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Abstract

Bluetooth is a standard bidirectional communication technique for portable
units such as mobile phones, PDAs and laptops without complicated wires
within short distances.

In this thesis, the method of a design for a bluetooth baseband is presented
based on EISC. And the baseband is realized and its efficiency is verified. The
entire architecture and basic functions of baseband are analyzed on the basis
of the bluetooth SIG specification 1.1. And important blocks are realized by
combining the hardware with the firmware properly and the efficient
implementation is found as comparing with the criterion of the frequency of
utilization, its size, the performance and the stability, etc. From the comparison,
the important fact is found; it is very efficient that the part of an access code
generation and the authentication are realized with only firmware, the access
code correlation, the encryption, and the bluetooth clock with only hardware
and the hop sequence with both hardware and firmware. Connecting the
baseband block to the SE3208 core of the EISC type by both the single bus
bridge and the double bus bridge, the operating states by the each case on the
FPGA test board are observed. From the result, the performance by the double
bus bridge is superior to by the single bus bridge; 63.6% of the clock skew,
84.5% of the setup time, 97.5% of the clock to output, 98.9% of the clock
period, and 81.3% of the combinational path delay. Although the connecting by
the single bus bridge is better for using the number of LUT and gate, the
double bus bridge is suggested because bluetooth is sensitive system to the
operation timing. Bluetooth designing by the method, the bluthooth one-chip
could increase the operating speed and the performance and be a stable

system.
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0. #ojzamz=e F+x 2 7|8 7|5

Hlo] ~Wl =+ RF(radio frequency) =E& Al EFF~ 2" 713 3}
o] et AZ=o=w ddtAe LAN(ocal area network)e dz E9 NIC
(network interface card)@ =l 3|Fstct o~ == 71 SHEAA EFF 2

tulol 2~ 7he] AL Ity 1 FAEE a8 13 2o

EFE5 2~ 1IMHzel RF AES 92 v¥vxz %29 16003 F3¢ 539
(frequency hopping)< shi=tdl], o] Ad Ao} &3 A|Hx AE 52 BT ol

2= o A o] Foj A} mE wlolamE: g3 2 334l (piconet)S A A5

W71 S Aol A3tk (Bluetooth SIG, 2000)

F
N

HOST
i I TINKSCONTROLLER VERESLLY L IBRARY
w
B Packet A
1 [ al !
U »| Header » HEC > 1/3 FEC \ﬁ/
F
: R e 7 —
»( Payload —> Encryption |—> 1 > FEC ET
E [ i/
g N RF
G
o Access Code
£ ¢ Correlator
8 Packet w
- H
uie Header 135 e )
<4|F T
F === £
E | (¢ Payload CRC Check | Encryption |<— N FEC
Rl L— T |
N
[ G |

Fig. 1. Baseband/LC architecture
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ol ~ul=o| e Fa RS 19 29 o] HT Z=, Y, HolRER A
Hol 9, 2 98 9 Y3 FHo wg = AEE I, ACL(asynchronous
connection less) 37, 18] SCO(synchronous connection oriented) 7o =
vt 8k o5& HolZ= Aol FEC(forward error correction)®t CRC(cyclic
redundancy check)®] AF& o F Fol we} v AlEste sfzles T

LSB 72 54 0-2745 MSB
ACCESS CODE HEADER PAYLOAD

Fig. 2. Standard packet format

T = (access code)= RET HFlol 2= sfFle 71 A Foll HAEH I,

=
RS FARS v 7P dA4 Aass FEolvh ol FE A== FAE A

[ Preamble(bits ] Sync Word (64bits) | Trailerpits) |
0101 0. 1 0101
1010 1. .0 1010
[ caczbits) [[Preamble(abits] master’s LAP | Trailer(apits) |
| DAC(64bits) | Preamble(abits)] slave’s LAP |
| GIAC(64bits) [[Preamble(abits | reservedlderived by 0x9ESB33]
[ DIAC(64bits) | Preamble(abits | reserved |

