. 

L __ C-67 



8x930Ax, 8x930Hx USER'S MANUAL 

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 

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 
(Endpoint-indexed) 

Address: 

Reset States: Endpoint 1 

Other 
Endpointst 

REGISTERS 

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. 

15 (TXCNTH) Endpoint 1 8 

BOS ";I 
0 

7(TXCNTL) Other Endpoints 0 

Bit Bit Function 
Number Mnemonic 

Function Endpoint 1 

15:10 - Reserved. 

Write zeros to these bits. 

9:0 BC9:0 Transmit Byte Count. (write, conditional readtt) 
Ten-bit, ring buffer. Stores transmit byte count (TXCNT). Implemented for 
function endpoint 1 only. 

Other Endpointst 

7:0 - Reserved. 

Write zeros to these bits. 

4:0 BC4:0 Transmit Byte Count. (write, conditional readtt) 
Five-bit, ring buffer. Stores transmit byte count (TXCNT) for endpoints 0, 2, 
and3. 

t Other endpoints= Hub endpoint O; function endpoints 0, 3:2 or 0, 5:2 (6EPP option, 8x930Axonly). Byte 
count registers are not implemented for hub endpoint 1. 

tt Read these bits only if TXFIF1 :0 = O; otherwise underrun errors may occur. 
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TX CON 
(Endpoint-indexed) 

Address: 
Reset State: Function Endpoint 1 

Other Endpointst 

S:F4H 
OOOx 01008 
Oxxx 01008 

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

7 0 

Function 
Endpoint 1 --1 7 

Other 
Endpoints t 

Bit Bit 
Number Mnemonic 

7 TXCLR 

6:5 FFSZ1:0 

Function 
Endpoint 1 
only 

-
Other End-
points t 

4 -

3 TXISO 

0 --
Function 

Transmit Clear: 

Setting this bit flushes the transmit FIFO, resets all the read/write pointers 
and markers, 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, or the TXSEQ bit in the TXSTAT 
register. 

FIFO Size: 

For function endpoint 1 only (EPINDEX = 0000 00018), these bits select 
the sizes of both the transmit and receive FIFOs. (There are no FFSZ bits 
in the corresponding RXCON.) These bits are not reset when the TXCLR 
bit is set in the TXCON register. 

FFSZ1:0 Transmit Size Receive Size 

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

Reserved: 

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

Reserved: 

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

Transmit Isochronous Data: 

Firmware 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 firmware. 

Other endpoints= Hub endpoint O; function endpoints 0, 3:2 or 0, 5:2 (for 6EPP option, 8x930Ax 
only). 

tt ATM mode is recommended. ADVRM and REVRP, which control the read marker and read 
pointer when ATM = 0, are used for test purposes, 
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TXCON (Continued) 
(Endpoint-indexed) 

Address: 
Reset State: Function Endpoint 1 

Other Endpointst 

S:F4H 
OOOx 01008 
Oxxx 01008 

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

7 0 

Function l )XCLR l ~~~ZL l ·F~~O J • ..,. · · j [ l?(IS<p h ,~T"": fApv~j ·~~~~· '[ 
Endpoint 1 

Other 
Endpoints t 

Bit 
Number 

2 

1 

0 

7 0 

~TI<_.··· Cl.~R·~:......~""_:~·t·_. :. ~'"'"-· ~'-· .\~---·' ·~· .. , ! . 1")(1sc) :I: ·~m l A~M~ti:J:~~~~:.1 
Bit Function Mnemonic 

ATM Automatic Transmit Management: 

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

TXISOTX Status Read Pointer Read Marker 

x ACK Unchanged Advanced (1) 
0 NAK Reversed (2) Unchanged 
1 NAK Unchanged Advanced (1) 

1. to origin of next data set 2. to origin of the data set last read 

This bit should always be set, except for test purposes. Setting this bit 
disables ADVRM and REVRP. This is a sticky bit that is not reset when 
TXCLR is set, but can be set and cleared by firmware. Hardware neither 
clears nor sets th is bit. 

ADVRM Advance Read Marker Control (non-ATM mode only)tt: 

Setting this bit prepares for the next packet transmission by advancing the 
read marker to the origin of the next data packet (the position of the read 
pointer). Hardware clears this bit after the read marker is advanced. This 
bit is effective only when the REVRP, ATM, and TXCLR bits are all clear. 

REVRP Reverse Read Pointer Control (non-ATM mode only) tt: 

In the case of a 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. This bit is effective only when the 
ADVRM, ATM, and TXCLR bits are all clear. 

Other endpoints= Hub endpoint O; function endpoints 0, 3:2 or O, 5:2 (for 6EPP option, 8x930Ax 
only). 

tt ATM mode is recommended. ADVRM and REVRP, which control the read marker and read 
pointer when ATM = 0, are used for test purposes, 
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TX DAT 
(Endpoint-indexed)t 

Address: 
Reset State: 

S:F3H 
xxxx xxxxB 

USB Transmit FIFO Data Register. Data to be transmitted by the FIFO specified by EPINDEX is first 
written to th is register. 

7 

Bit Bit 
Function Number Mnemonic 

7:0 TXDAT.7:0 Transmit Data Byte (write-only): 

To write data to the transmit FIFO, write to this register. The write pointer is 
incremented automatically after a write. · 

t For hub endpoint 1, TXDAT is used in a different manner. See Figure 8-6 on page 8-12. 

TXDAT (For hub endpoint 1 only) EPINDEX=81 Ht Address: S:F3H 
Reset State: 0000 OOOOB 

7 

Bit Bit 
Function Number Mnemonic 

7:5 - Reserved: 

Values read from these bits are indeterminate. 

4:0 TXDAT.4:0 Hub Endpoint 1 Status Change (read-onlytt): 

Hardware communicates status changes to the host by setting the 
appropriate bit: 

TXDAT.O hub status change 
TXDAT.1 port 1 status change 
TXDAT.2 port 2 status change 
TXDAT.3 port 3 status change 
TXDAT.4 port 4 status change 

A '1' indicates a status change and 'O' indicates no status change. When 

0 

0 

endpoint 1 is addressed via an IN token, the entire byte is sent if at least one 
bit is a '1 '. If all bits are zero, a NAK handshake is returned. 

TXDAT SFRs are also used for function (and hub endpoint 0) data transmission (EPINDEX=OxH or 
80H). In that case, the bits are defined differently as shown in Figure 7-8 on page 7-18. 

tt Bits 4-0 can be set indirectly by firmware by writing to port xs HPSC SFR. Setting any bit in port xs 
HPSC results in the hardware setting bit x in TXDAT. Bits can be cleared indirectly in firmware by 
clearing the condition that caused the status change. 
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TXFLG 
(Endpoint-indexed) 

REGISTERS 

Address: S:FSH 
Reset State: OOxx 1 OOOB 

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

7 0 

~T_X_Fl_F1~_T_X_Fl_FO~~-~_,__ __ ~l I TXEMP · TX FULL TXURF I · TXOVF 

Bit 
Number 

7:6 

5:4 

3 

Bit 
Mnemonic 

TXFIF1:0 

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 after 
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 
firmware (setting ADVRM) or automatically by hardware (ATM= 1). The 
next-state table for the TXFIF bits is shown below: 

TXFIF1 :0 Operation Flag Next TXFIF1 :0 Next Flag 
00 Wr TXCNT X 01 Unchanged 
01 Wr TXCNT X 11 Unchanged 
10 Wr TXCNT X 11 Unchanged 
11 Wr TXCNT X 11 TXOVF = 1 

00 Adv RM X 00 Unchanged 
01 Adv RM X 00 Unchanged 
11 Adv RM X 10/01 Unchanged 
1 O Adv RM X 00 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 USS 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 USS transaction any time within a 
frame "decrements" TXFIF only at SOF. You must check the TXFIF flags 
before and after writes to the transmit FIFO and TXCNT for traceability. See 
the TXFLUSH bit in TXSTST. 
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) 
(Endpoint-indexed) 

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 

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 Flagt: 

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 firmware. 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. 

