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Table 11 – RX Frame Fields (concluded) 

Field Bits Description 

RXERROR 5 Receiving results of Rx frame 

Each bit represents the cause of error 

bit 0: PAYLOAD_ERROR  

bit 1: RESERVED 

bit 2: WRONG CHANNEL 

bit 3: UNSUPPORTED_RATE 

bit 4: HCS_ERROR 

All bits = ZERO represents “NO_ERROR” 

 

11 Interface Theory of Operation 

11.1 Overview 
A simplified PHY state diagram is defined in Figure 10. 

 

Figure 10 – PHY State Transition Diagram 
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11.1.1 PHY Reset Protocol 
 

 

Figure 11 – PHY Reset Protocol 

At any time and from any PHY state including after initial power on, the MAC may force the PHY 
into RESET state by asserting control signal !PHY_RESET. The PHY indicates entry to RESET 
state by asserting PHY_ACTIVE and optionally stopping PCLK. Transitions on both 
!PHY_RESET and PHY_ACTIVE in this case are asynchronous to PCLK. 

During reset, the PHY drives CCA_STATUS, DATA_EN and DATA[7:0] to their inactive values. 
The MAC drives RX_EN, TX_EN and SERIAL_DATA to their inactive values. PHY_ACTIVE is 
driven as described above. 

The MAC maintains !PHY_RESET asserted for at least PHY specific interval PHYResetTime. 
After !PHY_RESET is de-asserted the PHY completes its reset operations. When PCLK is 
stable (according to PHY specific conditions) the PHY de-asserts PHY_ACTIVE to indicate 
transition to STANDBY state. The PHY is responsible for setting PMMODE to STANDBY and 
RDY to the appropriate value. If RDY is set by the PHY to indicate abnormal completion of 
RESET operation, the meaning of all registers except RDY is undefined. 

11.1.2 Exit  from Sleep State 
The MAC may place the PHY into SLEEP state by writing SLEEP to the PMMODE register (see 
Table 7). During SLEEP state, the PHY reduces power consumption by turning unnecessary 
functions off. However, the contents of the Dynamic Registers are maintained through SLEEP 
and can be assumed unchanged after the PHY is returned to STANDBY state. 

 

Figure 12 – Exit SLEEP protocol 

Exit from SLEEP state is carried out by the following operations: 

• The MAC asserts both TX_EN and RX_EN 

• When the PHY has reached STANDBY state, it asserts PHY_ACTIVE and sets PMMODE to 
STANDBY 

• When the MAC detects the rising edge of PHY_ACTIVE, it de-asserts TX_EN and RX_EN 

• The PHY responds by de-asserting PHY_ACTIVE.  
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11.1.3 Normal Operation 
By writing to the PHY configuration register PMMODE (see Clause 9), the MAC controls 
transitions between any two of the three PHY states: SLEEP, STANDBY and READY except for 
transitions from SLEEP state which requires a special operation as described in 11.1.2. 

When the PHY is not actively transmitting or receiving, it will be in STANDBY state. In 
preparation for an active time period, the MAC must first put the PHY in READY state by writing 
into configuration register PMMODE. The MAC must put the PHY in READY state at least 
TurnOnDelay microseconds before commanding the PHY into TRANSMIT or RECEIVE state. 
After this delay, TRANSMIT or RECEIVE state can be initiated by the MAC asserting TX_EN or 
RX_EN respectively. The PHY is returned to READY state by de-asserting the same signal. 
(For complete transition conditions, see Transmit and Receive clauses.) Once the PHY is back 
in READY state, the MAC may either initiate another frame transmission or reception by again 
asserting TX_EN or RX_EN, or it may command the PHY back into STANDBY by writing to 
register PMMODE. 

Table 12 gives the conditions for the PHY state transitions. 

Table 12 – State Transi t ion Condi t ions 

TRANSITION TX_EN RX_EN WRITE TO PMMODE 

RESET → STANDBY LOW LOW — 

STANDBY → SLEEP LOW LOW SLEEP 

SLEEP → STANDBY  HIGH HIGH — 

STANDBY → READY LOW LOW READY 

READY → SLEEP LOW LOW SLEEP 

READY → STANDBY LOW LOW STANDBY 

READY → TRANSMIT Rising edge LOW — 

TRANSMIT → READY Falling edge LOW — 

READY → RECEIVE LOW Rising edge — 

RECEIVE → READY LOW Falling edge — 

 

11.2 Frame Timing 
Precise frame timing is provided by the MAC (except when in Burst Mode as described in 11.7.3) 
for transmit operations and by the PHY/MAC for receive operations. 

The start of the transmitted frame is indicated by the rising edge of TX_EN associated with the 
PHY-dependent, but fixed, PHY transmit processing delay TxDelay for single frame transmission 
and for the 1st frame of a Burst transmission. 

The end of the transmit frame is indicated by the falling edge of PHY_ACTIVE. 

The start of the receive frame is indicated by the rising edge of PHY_ACTIVE associated with the 
PHY-dependent, but fixed, PHY receive processing delay SyncDelay. 

The end of the receive frame is indicated by the falling edge of PHY_ACTIVE associated with the 
PHY-dependent, but fixed, PHY receive delay PhyActiveDelay. 

11.3 Ranging Support 
Ranging estimation may be optionally supported by the PHY. Capabilities are indicated by static 
parameter RangingSupported. If ranging is supported, timing of transmission and reception events 
may be controlled via the RNGEN bit [2] in the CONTROL [00h] dynamic parameter register. 
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PHYs which support ranging must provide up to a 32-bit ranging counter and indicate the 
precision of the timestamp by reference to the frequency of the ranging counter. 

RNGEN indicates whether the PHY should set the RANGINGTIMER register from the ranging 
counter during transmission and reception. 

The interface events associated with these timestamps are: 

• The start of transmission of the preamble at the local antenna as indicated by the assertion of 
PHY_ACTIVE. 

• The acquisition of the preamble as indicated by the assertion of PHY_ACTIVE during 
reception. 