Fig. 3. The kind of access code
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g 394 B £ glRo], HE mEE Zg g (preamble), 57]9 =(sync
word), E#l Y& (trailer) & FAE 1L 1 EA o ulg} AFEEE LAP(ower address
part)#kol @A 7t = AT 72hitse] AolE, flv 4SS 63bitse] Z
o] zte=th Igal a¥ 4 9 39 FUI9E AAAAEE AAE] HojE Ao

o},

LAP
| aoai..an [ oottor it ay=0
| Ao adi... Ay ” 110010 |ifa23=1
D
| Paubyp... P ||Z>58---1’63|
| Xg.o. Xo3 ||x24...x29 | data to encode
| Cp... Ca3 " Xge.. Xo3 ||x24...x29 | codeword
@D
| Do... P33 ” Psubs... P ||1558---P63|
le g el diar. lay [ 001101 Tt a =0
|c,0... 6'33” @ogay... Ay ” 110010 |if023=1

Fig. 4. Construction of the sync word
(2) 3y
LC(ink controller) 3R & ¥3st= w7l s+ 28 59 #Zo] HEC(header

N
error check)& 233 6719 == FAAET. dolg dlado = 18bits 3
O AKRE 1/3 FECZ 533 dle] A72 02 Hdbits] dHE A=t}

LSB 3 4 1 1 1 8 MSB
AM_ADDR TYPE FLOW| ARQN| SEQN HEC

Fig. 5. Header format
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oo wAE "=l HECY A4 d2: 129 63 2a dx2yH Z7|3e
g o EFEA 779 I FA(BD_ADDR:bluetooth device address)=

8bits UAP(upper address part)ES A}-& 3},

D’ D! D* D°® D’ 5_T3 D®
R R FTRR A
0 1 2 3 4 5 6 7
data in
(LSB first)

Fig. 6. The LFSR circuit generating the HEC
(3) Holz=

Hol2=  AA AFstux e AH FRoEA A9 ZREFQ
L2CAP(ogical link control and adaption- protocol)-} LM(link manager) 2. 2 5-F
o WAIX] AEY AA HolHE X33t FHolres T HdEE FEEE=T,
ACL #jZlvto] Zt= dloly H=9} SCO #{Zlvte] zt= &4 H=7F 170

dole] d=+ 19 73 o] doj== &Y, uir], o we} CRCE 4%
t} o7l CRC 3=2& 29 83 Zx dA2EHY A9 8hitseE 0oz, &9
8bits wF~El o] UAPE %7|sl¥ o}

LSB  8~16 0~2712 161SB
Payload Header
L_CH | FLOW: LENGTH
2 1 5099

Payload Body CRC

" In the case of multi-slot packets, length indicator is extended by
four bits into the next byte

Fig. 7. Payload format of ACL packet
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*IHPD*D*D** L

data in
(LSB first)

Fig. 8. The LFSR circuit generating the CRC

Fig. 9. Bit-repetition encoding scheme

2/3 FEC¥ LFSR(linear feedback shift register)® &%+ (15, 10) =9F a9
Frolal 1¢ 109 Ao ® BE 10bits Yol tidte] 156bits7t EHE Y. o=
2 7 s}

10bits 9= Tl A 2bits®] LFE A=t 1bite] L/FE B4



Do N2 N4 .:;:2. 5
v v :

data in (LSB first)

Fig. 10. LFSR generating the (15,10) shortened hamming code

(5) M E AF3}

HE 93} (whitening):= dHolHE #HY3tstr] Y3te] oA A (pseudo
random) HIE A& dolg HEL Hal= Aoz, o= 0oy 19 1 AH
2 7bsAdE E0lal DC Hielol s AAS:= d2de vk a9 112 HE dH
stE Qg 3= 7} UA=EHE vtaE 299 A5 CLK_ ¥ 1bite] MSB
7b T& Z7]st€rh. o, FHS(frequency hop sychronisation) i 71Q1 74 -9-= < <]
2 F AHEze X 98 gt 2bitse] MSB7F 1'® Z7|ghdth 278 Foll= o

71 e} Holzrt ~2aWE FHo},

D 0 D! D7 data in(LSB first)
e o tal b H?
0 1 2 3 4 5 6 i

data out

Fig. 11. Data whitening LFSR
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[

=
< A9E 2 o A = 3125usmhth Fhske 28bits JHEEE AT 19
13914 CLKN(native clock)e BFF2 ZFgolx, o}7|d] wtry F7 Al
dolr o 28 FAS F7tst

