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(57) ABSTRACT

A bit error rate tester and a pseudo random bit sequences
(PRBS) generator thereof are provided. The bit error rate
tester includes a transmitter PRBS generator, a master PRBS
generator, a slave PRBS generator, a comparator, and a
counting unit. The transmitter PRBS generator generates a
parallel N-bit (N is an integer larger than 1) original PRBS,
wherein an object to be tested receives the original PRBS
and outputs a parallel N-bit code to be tested. The master and
the slave PRBS generators generate a master and a slave
paralle]l N-bit PRBS, respectively. The comparator receives,
compares, and determines whether the code to be tested, the
master and the slave PRBS are the same or not. and outputs
a comparison result. The counting unit coupling to the
comparator counts a number of bit errors based on the
comparison result.

1~ Dout
(,

Counting unit N

Jave pseudo random
bit sequences generator

|

Din 510

N
541 i
|

!

| PL 1 Tx Pseuda random bit l

| sequences generator N

| 530/

ey D » e Dbject 1o
: 560 \L "—>1 Moster pseudo random | e Tecod
R 1 ¢—>{bit sequences generatol ™ | | 6 leste
- Contral circut 551 N £~ 53 /LSSO

| 4L T

| 570 1 \KIL Comparator

|

|

|

!

|



US 2006/0133468 A1

Patent Application Publication Jun. 22,2006 Sheet 1 of 13

(LMV ¥OI¥d) | 914

0cl
\
)
|||||||| -
||||||||||| JoNBO3Y |
17l |
C (44 !
veL |
. _
waysks | W | Lo
13150 = | L
8 !
Gzl |
|
|
13)53) 3)D] |
o g [—ECH |
|||||||||||||||||||||| 4

POW UOISSIWISUD|

01l

/

\

\
- 4 o —— - e ——
| Ja)uwsunJ|
|

b
!
| Zu B
T 41!
_ L
“ WW\ ° wo)sks
= JRTIPUAS

_ _M JO)SO|
|
| Gl
|
|
_ 18153} 3D
| U1 om0 yg
L o



Patent Application Publication Jun. 22,2006 Sheet 2 of 13 US 2006/0133468 A1

<|~> Dout

220
e

L

Regi;ter y RegiSster ? °* 'ﬁ RegiSster m Regisster J5
210-1  210-2 210-14  210-15

FIG. 2 (PRIOR ART)

SEL
6By —> > Dout
y7€By10 —2> 5
4py15 —i= - > eee—>n L >
;1118 69;"1%3 _= Reg:ter ¥ Reglsster 2 30 Reg:ter 3
y28@y31 —
310-1  310-2 310-31

330

FIG. 3 (PRIOR ART)



US 2006/0133468 A1

Patent Application Publication Jun. 22,2006 Sheet 3 of 13

N
<3

[/
N
7 /mﬁc/_\ 1
=7 =.
N w E
1~ ug Gy
13)33} 30!
waygfs ous 38 [T vey
)
19150 — 1nog
\\Z —/_ 1A
= | 3
/£
N

¥ Old

(1% 4
/
\
_I|I.|KI||I_

DIpaL
UOISSIWSUDJ|

_
_
_
_
_
_
_
_
_
I
|
|
|
|
|

U ol
N
L ER
/
sk wog —_q N
13)58) 301
P =1 o 1 wa)shs
J)SO
U —
8l 1 —"

1N




US 2006/0133468 A1

Patent Application Publication Jun. 22,2006 Sheet 4 of 13

006 —

0lS

m

pajsa) g
0} J03lqQ

uig

f

10y0Jausb saouanbas 11q

wopuoJ opnasd aAD|S

WS— ' N

!|V

10)010dw0?)

ﬁ\/% N

—

i0)0Jaush saauanbas g
WopuoJ opnasd Ja)soy

08G —

10)0J3usb S3dUANDAS

)G WOpUDJ 6pNasd X|

1un bununoy

—9 045
L

JINJID 104107
N

1

T o095
an




Patent Application Publication Jun. 22,2006 Sheet S of 13 US 2006/0133468 A1
Comparator 350
Encoder _— 610
A T T R
: Register — 621
: Y : v :
: First odder | | First adder | 622
| |
! |
| Register — T 623
635~ Gor | o v e
. ot
634~ 1 645
| Aecumuloter = 631 )
| Accumulating! —
O s w1 i
v %
NE 632

FIG. 6



Patent Application Publication Jun. 22,2006 Sheet 6 of 13 US 2006/0133468 A1

Pseudo rondom bit sequences
generating circuit

711 J% N+P—1

MD —>{  Mark density control circuitf—""720

N

7121

PL—— __—710

FIG. 7



US 2006/0133468 A1

Patent Application Publication Jun. 22,2006 Sheet 7 of 13

ko oeee 9k
A o
ishoyie; o o o LyRisDRYle
e 1o | Lo
WAI —n_ WT Nn ooe
Sl |D & WNO

v8 ‘Ol

|1 01519yt
P

Ste—91g

= l«—g|D

A
|||||| 1

_

|
| mysibayle |
||||||| |
||||||||||||| -
m..nllh_.o MnhAI.w—o__
Sie—LI9 dWmle_
Ele—/|D mTw_cL_




US 2006/0133468 A1

Patent Application Publication Jun. 22,2006 Sheet 8 of 13

g8 Ol

1)s1baY 1)sibay

gl L1°
9IpP L1P

glo |

8lp1
N ]

1d




US 2006/0133468 A1

Patent Application Publication Jun. 22,2006 Sheet 9 of 13

\\\\\ l
8o

8IP |
N




US 2006/0133468 A1

Patent Application Publication Jun. 22,2006 Sheet 10 of 13

, dag "9Id
IA ZA seoe UA | |—d4up

R)sibay

||||||||||||||||||| J
A —|=d+NXY |
!