If the TXCNT doesn't agree with the data, hardware sets TXURF. This 
indicates that the transmitted data was corrupted by a bit-stuffing or CRC 
error. 

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 Flagt: 

This bit is set when an additional byte is written to a full FIFO or full TXCNT 
with TXFIF1 :O = 11. This is a sticky bit that must be cleared through 
firmware. 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. 

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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TXSTAT 
(Endpoint-indexed) 

REGISTERS 

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 

. rxsea I • ~. · I - • f JxFLit)$~ I [;J:~~)f~~.q>.'.t~~.roc} .tx~iftA'. l ·!~ACK ] 
~~~~~~~~~~~~~~~~~~ 

Bit Bit Function Number Mnemonic 

7 TX SEQ Transmitter's Current Sequence Bit (read, conditional write): t 
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. 

6:5 - Reserved: 

Write zeros to these bits. 

4 TXFLUSH Transmit FIFO Packet Flushed (read-only): 

When set, this bit indicates that hardware flushed a stale ISO data packet 
from the transmit FIFO due to a TXFIF1 :0 = 11 at SOF. To guard against a 
missed IN token in ISO mode, if, with TXFI F1 :O = 11, no IN token is received 
for the current endpoint, hardware automatically flushes the oldest packet 
and decrements the TXFIF1 :0 value. 

3 TXSOVW Transmit Data Sequence Overwrite Bit: t 

Write a '1' to this bit to 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. tt 

2 TXVOID Transmit Void (read-only): ttt 

A void condition has occurred in response to a valid IN token. Transmit void 
is closely associated with the NAK/STALL handshake returned by the 
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 returned by the 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 val.id 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 sequence bit tracking. This bit should only be use.d when initializing a new 
configuration or interface. 

ttt For additional information on the operation of these bits see Appendix D, "Data Flow Model." 

C-75 



8~30Ax, 8x930Hx USER'S MANUAL 

TXSTAT (Continued) 
(Endpoint-indexed) 

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 

Bit Bit 
Function Number Mnemonic 

1 TXERR Transmit Error (read-only): tt 

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 or FIFLG1 (8x930Ax 
with 6EPP), is set when active. For non-isochronous transactions, this bit is 
updated by hardware along 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): tt 

Data transmission completed and acknowledged successfully. The 
corresponding transmit done bit, FTXDxin FIFLG or FIFLG1 (8x930Axwith 
6EPP), is set when active. For non-isochronous transactions, this bit is 
updated by hardware along 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. 

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

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

ttt For additional information on the operation of these bits see Appendix D, "Data Flow Model." 
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WCON Address: 
Reset: 

S:A7H 
xxxx xxOOB 

Wait State Control Register. Use this register to enable ttie real-time wait state input signal and/or 
the wait state output clock. 

7 0 

Bit Bit Function Number Mnemonic 

7:2 - Reserved: 

The values read from these bits are indeterminate. Write "O" to these 
bits. 

1 RTWCE Real-time WAIT CLOCK enable. Write a '1' to this bit to enable the WAIT 
CLOCK on port 1. 7 (WCLK). The square wave output signal is one-half 
the oscillator frequency. 

0 RTWE Real-time WAIT# enable. Write a '1' to this bit to enable real-time wait 
state input on port 1.6 (WAIT#). 

WDTRST Address: S:A6H 
Reset State: xxxx xxxxB 

Watchdog Timer Reset Register. Writing the two-byte sequence 1 EH-E1 H to the WOTRST register 
clears and enables the hardware WOT. The WOTRST register is a write-only register. Attempts to 
read it return FFH. The WOT itself is not read or write accessible. See Chapter 11, "Timer/Counters 
and Watchdog Timer." 

7 

Bit Bit Function 
Number Mnemonic 

7:0 WOTRST.7:0 Provides user control of the hardware WOT. 

__ _L_ 

0 
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C.3 CONFIGURATION BYTES 

The 8x930 reserves the top eight bytes of the memory address space for an eight-byte configura­
tion array. The two lowest bytes of the configuration array are assigned to the two configuration 
bytes UCONFIGO and UCONFIG 1. The configuration bits contained in configuration bytes are 
used to select source mode or binary mode opcode configuration, select the bytes pushed onto the 
stack by interrupts, map on-chip code memory, and configure the external memory interface. The 
configuration bytes are discussed in more detail in Chapter 4, "Device Configuration." 

UCONFIGO 
(1), (3) 

7 

Bit 
Number 

7 

6:5 

4 

3:2 

NOTES: 

Bit 
Mnemonic 

-

WSA1:0# 

XALE# 

RD1:0 

Address: FF:FFF8H (2) 

0 ---
Function 

Reserved: 

Reserved for internal or future use. Set this bit when programming 
UCONFIGO. 

Wait State A (all regions except 01 :): 

For external memory accesses, selects the number of wait states for RD#, 
WR#, and PSEN#. 

WSA1# WSAO# 
0 0 Inserts 3 wait states for all regions except 01: 
0 1 Inserts 2 wait states for all regions except 01: 
1 0 Inserts 1 wait state for all regions except 01: 
1 1 Zero wait states for all regions except 01: 

Extend ALE: 

Set this bit for ALE= Tosc· 
Clear this bit for ALE= 3T08c (adds one external wait state). 

Memory Signal Selection: 

RD1 :Obit codes specify an 18-bit, 17-bit, or 16-bit external address bus and 
address ranges for RD#, WR#, and PSEN#. See Table 4-2 on page 4-7. 

1. User configuration bytes UCONFIGO and UCONFIG1 define the configuration of the 8x930. 
2. Address. UCONFIGO is the lowest byte of the 8-byte configuration array. When EA# = 1, the 8x930 

fetches configuration information from an on-chip configuration array located in nonvolatile memory at 
the top of region FF:. When EA#= 0, the 8~30 fetches configuration information from a configuration 
array located at the highest addresses implemented in external memory using addresses FF:FFF8H 
and FF:FFF9H. The physical location of the configuration array in external memory depends on the size 
and decode arrangement of the external memory (Table 4-1 and Figure 4-2). 

3. Instructions for verifying on-chip configuration bytes are given in Chapter 17. 
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UCONFIGO 
(1 ), (3) 

7 

Bit 
Number 

1 

0 

NOTES: 

WSA1# 

Bit 
Mnemonic 

PAGE# 

SAC 

REGISTERS 

Address: FF:FFF8H (2) 

0 

