WiMedia MAC/PHY Interface

Brad Hosler
Intel Corporation



MACPHY Interface
\F

* Motivation

* Focused industry development
 Easier prototyping
 Discrete and macrocell implementations

- Key features

« MAC controls timing; Simple PHY model
» Synchronous Interface
* Minimum Number of Signal Lines

« Simple State Machine
« Sleep & Active States




Interfa"qe Signals
|

* Four Signal Groups

» Control Interface
- Data Interface

» CCA Interface
- Management Interface

PHY

Control Interface

PHY_RESET

TX_EN

RX_EN

PHY_ACTIVE

STOPC

Data Interface

PCLK

DATA_EN

DATA[7:0]

CCA Interface

CCA_STATUS
= >

Management Interface

SERIAL_DATA
- >

MAC




« PHY can be reset at any time and from
any state

« MAC asserts PHY RESET for PHY
specific duration

« PHY_ ACTIVE asserted by PHY
« PCLK may be off or undefined

« PHY de-asserts PHY ACTIVE to signal
stable PCLK and STANDBY state _

* MAC Checks RDY bit in CONTROL reg e

- _ TX_EN & RX_EN
PHY_RESET | N
- //J TRANSMIT) =<
// TX_EN & RX_EN
PHY_ACTIVE I— & PHY_ACTIVE
e [/, LT
/5/ /;/ H

PHY_RESET

o PMMode = SLEEP

SLEEP )

S
PMMode = STANDBY‘<

TX_EN & RX_EN

PMMode =
STANDBY

Note: PHY_ACTIVE is asserted by
the PHY while PHY_RESET is
asserted.

PHY_ACTIVE is de-asserted and
transition to STANDBY occurs when

PHY_RESET operations have
completed

TANDBY

£

PMMode = READY

Yy —

N TX_EN&RX_EN

READY ) < RECEIVE
TX_EN & RX_EN
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Exit Frc)m Slee
|

PCLK is off

. . - Note: PHY__ACTIVE is asser_ted by
- Wake action via TX_EN & RX_EN PHY_RESET ine PHY wile PHY_RESETIs

PHY_ACTIVE is de-asserted and

e PHY_ACTIVE asserted When in transition to STANDBY occurs when
STANDBY state completed
 MAC Handshake Completion by

< STANDBY

de-asserting TX_EN & RX_EN

TX_EN&RX_EN  F—

PMMode =
STANDBY PMMode = READY
PMMode =

[ T N O e I o

5 _ v -
TXEN _TX EN&RXEN >~ N\ TXEN&RX_EN_
RX_EN ”? TRANSMIT) ( RECEIVE
s s TX_EN & RX_EN TX_EN & RX_EN

PHY_ACTIVE
& PHY_ACTIVE

y
Y
m
>
w)
<
‘\_/

STATE SLEEP UNDEFINED STANDBY
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PHY Registers

)

» Dynamic Registers

» Used primarily by MAC to control PHY operation
* Must be implemented by PHY

» Static Registers
» Define static PHY parameters that PHY's must
specify

- May be implemented on PHY chip, or can be part
of datasheet




Dynamic Registe

| bit-7 bit-4 | bit-3 bit-0 |
1F(h) Reserved
]
I
OCI(h) Reserved
CRDEXxtension
. 0B(h) Reserved
Regulatory Extension
7~ 0A(h) RANGINGTIMER [31:24]
RANGINGTIMER
] . 09(h) RANGINGTIMER [23:16]
Ranglng Tlmer < RANGINGTIMER
08(h) RANGINGTIMER [15:8]
RANGINGTIMER
\_ 07(h) RANGINGTIMER [7:0]
PM
PHY S 06(h) Reserved PMMODE
tate RXCTL
. 05(h) Reserved RXANT PTON RXPT
Receive Control Lo
04(h) Reserved | RXCH
TXCTL
. 03(h) TXPWR TXANT R d TXPT
Transmit Control {
02(h) Reserved | TXCH
CRD
Reg u | ato ry 01(h) CRD | Reserved
CONTROL
ContrOI 00(h) Reserved | CCRE | RNGEN | Reserved RDY




Register Access

: I PHY reads Tx
) Control Registers
TxSetupTime during TxHoldTime
[ ]
* Transmit
ran I TX_EN 4
- e B L
MAC may write Tx IxHoldTime
Control Registers at any —» —
time except TxSetupTime
or TxHoldTime
RxHoldTime CPH[Y |r<-:'F\;ads. TX
v ontrol Registers
7
RX_EN
f —> - MAC writes Rx
. RxSetupTime Control Registers RS T
xSetupTime
* Receive v
AY
PHY_ACTIVE v
RxHoldTime
— —
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Frame/Format
|