S —dNIV |

4

W

) )]

[{

d



Patent Application Publication Jun. 22,2006 Sheet 11 of 13 US 2006/0133468 A1

16 ¥15 y15 y14 y14 Y13 13 Y12 112 11 11§10

VAVAVAVAVLY

Y22y y20 19 418 yi7 yi6
L e

by ~ o o
u

y28 21y ¥ 24 23 y22
L

wivlvl

V32§31 y30 y29

FIG. 9A



Patent Application Publication Jun. 22,2006 Sheet 12 of 13  US 2006/0133468 A1

({e]
n
o > S
lPe=
— =
> 3
> 00
o > "
>
o~ S
> o))
2H =l
. S,
= o
TS L
it S,
= -—
o)) S -
= v :
To) S (@)
> N
=) -8 °
= o 9
. N
=) -8 n
=
=2
o
© g
=
=— —
g—/D’"%
00
) -3
o "2
S _
n
> 3,
S
S,
¢
o~ 2



US 2006/0133468 A1

Patent Application Publication Jun. 22,2006 Sheet 13 of 13

a0l 'Ol

¢S IS
0201~

)
0g0l 10101 ok

0zL Vol "Old

oan 1 2oan  ¢d Stagn S daan 8Kd

S| S| S 1 S|
S —>{ un onuod Jun U0y —> —>1  Jun jojuod J1Un {01)U0D
IS —> Ayisuap .oy Ayisusp yol |5 et | Kysuap wop Ayisuap Y.op

TS S S/ S S oS SA TS T AT -



US 2006/0133468 Al

BIT ERROR RATE TESTER AND PSEUDO
RANDOM BIT SEQUENCES GENERATOR
THEREOF

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the priority benefit of Tai-
wan application serial no. 93139316, filed on Dec. 17, 2004.

BACKGROUND OF THE INVENTION
[0002]

[0003] The present invention relates to a bit error rate
tester and a pseudo random bit sequences generator thereof,
and more particularly, to a parallel bit error rate tester and a
parallel pseudo random bit sequences generator thereof.

[0004] 2. Description of the Related Art

[0005] A pseudo random bit sequences (PRBS) generator
is commonly used in a data transceiver as a source for testing
input signals. FIG. 1 schematically shows a conventional
data transmitting and receiving system having a serial bit
error rate tester. When a transmitter 110 intends to transmit
data to a receiver 120 via a transmission media 130 (e.g. a
cable), a master system 111 in the transmitter 110 provides
a parallel data to a serializer 112. The serializer 112 converts
the parallel data to a serial data, then a driver 115 transmits
the serial data to an input-buffer 125 in the receiver 120 via
the transmission media 130. A deserializer 122 converts the
serial data, which is output from the transmitter 110 and has
passed through the transmission media 130 and the input-
buffer 125, to a parallel data, such that the serial data is
further transmitted to a master system 121 in the receiver
120.

[0006] Conventionally, when measuring the bit error rate
between the transmitter 110 and the receiver 120, a bit error
rate tester 113 in the transmitter 110 generates a serial
pseudo random bit sequences Dout, then a multiplexer 114
selectively transmits the pseudo random bit sequences Dout
to the driver 115, and the driver 115 transmits the serial
pseudo random bit sequences to the input-buffer 125 in the
receiver 120 via the transmission media 130. Meanwhile, a
demultiplexer 124 selectively transmits the received pseudo
random bit sequences to a bit error rate tester 123. The bit
error rate tester 123 counts the number of error bits on the
received pseudo random bit sequences, such that the bit error
rate is obtained.

[0007] In general, each of the bit error rate testers 113 and
123 comprises a serial pseudo random bit sequences gen-
erator for generating same pseudo random bit sequences.
FIG. 2 schematically shows a conventional serial pseudo
random bit sequences generator. The serial pseudo random
bit sequences generator comprises a plurality of registers
210-1~210-15 and an XOR gate 220. When a clock starts,
each output of the registers 210-1~210-15 is transmitted to
the next register, the XOR gate 220 performs an operation on
an output of the register 210-14 and an output of the register
210-15, and the operation result is fed back to the input of
the first register 210-1. If not all initial values of the registers
are 0, by repeatedly performing such operation, all combi-
nation signals except the one equals to all 0 should be
generated, and the output data Dout is commonly used as the
generated pseudo random bit sequences.

1. Field of the Invention
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[0008] In order to improve the applications of the pseudo
random bit sequences generator and to increase its testabil-
ity, a programmable pseudo random bit sequences generator
is necessary. FIG. 3 schematically shows a conventional
programmable pseudo random bit sequences generator con-
figuration. As shown in the diagram, a plurality of serial
registers 310-1~310-31 sequentially transmits the pseudo
random bit sequences Dout stage by stage based on the clock
signal, and the XOR gate performs a different algorithm
operation on the outputs of part of the registers 310-1~310-
31, and the operation result is fed back to a multiplexer 330,
such that a plurality of feedback paths is formed. The
multiplexer 330 selects the feedback path representing dif-
ferent algorithm as the active feedback path based on a
selection signal SEL, so as to modify the pattern length of
the output pseudo random bit sequences.

[0009] However, under extremely high speed application
conditions, the bit rate of the conventional serial pseudo
random bit sequences generator is restrained by the speed of
the digital circuits and the registers. Besides, due to the
registers are operated in an utmost speed, a great amount of
power consumption is inevitable. In addition, a conventional
data transmission system is typically configured as multi-bit
parallel input, serial transmission, and multi-bit serial out-
put, the conventional serial bit error rate tester is not able to
fully test each component in the entire transmission testing
system (for example, the serializer 112 and the deserializer
122 of FIG. 1 are not testable).

SUMMARY OF THE INVENTION

[0010] Therefore, it is an object of the present invention to
provide a bit error rate tester having adjustable pattern
length, adjustable mark density, and a self error correction
function, so as to improve the circuit testing reliability and
the correctness of circuit testing measurement result.

[0011] It is another object of the present invention to
provide a parallel pseudo random bit sequences (PRBS)
generator having adjustable pattern length and adjustable
mark density for quickly generating a parallel pseudo ran-
dom bit sequences.

[0012] Tt is another object of the present invention to
provide a bit error rate tester for counting a number of bit
errors for an object to be tested. The hit error rate tester
includes a transmitter pseudo random bit sequences genera-
tor, a master pseudo random bit sequences generator, a slave
pseudo random bit sequences generator, a comparator, and a
counting unit. The transmitter pseudo random bit sequences
generator generates a parallel N-bit (N is an integer larger
than 1) original pseudo random bit sequences, wherein the
object to be tested receives the original pseudo random bit
sequences and generates a parallel N-bit code to be tested.
The master and the slave pseudo random bit sequences
generators generate a master and a slave parallel N-bit
pseudo random bit sequences, respectively. The comparator
receives, compares, and determines whether the code to be
tested, the master and the slave pseudo random bit sequences
are the same or not, and generates a comparison result. The
counting unit coupling to the comparator counts a number of
bit errors based on the comparison result.

[0013] Inaccordance with the bit error rate tester provided
by a preferred embodiment of the present invention, the
counting unit mentioned above compares the number of bit
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errors based on the comparison result, so as to calculate the
bit error rate of the object to be tested from the number of
comparisons and the number of bit errors. According to the
preferred embodiment of the present invention, the object to
be tested is a data transmission system.