WSAO# XALE# I '-I _R_o_1 --'~-Ro_o_....._P_. A.....;G~E-~ _...__s~Rc ..... ··-'-'--' 

Function 

Page Mode Select: 

Clear this bit for page mode enabled with A 15:8/07:0 on P2 and A7:0 on PO. 
Set this bit for page mode disabled with A15:8 on P2 and A7:0/D7:0 on PO. 

Source Mode/Binary Mode Select: 

Set this bit for source mode. 
Clear this bit for binary mode (opcodes compatible with MCS 51 
microcontrollers). 

1. User configuration bytes UCONFIGO and UCONFIG1 define the configuration of the 8x930. 
2. Address. UCONFIGO is the lowest byte of the 8-byte configuration array. When EA#= 1, the 8x930 

fetches configuration information from an on-chip configuration array located in nonvolatile memory at 
the top of region FF:. When EA#= 0, the 8x930 fetches configuration information from a configuration 
array located at the highest addresses implemented in external memory using addresses FF:FFF8H 
and FF:FFF9H. The physical location of the configuration array in external memory depends on the size 
and decode arrangement of the external memory (Table 4-1 and Figure 4-2). 

3. Instructions for verifying on-chip configuration bytes are given in Chapter 17. 
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UCONFIG1 
(1),(3) 

Address: FF:FFF9H (2) 

7 0 

Bit Bit Function 
Number Mnemonic 

7:5 - Reserved: 

Reserved for internal or future use. Set these bits when programming 
UCONFIG1. 

4 INTR Interrupt Mode: 

If this bit is set, interrupts push 4 bytes onto the stack (the 3 bytes of the PC 
and PSW1). If this bit is clear, interrupts push the 2 lower bytes of the PC 
onto the stack. See "Interrupt Mode (INTR)" on page 4-14. 

3 - Reserved. Write a '1' to this bit. 

2:1 WSB1:0# External Wait State B (Region 01 :): 

WSB1# WSBO# 
0 0 Inserts 3 wait states for region 01: 
0 1 Inserts 2 wait states for region 01: 
1 0 l,nserts 1 wait state for region 01: 
1 1 Zero wait states for region 01: 

0 EMAP# EPROM Map: 

For devices with 16 Kbytes of on-chip code memory, clear this bit to map the 
upper half of on-chip code memory to region 00: (data memory). This maps 
FF:2000H-FF:3FFFH to OO:EOOOH-OO:FFFFH. If this bit is set, mapping 
does not occur and addresses in the range OO:EOOOH-OO:FFFFH access 
external RAM. See "Mapping On-chip Code Memory to Data Memory 
(EMAP#)" on page 14. 

NOTES: 
1. User configuration bytes UCONFIGO and UCONFIG1 define the configuration of the 8x930. 
2. Address. UCONFIG1 is the second lowest byte of the 8-byte configuration array. When EA#= 1, the 

8x930 fetches configuration information from an on-chip configuration array located in nonvolatile 
memory at the top of region FF:. When EA#= 0, the 8x930 fetches configuration information from a 
configuration array located at the highest addresses implemented in external memory using addresses 
FF: FFF8H and FF:FFF9H. The physical location of the configuration array in external memory depends 
on the size and decode arrangement of the external memory (Table 4-1 and Figure 4-2). 

3. Instructions for verifying on-chip configuration bytes are given in Chapter 17. 
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APPENDIX D 
DATA FLOW MODEL 

This appendix describes the data flow model for the 8x930 USB transactions. This data flow mod­
el, presented in truth table form, is intended to bridge the hardware and firmware layers of the 
8x930. It describes the behavior of the 8x930 in response to a particular USB event, given a known 
state/configuration. 

The types of data transfer supported by the 8x930 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 
(1 :0) 

Event TXFIF 
ERR ACK Void 

OVF URF Inter-
Response 

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

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 N/A Firmware 
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 NAKs Only overrun 
into FIFO, chg chg chg chg future trans- Fl FO error can 
FIFO error actions occur here. 
occurs Firmware 

should always 
check TXOVF 
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 Event TXFIF OVF URF Inter- Comments (1 :0) (1 :0) ERR ACK Void (1) (1) rupt Response 

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, interrupt stuff error. error can 
FIFO error NA Ks occur here. 
occurs future trans- Read ptr 

actions. reversed. 

Received IN 01/10 1 0 1 no 1 (no None NAK Treated like a 
token with (no (no chg chg) "void" 
existing chg) 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 and TXERR is 
FIFO error cleared. The 
but TXERR TXERR was 
set, data set by 
retrans- 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 Firmware 
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 NAKs future Only overrun 
into FIFO, chg chg chg chg transactions Fl FO error can 
FIFO error occur here. 
occurs. CNT Firmware 
not written should always 
yet. checkTXOVF 

before write 
CNT 

NOTE: no 
TXERR, but 
TXOVF set. 

11 Received IN 10/01 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 11 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 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/ 01 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 
but TXERR TXERRwas 
set, data set by · 
retrans- previous 
mitted, 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 
CNTwritten setsTXOVF 

bit. Firmware 
should always 
checkTXFIF 
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. 
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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 chg chg chg chg data packet loaded, so send 
data or TXOE=O null data 

packet. This 
event should 
never happen. 

Data loaded into 01 no no no no no None N/A Firmware 
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. 
Firmware 
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- advanced. 
mission error 

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

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 
"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 
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 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 Firmware 
FIFO from CPU, chg chg chg chg chg should always 
CNT written check TXFIF 

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. 

Firmware 
should always 
checkTXOVF 
before write 
CNT 

Note: no 
TXERR, but 
TXOVF set. 

11 Received IN 10/01 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- 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 
"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 USB 
(1 :0) 

Event FIF TX TX TX OVF URF Inter-
Response Comments 

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

Received IN 10/01 1 0 0 no 1 None Send data Only a FIFO 
token, data chg with underrun error 