2 A4

2

CLK(master clock)®} CLKE(estimated clock)

[27] (][ 9]8]7]6]5]a [3]2 \1\3\% 32KHz

Half-slot Rate

= 312.51s
Page or Inquiry )
Scan Rate Slot-pair Rate Slot. Rate
=1.28s =1.25ns =625us

Fig. 12. Bluetooth clock generation

Master Clock Offset

—» + —» CLK - Master clock of the piconet
M, (CLKN of the piconet Master device)

+ —» CLKE - Estimate a paging device
T makes of CLKN in a paged device

Slave Estimate Clock Offset

Fig. 13. The conception of bluetooth clock
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Abggh S 79709 RE AdS 5% oAb WY 53 AlfEzolal ol EF
T2 71719 3 F4he o3& AAF AL EoE ol= 625us BEFY E£FE 202 U
A3 TDD(time division duplex)®4S g sle] A|7bo] uwpe} W2 FH4418 Wt
EahA €

a% 14e F A9 AR, Xe AadEdA e A YIH Y2e A%
Wweks A gh

FE AddastA dvh £ A~De AaWEWS] £A4E, B9 F= 53 Fi5
nzr_

A4en AYe BE 45 59 F5 0gd E5 53

i

9 7 7

- 0

o) 7 2
< ADD > .
f mod 79 |

Y2

78

1

3
77

Fig. 14. Block diagram of hop selection kernel
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4. Het

R

TS FATANEYTG =" shsdo]l A7) wiEdd Bk FHFAIA A~
oA Fasd EAHelE T & Utk aEA #LE AgelA Fo F 3o
(peer-to—peer) XS 3t EFF 2 FAANAE AEA HE9 AR MEFAE
A3l AZA A AT FAAT EFIA Helo] o] Fojxit),

1) 7] *+4

EFF2olA fnpo]l 23F IF destE 98 AFEEHE HATldeE 997
(unit key), Z3%7](combination key), vF2E7](master key), ZL8]i Z7]7]
(initialization key)”} It} ¥ A7) SAFER+ €159 “E” 78S Fa AA

¥ 128bitse] o, kAo oA dAHOoR AbgET aEan @A

YA ZHYH &5 dANA ALS S = 23.317] (encryption key)7F T
(2) A=
Device A: Verifier Device B: Claimant
U_RAND,
AU,RAND{I AU_RANDA; é ADDRA
BD_ADDRy El El | &P= B
LiM, JMY
vV Vv | SRES v v
ACO SRES’ N SRES ACO
?:
SRES

Fig. 15. Challenge-response for the bluetooth

= =
T
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a9 159 22 a9/8H T2 AT WA ARSET JA5elA
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© ddide] FRHe HE 715 da g
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TREF
o8 o] TrEZE T tufo]ivt T

L

(2-move protocol)©] Al&E = 7|24
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HEHoz +AYEAE A=

o

aga Ee] S HA
A} o= gANA A EE ACO(authenticated ciphering offset) 2 %Z Tt

Hpol 2o A w1 yFoll ds sy E e ARSE

oL

RAND
Key Ar address
e
offset 1 - 48
, 116 | E
K L add 128 16

N\

Fig. 16. Flow of data for the computation of E;

ASS A% T4 ElS 2% 163 o] SAFER+#L F-2+% Ardt Are] W ¥
FEd Ar'e g FAFES 9t o El 4= ¥=7], RAND(random number),
g fule]x FAa Fo] gEem  Fol7kd  HFASE  SRES(signed

response) 2t ACO7F A =t}

(3) =3t

K
> plain text/cipher text

address Pavload

—> avioa Key stream generator
clock key > Ly
g v

RAND generator
> cipher text/plain text

Fig. 17. Stream ciphering for bluetooth with Z
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71gtet= d d=E), gol o8 3
g, 31 AA @AM = 27187 o] oA, £ WA @A A T
stream bit)7F B HH, A WA @AM = dFstaat b= delHzE 7] d |
Eot viebd =29 dts Tl dEstdEv. g dagsols vhaE 9] 48bits
BRF2 71719 af FA, 26bits vh2E FE( CLK,,_,), 128bits &3} 7]
( Ko, "FaHoA A5 & vzmde] SedelBaoA A= 128bits