These transitions on PHY_ACTIVE provide support for ranging procedures which may be 
implemented within or above the MAC by indicating when ranging timestamps should be retrieved. 
However, the ranging timestamp value is not tied to the PCLK timing associated with 
PHY_ACTIVE transitions. See 14.2 and 14.5 of ECMA-368 for a definition of the ranging 
timestamp reference and the associated calibration parameters RANGING_TRANSMIT_DELAY 
and RANGING_RECEIVE_DELAY. 

The processing of the timestamps by the MAC or higher layer functions is outside the scope of 
this specification. The Two-Way Time Transfer range measurement mechanism defined in 17.15 
of ECMA-368 uses the following MAC-PHY interface registers and parameters: 

• RANGINGTIMER; 

• RangingSupported, 

• RANGING_TRANSMIT_DELAY, 

• RANGING_RECEIVE_DELAY; 

• PHYClockAccuracy.  

Calculations are described in Annex G of ECMA-368. 

11.4 Transceiver Delay Definitions 
Figure 13 and Figure 14 show the principle transceiver delay intervals for Transmit and Receive 
cases respectively.  

 

Figure 13 – Transmit Delay Intervals 

TxDelay is the interval between the assertion of TX_EN and the start of the first symbol of the 
preamble being present at the local antenna. 

The PHY requests header data by asserting DATA_EN no earlier than TxDataDelay before the 
end of the preamble as defined in Figure 13. TxDataDelay is measured backwards from the end of 
the preamble to provide a fixed, preamble independent, header processing interval for PHY 
implementations and a fixed interval between TX_EN assertion and the first assertion of 
DATA_EN to be used by the MAC for end of previous frame processing. 

The MAC must drive valid data to DATA[7:0] 2 PCLK periods after DATA_EN is asserted. 
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The PHY requests the last octet of data by asserting DATA_EN not less than TxEOFDelay before 
de-asserting PHY_ACTIVE. 

The PHY de-asserts PHY_ACTIVE on the rising edge of the PCLK following the transmission of 
the end of the last symbol of the frame at the local antenna. 

RX_EN

PHY_ACTIVE

MAC-PHY I/F

Standard Preamble Header MAC Frame Data

Header MAC Frame Data

STATE STANDBY READY RECEIVE READY

RxDelay

Begin 
Acquisition

SyncDelay

End of Frame Synchronization Sequence

RADIO MEDIUM

PhyActiveDelay

RxDataDelay RxEOFDelay

 

Figure 14 – Receive Delay Intervals 

RxDelay is the interval between the assertion of RX_EN and the start of the preamble acquisition 
operation by the PHY. 

Precise start of frame timing is provided by the PHY via the assertion of PHY_ACTIVE a PHY- 
dependent, but fixed, delay, SyncDelay, after the end of last symbol of the preamble Frame 
Synchronization Sequence (preceding the Channel Estimation Sequence) arrives at the local 
antenna. 

The PHY transfers the HEADER_ERROR octet across the MAC-PHY Interface no later than 
RxDataDelay after the end of the PLCP header at the local antenna. 

End of frame timing is provided by de-assertion of PHY_ACTIVE a PHY-dependent, but fixed, 
delay, PHYActiveDelay, after the end of the last symbol is received at the local antenna. 
PHYActiveDelay compensates for the processing delay inherent in the PHY receive processing 
path. The PHY transfers the last octet of the frame across the MAC-PHY Interface no later than 
RxEOFDelay after de-asserting PHY_ACTIVE. 

 

Figure 15 – PHYActiveDelay Timing 

As defined in Figure 15, PHYActiveDelay may overlap with the start of the preamble of the next 
receive frame but must permit PHY_ACTIVE to be de-asserted before the end of the Frame 
Synchronization sequence to permit acquisition of the incoming frame to be signalled. It is the 
responsibility of the PHY vendor to specify the value of PHYActiveDelay such that this condition 
can be met for a zero length frame. 

Precise end of frame timing can also be calculated from the known precise start of frame timing, 
preamble, PHY Header and MAC Frame Data structures, data rates and symbol encoding. 
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11.5 Transceiver Turnaround Times 
11.5.1 RX-TX Turnaround Time 

 

Figure 16 – Rx-Tx Turnaround Time 

The minimum interval between RX_EN de-assertion and TX_EN assertion shall be a fixed, PHY 
specific value, Rx2TxDwellTime. The following inequality shall be respected: 

PHYActiveDelay + RxEOFDelay + Rx2TxDwellTime + TxDelay < SIFS 

11.5.2 TX-RX Turnaround Time 

RX_EN

PHY_ACTIVE

MAC-PHY I/F

Frame PayloadRADIO

SIFS

TxEOF
Delay

TX_EN

Std Preamble Header

SyncDelay

Frame Payload

RxData
Delay
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Figure 17 – Tx-Rx Turnaround Time 

The minimum interval between PHY_ACTIVE de-assertion (in TRANSMIT State) and RX_EN 
assertion shall be a fixed, PHY specific value, Tx2RxDwellTime. The following inequality shall 
be respected: 

Tx2RxDwellTime + RxDelay < SIFS 

11.6 PREAMBLE CONTROL 
11.6.1 Single Frame Transmission and Reception 

In each single frame transmission the Standard Preamble shall be used. 

BM shall be set to ZERO for single frame transmission. 

PT shall be set to ZERO for single frame transmission. 

In single frame reception, the preamble to be acquired by the receiver is defined by register 
RXPT which must be set, respecting the receive setup and hold times defined in 9.7.2, to 
indicate the Standard Preamble. 

11.6.2 Burst Mode Transmission 
A burst is defined as a MIFS separated sequence of frames (see 11.7.3). In burst transmission, 
the PHY ensures the accurate MIFS timing between frames. The preamble to be transmitted 
with each frame is defined by the rules summarized below: 

• BM shall be set to ONE for Burst Mode frame transmission. 
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11.6.2.1 Data Rates of 200 Mbps or Lower 
For DATA RATES of 200 Mbps or lower, all frames in the burst shall use the Standard 
Preamble. 

• PT shall be set to ZERO for data rates of 200 Mbps or lower. 