transmitted, bitstuff error can occur 
FIFO error here. Read 
occurs 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 10/01 no no no no no None None Host never read 
indication 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 
CNT written TXFIF=11 will 

set TXOVF bit. 

Firmware 
should always 
checkTXFIF 
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 
"increment" TXFIF immediately. However, a successful USB transaction anytime in a frame will only "decremenf' 
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 use 

(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 lime-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 
firmware.) 

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

tions 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 firmware 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.(2) 
token, no interrupt RXSETUPwill 
errors 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.RXIE 

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 tions, 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 use 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-

lions 

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 
RXFFRC 

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 

CPU reads 01 no no no no no 1 None Time-out, Firmware 
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 Time-out, Firmware 
FIFO, chg chg chg chg chg NAK should check 
causes FIFO future RXURF bit 
error. Set transac- before writing 
RXFFRC. lions RXFFRC. 

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 = O) 

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 FIFO 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 USB 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 
firmware.) 

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 Iran sac- firmware inter-

lions vention. 

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

(1:0) 
Event FIF 

ERR ACK Void Setup 
OVF URF Inter-

Response 
Comments 

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

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 orbit- 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 transac- set (control 

tions 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 transac- Should always 
error tions check RXFIF bits 

before reading. 

01/10 Received 01/10 no no 1 no no no None NAK FIFO 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 token, 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 
(1 :0) 

Event FIF 
ERR ACK Void Setup 

OVF URF Inter-
Response 

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

Received 01/10 1 0 0 0 no no Set Time-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 
firmware.) 

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

condition. 

Received 01/10 no no no no no no None ACK Last ACK 
OUT token, chg chg chg chg chg chg co rru pied, 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 Time-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 = 0) (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 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 occurs transac- set (control 

tions 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, Firmware should 
FIFO, chg chg chg chg chg NAK check RXURF bit 
causes FIFO future before writing 
error. transac- RXFFRC. 
RXFFRC not tions 
set yet. 

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

11 Received 11 no no 1 no no no None NAK Fl FO 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 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 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 FIFO 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 lions 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 rec;ommended 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 

(1:0) 
Event FIF 

ERR ACK Void Setup 
OVF URF Inter-

Response 
Comments 

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

CPU reads 11 no no no no no 1 None NA Ks Firmware should 
FIFO, chg chg chg chg chg future check RXURF bit 
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 Firmware should 
FIFO, chg chg chg chg chg future check RXURF bit 
causes FIFO transac- before writing 
error. Set lions FFRC 
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-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 

00 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/ Only RXOVF 
token, FIFO chg Time-out FIFO error can 
error occurs occur, requires 

firmware inter-
vention. 

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

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" 
RXFIF 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 = 0) (Continued) 

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 

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 

dated interrupt) SOF. Firmware 
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 
firmware. 
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" 
RXFIF 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 = 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 

CPU reads 00 no no no no no None None/ 
FIFO, sets chg chg chg chg chg Time-out 
RXFFRC 

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

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/ Firmware 
FIFO, causes chg chg chg chg Time-out should check 
FIFO error. RXURF bit 
RXFFRC not before writing 
set yet. RXFFRC. 

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

RX FF RC. 

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" 
RXFIF 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 1, "Guide to this Manual," discusses notational conventions and general terminol­
ogy.) 

#Odata16 

#ldata16 

#data 

#data16 

#short 

ACK 

accumulator 

addrll 

addr16 

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 constant that 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 Method of storing data that places the most significant 

byte at lower storage addresses. 

binary-code compatibility The ability of an 8x930 to execute, without 
modification, binary code written for an MCS 51 
microcontroller. 

binary mode An operating mode, selected by a configuration bit, 
that enables an 8x930 to execute, without 
modification, binary code written for an MCS 51 
microcontroller. 

bit A binary digit. 

bit (operand) An addressable bit in the 8x930 architecture. 

bit51 An addressable bit in the MCS 51 architecture. 

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

bulk transfer 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. 

bus enumeration Detecting and identifying USB devices. 

byte Any 8-bit unit of data. 

