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includes multxple stages which are enabled and disabled in a controlled

manner (270), in response to a control pulse (SAEN). The control pulse (SAEN) is produced every Nth period of an externally provided
clock signal, the clock being used to clock out a bitstream representing the contents of the memory device. In a preferred embodiment, N

N memory cells (bits) comprising an accessed memory location. The

sense amps (200) are therefore active only of a period of time sufficient to read out a memory cell.




where the bits define |logic and routing of the FPGA 20 el enents.

A seri al ‘confi-guration-nenory“i s-the device whi ch cont gj :

confi gur at | Wi 99/54880r eam A seri al confi guration nenoryq’gﬁ%sltgg@gs%f
menory array such as PROM or E[err]HRROM an address counter, and
supporting logic 25 to provide programm ng and reset control. The

addr ess counter is tied to a clock input line and is increnented

on each rising or falling edge of a Jexdciptgivd . The count er out put
serves to address each bit of the nenory array, producing a bitstream
which is serially output to 30 -an FPGA. Many of today's
personal el ectroni ¢ dOENSES AMPEIFIER WITKRrZERM\POWER niRiie M@PE sour ce,
nanely a battery, and. . so there is always a concern for conserving
power wher- - ever possible. The desire to mnimze power consunption
35 per¥adesTEOBNYCAEpBEELDf the design of these devices. FPGAs find

use in many such deViCe§heigfhgghﬁgihéﬂhﬁﬂon rel8@ERULY SerlisHftttor
conputers, and cellul ar teléephones. Confi_guration nenories, thfrefore,

present an oppemenyi @gvices, and pprgopsridgularly to a sense ampl
PCT/ US99/ 0680fier for use in serial configuration memories.

10 BACKGROUND ART _

Serial configuration memories are devices used
with FPGAé.- When a device such as an FPGA powers up,
each of its logic blocks must be configured for a spe-
cific logic operation and its programmable interconnects

15 must be configured to provide_routing among the logic
blocks to implement the intended logic function. The
. configuration information_takes the form of a bitstreanm
which feeds into the FPGA and is stored in the device,
where the bits define logic and routing of the FPGA
20 elements. '

A serial configuration memory is the device
which contains the configuration bitstream. A serial
configuration memory consists of a memory array such as
PROM or E?PROM, an address counter, and supporting logic

25 to provide programming and reset control. The address
counter is tied to a clock input line and is incremented
on each rising or falling edge of a clock signal. The
counter output serves to address each bit of the memory
array, producing a bitstream which is serially output to

30  an. FPGA. |

' Many of today’s personal electronic devices are

powered by an independent source, namely a battery, and
so there is always a concern for conserving power wher-
ever possible. The desire to minimize power consumption

35 pervades every aspect of the design of these devices.
.FPGAs find use in many such devices, including laptop
computers, notepad computers,; and cellular telephones.
Configuration memories, therefore, present an opportunity



- 2- where inprovenents can be nmade to mnimze power consunp- .

“tion: T SUMMARY OF THE | NVENTION 5 The p

i nventi on iWOM/5¢88Ped to a sense - anplifier schene for E@gﬁllg%msw,

devi ce whi ch re- ceives an external-2¢cl ock signal and produces a
bitstream at a frequency equal to the external clock. The sense

anp includes a differential anp stage, a voltage refer- 10 ence stage
and a data | ajltére Dmppotvenenpsl een(be made to miabhing polee) comsgmper at ed
every Nth perjipd of the clock, N being the data size (in bits) of
each menory Y% R1 on. Crcuit neans responsive to the control pul se
provides for enabling and disabling of the two stages and the data 15
latch in a S PSGIARY e?HEth§E§§f #dlng a controlled power - up and
power - down sequence o e sense ifier. In a preferred

enbodi meht, N such sensBheppresent 1nV¢PE%§nai§ eipeeved £e 3 FEPSEneously
read out the A\annfleﬁﬁaenameefbf ﬁQEpihSanﬂeﬂoi‘?nHéVJ.béCﬁhh@ﬁ réhe control

fo read out EHEHRyARcPFECEREbr CHAFENSIFRALI ARY DroduSenes bisstrram | o
. di sabl ed. Enabti&gfpéghencgeageadnpdi the externflsclsecKel ayhe begnse anount
of tine SUff'C'ﬁwgnéfhéggrg-differential amp stage, a voltage refer-
10 ence stage and a data latch. A control pulse (or en-
abling pulse) is generated every Nth period of the clock,
N being the data size (in bits) of each memory location.
Circuit means reéponsive to the control pulse provides
for enabling and disabling of the two stages and the data
15 latch in a specific order, thus providing a controlled
power-up and power-down sequence of the sense amplifier.
In a preferred embodiment, N such sense ampli-
fiers are employed to simultaneously read out the N
memory cells comprising a memory location. The control
20 pulse has a pulse width sufficient to allow each sense
amplifier to read out a memory cell, after which time the
sense amps are disabled. Enabling of the sense amplifi-
ers is delayed by an amount of time sufficient to incre-
ment and decode a memory location address. In this way,
25 the sense amplifiers are powered for a brief moment in
time, namely the sense time, as compared to the time
needed to serially shift out the N bits of a datum of

memory.

30 BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a system block diagram of the memory
device in accordance with the-inventien.
| Figs. 2A - 2C and 3 illustrate the data caching
scheme of the invention.
35 Fig. 4 is a block diagram showing the memory
' array of the present invention.
Fig. 5 is a schematic of a sense amplifier in
accordance with the invention.



ment and.decode a nenory | ocation address. In this way, 25 t he sense
anplifiers are powered for ‘a brief rnoment—im— - tine, na gnse
trﬁe, as cdﬁBi?@ﬁ&fo the tine needed to serially shifpggﬁ?k?ﬁgﬁN bits
of a dat um of menory. 30 BRI EF-BESCRI PTI ON OF THE DRAW NGS

Fig. 1 is a system block diagramof the nenory device in accordance
with the invention. Figs. 2A - 2C and 3 illustrate the data
cachi ng schene of Fie. idmvEsta ohimgﬁg diagram showkng. thei opera-ock

di agram shovigit: 6 "B{® dense arfih'&¥ .etEFeBéﬁ‘EeTI’\VEH\ngH.OH' .
Fig. 5is a schematic of,  a sense anplifrer in accordance with the
invention. =~ = WXy shggblustrates-a delay circuit used in
PCT/US99/068@6njuni}ion wit%ithe s?nse-amplifier531
. . O . : o Oper A o
Flg. 6 ISS a timng di agftiagrr.] S8 OJB.AQ nag t:tcming dna.lagram of the principal
signals which participate in the operation of the inven-

tion.

BEST MODE FOR CARRYING OUT THE INVENTION

10 Referring to Fig. 1, a serial configuration
memory device 100 in accordance with the present inven-
tion includes a memory array 20, typically organized into
an array of eight-bit bytes..-Alternative data sizes for
the array can be used instead, e.g. sixteen-bit words.

15 In general, the present invention is capable of operating
with N-bit data sizes, where N preferably is a power of
2. . '

An address counter 40 feeds into the memory

~array 20 which includes a decoder for decoding the

20  address of a memory location. The address counter 40 is
clocked by the output of a divide-by-eight (+8) circuit
60. The +8 circuit is driven by an externally provided
clock signal to provide a pulse on every eighth cycle of
an EXTERNAL CLOCK. Fig. 1 shows a train of clock pulses

25 provided by the EXTERNAL CLOCK and the resulting pulses
‘produced by the +8 circuit. Thus, a stream of addresses
feeds. into the memory array 20 at a rate of one address
every eighth clock. Again, in the general case the
circuit is a divide-by-N circuit for N-bit data sizes,

30 where an address is produced every Nth clock. A write
control module 32, also driven by the +8 circuit, pro-
vides signaling to the memory array for read and write
operations. In addition, the write control module
signals a data register contfoller 36 to latch data read

35 out of array 20 into a data register 42.