RANDZ} %7] gte= 5%},

Summation Combiner Logic

Xyl XOR —:—P Encryption Stream Z;

Initial values
—
m
1]
X
w

Ce

XOR  {+Cuus

Fig. 18. Concept of the encryption engine

ols 3l duglEe WHE FFx+= 19 18 #Zx Z+7te] LFSR A 2~F dol&=
L ,=25bits, L ,=31bits, L ,=33bits, L ,=39bitsel™ ] @A 2Ee] Zol=
128bits o] t}.
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Application
Port Entity
| Application
é Service
= - Port Entit
= | Discovery T Application
Device II .......................... - - -
L2CAP Manager APPLICATION INTERFACE
HCT RFCOMM | SDP RFCOVMM | SDP
N Device Device
- ﬁ ............... L2CAP [ \pevee. LocAp | Device
HCI HCI HCI
LINK MANAGER LINK MANAGER LINK MANAGER
Hard
BASEBAND and RF BASEBAND and RF BASEBAND and RF
ware
(a) Standard two-processor (b) Embedded two-processor (c) Wholly embedded single
architecture architecture architecture

Fig. 19. Possible bluetooth architectures

EFEA 289 dubg oz HCl(host controller interface)E 7|02 ZREZS
2E Fipol w19 199 2ol Al FRE EFETh (@7 7HE
U ool T2Ed Al A Ryl Ax B fgarE 8=

o PdHit = AJ2" SoC Aol FEEAHA g3 &F40]
U Fada 7] g ¥k ZAEV EAEA gt (o) TRE BFF
25 Fdste slo] AFetrar & & gk o]k o2 Mo W= E o]

steslojrto s St A Fa o2 =E JheslAA 3, s FFHE CPU
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=R A= EISCH4 9] SE3208 FolE AH8-3ksi
7F A 4l

= o} (http://www.microvision.co.kr)

ve] Eze Apo]=

Table 3. Feature of processors

CISC RISC EISC

Post-PC Devices
Scalable = 16, 32,
64bits Solutions

for high-end
computers

J{m
oﬁ

T8 32bits LAY I=

G

mE
H‘I

Bt

ri

5s

ri

A A =2

ol = () 120-140

140-220

HH“
1:110

HH“
1:110

A= ]

=

=2 E
T

2 Wo]2mMEES F3sle] wFlo] AUE AAFE =X qFEs 3
$1ste] LM3 L2CAPE Fd3t= Zo] dasid wea 7
HZ9 LM} L2CAPE F33dle] EFF2 wojaw=ol F2 AHZS
=

LM

r.

Q

KR
_‘L]_

=

A

A E

)
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e EREE]

=
o

7I's& HelH e e #
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A A, g3 g Solth old @ L2CAP 289 V%S

7] Abolell &= sluhe]l ACL 3 Avke] Exsl ol LMPE

Atz fsiM 5 71

Agakel A )

oamEr G4 A oF B4 Ade Agadi zdo Adusocr @

fs

t}.(Bluetooth SIG, 2000)

Table 4. Logical channel L_CH field contents

L_CH code Logical Channel Information
00 NA undefined
01 UA/I Continuing L2CAP message
10 UA/I Start L2CAP message
11 LM LMP message

Hlolzme=o] =g Hd& F 29 o] Holr= 3]
o] upebA A

_18_
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B =FA AR ste EFF2 do)ail=s ¥ 2004 EE AAH
32bits SE3208 #o], EFF 2 wojxawi= JQHHE, w22 UART (universal
asynchronous receiver/transmitter) 5% 0 2 FA Ht},

a9 200 Wy vRygEs =g Ads AA - #dste LMY HeolHE #Est
T L2CAPE M %T A9AF, Heolz AR weolz=ls &5 Addr. &

EEOAE o Uy WEEE FH el Fol FAINAAT FFol FH -l
TdE Bl
Bus Bridge
AN
SE3208 T=05F%
LM/L2CAP 32bits CPU Interrunt
Higher Layer < Controlﬁr
Baseband Memory \‘/‘:'|>
Firmware Controller UART
1T <——> o
| Internal
...... Memory 4
Bluetooth
Baseband