11.6.2.2 Data Rates above 200 Mbps 
For DATA RATES above 200 Mbps, the first frame in the burst shall use the Standard 
Preamble. The second and subsequent frames of the burst may use the Burst Preamble or 
the Standard Preamble. 

 

 

Figure 18 – Burst transmission preamble control 

As defined in Figure 18 a burst transmission begins with a frame (m) carrying BM = ONE in 
the PLCP Header, normally preceded by a frame (m-1) with BM = ZERO and PT = ZERO. 

The 1st frame in the burst (frame m) is transmitted with the Standard Preamble. 

The 2nd and subsequent frames (m+1,…, n) of the burst are transmitted with a preamble type 
defined by PT in the preceding (m,…, n-1) frame PLCP Header. 

The last frame (n) in the burst is transmitted with BM = ZERO and PT = ZERO. 

11.6.3 Burst Mode Reception 
In burst mode reception the MAC maintains RX_EN asserted between frames within the burst. 

During burst mode reception, processing of PT when BM = ONE is performed automatically by 
the PHY when register PTON is set to ONE. 

The MAC is responsible for all receive preamble control via register RXPT when register PTON 
is set to ZERO. 

A burst mode reception is terminated following reception of a frame with BM = ZERO or 
immediately after RX_EN is de-asserted. 

11.7 Transmit Operation 
There are two transmit operations – Single Frame transmit and Burst Mode transmit. 

In single frame transmission, a single frame is transferred from the MAC to the PHY and on-air 
timing is controlled by the state of TX_EN and the PHY transmission of symbols at the local 
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antenna. There is no specific operation following completion of the single frame transmission. The 
next operation could be another transmit, a receive or a transition to STANDBY. 

In Burst Mode Transmit there is an explicit relationship between each frame in a sequence of 
frames. On-air timing is controlled by TX_EN for the start of the first frame only. Subsequent 
frame timing is maintained by the PHY during the burst. 

11.7.1 Data Bus Ownership 
The DATA[7:0] bus is driven by the MAC in TRANSMIT state. The MAC takes control of 
DATA[7:0] three clocks following TX_EN assertion. The MAC relinquishes control two clocks 
after TX_EN de-assertion regardless of the PHY requesting data by asserting DATA_EN. 

11.7.2 Single Frame Transmission Control 
The MAC has complete control over the single frame transmission operation. For each frame 
transmitted, the MAC sets the PLCP Header parameters listed in Table 13 in the Tx Frame 
format as defined in Figure 7. 

The MAC also sets the Transmit control registers listed in Table 14 respecting the setup and 
hold times defined in Figure 5. 

Table 13 – Single Frame Transmit  Parameters 

Parameter Value Comment 

SCRAMBLER |(S1..S2) + 1|4 S1 & S2 are treated as a 2-bit unsigned integer and incremented 
for each frame sent from the MAC to the PHY. 

BM ZERO Burst Mode is always ZERO for single frame transmissions. 

PT ZERO Preamble Type is always ZERO for single frame transmission. 

TX_TFC T1..T4 TFC code used to transmit the frame. 

BG_LSB BG lsb Least-significant bit of Band Group. 

RATE 00000 
…. 
00111 

Encoding of data rate for the MAC Frame Payload part of the 
frame. Value shall be set to 00000 if LENGTH is zero. 

LENGTH 0…4 095 Number of Octets in MAC Frame Payload part of Frame. 
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Table 14 – Transmit  Control  Registers for  Single Frame Transmit  

Register Value Comment 

TXCHAN See 11.2 of ECMA-368 Channel on which to perform the transmit 
operation. 

TXCTL-TXPT ZERO The preamble is always the Standard Preamble in 
single frame transmissions. 

TXCTL-TXANT 0.. SupportedDiversity[5:4] Identifies the transmit antenna. 

TXCTL-TXPWR 0..NumTxPwrLevels-1 Transmit power level index. 

CONTROL-
RNGEN 

ZERO 

ONE 

If RangingSupported = ZERO, RNGEN is set to 
ZERO 

If RangingSupported = ONE 

 RNGEN is set to ZERO to disable  
 RANGINGTIMER setting 

 RNGEN is set to ONE to enable  
 RANGINGTIMER setting. 

 

Figure 19 illustrates the transmission of a single frame, starting from READY state. The MAC 
starts the transmission by asserting TX_EN while keeping RX_EN low. When the PHY detects 
the rising edge of TX_EN it transitions to TRANSMIT state, turns on the radio transmit path and 
begins to transmit the preamble defined by TXPT using its antenna defined by TXANT on the 
channel defined by TXCHAN.  

The timing of TX_EN assertion should be TxDelay ahead of nominal frame timing at the local 
antenna to compensate for PHY transmit processing delay. 

In TRANSMIT State the PHY has full control over data flow. Data is requested from the MAC by 
asserting DATA_EN at the rising edge of PCLK. The MAC must drive DATA[7:0] 2 clock cycles 
later. 

  

Figure 19 – Single Frame Transmit Timing 

The PHY performs the following operations: 

• Asserts PHY_ACTIVE at the rising edge of PCLK following the transmission of the leading 
edge of the first symbol of the preamble at the local antenna. 

• If RNGEN = ONE sets Dynamic Register RANGINGTIMER at the Ranging Reference Signal 
(defined in 14.2 of ECMA-368 as the first sample of the first Channel Estimation Sequence 
of the preamble) according to the precision defined by the RangingSupported static 
parameter (see Table 7). 
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• Requests Header and Payload data (as appropriate) from the MAC by asserting DATA_EN 
while respecting TxDataDelay. 

The MAC performs the following operations: 

• Transfers one octet of header or payload data (as appropriate) for each request from the 
PHY via a rising edge of DATA_EN. 

• Completes the transmit operation by de-asserting TX_EN at the rising edge of the PCLK 
cycle after the last octet of the frame FCS (or MAC Header if LENGTH is zero) has been 
transferred to the PHY. 

The PHY completes the single frame transmit operation by: 

• De-asserting PHY_ACTIVE at the rising edge of PCLK following the transmission of the 
trailing edge of the last symbol from the local antenna. 