[0014] Inaccordance with the bit error rate tester provided
by the preferred embodiment of the present invention, the
slave pseudo random bit sequences generator mentioned
above receives the code to be tested, and generates the slave
pseudo random bit sequences based on the current code to be
test. Except receiving the code to be tested in order to
generate master pseudo random bit sequences in a prede-
termined period, the master pseudo random bit sequences
generator does not receive the code to be tested but auto-
matically generates master pseudo random bit sequences.

[0015] Inaccordance with the bit error rate tester provided
by the preferred embodiment of the present invention, the
described counting unit comprises an encoder, an operating
circuit and an accumulating circuit. The encoder receives a
comparison result from the comparator, encodes the number
of error bits of the current comparison to a plurality of
numbers of error occurrences based on the comparison
result, and the numbers of error occurrences are further
output. The operating circuit receives and summates each
error occurrence, and outputs a number of current errors.
The accumulating circuit sequentially receives and sum-
mates each number of current errors, and outputs the number
of bit errors.

[0016] Inaccordance with the bit error rate tester provided
by the preferred embodiment of the present invention, the
mentioned operating circuit comprises plural first adders and
a second adder. Wherein, each of the first adders receives
and summates the corresponding number of error occur-
rences and outputs a medium error value, respectively. The
second adder receives and summates all medium error
values and outputs a number of current errors.

[0017] Inaccordance with the bit error rate tester provided
by the preferred embodiment of the present invention, the
mentioned accumulating circuit comprises an accumulator
and a counter. Wherein, the accumulator summates a pre-
vious accumulation result to the number of current errors,
and outputs a current accumulation result. The counter
counts a number of overflow for the most significant bit of
the current accumulation result output by the adder, and
outputs a counting result, wherein a combination of the
counting result and the accumulation result is the number of
bit errors.

[0018] The present invention further provides a pseudo
random bit sequences generator. The pseudo random bit
sequences generator comprises a pseudo random bit
sequences generating circuit and a mark density control
circuit. The pseudo random bit sequences generating circuit
generates a parallel (N+P-1)-bit source pseudo random bit
sequences having a maximum pattern length of 271,
wherein N, M and P are integers greater than 1. The mark
density control circuit receives the source pseudo random bit
sequences and modifies the mark density of the source
pseudo random bit sequences based on a mark density
selection signal, and outputs a parallel N-bit pseudo random
bit sequences having a minimum mark density of ¥4,

[0019] In accordance with the pseudo random bit
sequences generator according to the preferred embodiment
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of the present invention, the pseudo random bit sequences
generating circuit mentioned above comprises a plurality of
pre-counting circuits, at least a multiplexer, and at least a
register. Each pre-counting circuit performs the logic opera-
tion based on the corresponding algorithm respectively so as
to output an (N+P-1)-bit pre-counting result. The multi-
plexer selects and outputs one of the pre-counting results
based on the pattern length selection signal. The register
temporarily stores the output of the multiplexer based on a
specific timing and outputs the source pseudo random bit
sequences. Wherein, each of the operating circuits receives
the source pseudo random bit sequences, performs the logic
operation based on the corresponding algorithm, and outputs
the corresponding pre-counting result, respectively.

[0020] In accordance with the pseudo random bit
sequences generator according to the preferred embodiment
of the present invention, if an s™ stage multiplexer among
the multiplexers is represented by MUX_, and an s stage
register among the registers is represented by REG, (where
s is an integer greater than 0 and less than or equal to

the input terminal of REG, is coupled to the output terminal
of MUX,, and the output terminal of REG, is coupled to one
of the input terminals of MUX__,.

[0021] In accordance with the pseudo random bit
sequences generator according to the preferred embodiment
of the present invention, one of the algorithms mentioned
above is Y,=Y, @Y, ,, where Y, represents an x bit of
the pseudo random bit sequences generated by the pseudo
random bit sequences generating circuit, and X is an integer
greater than 0.

[0022] In accordance with the pseudo random bit
sequences generator according to the preferred embodiment
of the present invention, the mark density control circuit
mentioned above comprises N mark density controllers
MDC,. The mark density controllers MDC, receives the
outputs Z_~7. .»_, from the pseudo random bit sequences
generator, and controls and determines the mark density of
the pseudo random bit sequences D to be ¥~4" and outputs
D,. Wherein, Z,, represents an output of the n™ bit in the
pseudo random bit sequences generator, MDC, represents
the n'® mark density controller, D, represents an output of the
0™ mark density controller, and n is an integer greater than
0 and less than or equal to N.

[0023] The present invention compares the pseudo ran-
dom bit sequences generated by the master pseudo random
bit sequences generator with the code of the object to be
tested. The counting unit can immediately measure the bit
error rate of the object to be tested. In order to prevent the
master pseudo random bit sequences generator from output-
ting incorrect signal, the slave pseudo random bit sequences
generated by the slave pseudo random bit sequences gen-
erator is compared with the code to be tested again, so as to
determine whether the pseudo random bit sequences gener-
ated by the master pseudo random bit sequences generator is
correct or not. Therefore, the correctness and reliability of
the measurement result in circuit testing are improved
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because of proper and timely correction on the self-detected
errors. Wherein, the transmitter pseudo random bit
sequences generator, the master pseudo random bit
sequences generator, and the slave pseudo random bit
sequences generator all use a parallel pseudo random bit
sequences generator having adjustable pattern length and
adjustable mark density as a high speed programmable
built-in testing platform. The present invention may be
implemented with silicon knowledge intelligence to replace
a costly external testing equipment.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] The accompanying drawings are included to pro-
vide a further understanding of the invention, and are
incorporated in and constitute a part of this specification.
The drawings illustrate embodiments of the invention, and
together with the description, serve to explain the principles
of the invention.

[0025] FIG. 1 schematically shows a conventional data
transmitting and receiving system having a serial bit error
rate tester.

[0026] FIG. 2 schematically shows a conventional serial
pseudo random bit sequences generator.

[0027] FIG. 3 schematically shows a conventional pro-
grammable serial pseudo random bit sequences generator
configuration.

[0028] FIG. 4 schematically shows a data transmitting and
receiving system having a parallel bit error rate tester
according to a preferred embodiment of the present inven-
tion.

[0029] FIG. 5 schematically shows a block diagram of a
parallel bit error rate tester according to the preferred
embodiment of the present invention.

[0030] FIG. 6 schematically shows a block diagram of an
error accumulator in the counting unit of FIG. 5.