The memory array 20 outputs the eight bits of

an accessed byte to data register 42 via a parallel
eight-bit data path 21. As mentioned above, data regis-



tion of the sense anp of the present invention. . .- . Fig..7

illustrates a delay circuit used in conjunctlon wth tgg%aﬁﬁ@&m7
anpl i fi er s WO $9/54880 Fig. 8 is a timng diagram of t He I pal
signals which participate in the operatigg.of the inven- tion.

BEST MODE FOR CARRYI NG OUT THE | NVENTI ON 10 Referring to Fig.
1, a serial configuration menory device 100 in accordance wth the

present i nverter ccmtﬁfd»_prlai;1 rm.t Usiser £t o Mty dat&yrafistypi tal b;iratlgeni zed
into array of eight-hit te ternat ve data sizes '
‘the array ca arid B drtester, 61\133/12 ‘}? MR LW hi%m mF’ﬂ‘°§§n§Pa| the
present i nvernintonm dastzcamqlisetem‘ 4Derad ngo serlamyhshhﬁtt itat eightes,
where N pref eﬂig?é ym{d? ﬁ%rSﬁIAL DATZ" £ OUTPYR lime, outp t§ﬂ§ gAs

counter 40 feeds
for decd&i ng thmtaﬂis @ﬁd\!@m@rmfZ@ aermrrytrmwmbltsme 'ﬁbarSEBIébunter 40

i s cl oGigbeh Ry cﬁ&“féﬁ £ fhd de- £@ff§ﬂh&a££eﬁﬁ%férCSbCUhEch

60. The [err]8 CIrCUI ven an extern y_provid cl ock
signal to pr cﬁA’Jd‘ée%l‘HIﬁ \'«ﬁtmylretfgmrh eXerEnal devicegnepXTERRER CLOCK.

Fig. 1 shows gndt ainbwi) cl Gﬁ{‘elﬁ&!éﬁﬂ.ﬁl 2fata hOFEsdsOYalbe ESEERNAE CLOCK
and e oo D S e ARG Wby SEEAS 508 S FATAyES e
addressto programming of the configuration memory dev1ce. Write
control module 32 and data register controller 36 to-
gether operate data register 42 to serially shift data in
from the SERIAL DATA INPUT and to parallel write the
shifted-in data into memory 20.

15 The configuration memory device of the present
invention further includes a cache register 44 coupled to
receive a byte of data during the power-up sequence,'and
to load a byte previously stored in cache register 44
into data'register 42 during a reset sequence. A cache

20 register controller 34 controls the cache register to
perform these operations, as will be explained below.

Referring now to Fig.'ZA, data register 42 and
the cache register 44 comprise a series of one-bit stages
45. Each stage 45 includes a one-bit register 42n and a

25 one-bit cache latch 44n. Cache latch 44n receives its
input from an.output of register 42n. A CACHE LOAD
control signal enables the cache latch to store the data
which appears at its input line. The output of the cache
latch feeds into an input of switch 43. Fig. 2B shows a

30 typical circuit for cache latch 44n, comprising a latch
circuit access which is gated by a transmission gate
controlled by the CACHE LOAD signal.

Register 42n receives input from switch 41 and
switch 43, and includes a PRESET control input. Switch

35 41 receives data from DATA LINE 21n and SERIAL DATA IN,
and is switched by the SER/PAR control line. The output
of switch 41 feeds into DATA IN of register 42n. Switch
43 receives data from cache latch 44n and from DATA LINE



every eighth clock. Again, in the general case the- circuit is a
divide-by-N circuit for N-bit ‘data sizes; 30 - where an address: I%‘ﬁéﬂduced

every Nth WeHS4880A write control modul e 32, also dri V&t

[err]8 circuit, pro- - vides signalipg_to the nenory array for r ead and
wite operations. In addition, the wite control nodule signal s
a data register controller 36 to latch data read 35 out of array 20 into

a data regi skehn,43nd is switched by'ﬂntInﬂnHB/Rﬁﬁﬁﬂbéﬁkfhnrmﬁﬁfthemﬁéght
bits of ce 0 eqi s VA ar al

ci gnt -bit daPACBAEn o3l SWASERCAR GRBTE SRS THRSET dif Sf Fedisafer ggp.

99/ 54880 Register 42n is clocked by the EXTERNAISIIEH80fnot '

-4- ntrehler per. tar [

oad a byte PAPWETT\ Bheouipull B YR pdte AA A B SARDRL IS
regi sted 42; OHﬁdlﬂDeséndaBByHQMQQ aboyecifgeds into acheutatoth t4n SERI AL

DATA OUTPUT tt qg%& LR Vi r eam of
bits. The SkE%ngddg%'BH Itﬁg U&?:Bwﬁ [ ng:(?‘;é[ee |ér21{eo a serlgaf]f%%t}ga‘g%ffer 50

whi ch to the DATA LINE 21n via pass transistor 48 which is
controlled by the WRT/RD control line.

The PRESET control input is driven by the

10 output of OR gate 46 which receives a PIN RESET signal
and a CACHE LOAD signal, both originating from cache
controller 34. PRESET control causes register 42n to
latch data in from the PRESET IN input rather than from
the DATA IN input. In addition to being latched into the

15 register 42n, PRESET control passes the PRESET IN input
directly to the output of the register. The reason for
this behavior will become apparent in the explanation
below. A typical circuit for the register 42n is shown
in Fig. 2C.. '

20 Data register 42 and cache register 44 (Fig. 1)
are comprised by the coupling together of eight of the
one-bit stages 45 in the manner shown in Fig. 3.. For
example, data register 42 is built up by coupling the
SERIAL DATA OUT of one register 42n to the SERIAL DATA IN

25  of the subsequent register. The eight-bit data path 21
from-mémory array 20 (Fig. 1) cpmprises the DATA LINE 21n
of the stages 45. The SERIAL DATA OUTPUT (Fig. 1) of the
data register 42 derives from the SERTAL DATA OUT line of
the stage holding the least significant bit, while the

30 SERIAL DATA INPUT of the data register is the SERIAL IN.
of the stage containing the most significant bit. All of
the control lines are common to each of the stages.

Data register 42 and cache register 44 together
perform four fundamental tasks: the data register accepts

35 data in parallel fashion from an accessed memory loca-
tion; data stored in the data register is serially
shifted out on the SERIAL OUTPUT line; data to be stored
in memory array 20 is serially shifted in from the SERIAL



drives the bitstreaminto an external device, e.g. -FPGA (not shown).
The serial data buffer 50 al so receives data to be witte gﬂ%ﬁ%the
menory arr YO IUS48P ef f ectuate 10  progranmi ng of the confldﬁpgp§3 nory
device. Wite control nodule 32 ang_data register controller 36 to-
gether operate data register 42 to serially shift data in fromthe
SERI AL DATA INPUT and to parallel wite the shifted-in data into

menory 20. fl&NhPUT 11r|:e,d and mhteaﬁrtw Qb&é&é@ﬂiﬁ\?ﬂﬁryaﬂsnéi Qashhenptesent
i nvention urt Cl U ES e st.er cou
byt o of dat 5 ST S i ottount S8 Reffey Panpay phreRen® °

previously smmmﬂing1tnuﬁmmemmpwthmcdﬂlon. into data register 42 during a

reset sequence. A cachergsqfh Jegﬂléégi??o&g{gl%@&nl?ncggéég%gdtﬂgmég&he- o

register to . performthese operations al ne
Referri fy nodacatrion wokwas aa@rsablehzrm operatiom. ca’Bhesregl ster 44