• Transitioning back to READY state. 

This procedure is repeated for each transmitted frame. The MAC is responsible for calculating 
the start of frame timing in all cases. 

A frame transmission can be aborted by the MAC at any time by de-asserting TX_EN before the 
last octet of the FCS (or MAC Header if LENGTH is zero) has been transferred to the PHY (see 
11.9). 

11.7.3 Burst Mode Transmission Control  
A burst is a sequence of MIFS separated frames transmitted from the same source. In burst 
mode transmission, the MAC has control over the timing of the first frame in the sequence of 
burst mode frames. The first frame is transmitted in exactly the same manner as a single frame 
transmission, as described in 11.7.2 except for the PLCP Header parameters listed in Table 15. 

Table 15 – Unique Burst  Mode PLCP Header Parameters 

Parameter Value Comment 

BM ONE 
Burst Mode must be set to ONE in the first frame of the burst 
mode sequence. 

PT 
ZERO 

ONE 

PT = 0 if the next frame will be sent using the Standard Preamble. 

PT = ONE if the next frame will be sent using the Burst Preamble. 

LENGTH 1…4 095 Number of Octets in MAC Frame Payload part of Frame. 

 

Timing for the transmission of subsequent frames in the burst is maintained by the PHY 
provided that TX_EN is re-asserted within the window defined in Figure 20. The minimum 
duration TX_EN shall remain de-asserted before re-assertion is three PCLK cycles. 

 

Figure 20 – Burst Mode Transmission 



 

- 35 - 

If the MAC re-asserts TX_EN in this window, the PHY assures the start of the first symbol of the 
preamble of the next frame is presented at the local antenna exactly MIFS after the end of the 
last symbol of the previous frame. The MIFS interval is defined to be an exact number of 
symbols to enable the receiver to maintain synchronization from the Burst Preamble. 

In burst transmission, the value of PT overrides TXPT in determination of which preamble the 
PHY transmits ahead of each PLCP header and MAC frame body (if present). 

Each subsequent frame in the burst mode sequence is transmitted as in the single frame case 
except for the PLCP Header parameters in Table 15 and the assurance of the MIFS interval 
provided TX_EN is re-asserted within the window defined in Figure 20, until the last frame in the 
sequence which differs in the PLCP parameters define in Table 16. 

Table 16 – Unique Final  Frame PLCP Parameters 

Parameter Value Comment 

BM ZERO 
Burst Mode must be set to ZERO in the last frame of the burst 
mode sequence. 

PT ZERO 
PT must be set to ZERO in the last frame of the burst mode 
sequence. 

RATE 00000 … 00111 
Encoding of data rate for the MAC Frame Payload part of the 
frame. Value shall be set to 00000 if LENGTH is zero. 

LENGTH 0 … 4 095 
Number of Octets in MAC Frame Payload part of Frame. Note 
the special case of a frame with LENGTH of zero is permitted 
since the MIFS interval will not be used following this frame. 

 

11.7.4 Burst Mode Transmit Error Recovery 
If TX_EN is re-asserted: 

• later than TxDelay before MIFS, but earlier than MIFS, after the end of the previous frame, 
the behaviour of the PHY is undefined; 

• later than MIFS after the end of the previous frame, the PHY shall abort burst mode 
transmission and return to normal transmission. The next assertion of TX_EN will be treated 
as a single frame transmission or the first frame of a new burst mode transmission. 

11.8 Receive Operation 
11.8.1 Data Bus Ownership 

The DATA[7:0] bus is driven by the PHY in RECEIVE state. Valid data is indicated by DATA_EN 
being asserted at the rising edge of PCLK. 

11.8.2 Single Frame Reception Control  
The MAC controls frame reception operations via the RX_EN control signal. For each frame 
received, the MAC sets the Receive control registers listed in Table 17, respecting the setup 
and hold times defined in Figure 6. The PHY reports the received PLCP Header parameters in 
the receive frame format as described in Figure 7. 
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Table 17 – Receive Control  Registers for  Single Frame Receive 

Register Value Comment 

RXCHAN See 11.2 of ECMA-368 Channel on which to perform the receive operation. 

RXCTL-RXPT ZERO RXPT is set to ZERO if the PHY should seek to acquire 
a Standard Preamble. Single frames are always 
transmitted using the Standard Preamble. 

RXCTL-RXANT 0.. SupportedDiversity[1:0] Identifies the receive antenna. 

RXCTL-PTON ZERO 

ONE 

PTON is ignored for single frame reception. 

CONTROL-
RNGEN 

ZERO 

ONE 

If RangingSupported = ZERO, RNGEN is set to ZERO. 

If RangingSupported = ONE 

 RNGEN is set to ZERO to disable  
 RANGINGTIMER setting 

 RNGEN is set to ONE to enable  
 RANGINGTIMER setting. 

 

The reception of a single frame is depicted in Figure 21, starting from the READY state. The 
MAC commands the PHY into RECEIVE state by asserting RX_EN while keeping TX_EN de-
asserted. 

When the PHY detects the rising edge of RX_EN, it transitions to RECEIVE state, turns on the 
radio receive path, waits RxDelay and then starts a preamble acquisition as defined by RXPT 
using its receive antenna defined in RXANT on the channel defined in RXCHAN. RxDelay is the 
turn-on time for the radio receive path. 

The PHY has full control over data flow during frame reception. 

TX_EN

PHY_ACTIVE

DATA[7:0]

DATA_EN

STATE

PCLK

RX_EN

READY RECEIVE

D0 D1 D2 D3 DnDn-1

READY
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at local antenna

PhyActiveDelay

XX XX XX

DATA[7:0]
Driven by PHY

End of Frame
at local antenna

SyncDelay

 

Figure 21 – Single Frame Receive Timing Diagram 

The PHY performs the following operations: 

• The PHY will seek to acquire the specified preamble on the specified antenna and channel 
RxDelay after the assertion of RX_EN. 