Fig. 20. Internal block diagram

() EFF2 dA=E 44



of BHA g 2H
Aolst= dH= A4 A
o mEol A ARESkE SE3208 ol 32bits®] FAE 7AW F 4Gbytesd F

& 99 4% 42 ¥ F Atk £ 38 FASuA = a9yl Axze F

g BFetel TRl AANGES B5Y

A
E
il
!
—m

Table 5. Register memory map

Offset Address Block Remark
0180 0000h Local Memory Controller
0180 0400h Interrupt Controller
0180 0800h UART 1 Channel
0180 0COOh System
Bluetooth Baseband
0181 0000h Bluetooth Address
0181 0400h Bluetooth Clock
0181 0800h Baseband Controller
0181 0CO0h Slave Channel Configuration
0181 1000h SCO Channel Configuration
0181 1400h Time
0181 1800h Baseband Interrupt
0181 1C0O0h Data
0181 2000h Baseband Register

274 vry AEZH= o5 vrge i R die AdiAss ¥
i CPU¢F wlue] Hupo]2E QlEHlo] 2 dfF= e o) vk 32bits Z=A|
Ao} T2 A7|e dHolE Mg AbgstE BFo] duiw, oE AE ¥ o] 257
el CPUONA Z25:= 4bitse] Hlo]E <Qldlo]E ANF =2 ZHAMete] wmg H2
355 AAsta, o 2A lbyte G E dolEE udeA Ao dF H}
o]E <lefle]Ho] 4b0000%! 9= 43](4bytes), 4'b1100/4'b0011%1 74 5-= 23
(2bytes), 41110 /4'b1101/4'b1011/4'b011191 A $-& 13 (1byte) 8t} 17
o] Hlo]E gloo] B9 e o] F4 FH8Y] 2bitsol wal A H

JHHE HAEZH= W5 deafdat ofF 2EA TAH= AHHE 87

4

=

ox!
it
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& o Adel vaz gue $aEsld We duste CPUS AHAEES &

Aetal dld JEHE Ao WY FAE CPUR Hule 938 Stk
UART+= RS-232C(recommended standard 232 revision C

#1Ql PC(personal computer) % I/O tnfo]xste] HHFAS 913 7124

UART 7]%s< 7HAM, 1 Ad dolg T4 7le& AL
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Fig. 21. Two models of internal architecture
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(b) Double bus bridge
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Fig. 23. External memory/internal memory SRAM timing diagram
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Fig. 24. Exchanged signal between SE3208 and peripheral through bus bridge
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Fig. 28. Packet generation process and verification environment
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#define _ LOC_BD_ADDRO 0X01810000
#define _ SET_LOC_BD_ADDRO(DATA)  pokel((void*)_LOC_BD_ADDRO, (long)DATA);

long LOC_LAP = 0x9E8B33;
__ SET_LOC_BD_ADDRO(LOC_LAP);

(a) Data transmission by CPU

always @ (negedge rstx or posedge clk )
if Crstx) ready <= 1'bl;
else ready <= csx | ( regwx & regrx );

always @ (negedge rstx or posedge clk )
if Crstx) readyl <= 1'bl;
else readyl <= ready;

assign adr_rdyx = ready | ( “readyl );

assign wr_rdyx = adr_rdyx | regwx;

wire predec = ~(ladr[7:5]);

wire r00cs = predec & Tadr[4] & Tadr[3] & Tadr[2];

wire rO0wr2 = r00cs & “wr_rdyx & ~bex[2];
wire rO0wrl = r00cs & ~wr_rdyx & “hex[1];
wire r00wr0 = r00cs & ~wr.rdyx & ~hex[0};

always @(negedge rstx or posedge clk)
if (Crstx) bd_loc_lap[23:16] = 8'b0;
else if (rOOwr2) bd_loc_lap[23:16] = din[23:16];

always @(negedge rstx or posedge clk)
if Crstx) bd_loc_lap[15:8] = 8'b0;
else if (rO0wrl) bd_loc_lap[15:8] = din[15:8];

always @(negedge rstx or posedge clk)
if (Crstx) bd_loc_lap[7:0] = 8b0;
else if (rO0Owr0) bd_loc_lap[7:0] = din[7:0];