COITpI’I se a Sgd% flé}{@d% %@éﬁ?ln .LO 'él‘i_) ﬁffklﬁ] %’gg éﬁ%agﬁkyﬁatch 44n

one- bi t reglster 2n and a 25 one it cac
recei ves itscontrol rﬂpmes rqﬁn%ﬁfﬂbuﬂ%&h%fom%g%te?tqw 45 CROPET LEADY

control SIgndheal‘ﬁﬂaa&'édﬁﬁ‘e’iﬁ@|atA"rLdCbr$tmiPRI§h@uﬁ@éaoff a pabich

appears at its ut I|ne The ,qut of the ca feeds nto .
an i nput of ﬁﬂ%ﬁ é&ﬂgt?QFERPtPWQ E%W TFW%HYtZ?oYléaEH@AIatCh
44n, cA®@pri siLIYEa Alat cﬁeeds int rawdittcractEessdhiTh uslg@leﬂl by éan

transm ssi on G @ar guwi CBA d %%%n%ﬂi%ﬁ[}ﬁ b3 régister

Regi ster 42n receives 1 npu ronlsw
42n. The PIN RESET and CACHE LOAD lines are LO so that

the register clocks its data from DATA IN rather than
PRESET IN. '

15 _ Task 2: Serial shifting of data contained in
data register 42 is accomplished by asserting a logic LO
on WRT/RD and a HI on SER/PAR.' WRT/RD turns off pass
transistor 48 to isolate SERIAL DATA OUT from DATA LINE
21n. SER/PAR switches SERIAL DATA IN from a preceding

20 register 42n so that each tick of the EXTERNAL CLOCK
effectuates a shift propagation of the data from one
fegister 42n to the next.

Task 3: Serially shifted input from SERTAL
DATA INPUT (Fig. 1) requires asserting a HI on SER/PAR in

25 order to serially clock data into the data register.
WRT/RD is asserted LO to turn off pass transistor 48 so
that the output of register 42n is isolated from DATA
LINE 21n.

Task 4: Data shifted into the data register is

30 written into memory 20 by asserting a HI on WRT/R. Since
the data to be written is sitting at the output of each
register 42n, turning on pass transistor 48 presents the
data in parallel fashion to the data-in buffers (not
shown) of memory array 20. o

35 During the power-up (power-on reset) seguence
and the externally driven reset sequence of the memory
device, operation of the data and cache registers 42, 44
proceed in a different manner. Referring again to Fig.



switch 43, and includes a PRESET control input. Switch 35 41 receives

data from DATA LINE 21n and SERI AL DATA I'N, and i's” swigcehgeshofpygsoyhe ~

SER/ PAR co@¥>#4%e. The out put of switch 41 feeds into DATA I N of.
regi ster 42n. Switch 43 receives darva fronlcache | atch 44n and from
DATA LI NE _ WD 99/ 54880

PCT/ US99/ 06807 -5- -21n, and is
swit ched by RhedoadsE READWsINtOIrdsete. (POR) cycle, ocCAGHE BEABwisch 43

Lt 015 RSP 6 S o B GRS e,

DATA 5 esnPAER NS b ke fPé’eEs%E'i' kD ehrrgisker 43R - - In
S o t“@A@*‘WﬁA‘”‘ T S i R 2n, e Rt rol
n via_pass ranS|s I.C () contro e e contro
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LOAD si gnal , gg%th &5 ' Hnt§ YN8 G Chewhen CAéﬁErﬁaAﬁr as§35§53

control caus registe
HI, PRESET IN is loaded into the cache latch 44n as well

(see Fig. 2A and 2B). Thus, when a first byte of data
10 (usually the byte contained in memory location 0) is
sensed during the POR cycle, it is presented on the
eight-bit data path 21 (Fig. 1), which feeds into each
DATA LINE 21n, and is loaded into the registers 42n and
the cache latches 44n comprising data register 42 and
15 cache register 44 respectively. This operation is
asynchronous, and when CACHE LOAD goes LO, data register
42 (as well as the cache register) contains the first
byte. When the first clock comes along, data register 42
will have been pre-locaded with a byte and will be ready
20 to start shifting data out. |
' During an externally driven reset cycle, there
is not enough time to sense and load the first byte into
- the data register 42. Typically, a reset cycle completes
in a matter of tens of nanoseconds (e.g. 20 nanoseconds),
25  as compared to a POR cycle which requires on the order of
microseconds to complete before the device is ready to
output its bitstream. Recall, however, that the cache
register 44 has already been pre-loaded with the first
byte during the POR cycle. Thus, CACHE READ is asserted
30 HI so that PRESET IN is switched to receive the output of
the cache latch 44n.  PIN RESET (via cache controller 34)
is asserted HI so that register 42n loads its input from
PRESET IN rather than DATA IN. Instead of accessing a
memory location and sensing the byte to be loaded into
35 the data register 42, the first byte is loaded directly
from the cache register 44 during a reset cycle, an
operation that can be accomplished within the time to
complete the reset cycle. Again, this is an asynchronous



| atch data in fromthe PRESET IN input rather than-from the DATA IN
input. In addition to being |latched into the 15 "register"4§gpm§§§§§L
control pasWOPUSHRSOPRESET | N i nput directly to the out

regi ster. The reason for this behavigr will becone apparent in the =
expl anati on below. A typical circuit for the register 42n is shown
in Fig. 2C. 20 Data regi ster 42 and cache register 44 (Fig. 1)

ige Conﬁrl sed obhrh'&Q.cﬁQUﬁ'rig]@td eairhels aheim RﬂSE‘i"Q’aondltlém&:méIAgI ages
|nt e nmann wn I n | at a | St er S
built up by E‘ﬁl ?iﬁ%‘at I’f@ngt%r é@mﬁ“&ﬂhﬁ?@@%ﬁ@ ?s AR the

SERI AL DATA INoZbe cQlocklael $mhsequent regi ster. The elght bit’ data path 21

fromnenory array 20 (Fig.eg %%{%P@TA:&-A&%@% arrad?

stages 45. The SERI AL D er 42
derives Brom shewsERomprd&tagOET Clalde aG:I‘raY 20’ thavingge AICRMLEY Hef | east

sioni {1 cant biirogtakderiae miiory STIA, DAA LIPUR Olrtdie delaydaginer | s

the SERI AL I N e stagé contai'ning the nost signifjcant bit. All
of the G8%er 8eVicess ars @Adhoir t%%?sofs%es?st’%ﬁﬁ%lve an

Data regi ster adldrese¢ aaeherRdidd hethddgsy decod:’ﬂ'ﬁj fxggh d ot
fundanental tasks: the data rﬁglster accept,s data | reﬂép fashi on
from an acces8EFSREnGy PePETY. ocatiqgn, yii iﬁ&ea &/ é?&'lﬁay datd*F egi st er
is seriably outpsiti bifedheuly-clecdierSHeeds QiUEBdrise anat@itarbierst© ed

in menory a”é:)h%ﬁ c%mf)%rls%g % %rélee%d ':L‘.n éfgci{P té&%s%E%n'\%‘llflers (Fig.
5) acting in parallel. In accordance with the present
invention, the Y-decoder feeds all N bits (e.g. 8 bits)
of an accessed memory location in parallel fashion into

15 the sense amp circuitry 66, thus providing parallel
sensing of the bits. The output of the sense circuitry
is coupled to the data register 42 via data lines 21. A
timer 64 provides an enable signal SAEN to turn on and
turn off the sense circuitry, and is driven by the +8

20 clock. SER/PAR latches the read out data from the sense
amps 66 into the data register 42.