[0031] FIG. 7 schematically shows a block diagram of a
parallel pseudo random bit sequences generator according to
the preferred embodiment of the present invention.

[0032] FIG. 8A schematically shows a block diagram of
an embodiment of the pseudo random bit sequences gen-
erator in FIG. 7 where M is less than the number of the
parallel output bits.

[0033] FIG. 8B schematically shows a block diagram of
another embodiment of the pseudo random bit sequences
generator in FIG. 7.

[0034] FIG. 8C schematically shows a block diagram of
yet another embodiment of the pseudo random bit sequences
generator in FIG. 7.

[0035] FIG. 8D schematically shows a block diagram of
still yet another embodiment of the pseudo random bit
sequences generator in FIG. 7.

[0036] FIG. 9A schematically shows a pre-counting cir-
cuit which performs algorithm Y, =Y, @Y, _, and has an
output of 16 bits.

[0037] FIG. 9B schematically shows an operating circuit
with a pattern length of 271 simplified from the circuit in
FIG. 9A.
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[0038] FIG. 10A schematically shows a block diagram of
a mark density control circuit in FIG. 7.

[0039] FIG. 10B schematically shows an embodiment of
the mark density control unit in FIG. 10A.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0040] The conventional serial/de-serial transceiver is
typically applied in the application of multi-bit parallel
input, serial transmission, and multi-bit parallel output (as
shown in FIG. 1), so as to facilitate the parallel pseudo
random bit sequences generator in testing. FIG. 4 schemati-
cally shows a data transmitting and receiving system having
a parallel bit error rate tester according to a preferred
embodiment of the present invention. Referring to FIG. 4,
when a transmitter 410 intends to transmit data to a receiver
420 via a transmission media 430 (e.g. a cable), a master
system 411 in the transmitter 410 outputs a parallel N-bit
data (where N is an integer greater than 1) to a serializer 412
via a multiplexer 413. The serializer 412 converts the
parallel data to a serial data, and a buffer 415 transmits the
serial data to a buffer 425 in the receiver 420 via the
transmission media 430. A deserializer 422 transmits the
serial data, which is output by the transmitter 410 and passed
through the transmission media 430 and the buffer 425, to a
parallel data, such that the parallel data is further transmitted
to a master system 421 in the receiver 420 via a demulti-
plexer 423. Similarly, if the receiver 420 intends to send data
back to the transmitter 410, the data is transmitted to a
master system 411 through a multiplexer 426, a serializer
427, a buffer 428, the transmission media 430, a buffer 418,
a deserializer 417, and a demultiplexer 416.

[0041] In order to fully measure a data transmitting and
receiving system, a parallel bit error rate tester is deployed
in the present embodiment. When it is intended to measure
the bit error rate between the transmitter 410 and the receiver
420, a bit error rate tester 414 in the transmitter 410
generates a parallel N-bit pseudo random bit sequences
Dout, and the multiplexer 413 selectively transmits the
pseudo random bit sequences Dout to the serializer 412. The
serializer 412 converts the parallel pseudo random bit
sequences to a serial pseudo random bit sequences, and
transmits the serial pseudo random bit sequences to the
buffer 415. The buffer 415 transmits the serial pseudo
random bit sequences to the buffer 425 in the receiver 420
via the transmission media 430. The deserializer 422 con-
verts the serial pseudo random bit sequences output by the
buffer 425 to a parallel N-bit pseudo random bit sequences,
and the parallel pseudo random bit sequences is further
transmitted to the demultiplexer 423. Meanwhile, the demul-
tiplexer 423 selectively transmits the received parallel
pseudo random bit sequences (i.e. the code to be tested) to
the bit error rate tester 424, thus the bit error rate tester 424
checks the number of bit errors of the received code to be
tested, such that the bit error rate is further obtained.

[0042] In general, each of the bit error rate testers 414 and
424 comprises same parallel pseudo random bit sequences
generators respectively for generating same pseudo random
bit sequences. In the present embodiment, the bit error rate
testers 414 and 424 may be implemented as shown in FIG.
5. FIG. 5 schematically shows a block diagram of a parallel
bit error rate tester according to a preferred embodiment of
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the present invention. Referring to FIG. 5, the object to be
tested 510 in the present embodiment may be a data trans-
mission system in FIG. 4. If the bit error rate tester 500 is
applied in the field of built-in self test (BIST), the object to
be tested 510 may be a memory to be tested.

[0043] The bit error rate tester 500 mainly comprises a
plurality of pseudo random bit sequences generators 520,
530, and 540 that each has multiple pattern lengths, a
comparator 550, a counting unit 570, and a control circuit
560. Wherein, the pseudo random bit sequences generator
520 in the transmitter generates and provides a parallel N-bit
original pseudo random bit sequences Dout (i.e. a test
signal) to the object to be tested 510, and a signal is sent out
after a parallel-to-serial conversion is performed on the
object to be tested 510. A code to be tested Din (i.e. a signal
1o be tested) is generated after the signal is received by the
receiver and the demultiplex operation is completed, and the
code to be tested Din is transmitted to the master pseudo
random bit sequences generator 530 and the slave pseudo
random bit sequences generator 540 simultaneously. Then, a
master pseudo random bit sequences 531 for next clock is
calculated by the master pseudo random bit sequences
generator 530, so the comparator 550 can compare and
determine whether the master pseudo random bit sequences
531 is equal to the next record of the code to be tested Din
output from the object to be tested. A comparison result 551
is sent to a digital control circuit 560 to determine whether
the code to be tested Din output from the object to be tested
510 is detected by the master pseudo random bit sequences
generator 530 or not. After the master pseudo random bit
sequences generator 530 detects the code to be tested Din
output from the object to be tested 510, the measurement of
the error rate is started.

[0044] When the measurement of the error rate starts, the
comparator 550 compares the master pseudo random bit
sequences 531 output by the master pseudo random bit
sequences generator 530 with the code to be tested Din
output from the object to be tested 510. The counting value
is incremented by 1 after each time of comparison, so as to
count the amount of the measured data signals. When the
master pseudo random bit sequences 531 output by the
master pseudo random bit sequences generator 530 is equal
1o the code to be tested Din output from the object to be
tested 510, the accumulated counting value of the counting
unit 570 is added by 0. If they are not the same, two cases
are possible: it may be either some error occurred in receiv-
ing the signal, or some error occurred in the master pseudo
random bit sequences generator 530. In order to verify the
situation, the comparator 550 compares the master pseudo
random bit sequences 531 generated by the master pseudo
random bit sequences generator 530, the slave pseudo ran-
dom bit sequences 541 generated by the slave pseudo
random bit sequences generator 540, and the code to be
tested Din output from the object to be tested 510, and a
comparison result 551 output by the comparator 550 is
transmitted to a control circuit 560 for error verification.