* On transmit;

Octet 0
. Octet 1
* MAC responsible for Octet 2
. Octet 3
all fields oo
* On Receive:
Octet 15
« PHY passes what it st
received to MAC, Octet
_ LENGTH+15
along with status
bytes
PLCP Header
RATE LENGTH SCRAMBLER
(5 bits) (12 bits) (2 bits)
R R [rRTi RT2 RT3 RT4 RT5| LSB MSB|R R [SI S2|R R
o| 1| 2| 3] 4] 5| 6] 7| 8] of1o|11]12]13]14]15]1617]18]19 |20 |21 |22 |23 |24 |25

Tx Frame
B7 B6 B5 B4 B3 B2 B1 BO
RT5 RTADatSTRsate RT2 RT1 | R2 | R1 | RO Octet 0
MSB 15 Length[7:0] LSB 8 Octet 1
$2 | 81| R4 |R3[ME Langiniite 158 Octet 2
BG|T3|T2|T1|PT|BM|R6|R5 Octet 3
R14|R13|R12[R11|R10| R9 | R8 [ R7 Octet 4
MAC Header Octet 5
Octet 15
MAC Frame Payload Octet m
"os ] LS8 Octet
5 FCS[7:0] 0 LENGTH+16
MsB FCS[15:8] LsB
15 9
L8 FCS[23:16] L
Octet
M3513 FCS[31:24] '-ZSAB LENGTH+19
Octet
BURST BAND LENGTH+22
MODE GROUP LSB
2 bits 1bit
@) ppe (101 '
(3 bits) R: Reserved
BMPT|T1 T2 T3|B
2627]2829 3031 32|33|34|35|36|37|38| 39|

Rx Frame
B7 B6 B5 B4 B3 B2 B1

BO

RT5 RT4

DataRate
RT3 RT2 RT1 | R2 | R1 | RO

MSB 15

Length[7:0]

LSB 8

S2 | s

R4 | R3 ""1595 Length[11:8] Lfes

BG| T3

T2 [ T1|PT

BM

R6

R5

R14|R13

R12|R11(R10

R9

R8

R7

T

MAC Header

Not Used

|B4 B3

B2

HeaderError[4:0]

B1

MAC Frame Payload

MsB

FCS[7:0]

LsB

MsB

FCS[15:8]

LsB

LSB
23

FCS[23:16]

LSB

MsB
31

FCS[31:24]

LsB
24

RSSI[7:0]

LQI[7:0]

Not Used

B4 B3

B2

RxError[4:0]

B1

BO
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PLCP Header
\F

PLCP Header BURST BAND

MODE  GROUPLSB
2 bits Ibit
GOy ppe TP

RATE LENGTH SCRAMBLER

(5 bits) (12 bits) (2 bits) (3 bits) R: Reserved
R R R[rTi RT2 RT3 RT3 RT5| LSB MSB{R R [S1S2|R R [BMPT|[T1 T2 T3|B6|R R R R R R R R
o| 1] 2| 3| 4 5| 6] 7] 8| of10|11]12]13|14]15]16]17|18]19]20]21 [22]23 |24 |25 |26 |27 |28] 29 30|31 |32 |33 |34]35 |36 |37 |38 39

 For Tx and Rx

- Rate, Length, Scrambler bits, and Burst Mode bits
used by PHY

 Other fields are ignored (typically) and passed thru

. Tx_TFC and BG

* Ignored on Tx. For Rx, typically used by MAC to
validate packet was transmitted on Rx channel

« Some PHYs check this on Rx

10



Theory/of Operatl‘on
|

« TX_EN, RX_EN & PHY_ACTIVE encode all interface
semantics

* All signals are synchronous to rising edge of PCLK
« DATA[7:0] is qualified by DATA EN

« PHY_ACTIVE provides accurate on-air beginning of
frame and end of frame timing from PHY to MAC

« Tx and Rx offsets to compensate for PHY processing delays

* No ‘handshake’ between PHY and MAC to indicate when
status bytes are being passed

* MAC counts bytes to determine when the status bytes have arrived

11



Transmit Delayinternvals ==U/S|E |

« TxDelay: PHY specific fixed time from TX EN assertion to
beginning of preamble

» Gives MAC precise control of over-the-air timing

- TxDataDelay: PHY won'’t request data earlier than TxDataDelay
(4us) before end of preamble

+ Gives MAC more time to process previous frame

- PHY_ACTIVE: Provides explicit over-the-air frame timing info

TxDelay
> - _— MAC indicates end
TX_EN . of frame data
PHY indicates end
PHY_ACTIVE L of frame on air
TxDataDelay
MAC-PHY I/F > ~
Header }—{ MAC Frame Payload I
RADIO MEDIUM
Standard Preamble | Header MAC Frame Payload

STATE READY TRANSMIT READY

12



Single fFrame Ténsmit =S5}

|

- PHY uses Data_En to request data from MAC

« Two clock delay from Data_En assertion to data valid

 MAC deasserts TX_EN when last byte delivered to PHY

PCLK
(P—M) . .