Fig. 5 shows each such ampllfler 200, compris-
ing sense amps 66, in greater detail. Transistors T13 -
T17 comprise a differential amp stage 230. On the memory
25 cell side of the diff. amp 230 is a voltage reference
- section 210 and a current-to-voltage stage comprising
transistors T1 and T2. Similarly on the reference cell
side is a voltage reference 220 and a current-to-voltage
stage comprising transistors T7 and T8. The output 231

30 of the 4iff amp (i.e. the sensed bit) feeds through pass
transistor 256 to be stored in latch 250. The output of
the latch is coupled to the sense amp output line 21n via
transmission gate 254 which is turned on by the SER/PAR
line.

35 The sense amp 200 further includes, in accor-
dance with the present invention, a sense amp enabling
circuit 270. The enabling circuit is driven by a sense
amp enable signal SAEN derived from the timer 64 shown in
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INPUT_1ine; and data is presented in parallel fasdj/psoooeser
ei ght dat aWYRI¥HP %! s (not shown) in nmenory array 20 when witing to
a nenory | ocation. Task #9-lLoading data from an accessed
menory 5 | ocation involves a parallel read operation. This is
acconpl i shed by asserting LO the WRT/RD and the SER/ PAR control lines
of each of tHidnel bi tThe gRabling oaprfeihgecomprisegeadstainggioft er 42. A

LO on WK/ RD tifis-tifs 8 Passyy, 1ntéf§19éi-§é8rw£§h §91&Babft %1@ put from
menory 20 via DATA 10 LINE 21n_ fe into swtch 41 and so, a LO_

on SER/IBRRSHFLH L 498 and I\E3 é‘iﬁ t oTRRATRUERUES 27 &g P§t the 42n.

The PI N RESEer@ph M%&IzmsOpé@at&sa thahsmissiohhgategi(gom- cl ocks

its data from DAT rather t ha Task 2:
Seri sl ohi f R AT LR it 255 Gad,iPKETEeS, 18 MBAEB.dRl i shed
by asserting ca:dpmgad: ir>-line with \BI¢ RDatack 256l innthBERhRARer\\EhioRR tior ns

off pass  pidransi shol &l 571 AL SR e DA VInbERTRATS) e
gate of pass transistor 256.

With respect to the enabling circuit 270, the

10 = SAEN s1gna1 feeds directly into input B of NAND gate G1
and into inverter Il1. The output of inverter Il feeds
into the gate of a P-channel transistor 246 and into
inverter 242. Inverter Il turns on and off transistor
246 and inverter 242 at the same time. The output of

15 inverter I2 switches N-channel transistors T4 and T10.
The output of inverter I4 feeds into input A of NAND gate
Gl. Because of the delay capacitors, the signal arriving
at input A is delayed relative to the signal at input B
by an amount of time based upon the capacitance values of

20 the delay capacitors and to some degree the delay of
inverters I1 - I4.

Operation of the sense amp 200 will now be
described with reference to Fig. 5 and the timing chart
of Fig. 6. Referring first to Fig. 5, as SAEN transi-

25 tions from LO to HI during a power-up sequence, the
signal out of inverter Il goes LO, thus turning on
transistor 246 thereby supplying V_ to transistors Ti,
T6, T7, and Tl12. Inverter Il also turns on transistor
T17 via inverter 242, thus enabling differential amp 230

30 by providing a path to ground. A short delay thereafter,
the output. of inverter I2 goes HI. This turns on tran-
sistors T4 and Tlo, thereby turning on the voltage
reference stages 210, 220. At this time, the power-up
sequence for fhe sense amp has completed. This power-up'

35 sequence guarantees a clean switchover of the sense amp
from a non-powered state to a powered state, avdiding any
transients which might appear at the sense amp output 21.



21n. SER/ PAR swi tches SERI AL DATA I N fron1a precedi-ng 20 regi ster 42n so
that each tick of 'the EXTERNAL CLOCK “eff'ectuates a shlft/%gﬁﬁ%&%tlon
of the dat WOPY488hHe regi ster 42n to the next. as

3: Serially shifted input fromSERIAL  _,,_DATA INPUT (Fig. 1) requires -
asserting a H "on SERFPAR in 25 order t0 serially clock data into the
data register. . WRT/RD is asserted LOto turn off pass transistor 48 so

that the output of regishigh ﬂaw ts thel aipgnr em @AzAmput kliRadbat

Task 4: Data shlfted i nt data_register i.s en igto nenory 20
by asserting WPRREH V@ﬁaﬁB oF; HeHD ggtetﬁé Gﬁféngopﬁgeﬁrpptéﬁ°W?'§Flt¥ng

at the out ﬁUtFm eg.Ch Prlorreg: ‘Fﬁ.ﬁéfé ﬁ andirforca qu‘em of abimet At 48
presents the ta arall el fashjon Io t he da not
shown) of merdfe%r @y%[’o e @ '8P BRFhG tHE é?)%v\%lf 3]5 ﬁﬁ ﬁér on

reset) s@querbetch 25apdtheeefatey nakl gbilei tenreeadh itqueha&eotnnhe nmenory
O oot Pt of Ne-0ALR1 80806 2GhEe" 865 hELAg "8y, 'oar, ppsbEaieed 1" @

di fferent nmanner errrng a
PCT/ US99/ 0680t7ime, latch 250 is 1solated from the output 231 of diff.

amp, since pass tran51stor 256 is off. Because of the
delay capacitors Cl1 - €4, the signal at input A arrives

10 subsequent to the signal at input B and thus gate Gl
remains HI until time t,, At units after SAEN goes HI.

At t,, gate G1 goes LO which turns off transmission gate
252, thus cleéring the latch and disabling it. Also pass
transistor 256 is turned on, thus connecting the output

15 © of diff. amp 230 to the latch. The delay path ensures
that the state of the latch (and hence the previously
sensed data) is retained until after the sense amp is
fully powered.

Continuing, consider when the sense amp begins

20 its power-down sequence as SAEN transitions from HI to
LO. Referring back to Fig. 5, the output of inverter Il
goes HI which turns off transistor 246, thus removing V_
from transistors T1, T6, T7, and T12. In addition,
transistor T17 is turned off (via inverter 242), thus

25 disabling the diff. amp 230. The output of inverter I2
next goes LO which turns off transistors T4 and T10,
thereby shutting down the voltage reference stages 210,
220. At this time, the power-down sequence for the sense
amp has completed.