(b) Data reception by baseband

Fig. 29. The example of data transfer from CPU to baseband
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#define __ LOC_BD_ADDRO 0X01810000
#define _ GET_LOC_BD_ADDRO(DATA) DATA = peekl((void*)__LOC_BD_ADDRO);

_ GET_LOC_BD_ADDRO(DI[O]);
(a) Data reception by CPU

always @ (negedge rstx or posedge clk )
if Crstx) ready <= 1'bl;
else ready <= csx | ( regwx & regrx );

always @ (negedge rstx or posedge clk )
if Crstx) readyl <= 1'bl;
else readyl <= ready,

assign adr_rdyx = ready | ( “readyl );

assign rd_rdyx = adr_rdyx | regrx;

wire predec = ~(ladr[7:5]);

wire r00cs = predec & ~adr[4] & Tadr[3] & Tadr[2];
wire loc_bd_adrO_rd = r00cs & “rd_rdyx;

always @(loc_bd_adr0_rd)

case (vdd) // sysnopsys parallel_case full_case
loc_bd_adrO_rd : mregrd = {8'b0, bd_loc_lap};
default : mregrd = 32'b0;
endcase

(b) Data transmission by FPGA

Fig. 30. The example of data transfer from baseband to CPU
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Fig, 31. Hardware simulation of access code generator
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Fig. 33. Block diagram of access code correlator
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Fig. 34. Hardware simulation of access code correlator
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Fig. 35. Firmware simulation of access code correlator
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Fig. 36. Hardware simulation of bluetooth clock in master
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Fig. 37. Hardware simulation of bluetooth clock in slave
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Fig. 38. Hardware simulation of hop sequence
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Fig. 43. Firmware simulation of E1 algorithm

ii) 453}

oy 449 9 45%  K'cZF ‘0x000000000000000000000000000000°, addre]

"0x000000000000", 223l clk7} ‘0x00000003" & = 1% 189 <tsstr] ¢agls

= TA% Aol

[Es0 00 [0 fi

B msghig

) -.u.-u,-.ou.m.hJ.-'-u.Ij.&-

Fig. 44. Hardware simulation of encryption
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Table 6. Block size of implementing baseband

Size
Block
o HW(Gates) | Fw(kp) | HW(Gates FWKB)
Access | Generator 3,000 2 -
Code Correlator 3,300 1 -
Clock Management 4,500 - -
Authentication (E1) 46,300 6 -
Encryption 7,200 2 -
Hop sequence 10,000 4 g\\;\\[] :: 50é)
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Table 7. Baseband block implementation summary

Design Size
Block Remark
Method |HW(Gates)| FW(KB)
A~ = H E A~ 1;_!
ACCCSSS Generator | Firmware - 2 v 6‘2 ;] 7&;5
ode
Correlator | Hardware 3,300 - Elo] o] w7k
Clock Management | Hardware 4,500 - Elo] "o Wzt
L ) - dugls A4 9
Authentication (E1) | Firmware 6 B
Encryption Hardware 7,200 - Efo] e 13t
Efo]r el wIzhaFA] Rk
Hop sequence HW/FW 500 3 stedlo] wE
Al Z717F Y& A
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Fig. 46. Packet generation result of single bus bridge
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L
2=

7}l A AT o] %3EH ‘Ox123'¢la HECE Tt ‘0x01923' ©]

e Ao 2o BE AYgs} 2 2rgies AHEEE CLK & 5752

_43_

|

=
=
A~



e el AAE o 19 4604 Ox0E'Y w A7 AHE AdEnw
2 AR T 2

o

Whitening stream : 00 0001 0001 0011 0001
HEC output : 00 0001 1001 0010 0011

Whitening output : 00 0000 1000 0001 0010

HE g3l gdzod E89 e 1/3 FECE S3s2z HF 97 dys
‘0x00000E00007038 ] %t}

Holz == AWk L2CAP HWAIAZ #HolZE 3 tlE lbyteo] i v}t = 2bytes)
7Hgsta "H2E vk dolRes ¥ 73 o] A, E 204 B
dde] L CH #%2 ‘0x2', FLOWE: ‘0x0’, LENGTH: ‘Ox2'g sta, nioE
‘0x0201" 0]} &to] AA| HolREE '0x820201'°]2 7F4 3ttt o] HolE 7} CRC
& Fste] ‘0x145F820201'0] ¥ iz, o] #e thAl HE AW} s=Es AXA H
= old 7 ot 22 Azl Hiel2 =S A8 Wil CLKs 32 o
A duet 2 a1 AdE ohey 2ok