• Preamble acquisition is signalled by the PHY asserting PHY_ACTIVE, as indicated in Figure 
21. The delay between the end of the last symbol of the Frame Synchronization Sequence 
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of the preamble (before the Channel Estimation Sequence) in the antenna and the raising 
edge of PHY_ACTIVE is a PHY-dependent, but fixed, delay SyncDelay. 

• If RNGEN = ONE sets Dynamic Register RANGINGTIMER at the Ranging Reference Signal 
(defined in 14.2 of ECMA-368) according to the precision defined by the RangingSupported 
static parameter (see Table 7). 

• The PHY decodes the received symbols and transfers the PLCP Header to the MAC by the 
assertion of DATA_EN. At each PCLK rising edge with DATA_EN asserted the MAC reads 
one octet of data into the RX Frame. 

• The PHY interprets the PLCP header parameters and computes the header checksum and 
compares it with the HCS field in the received PLCP header. The PHY reports the status of 
the header in HEADER_ERROR as defined in Figure 7. 

The MAC performs the following operations on the RX Frame fields: 

• Interprets the HEADER_ERROR parameter. If any bit in HEADER_ERROR is set, the MAC 
should perform frame recovery by de-asserting and re-asserting RX_EN not less than 3 
PCLK cycles later 

o If header checksum verification failed, the receive operation is terminated according to 
11.11.2.1. 

o If the PLCP header payload RATE is not supported, the PHY terminates the receive 
operation according to 11.11.2.2. 

• Interprets RX Frame field LENGTH – the length in octets of the MAC Frame Payload. The 
MAC uses this parameter as needed to support the transfer of received data from the 
DATA[7:0] bus. 

The MAC continues the receive operation, if HEADER_ERROR reports no errors, transferring 
one octet of data for each rising edge of PCLK while DATA_EN is asserted. After LENGTH 
octets have been received the MAC transfers the 4 octets of the FCS and 3 octets of receive 
quality information into the receive frame and processes the remaining parameters: 

• RX Frame field FCS. The MAC computes the FCS according to its specified CRC algorithm 
and compares the result with the RX Frame FCS value to determine the validity of the MAC 
Frame Payload data. 

• RX Frame field RSSI – received signal strength indication. The MAC uses this value as 
required to support links with the transmitting device. 

• RX Frame field LQI – link quality indicator. The MAC uses this value as required to support 
links with the transmitting device. 

• RX Frame field RXERROR – receive error status. The MAC interprets any set bit in 
RXERROR as required to perform frame reception error handling. 

If the PHY detects an unrecoverable payload error, the receive operation shall be terminated 
according to 11.11.2.3. 

The PHY completes the receive operation by: 

• De-asserting PHY_ACTIVE at the rising edge of PCLK a PHY-dependent, but fixed, delay, 
PHYActiveDelay, after the trailing edge of the packet waveform at the local antenna. 

The MAC completes the receive operation by: 

• De-asserting RX_EN. The PHY remains in RECEIVE state until RX_EN is de-asserted by 
the MAC, at which point it transitions back to READY. 

A frame reception can be aborted before completion by de-asserting RX_EN as described in 
section 11.10. 
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11.8.3 Burst Mode Reception Control  
In Burst Mode reception the receiving MAC commands the PHY to perform continuous frame 
reception by maintaining RX_EN asserted following reception of a frame with BM set to ONE. 
Each frame received with BM = ONE is processed in a manner identical to single frame 
reception except for the de-assertion of RX_EN to complete the reception operation. The frame 
symbol timing is determined by the transmitter but the receiving PHY can exploit the PLCP 
header BM and PT fields to improve receive performance. 

There is one receive control register specific to burst mode as shown in Table 18. 

Table 18 – Unique Burst  Mode Receive Registers 

Parameter Value Comment 

RXCTL-PTON ZERO 

ONE 

When PTON = ZERO, the MAC must control all receive 
preamble acquisition via RXPT. 

When PTON = ONE, the PHY interprets the PT field in 
PLCP headers with BM = ONE. 

 

Following reception of a frame with BM =ONE, the PHY prepares to receive a new preamble 
exactly MIFS after the end of that frame using the preamble indicated by RXPT if PTON = 
ZERO, or the preamble indicated by PT if PTON = ONE. 

Figure 22 shows a sequence of burst mode received frames with MIFS separation. The timing 
of each frame is bracketed by the assertion and de-assertion of PHY_ACTIVE with SyncDelay 
and PhyActiveDelay as in the case of single frame reception.  

 

PHY_ACTIVE

MAC-PHY I/F Header Frame Data

Radio Medium Standard Preamble Header Frame Data

SyncDelay

Header Frame Data

Burst 
Preamble Header Frame Data

SyncDelayPhyActiveDelay PhyActiveDelay

MIFS
 

Figure 22 – Burst Mode Receive with MIFS 

As long as each received frame carries BM = ONE, the MAC maintains RX_EN asserted and 
the PHY will continue to perform acquisition and frame reception, each time using the preamble 
as defined by the previously received PT value or the RXPT value depending on the setting of 
PTON. 

The burst is terminated upon receipt of a frame with BM = ZERO after which the MAC de-
asserts RX_EN in an identical manner to that for single frame reception.  

11.8.4 Burst Mode Reception Error Recovery 
At any time within a burst, the MAC may recover from reception errors and terminate Burst 
Mode reception by de-asserting RX_EN. 
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11.8.5 Zero Length Frame Reception 
 

 

Figure 23 – Zero Length Frame Reception 

Figure 23 shows zero length frame reception and presentation of the associated receive 
parameter block (RSSI, LQI and RXERROR) following the HEADER_ERROR octet. 

The receive parameters do not necessarily follow immediately after the HEADER_ERROR octet 
as the PHY may exploit flow control via DATA_EN when delivering the receive parameter block. 

Note that DATA_EN is always used to qualify DATA[7:0] as the PHY retains full flow control 
during receive operation. 

11.9 MAC Transmit Abort 
 

 

Figure 24 – MAC Aborted Transmit 

Figure 24 shows the operation of the interface when the MAC de-asserts TX_EN before delivering 
the last octet of the FCS to the DATA[7:0] bus. 