30 Referring to'Fig. 6 at time t,, the signal at
the B input, being coupled directly to NAND gate G1,
follows SAEN without delay. This causes Gl to transition
HI as soon as SAEN goes LO. The diff. amp output 231 is
latched into latch 250 by virtue of the transmission gate

35 turning on. At the same time, pass transistor 256 is
turned off so that the latch 250 is isolated from the
rest of the sense amp circuitry as it is being powered
down as described above. Thus, the sensed data is saved



-7- 2, during a power -on reset (POR) cycle,” CACHE READ is

asserted LO and CACHE LOAD is asserted H . CACHE READ wggg@ d@ATA
LI NE 21n t oVPRESESEO| N of register 42n. CACHE LOAD | oads PRESET IN _
into register 42n. As ex- 5 pl ai ned abopye with respect to Fig. 2C,
asserting PRESET _ couples PRESET IN directly to the output of the

regi ster - 42n. Moreover, in the case when CACHE LOAD is asserted

H - PRESETIrbéﬂoreapederﬁﬂownhefchhbesbaSehampniascmmﬁlete. Irsee Fig. 2A

and 28). Thus,adefog, (b ShelibEp2ind* Al Bensel Wltabetite J34 a2/ ned
I n menory Iocatlo % %nse uri Fﬁe 8 e, It i's presented
on t he fé}@hlabq:h, demx pransentsi ghlg mmh@homers durtinge ddte

DATA LINE 21 fbov?é‘xd-déwxlx 0388deh8tOwt e hedl ébﬂ-ﬁp‘ﬁz RhadNdtate off BheLache
| at ches 44n co rising data register 42 and 15 cache register 44

respectﬁ%ely. S operation is asynchronous, and when CACHE LOAD
goes LO data regi ster Refer 148w(ﬂ6 regl asrbheaqaihionagi detiailc@H ai ns

the first \When t he st clock c | on eqgi ster 42
Wl hive bedhe it iegeatnriht (bby thSuRcin FiSsedr cndpeodat Slghat
shifting dat omiginates as the outplurofigNeR gater oaBl from tive mmnnuEWCle,

there SO STREG, e RS °03Ee°30,) BARUE bhESkiRHLg |t

the data regi's cally, a natter
of tenst®f nariostihdehér. gnaIQDanssqn@thN goes HI- An 1ncomlnq +8

clock signal received at NAND gate 301 is delayed by a
- decoder delay circuit 302 for a time At,. Decoder delay
302 provides a time delay sufficient to allow increment-
ing the address register 40 (Fig. 1) and for the address
15 - decoders 60, 62 (Fig. 4) to access a memory location,
prior to actually enabling the sense amplifiers 200.. An
.inverter chain 306 ensures a minimum delay to allow for
incrementing and decoding the next address, by delaying
the biasing of pass transistor 310, in a situation where
20 the pulse width of the +8 clock is too short.

After a delay At,, the +8 clock causes the
output (SAEN) of NOR gate 303 to go HI, thus turning on
the sense amps 200. A sense delay circuit 304 delays the
+8 clock to ensure that the SAEN pulse remains asserted

25 for a period of time At sufficient for the sense amps to.
sense the state of a memory cell.
' The relative timing between the +8 clock and
the SAEN pulses are shown in Fig. 7. At time t,, the
clock arrives and is delayed by circuit 302 for a period

30 of time At,. At time t,, SAEN goes HI for a period of
time At_, enabling the sense amps 200. At time t, SAEN
goes LO, thus turning off the sense amps.

Operation of the serial configuration memory
will now be discussed with reference to the timing chart

35 of Fig. 8. As indicated in the chart, an address is
produced every eighth clock (via the +8 clock 60, Fig.
1). Thus at a certain clock (call it clock 1), an
address transition begins. As explained above, shortly



25 as conpared to a POR cycle which requires on the order of .
m-croseconds "t o ‘conpl ete-before the device is ready to ﬁﬁé@gﬁ‘%

bi t stream WOSM#880however, that the cache register 44% ¥ ady
been pre-loaded with the flrst bytejguring the POR cycle. Thus, CACHE
READ is asserted 30 H so that PRESET INis switched to receive the

out put of the cache latch 44n. PIN RESET (via cache controller 34)

s asserted Hhfrgert babcked émr , 4Big| opfissAts i8paéséreen HI vEREEEhekN

at her than DATA IN, |nstea f accessi ng i.on
ren5|:19 the bftet ?otBEnFBBd BelﬁFBSSSamptﬁérﬁgﬂgryeéﬁsteﬁgﬁy: éﬁ?ngf

byte is | oaded gergodl gf timef (ak] | heigache I@@gséﬂbuéﬂ ﬁuramgoa theet
bt o ne #H3BE ByERLoE\Bhe- 28aREsRa RREEY TotoHIER Wi nd Marldhs.
99/ 548805 SAEN then goes LO and the eight sP6$£QSHIL868TE retained
;ﬁé data re Pﬁfé%ﬁgf%%agﬂ g eSQQH gg 1§£ QESEEOCOQﬁlt&%%AﬂﬁEHS
gi ster I & cach te
data being represented 1n Fig. 8 as INT DATA.
Meanwhile, data bits from a previously read out
memory location D, are being shifted out of data regis-
10 ter 42, indicated in Fig. 8 as EXT DATA. In fact at
clock 0, bit one of D _, is being shifted out. Observe
that for most of the time that data is being shifted out
of data register 42, SER/PAR is HI, recalling from Figs.
2A and 3 that this effectuates a right shift of the
15 stored bits with each clock.

For clocks 1 - 7, bits 2 - 8 of D, are shifted
out of the data register. At clock 7, bit 8 of D, is
shifted out. Also at clock 7 SER/PAR is asserted LO for
a period of time extending into clock 8. Referring once

20 again to Figs. 2A and 3, a LO on SER/PAR causes switch 41
to load the sensed data from the DATA LINEs 21n into the
register latches 42n. In the case shown in Fig. 8 at
clock 8, the data is D,. Thus when clockls comes around,
the next bit that is shifted out of the data register is

25 the first bit of D,, the memory location that was read out
during clocks 1 - 7 (while D, was being shifted out) and
stored in latches 250 of the sense amps 200.

During clocks 1/ = 7/, the bits comprising D,
are shifted out of the data register. As the timing

30 chart shows, the process repeats. The next address A
'is presented at clock 1/, the sense amps are turned on to -
read out the eight bits of D_,,, and latched into latches

250 just prior to turning off the sense amps. The D,
bits remain in latches 250 until clock 7/, at which time

35 bit 8 of D, is shifted out and the D_,, bits are loaded
into the data register (via SER/PAR being asserted LO),
so that at clock 8/, the next bit shifted out of data
register 42 is the first bit of D,,.



to be cl,ocked .out. Referring nowto Fig. 4, the nmenory
array 20|‘§,§%48805h0wn conprising a cell array 20" having %cﬁrmsbﬁbdsb‘y. of

pr ogr ammab nory cells, such as an array of floating gate devices. -
X- and Y- decoders 60, 62 receive an =13~-address and provi de the

necessary decoding logic to access a nenory location within cel

array 20'. The 10 out put of the Y-decoder feeds into sense a circuitry
66 whi ch conpri s8sf§v¥sgppadsomarithhnoddinss afdiNsteraaglrigt the i)

acting in pasgghel sehBeaafpcdanoe iw ihrnkd RIERRry eightiH\EIBEION, ahde

Y-decoder ‘feeds_all N bits (e.g. 8 bits _, . of an accessed ne

ocatton it BERAFNE| OPaCHLEn PR 8 PETicthots &l AMELRGIANY 15 G0l Pus

- providi ng pafatr| @ecoding aanaidfgest @ Hiors senEitigow milt Of Adetlsense
circuitgy .y e h ata ister .42 yia data lines 21. A
Chier 6 pr obinhd SRERE 11 8eERE T, 2 HEE Brkmits Sxp Brbe diE 0 e

sense circuikeytuanddi offiringett bf the fdme] 8u2dng thleoedightSERIdXS | at ches

t he read out ot he s gen ' . q§&% r egy r 42
Fig. 5 shomsrggé %gcﬁbaﬁgﬁ??i§§t280?r3§23?52§ E%%ﬁ.%?ﬁb ense gﬁ%%§66, in
greater det@¥eatl¥nspdueps thg steady starecewpriend Sravwer dnerdthaal anp

stage 230. (MehfE SRMPB!Yrépresehtlihgshdeighifheasit! reaiBt B3 irs powadt age
referg@fe seciLon 210 and a cUrrent-to-vol tage stage conprising
transistors FIPANBPT2OSinilarly on the reference cell side is a