clear 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. 

code memory 

configuration bytes 

control transfer 

dir8 

dir16 

Glossary-2 

See program memory. 

Bytes, residing in on-chip non-volatile memory, that 
determine a set of operating parameters for the 8x930. 

One of four Universal Serial Bus Transfer Types. 
Control transfers support configuration/command 
/status type communications between client and 
function. 

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. 
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DPTR 

DPX 

de assert 

device address 

doping 

double word 

dword 

edge-triggered 

encryption array 

endpoint 

EPP 

EPROM 

I 

GLOSSARY 

The 16-bit data pointer. In 8x930 microcontrollers, 
DPTR is the lower 16 bits of the 24-bit extended data 
pointer, DPX. 

The 24-bit extended data pointer in 8x930 
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 address of a device on the Universal Serial Bus. 
The device address is the default address when the 
USB device is first powered or reset. Hubs and 
functions are assigned a unique device address by 
USB firmware. 

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 as it is 
read from code memory; 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 commun­
ication flow between the host and the device. 

Endpoint pair. See endpoint. 

Erasable, programmable read-only memory 
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external address A 16-bit, 17-bit, or 18-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. 

F CLK Microcontroller internal clock frequency distributed 
to the CPU and on-chip peripherals. 

FET Field-effect transistor. 

FIFO First-in, first-out data buffer. Each USB endpoint pair 
has a transmit FIFO and a receive FIFO. 

FIU Function Interface Unit. Its function is to manage the 
data transaction that goes between the 8x930H.x and 
the USB host based on the transfer type and the FIFOs 
condition. 

F osc Frequency at pin XTAL 1. The frequency of the on­
chip oscillator or external source. 

frame The time from the start of one SOF token to the start 
of the subsequent SOF token; consists of a series of 
transactions. 

function 

handshake packet 

HIV 

host 

Hub 

idle mode 

input leakage 

integer 

Glossary-4 

A USB device that provides a capability to the host. 
For example, an ISDN connection, a digital 
microphone, or speakers. 

A packet that acknowledges or rejects a specific 
condition. For examples, see ACK and NACK. 

Hub Interface Unit. 

The host computer system where the USB host 
controller is installed. This includes the host hardware 
platform (CPU, bus, etc.) and the operating system in 
use. 

A Universal Serial bus device that provides additional 
connections to the Universal Serial Bus. 

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. 



internal address 

interrupt handler 

interrupt latency 

interrupt response time 

interrupt service routine (ISR) 

interrupt transfer 

ISO 

isochronous data 

isochronous transfer 

level-triggered 

low-clock mode 

LSB 

maskable interrupt 

MSB 

I 

GLOSSARY 

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 firmware routine that services an interrupt. 

One of four USB transfer types. Interrupt transfer 
characteristics are small data, non periodic, low 
frequency, bounded latency, device initiated 
communication typically used to notify the host of 
device service needs. 

Isochronous 

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 8x930 is less than one unit 
load. 

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

An interrupt that can be disabled (masked) by its 
individual mask bit in an interrupt enable register. All 
8x930 interrupts, except the firmware trap (TRAP), 
are maskable. 

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

n-channel FET 

n-type material 

nonmaskable interrupt 

npn transistor 

NRZI 

OTPROM 

p-channel FET 

p-type material 

PC 

phase-locked loop 

PID 

· PLL 

program memory 

powerdown mode 

PWM 

Glossary-6 

A bus on which the <lat.a 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 
firmware trap (TRAP) is the 8x930'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. 

Packet ID. A field in a USB packet that identifies the 
type of packet and hence its format. 

See phase-locked loop. 

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

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

Pulse-width modulated (outputs). 



rel 

reserved bits 

resume 

RT 

root hub 

root port 

SEO 

SIE 

set 

SFR 

sign extension 

sink current 

SOF 

source-code compatibility 

I 

GLOSSARY 

A signed (two's complement) 8-bit, relative 
destination address. The destination is -128to+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 
firmware dependence on these bits. In the 8x930, 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 

A USB hub directly attached to the host controller. 
This hub is attached to the host; tier 0. 

The upstream port on a hub. 

Single-ended zero. This is a reference to the USB 
reset signal which is defined as both Dpo and DMo 
below their threshold voltage. 

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 8x930 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 8x930 to execute re-compiled source 
code written for an MCS 51 microcontroller. 
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source current 

source mode 

SP 

SPX 

state time (or state) 

suspend 

token packet 

UART 

USB 

WDT 

word 

Glossary-8 

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

An operating mode that is selected by a configuration 
bit. In source mode, an 8x930 can execute re­
compiled source code written for an MCS 5 I 
microcontroller. In source mode, the 8x930 cannot 
execute unmodified binary code written for an MCS 
5 I 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 PHI and 
PH2 by halving the frequency of the signal on 
XTALl.) With a 16 MHz crystal, one state time 
equals I25 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 8x930 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. 

A type of packet that identifies what transaction is to 
be performed on the bus. 

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 firmware fails to operate properly. 

A I6-bit unit of data. In memory, a word comprises 
two contiguous bytes. 
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wraparound 

I 

GLOSSARY 

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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#Odata16, A-3 
#ldata16, A-3 
#data 

definition, A-3 
#data 16, A-3 
#short, A-3 
8x930, 1-1 

block diagram, 2-2 