TX_EN : E/
(M—P) : s
RX_EN 5 5
(M—P)

PHY_ACTIVE
(P—M)

: : d of Frame
: : at local anfenna

DATA[7:0] XX
(PEM)
DATA_EN
(P—M)

|

STATE READY R TRANSMIT READY

\ 4
A

A

>

N J N J N J
Y Y Y

DATA[7:0] DATA[7:0] DATA[7:0]
Driven by PHY Driven by MAC Driven by PHY

Note change in bus ownership

13
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Burst'Mode Tra}smit ==U/S|E |

|

« PHY owns MIFS timing between frames

« TX _EN re-assertion at least TxDelay before MIFS expires
* Must be deasserted at least 3 PCLK cycles

« BM bit in PLCP must be set

TX_EN de-asserted Window in which the

for atleast 3 PCLKs — ’/ " WAC can reassert TX_EN
TxDelay B |« ¥y

TX_EN (M—P)

» |« TxDelay

PHY_ACTIVE (P—M)

MAC-PHY I/F Header H MAC Frame Data Header MAC Frame Data
RADIO MEDIUM ;::;‘;abrl‘; Header | MAC Frame Data Burst Preamble | Header MAC Frame Data I

<« MIFS »

14
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Preamibl

i

* If in Burst Mode

« PT tells PHY what
preamble to use for
next frame

* Overrides TXPT in
register set

Burst Transmission

e If not in Burst Mode

« TXPT specified
preamble type

Next Burst or Single
Frame Transmission

Previous Burst or Single
Frame Transmission

e Control for Tiransmit

Frame (m-1) | BM=0 | PT=0 | |
o Frame (m) EEES |
| Frame (m+1) | BM=1 | P | |

| |

! !
| Frame (n-1) ERE |
| Frame (n) | BM=0 | PT=0 | |

Frame (n+1)

| XX | XX |

15



Receive Delay hervals =05,

|

* RxDelay: Time from when MAC asserts RX_EN until PHY is
ready to receive

 PHY_ACTIVE edges provide beginning and end of frame

timestamps
» SyncDelay: Time after sync point in preamble until Phy Active is
asserted
* PhyActiveDelay: Time from end of frame on air until Phy_Active is
deasserted
RxDelay PhyActiveDelay
> - > -
RX_EN (M—P)
PHY_ACTIVE  (P—M) .
Begin o
Acquisition End of Frame Synchronization Sequence
MAC-PHY I/F
Header MAC Frame Data
RADIO MEDIUM ‘
Standard Preamble |  Header MAC Frame Data
STATE STANDBY READY o - RECEIVE READY

SyncDelay

16



Sing| e”
|

« PHY uses Data_En to deliver data to MAC

- Data_En asserted and data valid at same clock edge

o LT

TX_EN

(M—P)

IE I
e

: // End of Frame 7[/\
End of Frame Sync Se : ; @ Io:cal ante:nna :

PHY_ACTIVE at local anterna SyereIayE [ : :
(P—M)  —— (A L T e
DATA7:0] - xx} pof piif x| b2} psi

(PEM) : : : : : : : : : : : :

DATA_EN

L A

STATE READY = RECEIVE P READY

iv lay

.
p———

A
A

N J
Y

DATA[7:0]
Driven by PHY

Frame Receive U SE )

17



Burst/Mode Receive
\E

« RX_EN maintained asserted during Burst

Mode Receive
- PLCP Header signals subsequent frame preamble

and burst continuation
 Usual start and end of frame timing via PHY_ACTIVE,

SyncDelay and PHYActiveDelay

SyncDelay PhyActiveDelay SyncDelay PhyActiveDelay
—» - - - — -— —» -
PHY_ACTIVE (P—M)
MAC-PHY I/F @—| Frame Data { @—| Frame Data Ii
Radio Medium 4| Long Preamble | Header | Frame Data >nort | Header | Frame Data
| | < |MIFS_,, |