. voltage reference 220 sedoad¢uthentesaivihtiape tstreamsoagputony i si ng

transistors ;;héﬂ§%J§USTaftﬁu£ﬁgte%%%rnal clock. More importantly,
| the output rate of the bitstream is independent of the
speed of operation of the sense amps. This is due to the
15 pipeline processing technique used in the present inven-
tion. As the timing chart shows, the memory location
being read out at any one time is always one location
ahead of the memory location whose bits are being output.
_ A memory location is always being ‘pre-fetched’ while a
20 previously ‘fetched’ location is being output. This
overlapping of the read out operation and the bitstream
output operation de-couples the bitstream rate from the
speed of the sense amps. Thus, the rate of the bitstream
. is no longer limited by the speed of the sense amp, as in
25 prior art designs. Rather, the bit rate is a function
only of the external clock fregquency.
Third, this architecture is easily scaled up
for data sizes larger than eight-bit data. For example,
a sixteen-bit data path can be accommodated simply by
30 providing additional sense amps. The relative timing
would remain unchanged from that shown in Fig. 8. Thus,
for higher clock frequencies, where conceivably the sense
time might approach the time it takes to serially output
eight bits, extending the data size to sixteen bits would
35 provide a wider window of time during which data can be
sensed. ' o
Fig. 1 also shows a variation of the embodiment
of the present invention. 1In this variation, the address



30 of the diff anp (i.e. the sensed bit) feeds through pass .
“transistor 256 to be stored in latch 250. The out put of t he I §g
coupl ed to Wb99s4888¢e anp output |ine 21n via transm ssi Bﬁ”&ﬁ?s’é 4
which is turned on by the SER/ PAR ling. 35 The sense anp
200 further includes, in accor- dance with the present invention, a
sense anp enabling circuit 270. The enabling circuit is driven by a

Sense - anPo@REbte4 81 ghal uSeENaHel hyae éﬁeaht 'ﬂﬁ hHﬁ{:oﬁAf £oROWedellv—
WO 99/ 54880 99/ 06807

-9- FiRg an ipitipdprddpess  Eoem EBnﬁ?‘F%EEaé SPHFRE of This

inverters I1 aliéwslﬂf§¥§éﬁt§ﬁ§| wnéhaaaréﬁsoéodﬁtay to a méﬁ@&gﬂ tors Cl/C2
and C3/C4. - The out circuit rates a

transni ssi on HAT2 f €$??s%ﬁm8Fyti8ﬁ§¥ r265Pr 595 aﬁd% erter 15)
which iss bltsmmé&m cmnlbaglnnfhomhanYHheheZSﬁ thet hemorgnarrafo@0.i n

Flg. S Thezg%‘_ﬁféjti37&s&lf\§f PN CPebShB1 GOYEE &' FhaAS! "Fhere muiRlip1@f PaSS

transi stor
configuration bitstreams may be stored in the configura-

tion memory so that any one configuration can be sent to
the FPGA at runtime.
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. T6, T7, and

Wth respect to the enabling circuit 270, the 10 "SAEN signal feeds

directly into |@£#B B of NAND gate"GL~ ~  and into invertepclrissydibeso7
out put of i WO |1 feeds ~into the gate of a P-channel transistor-
246 and into i nverter 242, lnverted8-l turns on ' r

246 and inverter 242 at the sane tinme. The output of f :

swi t ches N-channel d T10. The jout putREBLAGEverter] | 4
feeds into input Almﬂm‘mﬁu"ﬂlﬂr Glaimscause of thepdel ay Eﬁ/m;* rs,
the signal arriving®™ ¢ ‘at'input"Ais delayed relative to the signal at

i nput B by_an anount of_ tine based upon the 'ca&aci t ance va{l_ges of 20
‘the delay capaci 8 & IFPRY SGVE Tl IhEHAFRAD O memory, &PLdPs 11 -

14.. organized el pluafallity semee-witp &ih wind Wovwihg N sense

701 MR R O Bl R s B0

? _poyvér -up seqchnpexito_tde of a cﬁc@;nzdigngl,omhgnﬂaim evadil spmselO t[}us -
urni ng -on el I 8 [ angi-stors :

PppLieddRT iHtngely & ERE Sl SbIAAIE) d0aihine 2

i nverter 242refRyenssaBaligas Stadent iand anslatzo I3g-ch py2 grethedngfa path

to ground. Apéﬁa'i:tin@eb%\éht R @plifier ! OMPHiBEngOf inverter 12 goes
H . This turns on tran- . sistaors T4 and T10, ther%% furni ng.on t he
vol t age® ref erence ($ageRerafing@n ANAHiS RHRE Rt riipst

sequence forahBeaseesondmdyde Qewpllet ed. This power-up 35  sequence
guarantees a clean Smﬁ%ggsvgg.%ggﬂg%ggasgagggé enable pulse being at
said first logic level, enabling one of said differential
amplifier stage and said reference voltage stage;
15 (iii) after enabling one of said stages,
enabling the other of said stages; and _

(iv) after substep (ii), clearing said data
latch and coupling'said data latch to an output of said
differential amplifier stage;

20 whereby each said sense amplifier is less
immune to transient signals by the staged activation:

thereof.

25 2. The method of claim 1 wheréin said step of
generating said enable pulse includes synchronizing with
said clock signal to generate said enable pulse every Nth
clock. '

30
3. The methbd of claim 1 wherein said step of
generating said enable pulse includes: (A) .dividing down -
the frequency of said clock signal by N; and (B) delaying
said divided down clock by an amount of time sufficient
35 to decode the memory address of an N-bit datum.

R ————
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froma non-powered state to a powered state, avoi ding any transients
whi ch m ght appear at the sense anp out put 21 WD qu%éﬁﬁﬁmn
PCT/ US99/ 068019954880

gace & G SELIISAENLL, (" O B |M|IHI||1!M|MH 7

for a petiod (ﬁPILAGrEDAt after t[err], NAND gate GL is H since A and

B are botmTQ = Srne hthtHbdlYE diﬂlﬁfprﬁxrtﬁeﬁbimlmiﬁjﬁl nits state by
virtue of transmn ssion gate 252 bej 250

is isolated fromthe offNgLNg sHt ﬁ‘?aq"le Pufsoﬁ‘rpt" s"?zh’cde %%\%%rq% %\J‘.’gls'stor
256 is off. BHesmlse aidthe delay capaC|tors ClL - 4, the signal at

|nput A arrives 10 subse ent t u te Gl
remains H until tine tl[rbrrr Tésref ﬁ-[‘)unl g&?% ﬁ\‘gﬁ%g ﬁefﬁ? ;E' §aQ&
t[err], Bgate ﬁbqrdesldgic/\/rﬂtez\telurlast@iinq rembdi @tstmmt g@f esaid 252 t hus

clearlng the éﬂg% gﬁﬁL lﬁé Al so pass transistor 256 is
turned on, thus connecting the output
after latchlng said output, disabling one of

said differential amp stage and said reference voltage

stage; and 3
10 after disabling one of said stages, disabling
- the other of said stages.

5. The method of claim 4 wherein said step of changing
15 said enable pulse includes delaying for a predetermined
period of time subsequent to generating said enable pulse
and prior to changing said enable pulse; said
predetermined period of time sufficient to read out a
memory cell. - '
20 '

6. The method of claim 5 wherein said step of
generating said enable pulse includes synchronizing with
said clock signal to generate said enable pulse every Nth

25 clock signal.