8x930Ax, 1-1 
8x930Hx, 1-1 

A 
A 15:8, 10-1 

description, 16-2 
A16, 10-1 

description, 16-2 
A17, 10-1 
AC flag, 5-17, 5-18, C-46, C-4 7 
ACALL instruction, 5-14, A-23, A-25 
ACC, 3-12, 3-18, C-4, C-8 
Accumulator, 3-14 

in register file, 3-12 
AD7:0, 10-1 

description, 16-2 
ADD instruction, 5-8, A-13 
ADDC instruction, 5-8, A-13 
addrll, 5-12, A-3 
addrl6, 5-12, A-3 
addr24, 5-12, A-3 
Address spaces, 3-1 

See also Memory space, SFRs, Register file, 
External file, 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-23 
ALE 

I 

caution, 14-7 
description, 16-2 
extended, 4-11 
following reset, 14-7 
idle mode, 15-7 

INDEX 
ANL instruction, 5-9, 5-10 

for bits, A-22 
ANL/ instruction, 5-10 

for bits, A-22 
Application notes, 1-6 
Arithmetic instructions, 5-8, 5-9 

table of, A-13, A-14, A-15 

B 
B register, 3-14, C-8 

as SFR, 3-18, C-4 
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, 2-5, 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 

bygass, 14-2 
CCAP1H-CCAP4H, CCAP1L-CCAP4L, 3-21, 

C-7, C-9 
CCAPMl-4, 3-21, 12-16, C-7, C-10 

interrupts, 6-7 
CCON, 3-21, 12-14, C-7, C-11 
CEXI, 10-1 
CEX2, 10-1 
CEX3, 10-1 
CEX4, 10-1 
CEX4:0, 10-1 
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CH,CL, 3-21,C-7,C-11 
CJNE instruction, A-24 
Clock 

external, 2-9, 14-3 
idle and powerdown modes, 15-7 
idle mode, 15-7 
on-chip crystal, 2-9 
PLLSEL2:0, 2-10, 14-1 
powerdown mode, 15-8, 15-9 
sources, 14-2 
USB rates (table), 2-10 

CLR instruction, 5-9, 5-10, A-16, A-22 
CMOD, 3-21, 12-13, C-7, C-12 

interrupts, 6-7 
CMP instruction, 5-8, 5-13, A-14 
Code constants, 4-14 
Code fetches 

external, 16-1, 16-6 
internal, 16-6 
page hit and page miss, 16-6 
page mode, 16-6 

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 

Configuration 
array, 4-1, C-78 

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, 16-15 
UCONFIGO, 4-1 
UCONFIGO (table), 4-5, C-78 
UCONFIGl, 4-1 
UCONFIGl (table), 4-6, C-80 
verifying, 17-1 

Control instructions, 5-11-5-15 

lndex-2 

addressing modes, 5-11, 5-13 
table of, A-23 

Core, 2-8 
SFRs, 3-18, C-4 

CPL instruction, 5-9, 5-10, A-16, A-22 
CPU, 2-8 

block diagram, 2-8 
Crystal 

on-chip oscillator, 14-2 
CY flag, 5-17, 5-18, C-46, C-47 

D 
DA instruction, A-15 
Data instructions, 5-4-5-10 

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

table of, A-21 
See also Move instructions 

Data types, 5-1 
Datasheets 

on WWW, 1-8 
DEC instruction, 5-8, A-14 
descriptors 

bDescLength, 8-7 
bDescriptorType, 8-7 
bHubContrCurrent, 8-7 
bNbrPorts, 8-7 
bPwrOn2PwrGood, 8-7 
DeviceRemovable, 8-7 
PortPwrCtr!Mask, 8-7 
wHubCharacteristics, 8-7 

descriptors, hub, 8-6-8-7 
Destination register, 5-3 
dirl6, A-3 
dir8, A-3 
Direct addressing, 5-4 

in control instructions, 5-12 
Displacement addressing, 5-4, 5-8 
DIV instruction, 5-8, A-15 
Division, 5-8 
DJNZ instruction, A-24 
Documents 

ordering, 1-7 
related, 1-6 

DPH, DPL, 3-14, C-13 
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as SFRs, 3-18, C-4 
DPTR, 3-14 

in jump instruction, 5-12 
DPX, 3-5, 3-12, 3-14, 5-4 
DPXL, 3-14, C-14 

E 

as SFR, 3-18, C-4 
external data memory mapping, 3-5, 5-4, 5-9 
reset value, 3-5 

EA#, 3-8 
description, 16-2 

ECALL instruction, 5-14, A-23 
ECI, 10-1 
EJMP instruction, 5-14, A-23 
EMAP#bit, 3-9, 4-14 
Encryption, 17-1 
Encryption array, 17-1 

key bytes, 17-5 
EPCON, 7-7, C-15 
EPINDEX, 7-6, C-18 
ERET instruction, 5-14, A-23 
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, 16-3 
pin status, 16-15, 16-16 
structure in page mode, nonpage mode, 16-6 

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

External code memory 
example, 16-19, 16-29 
idle mode, 15-7 
powerdown mode, 15-8 

External memory, 3-9 

_J_ 

design examples, 16-17-16-29 
MCS 51 architecture, 3-2, 3-4, 3-5 

External memory interface 
configuring, 4-7-4-14 
signals, 16-3 

External RAM 
example, 16-25 
exiting idle mode, 15-8 

F 
FOflag, 5-17, C-46 
FADDR, 7-14, C-19 
FaxBack service, 1-7, 1-8 
FIE, 3-18, 6-4, 6-8, C-4, C-20, C-21 
FIE!, 6-9 
FIFLG, 3-18, 6-4, 6-11, C-4, C-22, C-23 
FIFLGl, 6-12 
Flash memory 

example, 16-17, 16-19, 16-29 
Frame Timer, 6-12 

G 
Given address, See Serial 110 port 
Global suspend interrupt, 6-18 

H 
HADDR, 8-6, 8-8, 9-16 
Help desk, 1-7 
HIE, 3-18, 6-4, 6-16, C-4, C-24 
HIFLG, 3-18, 6-4, 6-17, C-4, C-25 
HPCON, 8-15, C-26 
HPINDEX, 8-23, C-27 
HPPWR, 8-28, C-28 
HPSC, 8-21, C-29 
HPSTAT, 8-18, C-31 
HSTAT, 8-9, C-33 
Hub interrupt, 6-6 

1/0 ports, 10-1-10-8 
external memory access, 10-7 
latches, 10-2 
loading, 10-6 
pullups, 10-6 
quasi-bidirectional, I 0-5 
SFRs, 3-15 
See also Ports 0-3 

Idle mode, 2-5, 15-1, 15-7 

INDEX 
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entering, 15-7 
exiting, 14-5, 15-7 
external bus, 16-3 

IENO, 3-18, 6-4, 6-5, 6-7, 6-25, 6-36, 13-11, 15-9, 
C-4, C-35 

IENl, 3-18, 6-4, 6-26, 6-36, C-4, C-36 
Immediate addressing, 5-4 
INC instruction, 5-8, A-14 
Indirect addressing, 5-4 

in control instructions, 5-12 
in data instructions, 5-6 

Instruction set 
MCS 251 architecture, A-l-A-137 
MCS 51 architecture, 5-1 

Instructions 
arithmetic, 5-8 
bit, 5-10 
data, 5-4 
data transfer, 5-9 
logical, 5-9 

INTl#, 10-1 
INTl:O#, 6-1, 10-1, 11-1, 11-2 

pulse width measurements, 11-10 
Intel Architecture Labs, 1-8 
Interrupt request, 6-1 

cleared by hardware, 6-5, 6-6 
Interrupt service routine 

exiting idle mode, 15-7 
exiting powerdown mode, 15-9 

Interrupts, 6-1-6-37 
blocking conditions, 6-36 
detection, 6-5 
edge-triggered, 6-5, 6-6 
enable/disable, 6-24 
exiting idle mode, 15-7 
exiting powerdown mode, 15-9 
external (INTl:O#), 6-1, 6-5, 6-34, 15-9 
global enable, 6-24 
global resume, 6-18 
global resume (GRSM), 15-5, 15-8, C-45 
global suspend (GSUS), 15-5, 15-8, C-45 
instruction completion time, 6-33 
latency, 6-32--6-36 
level-triggered, 6-5, 6-6 
PCA, 6-7 
polling, 6-32, 6-33 
priority, 3-18, 6-1, 6-4, 6-5, 6-6, 6-27--6-30, 

C-4 
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priority within level, 6-27 
processing, 6-32-6-37 
request, See Interrupt request 
response time, 6-32, 6-33 
sampling, 6-5, 6-33 
serial port, 6-7 
service routine (ISR), 6-5, 6-6, 6-32, 6-36, 6-

37 
sources, 6-3 
timer/counters, 6-6 
vector cycle, 6-37 
vectors, 3-3, 6-5, 6-6 

INTR bit 
and RETI instruction, 4-14, 5-15 

IPHO, 3-18, 6-4, 6-28, 6-36, C-4, C-37 
bit definitions, 6-27 

IPHl, 3-18, 6-4, 6-30, 6-36, C-4, C-38 
bit definitions, 6-27 

IPLO, 3-18, 6-4, 6-29, 6-36: C-4, C-39 
bit definitions, 6-27 

IPLl, 3-18, 6-4, 6-31, C-4, C-40 
bit definitions, 6-27 

Isochronous RX dataflow 
Dual-packet mode, D-18 

Isochronous TX dataflow 