Whitening stream: 0111 0111 1001 0110 0100 1000 0001 0001 0011 0001
HEC_dout : 0001 0100 0101 1111 1000 0010 0000 0010 0000 0001

Whitening output : 0110 0011 1100 1001 1100 1010 0001 0011 0011 0OOOO

stE Foto] P2 ‘0x63CICA1330' 2 2/3 FECE S #ste] HEA o=

=
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=
juin

U3t 22 60bitse] Folm=E AA Hrh

10001 0110 0011 11 01111 00 1001 1100 01000 1010 0001 00 00101 11 0011 0000
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BI Makiwe Clack = [k [MOIECE BI Makiwe Clock = GMETST

Al Local Clock = [MOEE Bl Local Clock = Oel2371 08
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(a) Master (b) Slave

Fig. 47. Bluetooth clock of single bus bridge
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====== kpiess Code Gemeralion ===
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====== Bluetooth Packet Headar ===
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Fig. 48. Packet generation result of double bus bridge
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Fig. 49. Bluetooth clock of double bus bridge
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Table 8. Synthesis report

Timing Summary Builrllogr%fige Bulgogglgge
Minimum period 92.925ns 91.908ns

(Maximum Frequency) (10.761MHz2z) (10.880MHz2z)
Minimum input arrival time before clock 23.817ns 20.134ns
Maximum output required time after clock 88.525ns 86.330ns
Maximum combinational path delay 28.196ns 22.936ns

X7 FAH F Fdste 42 A=z AA Fol FPGANA A8 LUT(ook
up table)¢} AlolE 45 el Aotk 4 92 LUTE 16bits RAMS ©] 83}
=2 3RS FAT Aoz 16709 1bit g Aol 1 & 09 #E Hol ¥
A F4 9 dbitse] gel wet 167H4 " S stuE 283 2l 4dbits 9
E T =g 25 HEHA AT F Atk E 64 B, F Aol= oy
U e W B2 A A9 o A2 LUTS AolE +5 AH&3ksd

o 5 g, o2 sl P WAA M §S B F 9
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Table 9. Implementation report

0 Single Double
Design Summary Bus bridge Bus bridge
Total Number 4 input LUTSs 5,721 5,742
Total equivalent gate count for design 60,956 61,028
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Fig. 50. Clock skew
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Table 10. Generating clock report

Max Skew(ns)

Clock Net Single Bus |Double Bus

bridge bridge
DIV_clk_b 4.285 1.700
DIV_clk_b_1 3.645 2.535
DIV_clk_b_2 3.484 2.240
BT_BB_extclk_reg_0__n0001 1.801 1.580
BT_BB_AC_COR__n0004 4.436 3.596
UART_CHO_tx16cnt<3> 2.496 0.934
UART_CHO_tx_empty 0.000 0.000
UART_CHO_bclk 1.719 0.208
UART_CHO_rxclk 1.119 0.831
UART_CHO_rx_full 0.000 0.000
UART_CHO_clk_src 0.836 1.650
SE3208_TOP_MAIN_CTRL_PIPELINE_CTRL_cs<8> 2.170 1.228
Average 2.170 1.380
Standard Deviation 1.479 1.037

63 3 7, & 8olA HojE AFE £ 9o Atk Bold FHAAME &
s BE A iy o] WA HElxe] wiEgs 3k Aola, LUTS Al°lE

el A= ol W BeElAo g &¢d w2 BElxe] wMESS 3 o]
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=

]_
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Table 11. Implementation result comparison of two bus bridges

combina Total
Factor Clock | Setup Clt%Ck Clock | —tional Nﬁggﬁér equivalent
Slzew ti(r)ne output pegiod path LUTSs gate
Architecture (%) (%) (%) (%) d(eof)y (%) count

(%)

Single bus bridge| 100.0 100.0 100.0 100.0 100.0 99.6 99.9

Double bus bridge| 63.6 4.5 975 989 81.3 100.0 100.0
Superiority Double | Double | Double | Double | Double | Single | Single
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