7. The method of claim 6 wherein said differential amp
stage is enabled prior to enabling said reference voltage

30 stage, and disabled prior to disabling said reference
voltage stage. |

8. The method of claim 4 wherein said step of

35 generating said enable pulse includes: (A) dividing down
the frequency of said clock signal by N; and (B) delaying
said divided down clock by an amount of time sufficient

‘to decode the memory address of an N-bit datum.
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15 of diff. anp 230 to the latch. The dg t hat the
state of ‘the latch (and hence the previousl- € t pcTngsobaksy ned
until after WOo95&88e anp is full y 9 r ed.REPLACED /@595@ -
Conti nui ng, consider when the sense a ns_20 Its power-down

sequence as SAEN transitions fromAME EDCLAMS Referring back to Fig. 5,
the output of inver [REeivdd by the Ingresionh] Rurearton 0 idy 4999 ( 0(8291 Db or 246,
thus removing V[ ergrginal claimb 48 cncdlikdporgifdl claits 177, and Adumepded;| n

addi ti on, trans: stor Tgc}lﬁﬁnguyanﬁguﬁm&née&(azpagee)]t er 242), thus 25
di sabllng the diff. anp 230. The output of inverter I -~ -~ next goes LO

which turns off transistors T4 and-T10, - °,- - thereb utting do t he
vol tage referente stHyed Bempry device fiaving @rg agy, e&ﬂ%é’ %
sequence for thergfibRed as a PpufeEi oyt a-edt dAta and having Refsemsieng

to Fig. 6 at tine s e Si naI in d
directly t% %%%‘E‘G.lls where af‘é td{éﬁ’&?te S’Q#%Uthhl g’ cq;gﬁerg Gl
to transiti on each périsd sebra aSlCSﬁEngﬁ@é-'L@heﬂ?é-ndleﬁch &®PSSut put 231 is
|l atched into 'aéxﬁﬁhj?éﬁepylﬂémaﬁsoef diﬁéﬁé&a@ls%wlm@ Frag eturam ng on.

B e L onen, FoTab g, R an G St i At B (11
bei ng powered operdioiny asacte sendee hngdafd exTheomprtieisgnsed data is saved

10 (i) generating an enable pulse having a first
logic level and a second logic level; ' _

(ii) in response to said enable pulse being at
said first logic level, enabling one of said differential.
amplifier stage and said reference voltage stage;

15 . (iii) after enabling one of said differential
amplifier stage and said reference voltage stage,
enabling the other of said differential amplifier stage
and said reference voltage stage; and

(iv) after substep (ii), clearing said data

20 latch and coupling said data latch to an output of said
differential amplifier stage; _

(v) changing said enable pulse to said second
logic level; and |

(vi) in response to said enable pulse being at

25 said second logic level, latching said output of said
differential amplifier stage;

(vii) after latching said output, disabling one
of said differential amplifier stage and said reference
voltage stage; and '

30 (viii) after disabling one of said
differential amplifier stage and said reference voltage
stage, disabling the other of said differential amplifier

stage and said reference voltage stage.
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PCT/ US99/ 06807 WD 99/ 54880 ' - .o-11-,

bef ore power-down of the sense anp is conplete. In addi t L. ONeache '
de- coupl i ngWP8/E8#ke amp output 231 fro the latch, a %r?&xseuﬁt S.
whi ch m ght occurp—er-rg it power-down sequence w |l not corrupt the
state of the 5 TH‘%tSJ’*.ET _WAS BEEN Refer nowto Fig. 7 for

addi tional detailf of REPLAGERe timing circuit 64 shown in Fig. 4. The SAEN
si gnal 20ri g afetivod Nef ocl pith Df whiSRedat sa383stepnofhe circuit
shown in Fig. 7. e, 30 I e:1lm 1 | ls

enabl i ng si g@ﬁneﬁ%%\%‘egaﬁl& %ﬁaefg%%oﬁ]rﬁ%g[%{?#frgags Qyngpgé{ﬁgééﬁ‘gﬁ@?&ei ved
at NAND gat e 301 iclaih aykgnd) te generabecgeiddenahlei pulse SYSTYoNTR tinme -

[err]t[err]. Reggder del ay 302 provides a tinme delay sufficient to
al l ow i ncrenent - ing the address register 40 (Fig. 1) and for the
addr ess 515 decoders 60, 62 (Fig. 4) to access a nenory |ocation,

prior to actually enabling the sense anplifiers 200. An _inverter

chain 306 ensures m ni delay. tp allaow for .. Lpcrenenting and
decodi ng t he 3rext F@?ggg%y°%e 134 Where%ﬂesﬁ?gs§ﬁ§po$?pass t ransi st or
310, in a silgsdr@atiMereaid enable pulse includes: (A) dividing down

the frequency of said clock signal by N; and (B) delaying
10 said divided down clock signal by an amount of time
' sufficient to decode a memory address of an N-bit datum.

4. (Cancelled)
15 '

5. The method of claim 1 wherein said step of changing
said enable pulse includes delaying for a predetermined
period of time subsequent to generating said enable pulse

20 and prior to changing said enable pulse; said predeter-
mined period of time sufficient to read out a memory
cell.

25 6. The method of claim 5 wherein said step of
generating said enable pulse includes synchronizing with
said clock signal to generate said enable pulse every Nth
clock signal.

30
7. The method of claim 6 wherein said differential
amplifiér stage is enabled prior to enabling said
reference voltage stage, and disabled prior to disabling
said reference voltage stage.

35 _ . !
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20 the pulse width of the [err]8 clock is too short.
After a delaéaégéﬁat[err], the [err]8 clock causes the - peYRY/06sPAEN)

of NOR gate go H, thus turning on_qq_ t he sense anps 200. A sense
delay circuit 304 del ays the [err]8 clock to ensure that the SAEN
pul se remai ns asserted 25 f.or a period of tinme [err]t[err] suff|C|ent
for the sense anps to sense the state of a nenory cel

The relative timng between the [err]8 clock and the SAEN pul ses are
shown in Fig. 7. At tine t][ STATEMENT UNDEROARTCLE €9 and i s del ayed by
circuit 302 for a period 30 of time [err]t[err]. At time t[err], SAEN
goes H for a period of time [err]t[err], enabling the sense anps- -
200. At tinme t[err] SAEN goes LO, thus turning off the sense anps.
Qperation of the serial configuration nenory wi |l now be di scussed

with refer é§b$ﬂ§ett81ﬂﬂecfﬁféréétlonQi géﬁrc Reﬁ%r%nd' iﬁg 1 Rydghe

chart, réfr $5801 $ncorpoPhCUUERE SYRI¥atiGRENCE 08K 1Y ind abloe gdigitc! ock

60, Figut that lthe Td ﬂffé‘geﬁ‘t.Q&It&‘:hﬁlEfﬂé seabk athkteéréhceanroltage

addr esgtddansré | eabPed Ngnd A3isxblednel seguencehowhi¥h provides Wor a

99/ 54&éhtrolled power-up and power-down mechanEgﬁ/USQﬂ&EG&%&uence is

-12- first recited in the step specifying that, "after enabling one of
said differential amplifier stage and reference voltage stage,
enabling the other of said differential amplifier stage and
reference voltage stage." The power-down sequence is then
recited in the step specifying that, "after disabling one of said
differential amplifier stage and reference voltage stage,
disabling the other of said differential amplifier stage and
reference voltage stage".