[0045] If the master pseudo random bit sequences 531
generated by the master pseudo random bit sequences gen-
erator 530 is different from the code to be tested Din output
from the object to be tested 510, but the slave pseudo
random bit sequences 541 generated by the slave pseudo
random bit sequences generator 540 is equal to the code to
be tested Din output from the object to be tested 510, the
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error is occurred from the master pseudo random bit
sequences generator 530. Thus, the counting unit 570 con-
trolled by the control circuit 560 will not count this error,
and will re-load the code to be tested Din into the master
pseudo random bit sequences generator in order to generate
a next record of pseudo random bit sequences for further
comparison.

[0046] If the master pseudo random bit sequences 531
output by the master pseudo random bit sequences generator
530 is equal to the code to be tested Din output from the
object to be tested 510, whether the code to be tested Din
output from the object to be tested 510 is or not equal to the
slave pseudo random bit sequences 541 output by the slave
pseudo random bit sequences generator 540 will be ignored.
If the master pseudo random bit sequences 531 output by the
master pseudo random bit sequences generator 530 is dif-
ferent from the code to be tested Din output from the object
to be tested 510, and the slave pseudo random bit sequences
541 output by the slave pseudo random bit sequences
generator 540 is also different from the code to be tested Din
output from the object to be tested 510, the counting unit 570
records the number of error bits between the master pseudo
random bit sequences 531 and the code to be tested Din, and
continuously performs the testing.

[0047] The implementation of the slave pseudo random bit
sequences generator is described later. Since the random
numbers generated by the slave pseudo random bit
sequences generators 520, 530, and 540 are serial and linear,
if currently the mark density is %, an accurate calculation of
the next input value can be obtained by loading the received
data into the slave pseudo random bit sequences generator.

[0048] During the synchronization between the transmitter
and the receiver, the control circuit 560 controls the master
pseudo random bit sequences generator 530 to load the code
to be tested Din in order to generate a next record of pseudo
random bit sequences for further comparison. If after K
times of comparison (e.g. K=3, and the real number of
testing may be varied based on circuit requirements), the
master pseudo random bit sequences 531 output by the
master pseudo random bit sequences generator 530 is
exactly equal to the code to be tested Din output from the
object to be tested 510, the master pseudo random bit
sequences generator 530 in the transmitter will enter into a
state of auto-generation and will not receive the code to be
tested Din any more. Meanwhile, the mark density can be set
based on the testing requirement, and the counting unit 570
starts counting the number of bit errors (i.e. the number of
erroneous bits) and the number of testing. If the number of
output bits is N, and the pattern length of the pseudo random
bit sequences is designed as 2¥-1 bits, the minimum value
of K mentioned above should be

After the synchronization between the transmitter and the
receiver is completed, the process enters into a testing phase.

[0049] When the receiver has entered into the testing
phase and is not able to synchronize with the transmitter
after T clocks, it is determined that the error rate of the object
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to be tested 510 is too high, and a testing failure signal TF
1s displayed. Wherein, the value of T mentioned above can
be set based on the required specification. For example,
T=Kx(maximum error rate of the object to be tested
(Pmax))/(minimum measurable error rate (Pmin)). Thus, the
capacity of counter for counting errors (E)=Pmax/Pmin, and
the capacity of counter for counting testing samples (C)=1/
(PminxN).

[0050] FIG. 6 schematically shows a block diagram of an
error accumulator in the counting unit 570. Referring to
FIG. 6, wherein the output of the comparator 550 is N bits,
in order to reduce the bit number of the adder and speed up
the accumulating operation, the comparison result output by
the comparator 550 is divided into multiple sets of bits. For
better illustration, a case of N=16 and P=3 is exemplified
hereinafter, and it is assumed that “1” in each bit of the
comparison result indicates that an error is occurred in the
bit corresponding to the code to be tested Din output from
the object to be tested 510 in FIG. 5.

[0051] First, the comparison result of the comparator 550
is divided into 4 sets where each set has 4 bits. Then, each
set of the bits in the comparison result is encoded and
converted into a 3-bit value that represents the number of
error occurrences by an encoder 610. For example, if one set
1s “1111” (which indicates errors are occurred in all 4 bits),
the number of error occurrences generated by the encoder
610 after the encoding is “4” (i.e. “100” in binary numbers
which indicates there are 4 error bits). A number of current
errors 645 is subsequently output after the operating circuit
620 summates each time’s number of errors with a pipeline
method. In addition, a number of error bits is output after the
accumulating circuit 630 accumulates each time’s number of
current errors 645.

[0052] The operating circuit 620 mentioned above com-
prises a register 621, a plurality of first adders 622, a register
623, and a second adder 624. Wherein, the encoder 610
outputs 4 sets of 3-bit number of error occurrences. After
passing through the register 621, the 4 sets of 3-bit number
of error occurrences are transmitted in pairs to the corre-
sponding first adder 622 for performing the summation.
Each of the first adders 622 summates the received 2 sets of
3-bit number of error occurrences and outputs a 4-bit
medium error value respectively. The second adder 624
receives the 4-bit medium error value form the first adder
622 via the register 623, performs the summation, and
outputs a 5-bit current error value 645.

[0053] The mentioned accumulating circuit 630 comprises
an accumulator 631 and a counter 633. Wherein, the accu-
mulator 631 accumulates a previous accumulation result 632
with the current error value 645, so as to output a current
accumulation result 632. A most significant bit of the accu-
mulation result 632 is further transmitted to the counter 633
so as to count the number of overflow in the accumulation
result 632 and output a counting result 634. Wherein, the
counting result 634 and the accumulation result 632 are the
number of bit errors NE. Hence, an accumulator for count-
ing the number of error occurrences with simplified hard-
ware configuration and high efficiency is obtained.