18




54

/ /@

* Burst Mode

 Next frame arrives
exactly MIFs later

« PT identifies
preamble type on
next frame

- PTON

« Can disable PHY
processing of PT

« BM and PT not
really used by MAC

Previous Burst or Single
Frame Transmission

Burst Transmission

Next Burst or Single
Frame Transmission

Preamble Controlifor Rx

Frame (m-1) | BM=0 | PT=0 | |
o Frame (m) EEES |
| Frame (m+1) | BM=1 | P | |

| |

! !
| Frame (n-1) ERE |
| Frame (n) | BM=0 | PT=0 | |

Frame (n+1)

| XX | XX |

19



\

Zero Length Fra\me Rx e SE)

« PHYActiveDelay
allows accurate
end-of-frame-on-air
timing

* Frame status bytes
follow header status
byte on data lines

* Flow-controlled by
DATA_EN

« MAC knows to
expect them because
length was zero

SyncDelay—» - -«—PHYActiveDelay

PHY_ ACTIVE (P—M)

MAC-PHY I/F [ Header |

Radio Medium | Preamble | Header

PCLK (P—M) m
DATA_EN (P—M) I—
MAC-PHY I/F 4' Last bytes of Header | Hgf:gfr | RSSI | Lal | E'?:c()r li

20



PHY Aborted Rx
|

 This case is an
Unrecoverable Detected
Payload Error o e omepay

. PHY_ACTIVE (P—M)
- After detecting error, Featar |——{ Pl

"X.padded data

PHY tranSfe rS enough Radio Medium 4| Long Preamb‘le |He‘ader| Frame “@aj‘:‘:{ :I/Ianr _—
bytes (pad) to meet the )
header specified length.

(P—M)
PHY_ACTIVE |
(P—M)

e P H Y d e - a S S e rtS DATA_EN Can be flow controlled as needed by PHY

PHY_ACTIVE after pad e — 1 a3 B
bytes and then passes

status bytes to MAC

21



MAC/Aborted Rx\
A\

* This is the common case PHY responds by de-asserting
where MAC determines (from PHY ACTIVE
header data) that the packet is
not interesting for this device.
MAC de-asserts RX_EN

MAC assumes last three bytes
delivered (after 66 clocks) are
Rx status bytes

PCLK

TX_EN

; ; ; ; ; Ode ofe ven ts s otspecfed
RX_EN : : : : : \ after RX EN de assert ion. A

Datamayb pre / : : : i
|

//; —Y %

N NS N N ' I
DATA7:0] | Data: | Data; | XX | Data: [ Datal | DataX xDatax xx Lat: xR Er o)‘ XX
oaraen [ 1 \ é/ 5\ 5/ z \

RECEIVE State \\ \\ READY State

66 PCLK clock cycles

22
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Serial Register kccess @ '

- Bi-directional signal for register read/write
- Synchronous to PCLK -
- Start pulse ‘1’ ——

PHY MAC

- Then ‘“1’= read operation o SERIALDATA
* 8-bit address

* Release signal to PHY
- 8-bit data

| READ OPERATION |
= g
ttttt Time it takes PHY to have data ready
_>| |<_ _>| (0 - 31 PCLK) |<_

IS arliest begin:
of Access oo om0 o of Access of next operati
J N\ J N J
Y Y
DrivenbyMAC . Driven by PHY

23



Register AGGeESS

» Write Operation
- Start pulse ‘1’
* Then ‘0" = write
- 8-bit address / 8-bit data
* No change of signal drive

/

Serial

L WRITE OPERATION X

= g

tCLKP
N N N N _>| |<_ N N N N N N N N N N N N N N N N
PCLK

SERIAL_DATA 0/ 1\ ol( A7§X AGEX AS%X A4§X A3§X A2§X A1§X AOEX D7§X DGEX Dséx D4§X D3§X D2§X D1§X DO%)\ o

I : A : Y : |
: : : : Y : : : : : : : Y : : : : : \r/
: : : : : : : : : : : : Earliest beginning

. of next operation
N\ J

S SYNC: R/W - : : © Address - : : : : : : Data

24



Standardized C;mector @ '

|

- Standard connector defined for easy prototyping and
debug

« 2x20 IDE-style connector
 Implemented by many MAC and PHY vendors

« Spec location: www.intel.com/go/wusb
« Look in ‘Whitepapers’ section

25
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Read Example

’/-O

« Address Ox20 DataOx 1B

Dri

vvvvv

— towe -~ ™ tens -
UL UL L M
- - N~ - ~ e
0 0 1 0 0 0 0 0 0 0 0 0 1 0
e )
Vo .
»