Upon detecting de-assertion of TX_EN, the PHY shall immediately disable the path to the local 
antenna so that no further symbols are transmitted but may take the necessary time to flush the 
transmit logic before de-asserting PHY_ACTIVE at the rising edge of PCLK and returning to 
READY state. 

Note that it is assumed that immediate cessation of transmission at the local antenna is expected 
to require disabling the analog transmit path. The PHY will normally require additional time to 
reset the digital transmission path before being ready to resume normal operation. 
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11.10 MAC Receive Abort 

 

Figure 25 – MAC Aborted Receive Timing Diagram 

Figure 25 shows the operation of the interface when the MAC de-asserts RX_EN before the end of 
frame has been received at the local antenna. Normal RECEIVE operation requires that RX_EN 
be asserted until after the last octet of the receive parameter block (RXERROR) has been 
presented to the MAC at the DATA[7:0] bus and validated by DATA_EN. 

• The MAC may abort a receive operation at any time after asserting RX_EN by de-asserting 
RX_EN. 

If RX_EN is de-asserted at any time before this last octet transfer, irrespective of whether 
PHY_ACTIVE is asserted or de-asserted, the following abort operation occurs: 

• Within 66 PCLK clock cycles of detecting the de-assertion of RX_EN, the PHY shall abort the 
receive operation, shall stop transferring data to the MAC, shall present the receive parameter 
block which will be qualified by DATA_EN and shall de-assert PHY_ACTIVE (if asserted). 

• If 19 or more octets of data, including the PHY header, the MAC header and 
HEADER_ERROR have been delivered by the PHY, the MAC shall consider the last three 
octets delivered by the PHY within these 66 PCLK clock cycles to be the receive parameter 
block. 

• Otherwise, all data delivered by the PHY for the aborted receive operation is undefined. 

The order in which PHY_ACTIVE is de-asserted and the receive parameter block is presented is 
not specified but must complete within 66 PCLK cycles after de-assertion of RX_EN. 

A special case should be noted for Burst Mode. If the acquisition of the next frame is signalled by 
the assertion of PHY_ACTIVE before the completion of delivery of the data and receive quality 
block of the preceding frame, de-assertion of RX_EN will abort both the delivery of the preceding 
frame and the incoming frame. 

11.11 Error Conditions 
11.11.1 Transmit Error Condit ions 

There are no defined error conditions that occur during transmit operations. 

11.11.2 Receive Error Condit ions 
11.11.2.1 Header Checksum Error 

The PHY computes the header checksum (HCS) for the received PHY Header and compares 
it with the value in the header HCS field. If this check fails, the contents of the header cannot 
be trusted – including the critical LENGTH parameter that defines the extent of the MAC 
Frame Payload field. 
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In this case, the PHY sets the HEADER_ERROR bits in the receive frame data structure. The 
PHY then behaves as if a zero length frame had been received. 

Even though the header checksum fails to validate the header, the Rx Frame will contain the 
following: 

• The PLCP header including the RATE and LENGTH 

• The MAC header 

• The HEADER_ERROR bits 

• RSSI 

• LQI 

• RXERROR 

The PHY shall de-assert PHY_ACTIVE at a suitable interval after detection of the header 
checksum failure. In this HCS error case, end of frame timing derived from the de-assertion 
of PHY_ACTIVE is not valid. HEADER CHECKSUM ERROR is set in both HEADER_ERROR 
and RXERROR fields. 

If the MAC maintains RX_EN asserted following the indication of HCS error, the PHY will 
continue to seek to acquire a frame using the same preamble type used in the frame whose 
header checksum failed. 

If the Preamble type needs to be re-set (e.g. after failure to acquire a Burst Preamble, the 
MAC may set the preamble to Standard Preamble) the MAC should de-assert RX_EN, set 
RXPT to the appropriate value and re-start the PHY’s acquisition operation by re-asserting 
RX_EN. It is the MAC’s responsibility to determine the timing of re-acquisition following a lost 
frame, including loss of an intermediate frame in a burst. 

11.11.2.2 Unsupported Data Rate 
If the data values in the PHY and MAC Header are validated by the HCS but one or more of 
the parameters is set to an unsupported value (e.g. Data Rate), the PHY sets the 
HEADER_ERROR bits in the receive frame data structure and performs a zero length frame 
receive operation as described in 11.8.5. 

The PHY shall de-assert PHY_ACTIVE at a suitable interval after detection of the 
unsupported data rate. The corresponding error bits are set in both the HEADER_ERROR 
and RXERROR fields. 

11.11.2.3 Unrecoverable Detected Payload Error 
 

 

Figure 26 – Unrecoverable Payload Error Handling 
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Figure 26 shows how an incoming frame aborted by the PHY is signalled after the PHY 
detects an unrecoverable error while receiving the frame body. 

In this case, the PHY can use the content of the PLCP header which has been received with 
a good HCS. The PHY uses the LENGTH field to determine how many octets of the frame 
body remain to be transferred to the MAC via the DATA[7:0] bus. 

The PHY pads this many undefined value octets at DATA[7:0], qualified by DATA_EN to 
complete the receive frame operation. PHY_ACTIVE is de-asserted at the nominal end of 
frame at the local antenna that the PHY computes from LENGTH plus PHYActiveDelay (see 
Figure 26). The receive quality block is transferred as for a normally completed receive 
operation. 

The PHY sets the PAYLOAD_ERROR bit in RXERROR to signal the aborted receive. In 
addition, the undefined value pad octets will in general cause the MAC FCS check to fail. 

11.11.2.4 WRONG CHANNEL 
If the data values in the PHY and MAC Header are validated by the HCS but the PLCP 
Header TxTFC and Band Group LSB bits indicate the frame is transmitted on a different 
channel to that identified in the RXCHAN register, the PHY sets the WRONG_CHANNEL 
HEADER_ERROR bit in the receive frame data structure and performs a normal length frame 
receive operation as described in 11.8. 

The receiving MAC should interpret the HEADER_ERROR bits and act in a manner 
appropriate for the MAC implementation. Such actions may be dependent on the value of the 
PHY_VERSION static parameter (see B.2) and may include normal reception of the frame or 
Rx Abort (as defined in 11.10). 