[0054] The parallel pseudo random bit sequences genera-
tors 520, 530, and 540 having multiple pattern lengths and
multiple mark densities according to the described embodi-
ment may be implemented by referring to FIG. 7. FIG. 7
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schematically shows a block diagram of a parallel pseudo
random bit sequences generator according to the preferred
embodiment of the present invention. Referring to FIG. 7,
an (N+P-1)-bit original pseudo random bit sequences 711
having a maximum pattern length of 2™-1 is generated by
the pseudo random bit sequences generator 710 based on a
pattern length selection signal PL, wherein M and P are
integers greater than 1. The mark density control circuit 720
receives the source pseudo random bit sequences 711, modi-
fies the mark density of the source pseudo random bit
sequences 711 based on a mark density selection signal MD,
and outputs an N-bit pseudo random bit sequences 721
having a minimum mark density of %4,

[0055] FIG. 2 mentioned above shows an example of a
conventional pseudo random bit sequences generator with a
fixed calculation length, its algorithm is represented by
Vo=V en DY i and the pattern length is 2™-1, where a
is an integer less than M. FIG. 8A schematically shows a
block diagram of an embodiment of the pseudo random bit
sequences generator 710 in FIG. 7, where M is less than the
number of the parallel output bits. Referring to FIG. 8A,
where al8~al, b18~b1, and c18~c1 represent the outputs of
the operating circuit when performing different algorithms,
respectively. Wherein, each operating circuit uses an XOR
gate to perform y_=y_ V. .. Operation, and pre-
counts all parallel output data for next clock. In addition, a
feedback bit is selected by the multiplexer 802 based on the
pattern length selection signal PL in order to program the
output pattern.

[0056] When the exponential M of the pattern length is
less than or equal to the number of parallel output bits N,
since the number of bits for parallel calculation is insuffi-
cient, it is not possible to generate all required output bits in
such a short period of time. To solve this problem, a
recursive pre-counting operation technique is applied herein
to simplify the complexity of logic operation, so as to
improve the operation speed of the entire generator. A
pseudo random bit sequences having a pattern length of
2M_1 is exemplified hereinafter for description. Wherein, its
m™ bitis V.. =y, DY niee and a is an integer less than M
(a is used to represent different pattern lengths). For
example, the input bits al8~al in FIG. 8A are the output bits
Ya~¥17 of the operating circuit which petforms y =y,
7@y, operation as shown in FIG. 9A respectively. FIG.
9A schematically shows a pre-counting circuit which per-
forms algorithm y, =y, @y, _ (the pattern length is 27-1)
and has a 16-bit output. The input bits y, «~y,, in FIG. 9A
are provided by part of the output bits of the register 801 in
FIG. 8A.

After recursive simplification,
[0057]
[0058]

[0059] Tt is known from the equations above that the
output result of y__,, and y,, can be obtained based on
[Yooong - - - » Ymoay] pattern with the recursive pre-
counting method. Therefore, more values can be pre-
counted within the same XOR delay time. For example,
FIG. 9B schematically shows an operating circuit simplified
from the circuit in FIG. 9A having a pattern length of 27-1.
As shown in the diagram, a faster operation speed is
obtained by applying the recursive pre-counting algorithm

Vo=V DY m_Maq DECOMES:

Yo=Y oo DY montaDYimo o e DY ontsza
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on the short pattern length. In addition, more data can be
obtained by simplifying the logic operation and the pre-
counting value is obtained within a shorter period of time,
such that the speed for generating the pseudo random bit
sequences is improved. Although FIGS. 9A and 9B are used
as the embodiment for describing the pre-counting circuit
which performs algorithm y_=y__ @y, ¢ in the present
embodiment, it will be apparent to one of the ordinary skill
in the art that different pre-counting circuits may be designed
based on different algorithm it requires.

[0060] FIG. 8A schematically shows a parallel pseudo
random bit sequences generating circuit of a pseudo random
bit sequences generator where M is less than the number of
parallel output bits. Besides outputting the 16-bit pseudo
random bit sequences y, .~y , the extended bits y, ,~y,, are
further included in each time’s output, such that the mark
density control circuit can perform the multiple mark density
control function. Accordingly, the signal of the pattern
generator is more versatile and the circuit is able to perform
more complicated analysis.

[0061] FIG. 8B schematically shows a pseudo random bit
sequences generating circuit where M is greater than the
parallel output bits and less than or equal to two times of the
parallel output bits. As shown in FIG. 8B, the extended data
obtained from performing the XOR pre-counting operation
on the parallel pseudo random bit sequences is first tempo-
rarily stored in the register, and then outputs in parallel in the
next clock. Wherein, d16~dl and el6~el represent the
outputs of the pseudo random bit sequences pre-counting
circuits for two different sets of pattern lengths, and the
pattern length is selected via a multiplexer 805. In other
words, since the pre-counting circuit can only calculate the
third record of data (i.e. d18~d1 or el8~el, which is
generated by the pre-counting circuit and selected by the
multiplexer based on the pattern length selection signal PL)
from the first record of data (i.e. y;o~y,, which is output by
a register 803), the second record of data needs to be first
temporarily stored in a register 804 (i.e. y;,~v,, output by
the register 804), and then outputs from the register 803 after
delaying for a certain period of time.

[0062] FIG. 8C schematically shows a block diagram of
yet another embodiment of the pseudo random bit sequences
generating circuit in FIG. 7. Referring to FIG. 8C, a 16-bit
parallel output pseudo random bit sequences generating
circuit having a pattern length of 27-1, 2'°-1, 215-1, 2231,
and 2*'-1 is shown, wherein the pattern length output by the
circuit is determined based on the pattern length selection
signal PL. The output bits v, ,~y, are output by the pseudo
random bit sequences, and the additional added two-bit
register is for storing the extended bits (y,,, v5;) and (4,
y,7), such that the mark density control circuit 720 can
generate the test signals having mark density of %, %, and
Y. In FIG. 8C, where d16~d1 and el6~el represent the
outputs of the pseudo random bit sequences pre-counting
circuits for two different sets of the pattern lengths where M
is greater than the parallel output bits N and less than or
equal to two times of the parallel output bits N. And the
pre-counting circuits are, for example, to perform y =y,
23Dy, o and v =y, 1,PY,._.s Operations, respectively. In
addition, al6~al, b16~b1, and c16~cl in the diagram rep-
resent the outputs of the pseudo random bit sequences
pre-counting circuits for three different sets of the pattern
lengths where the exponential of the pattern length M is less
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than or equal to the parallel output bits, and the pre-counting
circuits are, for example, the pre-counting circuits that
perform y, =y, ®Yn 6 Ym=Vm-10BYm 7 and y =y,
15@y,,_,, operations, respectively. Wherein, the pattern
length is selected via a first stage multiplexer 808-1 and a
second stage multiplexer 808-2. For example, if it is
intended to select the pre-counting circuit that performs
Y, =Ym_23BYm_1 Operation, with the control from the pat-
tern length selection signal PL, the second stage multiplexer
808-2 selectively couples the input terminals d16~d1 to a
second stage register 807-2, and the first stage multiplexer
808-1 selectively couples the output terminals of the second
stage register 807-2 to a first stage register 807-1. In
addition, for example, if it is intended to select the pre-
counting circuit that performs y_=y,_ ,®y, ¢ operation,
with the control from the pattern length selection signal PL,
the first stage multiplexer 808-1 selectively couples the input
terminals al6~al to the first stage register 807-1.