 Address 0x21 Data 0x86

PCLK

Serial_Data 0

tCHB
rL'—umngmmmlmmm_lf—me—L

Driven by

Driven by

29
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Write/ Example
\

- Set PMMODE to READY
address 0x06. data 0x00

pok [ [ 1 L L L L L mmrLT—umm

0 6
Serial_ Data 0 1 0 0 0 0 0 0 1 1 0 0 0 0 0 0 1 0 0
Y
RIW Data m
N J

Y

Driven b
MAC

30



/O D(}/{Specificatrons

Y

\

« 3.3V signaling levels for good interoperability

« Should not require new buffer designs

JM

Parameter | Description Conditions Min Max Units
Vee Supply Voltage 3 3.6 V
ViH Input high voltage 2 Vce+0.5 V
Vi Input low voltage -0.3 0.8 V
Input n Input leakage current 0 <Vin<Vcc -10 10 UuA
CiN Input pin capacitance 10 pF
Von Output high voltage lout = -4mA 2.4 V
Output .
VoL Output low voltage lout = 4mA 04 V

31
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Slgnalﬂ'lmlng at

|

teike
PCLK at PHY
into Test Load
) tVB
PHY Output '
into Test Load Stable
10pF Signal may
change any time tsu
Input at the M hese wind
PHY pin Stable

Value | Description Max | Min
toikp PHY Clock Period - 15ns
tvs 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
ty Hold time, from rising edge of PCLK - Ons

32



Slgnal/l'lmlng at
|

teike .
PCLK at
MAC pin
1:OP(max)
MAC Output — —
into Test Load_ S Stable
Signal may
change any time tsu

in these windows

Input at the
MAC pin

XK

N - N
Stable RO

Value | Description Max | Min
toikp 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
ty Hold time, from rising edge of PCLK - Ons

33
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VIAC to PHY Settp @ Hold =5

Ideal MAC to PHY Setup Margin

Tclk = 15.0 ns
- Tco(max) = -6.0ns
- Tsu = -5.0ns
- Tpclk_fit = -0.2d ns
- Tflt(max) = -0.2d ns
Tsu _margin = (4.0-0.4d) ns

Ideal MAC to PHY Hold Margin

Tco(min) = 1.0 ns
- Th = -0.0ns
+ Tpclk_flt = +0.2d ns
+ Tflt(min) = +0.2d ns
Th_margin = (1.0+0.4d)ns

Notes:

PCLK atPHY
into testload

PCLK atthe
MAC pin

MAC Outputs
into testload

Inputs at the
PHY pins

Tclk

B R T E T

pclk_flt Tpclk flt

>

T \

Tco(max) Tco(min)

y —

Tflt(max Tflt(min)
> >

Tsu'Th
Tsu_margin Th_margi

« Ideal margin calculations ignore clock jitter, trace length/impedance mismatch, crosstalk, reflections, etc.

« Signal propagation delay assumed to be 200 ps/in for both min and max.

« d = Trace length in inches

34



PHY toMAC Settip & Hold ~ ==US)5

Ideal PHY to MAC Setup Margin
Tvb = 9.0 ns PCLK atPHY
_ into testload
- Tsu = -5.0ns Tpclk_fit
- Tflt(max) = -0.2d ns
+ Tpelk_flt = +0.2d ns PCLK atthe
Tsu_margin = 4.0 ns MAC pin
Tvb T Via
Ideal PHY to MAC Hold Margin PHY Outputs
into testload
e _ o T flt Tflt(mi
- Th - -o00ns (max) { {Tfi(min)
+ Tflt(min) = +0.2d ns Inputs atthe !
- Tpclk_flt = -0.2d ns MAC pins :
Th_margin = 1.0 ns suT h‘»;
Tsu_margin Th _margin
Notes:

« Ideal margin calculations ignore clock jitter, trace length/impedance mismatch, crosstalk, reflections, etc.
« Signal propagation delay assumed to be 200 ps/in for both min and max.
« d = Trace length in inches

35
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CCA R/geporting
N\

« CCA controlled by CCRE register (CONTROL)
» Reporting begins CCAValidTime after setting CCRE

« CCA cannot be reported during TRANSMIT,
STANDBY, SLEEP states

2o XS I ) ) I I

CCA_REQUEST
(PHY register)

CCA_REQUEST =0 CCA_REQUEST =1

CCA_STATUS ) CCA Estimation Result
(P—M) For example : combined preamble + power measurements

CCAValidTime

36
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