The WRONG_CHANNEL bit is set in both the HEADER_ERROR and RXERROR fields of the 
receive data structure. 

 

11.12 Clear Channel Assessment 
The CCA Interface is used for Clear Channel Assessment status indication. It consists of the 
CCA_STATUS signal and the following dynamic registers: 

Table 19 – CCA Dynamic Registers 

Addr. Register Bit Field R/W Description Init. 

00(h) CONTROL 3 CCRE R/W The MAC controls CCA estimation by 
the PHY by writing to CCRE. 

ZERO  Stop CCA Estimation 

ONE  Start CCA Estimation 

ZERO 

 

Other Dynamic Registers may be provided in the Vendor Specific Register area for enhanced 
control of the CCA operation since measurement intervals and detection thresholds are highly 
dependent on the design of the estimation circuit. 
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11.12.1 CCA Interface Signals 
 

 

Figure 27 – CCA Interface Signals 

Table 20 – CCA Inter face Signals 

Signal name Width Direction Function 

CCA_STATUS 1 PHY-MAC CCA status.  

ZERO indicates that the wireless medium is idle. 

ONE indicates that the medium is busy.  

 

11.12.2 Operation of the CCA Interface 
The MAC writes a ONE to the CCRE field of the CONTROL register, using the Management 
Interface, to initiate a CCA measurement. 

CCA_STATUS will be driven after PHY specific but constant interval CCAValidTime according 
to the implementation dependent CCA estimation algorithm, and will be valid as long as the 
PHY is not in TRANSMIT, STANDBY or SLEEP state. Estimation will continue as long as CCRE 
is set to ONE. 

The MAC writes a ZERO to CCRE, using the Management Interface, when CCA estimation is 
no longer required. 

All other CCA operations will depend on vendor specific register settings. 

 

Figure 28 – CCA Operating Timing Diagram 
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11.13 Management Interface 
11.13.1 Management Interface Signals 

 

 

Figure 29 – Management Interface Signals 

Table 21 – Management Inter face Signal  Def in i t ions 

Signal Direction Description 

SERIAL_DATA MAC to PHY For write operations, the MAC drives register address 
and register data to the PHY 

PHY to MAC For read operation, the MAC drives register address to 
the PHY. The PHY drives register data to the MAC 

The MAC shall ensure that the SERIAL_DATA signal is driven to the ZERO level except 
during READ or WRITE operations. 

 

11.13.2 Operation of the Management Interface 
11.13.2.1 Read Operation 

 

 

Figure 30 – Serial Read Operation 

For a serial read operation, the MAC drives the first part of the transaction, which includes 
the PHY register address. The PHY drives the second part of the transaction, which includes 
the requested data. Regardless of whether the MAC or PHY drives the Management 
Interface, every bit driven on the SERIAL_DATA line is always synchronized with PCLK.  

The MAC will drive a ONE as the first bit on the SERIAL_DATA pin. The second bit is a ONE, 
which indicates a read operation. The MAC drives the next 8 bits, which are the PHY register 
address. This allows the MAC to address up to 256 PHY configuration registers. After the 8-
bit address, the MAC drives a ZERO bit to place the SERIAL_DATA line in a known state. 

The PHY drives ZERO to the SERIAL_DATA line for a period from 0 to 31 PCLK cycles 
beginning on the second PCLK after the MAC stops driving the interface. 

The PHY drives a ONE bit to indicate start of data followed by 8 data bits. The transaction is 
completed by driving a terminating ZERO bit to place the SERIAL_DATA line in a known state 
before releasing the line to be driven by the MAC. 
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Figure 31 – Fastest Read Response 

Figure 31 shows the timing for the fastest PHY response to a read operation. 
NOTE 
The SERIAL_DATA pin should remain at ZERO when the MAC is no longer driving the signal. 

The MAC will resume control of the SERIAL_DATA pin.  

11.13.2.2 Write Operation 
 

  

Figure 32 – Serial Write Operation 

For a serial write operation, the MAC drives the entire transaction. Each bit the MAC drives 
on the SERIAL_DATA pin is synchronized with PCLK.  

The MAC will drive a ONE as the first bit on the SERIAL_DATA pin. The second bit is a 
ZERO, which indicates a write operation. The next 8 bits are the PHY address location. This 
allows the MAC to address up to 256 octets of PHY configuration registers. The next 8 bits 
are the data to be written to the addressed PHY register. At the end of 8 bits of data, the 
MAC will drive a terminating ZERO. Once the transaction is complete the MAC stops driving 
the management interface. 
NOTE 
The SERIAL_DATA pin should remain at ZERO when the MAC is no longer driving the signal. 

The SERIAL_DATA pin will continue to be controlled by the MAC.  

 

  

Figure 33 – Read Operation Followed By Write Operation 
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Figure 33 shows the fastest timing for a read operation followed immediately by a write 
operation. 

11.13.3 Examples 
11.13.3.1 Read Operation Example 

The MAC wants to read the PHYID (addresses 0x20h and 0x21h). PHYID is 1B86 hex stored 
in big-endian representation. In this example it takes the PHY four clock cycles to have the 
data available. 

 

  

Figure 34 – Serial Read Example, Address 20hex 

 

Figure 35 – Serial Read Example, Address 21hex 

 

11.13.3.2 Write Operation Example 
MAC wants to put PHY into READY state by setting PMMODE=0. (PMMODE address is 06, 
READY State is value 0.) 

  

Figure 36 – Serial Write Example Address 06 hex 
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Annex A 
(informative) 

 
Electrical Specifications 

A.1 I/O DC Requirements 
To improve interoperability between MACs and PHYs from different vendors, the following 
parameters are recommended for 3,3V, 1,8V, and 1,2V operation. The ambient temperature range is 
from 00C to 700C. 