[0063] The major purpose of the multiplexer 806 is to
provide a function of loading an external signal Din into the
pseudo random bit sequences generating circuit, like the
case where the master pseudo random bit sequences gener-
ating circuit 530 receives the code to be tested Din output
from the object to be tested 510 as shown in FIG. 5. The
output terminals y, .~y of the multiplexer 806 are sequen-
tially coupled to the mark density control circuit 720 (as
shown in FIG. 10A), so as to generate the pseudo random
bit sequences having different mark density based on the
control signal MD (e.g. S1 and S2 in FIG. 10A).

[0064] FIG. 8D schematically shows a block diagram of
still yet another embodiment of the pseudo random bit
sequences generating circuit in FIG. 7. Referring to FIG.
8D, a pseudo random bit sequences generator which has an
N-bit parallel output, a maximum pattern length of 2M-1,
and a minimum mark density of %" is shown. The pseudo
random bit sequences generator comprises [ stages of
(N+P+1)-bit registers 810-1~810-L, where

Since the pseudo random bit sequences generating circuit
has a steady state of all zeros, at least one of the register
values has to be set as 1 in the circuit initialization state to
ensure the circuit can be under normal operation. The initial
values of all registers are set as 1 in the present embodiment.

[0065] Each stage of multiplexers 811-1~811-L selectively
outputs a pre-counting result having a different pattern
length from a different pre-counting circuit, and feeds the
pre-counting result back to one stage of the corresponding
registers 810-1~810-L. The pseudo random bit sequences is
sequentially transmitted through each stage’s register, and
the pseudo random bit sequences is finally transmitted to the
multiplexer 809 in parallel by the first stage register 810-1.
The major purpose of the multiplexer 809 is to provide a
function of loading the external signal Din into the pseudo
random bit sequences generating circuit, like the case where
the master pseudo random bit sequences generating circuit
530 receives the code to be tested Din from the object to be
tested 510 as shown in FIG. 5. Besides transmitting to each
pre-counting circuit, the output bits y,, . ,~y, of the multi-
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plexer 809 are sequentially coupled to the mark density
control circuit 720 (as shown in FIG. 10A), so as to generate
an N-bit pseudo random bit sequences having a maximum
pattern length of 2™-1 bits and a minimum mark density of
14¥ based on control signal MD.

[0066] In addition, in terms of mark density control, since
the neighboring bits of the pseudo random bit sequences are
independent with each other, and the probabilities for 1 and
0 to occur are all equal to 4, after performing a logic AND
operation on the neighboring n bits, the probability of 1 to
occur is reduced to ¥2". Accordingly, the mark density of the
pseudo random bit sequences bits is controlled by changing
the number of the logic AND operations performed on the
output bits, such that the equivalent DC level of the test
signal is further modified. FIG. 10A schematically shows a
block diagram of a mark density control circuit 720 in FIG.
7. Referring to both FIG. 7 and FIG. 10A, a case of N=16
and P=3 is exemplified herein for describing the multiple
mark density control circuit. The pseudo random bit
sequences y,o~y, output by the pseudo random bit
sequences generating circuit 710 are fed into the correspond-
ing mark density control unit MDC, .~MDC,, respectively.
That is, the n™ mark density control unit receives y, y,., ,, and
Vauo For example, the first mark density control unit MDC,
receives y,, y,, and y,, and the 16™ mark density control unit
MDC, receives Y4, ¥;7 and y,q. In addition, each mark
density control unit outputs an N-bit pseudo random bit
sequences 721 (e.g. D;~D; in the present embodiment)
having a corresponding mark density based on the control of
the mark density selection signal MD (e.g. the density
selection signals S1 and S2 in the present embodiment).

[0067] FIG. 10B schematically shows an embodiment of
the n™ mark density control unit in FIG. 10A. Referring to
both FIG. 10A and FIG. 101B, the OR gates 1010 and 1020
determine whether to transmit the pseudo random bit
sequences bits y,., and y,,, to an AND gate 1030 or not
based on the density selection signals S1 and S2, respec-
tively. The AND gate 1030 receives the pseudo random bit
sequences bit y, and the outputs of the OR gates 1010 and
1020, so as to generate a pseudo random bit sequences bit
D,. Wherein, the operation is as shown in table 1 below.

TABLE 1
S1 S2 D, Mark Density
0 0 Yo" Yarl " Vo2 s
0 1 Yn Yarl Ya
1 0 Yo' Va2 Ya
1 1 Va %]

[0068] Accordingly, by using the mark density control
circuit 720 to change the mark density of the output pseudo
random bit sequences, the pseudo random bit sequences
generator of the present embodiment can simulate the DC
level shift caused by different digital encoding, such that the
test availability of the bit error rate tester is improved.

[0069] Although the invention has been described with
reference to a particular embodiment thereof, it will be
apparent to one of the ordinary skill in the art that modifi-
cations to the described embodiment may be made without
departing from the spirit of the invention. Accordingly, the
scope of the invention will be defined by the attached claims
not by the above detailed description.
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What is claimed is:

1. A bit error rate tester for counting a number of bit errors
of an object to be tested, and the bit error rate tester
comprising:

a transmitter pseudo random bit sequences generator for
generating a parallel N-bit original pseudo random bit
sequences, wherein N is an integer greater than 1 and
the object to be tested outputs a parallel N-bit code to
be tested after receiving the original pseudo random bit
sequences;

o

master pseudo random bit sequences generator for
generating a parallel N-bit master pseudo random bit
sequences;

o

slave pseudo random bit sequences generator for gen-
erating a parallel N-bit slave pseudo random bit
sequences;

a comparator for receiving, comparing, and determining
whether the code to be tested, the master pseudo
random bit sequences, and the slave pseudo random bit
sequences are the same or not, and outputting a com-
parison result; and

a counting unit coupling to the comparator for counting

the number of bit errors based on the comparison result.

2. The bit error rate tester of claim 1, wherein the counting
unit further counts a number of comparisons based on the
comparison result, so as to obtain a bit error rate of the object
to be tested from the number of comparisons and the number
of bit errors.

3. The bit error rate tester of claim 1, wherein the object
to be tested is a data transmission system.

4. The bit error rate tester of claim 1, wherein the slave
pseudo random bit sequences generator receives the code to
be tested, and generates the slave pseudo random bit
sequences based on the current code to be tested.