Dual-packet mode, D-5 

ISR, See Interrupts, service routine 

J 
JB instruction, 5-13, A-23 
JBC instruction, 5-13, A-23 
JC instruction, A-23 
JE instruction, A-23 
JG instruction, A-23 
JLE instruction, A-23 
JMP instruction, A-23 
JNB instruction, 5-13, A-23 
JNC instruction, A-23 
JNE instruction, A-23 
JNZ instruction, A-23 
JSG instruction, A-24 
JSGE instruction, A-24 
JSL instruction, A-23 
JSLE instruction, A-24 
Jump instructions 

bit-conditional, 5-13 
compare-conditional, 5-13, 5-14 
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unconditional, 5-14 
JZ instruction, A-23 

K 
Key bytes, See Encryption array 

L 
Latency, 6-32 
LCALL instruction, 5-14, A-23 
UMP instruction, 5-14, A-23 
Lock bits 

protection types, 17-5 
verifying, 17-1 

Logical instructions, 5-9 
table of, A-16 

Low clock mode, 15-1, 15-13 
entering, 15-13 
exiting, 15-13 

M 
MCS 251 microcontroller 

core, 2-8 
MCS® 251, 1-1 
MCS® 51, 1-1 
Memory space, 2-4, 3-5-3-9 

compatibility, See Compatibility (MCS 251 
and MCS 51 architectures) 

regions, 3-2, 3-5 
reserved locations, 3-5 

Miller effect, 14-3 
MOY instruction, A-18, A-19, A-20 

for bits, 5-10, A-22 
MOVC instruction, 3-2, 5-9, A-20 
Move instructions 

table of, A-18 
MOVH instruction, 5-10, A-20 
MOVS instruction, 5-9, A-20 
MOVX instruction, 3-2, 5-9, A-20 
MOVZ instruction, 5-9, A-20 
MUL instruction, 5-8 
Multiplication, 5-8 

N 
N flag, 5-9, 5-18, C-47 
Noise reduction, 14-2, 14-3 
Non-isochronous RX dataflow 

L_ 

Dual-packet mode, D-11 
Single-packet mode, D-8 

Non-isochronous TX dataflow, D-1 
Nonpage mode 

INDEX 

bus cycles, See External bus cycles, Nonpage 
mode 

bus structure, 16-3 
configuration, 4-7 . 
design example, 16-20, 16-25 
port pin status, 16-16 

Nonvolatile memory 
verifying, 17-1-17-6 

NOP instruction, 5-14, A-24 

0 
On-chip code memory, 16-8 

accessing in data memory, 4-14 
accessing in region 00:, 3-9 
idle mode, 15-7 
setup for verifying, 17-3-17-4 
starting address, 3-8, 17-1 
top eight bytes, 3-8, 4-1, 17-2, C-78 
verifying, 17-1 

On-chip oscillator 
hardware setup, 14-1 

On-chip RAM, 3-8 
bit addressable, 3-8, 5-11 
bit addressable in MCS 51 archite.cture, 5-11 
idle mode, 15-7 
MCS 51 architecture, 3-2, 3-4 
reset, 14-6 

ONCE mode, 15-1 
entering, 15-13 
exiting, 15-B 

Opcodes 
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-22 
ORL/ instruction, 5-10 

for bits, A-22 
Oscillator 

at startup, 14-7 
ceramic resonator, 14-3 
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during reset, 14-5 
on-chip crystal, 2-9, 14-2 
ONCE mode, 15-13 
powerdown mode, 15-8, 15-9 
verifying nonvolatile memory, 17-3 

OV bit, 5-17, 5-18, C-46, C-47 
Overflow See OV bit 
OVRI #pin, 8-29 

p 
P bit, 5-17, C-46 
PO, 3-19, 10-2, C-5, C-40 
Pl, 3-19, 10-2, C-5, C-41 
P2, 3-19, 10-2, C-5, C-41 
P3, 3-19, 10-2, C-5, C-42 
Page mode, 2-8 

address access time, 16-6 
bus cycles, See External bus cycles, page 

mode 
configuration, 4-7 
design example, 16-19, 16-28 
port pin status, 16-16 

PAGE# bit, 4-7 
PCA 

compare/capture modules, 12-1 
idle mode, 15-7 
pulse width modulation, 12-10 
SFRs, 3-21, C-7 
timer/counter, 12-1 
watchdog timer, 12-1, 12-9 

PCON, 3-18, 13-7, 15-3, 15-4, 15-7, 15-8,C-4,C-
43, C-44 

idle mode, 15-7 
powerdown mode, 15-9 
reset, 14-5 

PCONl, 3-18, 6-4, 15-8, C-4 
Peripheral cycle, 2-9 
Phase 1 and phase 2, 2-9 
Phone numbers, customer support, 1-7 
Pin conditions, 15-6 
Pinout diagram 

8x930Hx, B-2 
Pins 

unused inputs, 14-2 
Pipeline, 2-8 
POP instruction, 3-14, 5-10, A-21 
Port 0, 10-2 
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and top of on-chip code memory, 17-2 
pull ups, 10-7 
structure, 10-3 
See also External bus 

. Port 1, 10-2 
structure, 10-3 

Port 2, 10-2 
and top of on-chip code memory, 17-2 
structure, 10-4 
See also External bus 

Port 3, 10-2 
structure, 10-3 

Ports 
at power on, 14-7 
exiting idle mode, 15-8 
exiting powerdown mode, 15-8 
extended execution times, 5-1, A-1, A-11 
verifying nonvolatile memory, 17-3, 17-5 

Power supply, 14-2 
Powerdown mode, 2-5, 15-1, 15-8-15-9 

accidental entry, 15-7 
entering, 15-9 
exiting, 14-5, 15-9 
external bus, 16-3 

Program status word See PSW, PSWJ 
PSEN# 

caution, 14-7 
description, 16-2 
idle mode, 15-7 
regions for asserting, 4-8 

PSW, 5-17, A-25, C-46 
PSW, PSWl, 3-18, 5-15-5-16, C-4 

conditionaljumps, 5-13 
effects of instructions on flags, 5-16 

PSWl, 5-18, A-25, C-4, C-47 
Pull ups, 10-7 

ports 1, 2, 3, 10-5 
Pulse width measurements, 11-10 
PUSH instruction, 3-14, 5-10, A-21 

R 
RCAP2H, RCAP2L, 3-20, 11-3, 13-12, C-6, C-47 
RD#, 10-1 

described, 16-2 
regions for asserting, 4-8 

RDl:O configuration bits, 4-8 
Read-modify-write instructions, 10-2, 10-5 
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Real-time wait states, 16-11 
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 (RS 1:0), 5-17, 5-18, C-46, C-47 

Register file, 2-8, 3-1, 3-5, 3-9-3-14 
address space, 3-2 
addressing locations in, 3-12 
and reset, 14-6 
MCS 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, 14-5-14-7 

cold start, 14-5, 15-2 
entering ONCE mode, 15-13 
exiting idle mode, 15-7 
exiting powerdown mode, 15-9 
externally initiated, 14-5 
need for, 14-7 
operation, 14-6 
power-on reset, 14-1, 14-7 
timing sequence, 14-6, 14-7 
USB initiated, 14-6 
warm start, 14-5, 15-2 
WDT initiated, 14-5 

RET instruction, 5-14, A-23 
RETI instruction, 5-15, 6-1, 6-36, 6-37, A-23 
Return instructions, 5-14 
RL instruction, A-16 
RLC instruction, A-16 
Rotate instructions, 5-9 
RR instruction, A-16 
RRC instruction, A-16 
RST, 14-5, 14-7 

ONCE mode, 15-13 
RTWCE (Real-time WAIT CLOCK Enable) Bit, 

16-12 
RTWE (Real-time WAIT# Enable) Control Bit, 

16-12 
RXCNTH, 7-28, C-48 
RXCNTL, 7-28, C-48 
RXD, 10-1, 13-1 

I 

mode 0, 13-2 
modes 1, 2, 3, 13-7 

RXDAT, 7-27, C-51 
RXFLG, 7-31, C-52 
RXSTAT, 7-11, C-54 

s 

INDEX 

SADDR, 3-19, 13-2, 13-9, 13-10, C-5, C-57 
SADEN, 3-19, 13-2, 13-9, 13-10, C-5, C-57 
SBUF, 3-19, 13-2, 13-3, C-5, C-57 
SCON, 3-19, 13·2, 13-3, 13-4, 13-7, C-5, C-58 

bit definitions, 13-1 
interrupts, 6-7 

Security, 17-1 
Serial 1/0 port, 13-1-13-13 

asynchronous modes, 13-7 
automatic address recognition, 13-8-13-10 
baud rate generator, 11-6 
baud rate, mode 0, 13-2, 13-10 
baud rate, modes 1,2,3, 13-7, 13-11-13-13 
broadcast address, 13-9 
data frame, modes 1, 2, 3, 13-7 
framing bit error detection, 13-7 
full-duplex, 13-7 
given address, 13-9 
half-duplex, 13-2 
interrupts, 13-1, 13-8 
mode 0, 13-2-13-3 
modes 1, 2, 3, 13-7 
multiprocessor communication, 13-8 
SFRs, 3-19, 13-2, C-5 
synchronous mode, 13-2 
timer 1 baud rate, 13-11, 13-12 
timer 2 baud rate, 13-12-13-13 