A.1.1 3,3V DC Specification 
Table A.1 gives the Operating Range under nominal parameter values: 

Table A.1 – 3,3V Funct ional  Operat ing Range 

 Parameter Description Conditions Min Max Units Notes 

 VCC Supply Voltage  3,0 3,6 V  

Input 

VIH Input high voltage  2 
Vcc+0,
5 V 1 

VIL Input low voltage  -0,3 0,8 V 1 

IIL Input leakage current 0 < Vin < Vcc -10 +10 uA 2, 3 

CIN Input pin capacitance   10 pF  

Output 
VOH Output high voltage Iout = -4mA 2,4  V 2 

VOL Output low voltage Iout = 4mA  0,4 V 2 

 

A.1.2 1,8V DC Specification 
Table A.2 gives the Operating Range under nominal parameter values: 

Table A.2 – 1,8V Funct ional  Operat ing Range 

 Parameter Description Conditions Min Max Units Notes 

 VCC Supply Voltage  1,65 1,95 V  

Input 

VIH Input high voltage  1,2 VCC+0,2 V 1 

VIL Input low voltage  -0,2 0,7 V 1 

IIL Input leakage current 0 < Vin < Vcc -600 +600 uA 2, 3 

CIN Input pin capacitance   2 pF  

Output 
VOH Output high voltage Iout = -8mA 0,8* VCC VCC V 2 

VOL Output low voltage Iout = 8mA 0 0,2* VCC V 2 
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A.1.3 1,2V DC Specification 
Table A.3 gives the Operating Range under nominal parameter values: 

Table A.3 – 1,2V Funct ional  Operat ing Range 

 Parameter Description Conditions Min Max Units Notes 

 VCC Supply Voltage  1,1 1,3 V  

Input 

VIH Input high voltage  0,8 
VCC 
+0,2 V 1 

VIL Input low voltage  -0,2 0,4 V 1 

IIL Input leakage current 0 < Vin < Vcc -120 +120 uA 2, 3 

CIN Input pin capacitance   2 pF  

Output 
VOH Output high voltage Iout = -4mA 0,7* VCC VCC V 2 

VOL Output low voltage Iout = 4mA 0 0,3* VCC V 2 

 
NOTE 1 
This is a DC specification. During transitions the inputs may experience overshoot beyond VIH(max) and 
undershoot below VIL(min). 

NOTE 2 
Positive current is defined into the pin. 

NOTE 3 
Input leakage currents include Hi-Z outputs leakage for bi-directional buffers with tri-state outputs. 

A.2 MAC and PHY Timing Specifications 

A.2.1 PHY Signal Timing 
The following timing for synchronous signals at the PHY is recommended: 

 

 

PHY  Output 
into Test Load

PCLK at PHY 
into Test Load

tCLKP

Signal may 
change any time 
in these windowsInput at the 

PHY pin Stable

Stable

tVB tVA

tSU tH = 0

 

Figure A.1 – PHY Signal Timing Diagram 

Figure A.1 shows the signal timing for the PHY. Both input and output timing is specified with 
respect to the rising edge of PCLK driven into the specified test load of 10pF crossing Vmeas = 
1,4V. 

Output timing is specified with the PHY pins driven into the specified test load of 10pF, and is 
measured at Vmeas = 1,4V. 

Input timing is specified at the PHY pin to VIL(max) for a logic ZERO and VIH(min) for logic ONE. 
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All transitions, except those on !PHY_RESET and STOPC, are synchronous with the rising edge 
of PCLK. 

Table A.4 defines the values for the PHY signal timing requirements. 

Table A.4 – PHY Signal  Timing Values 

Value Description Max Min 

tCLKP PHY Clock Period - 15n
s 

tVB Time PHY output data is valid before the rising edge of 
PCLK 

- 9ns 

tVA Time PHY output data is valid after the rising edge of PCLK - 1ns 

tSU Setup time, to rising edge of PCLK - 5ns 

tH Hold time, from rising edge of PCLK - 0ns 

 

A.2.2 MAC Signal Timing 
The following timing for synchronous signals at the MAC is recommended: 

 

Figure A.2 – MAC Signal Timing Diagram 

Figure A.2 shows the signal timing for the MAC. Both input and output timing is specified with 
respect to rising edge of PCLK at the MAC pin crossing Vmeas = 1,4V. 

Output timing is specified with the MAC pin driven into the specified test load of 10pF, and is 
measured at Vmeas = 1,4V. 

Input timing is specified at the MAC pin to VIL(max) for a logic ZERO and VIH(min) for logic ONE. 

All transitions, except those on !PHY_RESET and STOPC, are synchronous with the rising edge 
of PCLK. 

Table A.5 defines the values for the MAC signal timing requirements. 
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Table A.5 – MAC Signal  Timing Values 

Value Description Max Min 

tCLKP PHY Clock Period - 15ns 

tOP Time MAC output data is valid from the rising edge of 
PCLK 

6ns 1ns 

tSU Setup time, to rising edge of PCLK - 5ns 

tH Hold time, from rising edge of PCLK - 0ns 
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Annex B 
(informative) 

 
PHY Vendor and Version Coding 

 

The static parameters defined in 9.3 include two PHY identification parameters – PHYID and PHYVersion. 
The format and coding of these two variables is defined below. Use the link at http://www.ecma-
international.org/publications/standards/Ecma-369.htm to view the Vendor ID Register. Implementors can 
request their own Vendor ID from the same URL. 

B.1 PHYID Format and Coding 
Figure B.1 shows the format of the PHYID parameter. 

 

Figure B.1 – PHYID Format 

The first octet of PHYID contains the Vendor ID. The second octet of PHYID contains a 5-bit product 
code followed by a 3-bit product version number. The coding of product number and version are 
vendor defined. 

B.2 PHY Version Format and Coding 
Figure B.2 shows the format of the PHYVersion parameter. 

 

 

Figure B.2 – PHYVersion Format 

The PHYVersion parameter contains a 4-bit major version number and a 4-bit minor version number 
and declares the edition of ECMA-368 to which the PHY implementation complies. The assigned 
values for the major and minor version numbers are listed in Table B.1. 

 

Table B.1 – Major and Minor Version Numbers for  PHYVersion 

Standard Major Version Number Standard Minor Version Number 

ECMA-368 1st Edition 0 0 

ECMA-368 2nd or later Editions 0 1 

 

 