5. The bit error rate tester of claim 1, wherein except
receiving the code to be tested in order to generate master
pseudo random bit sequences in a predetermined period, the
master pseudo random bit sequences generator does not
receive the code to be tested but automatically generates
master pseudo random bit sequences.

6. The bit error rate tester of claim 1, wherein the counting
unit comprises:

an encoder for receiving the comparison result from the
comparator, encoding the number of error bits for
current comparison to a plurality of numbers of error
occurrences based on the comparison result, and out-
putting the numbers of error occurrences;

an operating circuit for receiving and summating the
numbers of error occurrences, and outputting a number
of current errors; and

an accumulating circuit for sequentially receiving and
summating each time’s number of current errors, and
outputting the number of bit errors.
7. The bit error rate tester of claim 6, wherein the
operating circuit comprises:

a plurality of first adders, wherein each of the first adders
receives and summates two of the corresponding num-
bers of error occurrences, and outputs a medium num-
ber of errors, respectively; and
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a second adder for receiving and summating the medium
numbers of errors, and outputting the number of current
errors.

8. The bit error rate tester of claim 6, wherein the

accumulating circuit comprises:

an accumulator for summating a previous accumulation
result to the number of current errors, and outputting a
current accumulation result; and

a counter for counting a number of overflow for a most
significant bit of the current accumulation result gen-
erated by the accumulator, and outputting a counting
result, wherein a combination of the counting result and
the accumulation result is the number of bit errors.

9. The bit error rate tester of claim 1, wherein the
transmitter pseudo random bit sequences generator, the
master pseudo random bit sequences generator, and the slave
pseudo random bit sequences generator respectively com-
prises:

a pseudo random bit sequences generating circuit for
generating a parallel (N+P-1)-bit source pseudo ran-
dom bit sequences having a maximum pattern length of
2M_1, where M and P are the integers greater than 1;
and

a mark density control circuit for receiving the source
pseudo random bit sequences. and changing a mark
density of the source pseudo random bit sequences
based on a mark density selection signal for outputting
the N-bit original pseudo random bit sequences, the
master pseudo random bit sequences, and the slave
pseudo random bit sequences respectively having a
minimum mark density of %"

10. The bit error rate tester of claim 9, wherein the pseudo

random bit sequences generating circuit comprises:

a plurality of pre-counting circuits for performing logic
operations based on one of a plurality of algorithms,
and outputting an (N+P-1)-bit pre-counting result;

at least a multiplexer for selectively outputting one of the
pre-counting results based on the pattern length selec-
tion signal; and

at least a register for temporarily storing an output of the
multiplexer based on a timing, and outputting the
source pseudo random bit sequences;

wherein, each of the pre-counting circuits receives the
source pseudo random bit sequences and performs the
logic operation on it based on the corresponding algo-
rithm, so as to output the corresponding pre-counting
result, respectively.

11. The bit error rate tester of claim 10, wherein if an st
stage multiplexer among the multiplexers is represented by
MUX_, and an s stage register among the registers is
represented by REG,, where s is an integer greater than 0
and less than or equal to

an input terminal of REG, is coupled to an output terminal
of MUX,, and an output terminal of REG_ is coupled to one
of a plurality of input terminals of MUX__,.
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12. The bit error rate tester of claim 10, wherein one of the
algorithms is Y, =Y, @Y, , where Y represents an x bit
of the pseudo random bit sequences generated by the pseudo
random bit sequences generating circuit, and x is an integer
greater than 0.

13. The bit error rate tester of claim 9, wherein the mark
density control circuit comprises:

N mark density controllers MDC_, for receiving a plurality
of outputs Z ~7Z ,»_, from the pseudo random bit
sequences generating circuit, and determining the mark
density of the pseudo random bit sequences D, to be
Y2~ based on the control from the mark density
selection signal and outputting D, where Z  represents
an output of the n™ bit from the pseudo random bit
sequences generating circuit, MDC, represents the n
mark density controller, D, represents an output of the
o™ mark density controller, and n is an integer greater
than 0 and less than or equal to N.

14. A pseudo random bit sequences generator, compris-

ing:

a pseudo random bit sequences generating circuit for
generating a parallel (N+P-1)-bit source pseudo ran-
dom bit sequences having a maximum pattern length of
2M_1, where M and P are the integers greater than 1;
and

a mark density control circuit for receiving the source
pseudo random bit sequences, and changing a mark
density of the source pseudo random bit sequences
based on a mark density selection signal for outputting
a parallel N-bit pseudo random bit sequences having a
minimum mark density of %4

15. The pseudo random bit sequences generator of claim

14, wherein the pseudo random bit sequences generating
circuit comprises:

a plurality of pre-counting circuits for performing logic
operations based on the corresponding algorithm, and
outputting an (N+P-1)-bit pre-counting result;

at least a multiplexer for selectively outputting one of the
pre-counting results based on the pattern length selec-
tion signal; and

at least a register for temporarily storing an output of the
multiplexer based on a timing, and outputting the
source pseudo random bit sequences;

wherein, each of the pre-counting circuits receives the
source pseudo random bit sequences and performs the
logic operation on it based on the corresponding algo-
rithm, so as to output the corresponding pre-counting
result, respectively.

16. The pseudo random bit sequences generator of claim
15, wherein if an s™ stage multiplexer among the multiplex-
ers is represented by MUX_, and an s™ stage register among
the registers is represented by REG,, where s is an integer
greater than 0 and less than or equal to

an input terminal of REG, is coupled to an output terminal
of MUX,, and an output terminal of REG, is coupled to one
of a plurality of input terminals of MUX__,.
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17. The pseudo random bit sequences gererator of claim
15, wherein one of the algorithms is Y, =Y, @Y, _¢, where
Y, represents an X bit of the pseudo random bit sequences
generated by the pseudo random bit sequences generating
circuit, and x is an integer greater than 0.

18. The pseudo random bit sequences generator of claim
14, wherein the mark density control circuit comprises:

N mark density controllers MDC_ for receiving a plurality
of outputs Z ~7 ,,_, from the pseudo random bit
sequences generating circuit, and determining the mark
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density of the pseudo random bit sequences D, to be
¥~ based on the control from the mark density
selection signal and outputting D, where 7 represents
an output of the n™ bit from the pseudo random bit
sequences generating circuit, MDC, represents the n™
mark density controller, D, represents an output of the
n™ mark density controller, and n is an integer greater
0 and less than or equal to N.