timing, mode 0, 13-6 

SETB instruction, 5-10, A-22 
SetHubDescriptor, 9-19 
SFRs 

accessing, 3-15 
address space, 3-1, 3-2 
idle mode, 15-7 
MCS 51 architecture, 3-4 
powerdown mode, 15-8 
reset initialization, 14-6 
tables of, 3-15 
unimplemented, 3-15 

Shift instruction, 5-9 
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Signal Descriptions, B-1 
multi-function pins, B-1 

Signature bytes 
values, 17-6 
verifying, 17-1, 17-6 

SJMP instruction, 5-14, A-23 
SLL instruction, 5-9, A-16 
SOF interrupt, 6-6 
SOF# pin, 6-15 
SOFH, 6-13, C-60 
SOFL, 6-14, C-61 
Solutions OEM, 1-8 
Source register, 5-3 
SP, 3-14, 3-18, C-4, C-61 
Special function registers See SFRs 
SPH, 3-14, 3-18, C-4, C-62 
SPX, 3-12, 3-14 
SRA instruction, 5-9, A-17 
SRL instruction, 5-9, A-17 
State time, 2-9 
SUB instruction, 5-8, A-13 
SUBB instruction, 5-8, A-13 
SW AP instruction, 5-9, A-17 

T 
Tl, 10-1 
Tl:O, 10-1, 11-2 
T2, 10-1, 11-2 
T2CON, 3-20, 11-1, 11-3, 11-10, 11-17; 13-12, C-

6, C-63 
baud rate generator, 13-12 

T2EX, 10-1, 11-2, 11-11, 13-12 
T2MOD, 3-20, 11-1, 11-3, 11-10, 11-16,C-6,C-64 
Target address, 5-4 
TCON, 3-20, 11-1, 11-3, 11-4, 11-6, 11-8, C-6, C-

65 
interrupts, 6-1 

Tech support, 1-7 
TH2, TL2 

baud rate generator, 13-12, 13-13 
THx, TLx (x = 0, 1, 2), 3-20, 11-3, C-6, C-67, C-68 
Timer 0, 11-4-11-8 

applications, 11-9 
auto-reload, 11-5 
interrupt, 11-4 
mode 0, 11-4 
mode 1, 11-4 

lndex-8 

mode 2, 11-5 
mode 3, 11-5 
pulse width measurements, 11-10 

Timer 1 
applications, 11-9 
auto-reload, 11-9 
baud rate generator, 11-6 
interrupt, 11-6 
mode 0, 11-6 
mode 1, 11-9 
mode 2, 11-9 
mode 3, 11-9 
pulse width measurements, 11-10 

Timer 2, 11-10-11-17 
auto-reload mode, 11-12 
baud rate generator, 11-14 
capture mode, 11-11 
clock out mode, 11-14 
interrupt, 11-11 
mode select, 11-15 

Timer/counters, 11-1-11-17 
external input sampling, 11-2 
internal clock, 11-1 
interrupts, 11-1 
overview, 11-1-11-2 
registers, 11-3 
SFRs, 3-20, C-6 
signal descriptions, 11-2 
See also Timer 0, Timer 1, Timer 2 

TMOD, 3-20, 11-1, 11-3, 11-4, 11-6, 11-7, 13-11, 
C-6, C-66 

Tosc, 2-11 
TRAP instruction, 5-15, 6-3, 6-24, 6-37, A-24 
TXCNTH, 7-19, C-69 
TXCNTL, 7-19, C-69 
TXCON, 7-20, C-70 
TXD, 10-1, 13-1 

mode 0, 13-2 
modes 1, 2, 3, 13-7 

TXDAT, 7-18, 8-12, C-72 
TXFLG, 7-22, C-73 
TXSTAT, 7-9, C-75 

u 
UART, 13-1 
UCONFIGl:O 

See Configuration bytes 
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UD flag, 5-17, C-46 
UPWEN# pin, 8-29 
USE 

. _ _J 

configuration descriptor, 9-2 
device descriptor, 9-2 
endpoint selection, 7-3 
endpoint-indexed SFRs, 7-3 
FIFO byte capacity, 2-13 
function 

bus unenumeration, 9-2 
post-receive operations, 9-10 
post-transmit operations, 9-7 
pre-transmit operations, 9-6 
receive done interrupt, 6-9 
receive operations, 9-9 
receive routine, 9-3 
receive SOF routine, 9-15 
resume interrupt, 6-18 
setup routines, 9-13 
suspend and resume, 15-1 
transmit done interrupt, 6-10 
transmit operations, 9-3 
transmit routine, 9-3 

function endpoint pairs, 7-1 
function FIFOs, 7-1 
function interface, 7-1 
function interface unit (FIU), 2-14 
function routines 

overview, 9-2 
receive SOF, 9-2 
setup, 9-2 

global resume, 15-10 
global suspend, 15-8 
hub 

bus enumeration, 8-6, 9-16 
CLEAR_FEATURE request, 9-17 
ClearHubFeature request, 9-19 
ClearPortFeature request, 9-21, 9-22 
configuration, 8-8-8-10 
descriptors, 8-6-8-7 
device signals, 8-30 
embedded function, 8-24 
embedded function remote wake-up, 8-

24 
embedded function reset, 8-24 
empedded function suspend and resume, 

8-26 
endpoint 1, 8-10 

INDEX 

endpoints, 8-10-8-13 
examining port status, 8-17-8-19 
firmware examples, 9-23 
firmware response tor USE requests, 9-

17-9-22 
full-speed device attach, 8-5 
functional diagram, 8-2 
ganged power enable, 8-29 
GET_CONFIGURATION request, 9-17 
GET_DESCRIPTOR request, 9-18 
GET_INTERFACE request, 9-18 
GET_STATUS request, 9-18 
GetBusState request, 9-19 
GetHubDescriptor request, 9-19 
GetHubStatus request, 9-19 
GetPortStatus request, 9-19, 9-22 
GetPortStatus request firmware, 9-24-9-

25 
global suspend and resume, 8-24-8-26 
low-speed device attach, 8-6 
monitoring port status, 8-20-8-22 
operation, 9-16--9-28 
overcurrent detection, 8-28 
port control, 8-14-8-16 
port control commands, 8-16 
port indexing, 8-23 
port power switching, 8-27-8-28 
port states, 8-3-8-4 
port status change communication, 9-

22-9-28 
power distribution, 8-27 
SET_ADDRESS request, 9-18 
SET_CONFIGURATION request, 9-17 
SET_DESCRIPTOR request, 9-18 
SET _FEATURE request, 9-1 7 
SET_INTERFACE request, 9-18 
SetHubDescriptor request, 9-19 
SetHubFeature request, 9-19 
SetPortFeature (PORT_RESET) 

firmware, 9-27 
SetPortFeature (PORT_SUSPEND) 

firmware, 9-26 
SetPortFeature request, 9-20 
signaling connectivity, 8-5-8-6 
status, 8-8-8-10 
status and configuration, 9-17 
status change communication, 8-13 
SYNCH_FRAME request, 9-18 
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hub interrupt, 6-6 
idle state, 9-2 
interrupt 

hub, 6-15 
interrupts 

function, 6-6, 6-7-6-11 
global suspend/resume, 6-6, 6-18 
start-of-frame, 6-12-6-15 

module, 2-3, 2-12 
block diagram, 2-7 

power control, 15-8 
powerdown, 15-8 
programming models, 9-2 
receive FIFOs, 7-24 

write marker, 7-24, 9-9 
write pointer, 7-24, 9-9 

remote wake-up, 6-18, 15-10 
requests 

ClearPortFeature, 8-14 
SetPortFeature, 8-14 

reset separation, 6-18-6-24 
reset separation, operating model, 6-21 
Serial Bus Interface Engine (SIE), 2-14 
special function registers (SFRs), 7-2 
transaction datatlow model, 7-1, D-1 
transmit FIFOs, 7-15 

read marker, 7-15, 9-4 
read pointer, 7-15, 9-4 

unenumerated state, 9-2 

Vee, 14-2 
during reset, 14-5 
power off flag, 15-2 
power-on reset, 14-7 
powerdown mode, 15-9 

Verifying nonvolatile memory, 17-1 
Vss, 14-2 

w 
Wait state, 5-1, A-1, A-11 

configuration bits, 4-11 
extended ALE, 4-11 
RD#/WR#/PSEN#, 4-11 

WAIT#, 10-1 
WAIT# (Wait State) Input, 16-2 
Watchdog timer(hardware), 11-1, 11-16, 11-18 

lndex-10 

enabling, disabling, 11-16 
in idle mode, 11-18 
in powerdown mode, 11-18 
initiated reset, 14-5 
overflow, 11-16 
SFR (WDTRST), 3-20, 11-3, C-6 

Watchdog Timer (PCA), 12-1, 12-9 
WCLK, 10-1 
WCLK (Wait Clock) Output, 16-2 
WCON, 3-18, C-4 
WCON (Real-time wait state control), 16-11, C-77 
WDTRST, 3-20, 11-3, 11-16, C-6, C-77 
World Wide Web, 1-7 
WR#, 10-1 

described, 16-2 

x 
XALE# bit, 4-11 
XCH instruction, 5-10, A-21 
XCHD instruction, 5-10, A-21 
XRL instruction, 5-9 
XTALl, XTAL2, 14-2 

capacitance loading, 14-3 

z 
Z flag, 5-9, 5-18, C-47 
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