U.S. Patent 5,459,689 to Hikichi discloses a method of
reducing the amount of power consumption in the sense amplifying
read circuit of a memory cell by cutting off the steady-state
current path to all sense-related sub-circuits after a memory
cell has been read. The steady-state current path is cut off to
the sub-circuits, including the sense amplifier and reference
voltage generator, at the same time. Thus, the Hikichi patent
does not disclose an orderly activation or deactivation of the
sense-related sub—c1rcu1ts.-

Applicant’s invention is not taught or suggested by the
cited Hikichi reference.



after clock 1 ([err]t[err], Fig. 7) SAENis asserted H via tiner 64
to turn on the sense anp circuitry 66. SAENis H for (ﬁ.("@ g,h&q.,of
time ([err WQ2/34B80 Fig. 7) long enough to allow the eight bits of the
addressed nenory |ocation to be sensed. 5 SAEN t hen goes LO and the

ei ght sensed bits are retained ? gjnally in the sense anp | atches
250, the retained data being rep é ented in Fig. 8 as | NT DATA

Meanwhi |l e, data bits froma previously read out menory | ocation
Dierr] are being shifted out of data regis- 10 ter 42, ijndicat ¢d |n Flg.
8 as EXT DATA. In fact at clock 0, bit one of Der I's belng '
shifted out. Cbserve that for nost of ghi& tinme thatsdata is|being
shifted out of data register 42, SER/ is H, rec_@ I~i:-5ng ffom Figs
2A and 3 that this effectuates a right shift the 15 ,gtgx'ed its with
each cl ock. _ For clocks 1 - 7'rgits 2 - 8 err] are
shifted out of e data register. At cCek 7, kit s“YfDleri] is
shifted out. Al so at ock 7 SER/ PAR i s asseEINLO ‘Fo] a périod of
time extending ieto clOTK € QT to Frgs. 2A and 3,
a LO on SER/ PAR auses| switch spnsed=dat al froém t he
DATA LI NEs 21nir\%te ' . |n thg casp shown in
Fig. 8 at chNQck |8 ock ¢8 cones around,
the next bit that is shifted ht a1 egi ISZS the first
bit of Derr], the nenpry | ogdtion tha waséead but m
—~ o~
g O @
C S D 2
= I~
~ <
: 5 >
n s a
[ 3 [y WY W . A
o
8 K l?g o :
n |= ol o = i = U
7] < & 4 3 oo
o) % o © 7p] () Fl'-t
o S o @
d L 5 -
[ 72]
o S| ]l & [ [
2 | OO o
O a1
—_ _ L]
C - ] | <
£ e EaQ
191 .. L ) _ gm_] <O{_‘ 4
s * 5o | |°BZ
e’ n ~2BE| A =8 <
@) 3 = U@E 0 © [—*S
— ™ o |™m [y <
g E | &) a
o j j :;!S
= m
& 2
SR ¥ 3 _ 1 ] 'S %S
7] ' o o
2 . : g}
) 17]-4 -] y
< g =p 2 2 5
— = v O <
5 | B5 §z A~ alg
E 39 Q s g =
o & &) o A é 2
% —-> : b 2
. o) ) 2 Ay
<+ P Q?



during clocks 1 - 7 (while Dierr] was being shlfted out) and ~ stored

in |atches ol he sense anps 200. Duringp 6807 =
7', the bi tw?%on%rlsmg Derr] are shifted out of the (fﬁ'ta regi?ﬂster
As the timng 30 chart shows, the process repeats. The next address
Alerr] I's presented at cl ock 1" c??/ sense anps are turned on to
read out the eight bits of Derr], atched into | atches 250 j ust
prior to turning off the sense anps. The D err] bits refqgin in
| at ches 250 until clock 7', at which time 35 bit 8 of Dertg is shifted
out and the Dlerr] bits are | oaded Into the data regist (via
SER/ PAR bei ng asserted LO, so that at clock 8, the 'neﬁ"bi't- shifted
out of data reglster 42 is the first bit of D[err] 0 WO
99/ 54880 ' PCT/ US99/ 06807 I
-13- A few poi nts wor@ noting: First, each'®f the
ei ght "sense anps 200 is turned on every @i ghth clock, and v remains on
only for a period of tine sufficient t 0-gllow for decodi ng an address
and for sensing a bit. As the 8 l
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5 timng chart illustrates, this permts the sense anps to .

turned off nost of the tine durlng the ei'ght clocks™ r&, ﬁE shift
out” a prevU¥¥5#880cad- out byte. This greatly reduces %‘;{J {éea y state
current drawn by the sense anps, representing a significant reduction
in power 10 consunpti on. Second, the resulting bitstream
output is synchronous wth the é;(éznal clock More i nportantly,

the output rate of the bitstreamis independent of the speed of
operation of the sense anps. This .BsSdye to the 15 pi pel i ne processing
techni que used in the present i nves S o tion. As the timng chart shows,
the nmenory | ocation eing‘téﬁé? t.at _any . one’tine-Lg al ways one

| ocati on ahead of t menory. | o¢ation whese bits are !being output.
Amsrmry | ocation is always being 'pre¢-fet 1 while a 20} previously
‘fetched location is beipg output. hi s . over | appi nq of the read out
operation and the bitstream out put} opérfatli on de- coupl-es the bitstream
rate fromthe. speed! of the pense @hps. TI t he rate of the
bitstream . i's no Iong‘r | ilmted.-by &he speed of the sqnse anp, as in
25 prior art designs gt her, [he biltgate ils a fun¢tion only of
the external clock frequepc - ; IS archltecture IS
easily scal ed up for dat atj z | arggr th - bi t. data. For
exanpl e, a si xteen-bilt dajal path com ted ISI nply by 30
provi di ng additional sensk |anps elrel/ati = ;—~wou| d remain
unchanged fromt hat shf}d n Fipg.i8 Thu , ‘ ! :‘r,
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for higher clock frequencies, where conceivably the sense

approach-t ] it takes to serially output
t he data 3@85{”5535

“time m ght

ei ght bi peT/USI/e6801 ng

I xteen bits would 35 provide a wi der wi ndow of tine -

during which data can be sensed. Fig. 1 also shows a
variation of the enbodi nent of thg pyesent -invention. In this
vari ation, -the address WD 99/ 54880
PCT/ US99/ 06807 -14- counter 40
i ncludes an input shown in phantomdgi—tegei vp rg—an ¢ tial address
froman external source. This \alll Xwg pre-setting thejaddress counter
to a menory | ocation other than|menqry | ocat€Bklzero}so that the 5
bit stream can begin from anywhere in thg enof y anpay, 0. This is
useful ~with reconfigurabl e FPGAs, wheljesmyttPpl e confli guration
bitstreans may be stored in the configuggT tion nenofy so that any
one configuration can be sent to pDhq FPGEEEL runtine} 10
. E L S——
A
A 62
| | -/
ADDRESS » Y DECODE
64 *1 66
/- ‘sz/
+8 —| SATIMER SAEN Xx8 +—= SER/PAR
8 21
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S N
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30 35 - -15-

~C at-s- --1:"-- In-a nenory device having an array of e NMDp Y1/ 9908807

or gani zed &0&9@518%9 ality of N-bit data and having N sense 5 anplifiers,._
wherein said nenory device outputs a bit for each period of a clock
signal, wherein each sense anpl i fé Z? I ncludes a differential anplifier
stage, a reference vol tage stage, d a data latch, |a nethod of
operating each sense anplifier, conprising: 10 =z} —_J ((J generating
an enabl e pul se having a first : ' ) ¥ Wi

303
}1— Ats

%b
1
|
1
[}
|
1
!
[}
1
1
|
1 _-
r
t
]
1]

-y

[N RS

P

So

308
;

)
306
R

[}
L
I
[}

- s o o o o e o ot o e at S s e o ot S

|—1+—»4|——«>
AN
i | —
A e
R et =




l ogic I evel and a second | ogic |evel; : (||) I n response to

sai'd ‘emabl & putse~being at =~ said first logic |level, ena f
sai d di f f eMPY/34830 anplifier stage and said ref erence VBF#@%?gmﬁgge 15
(iii) after enabling one of said differenti al “anplifier. stage and said
ref erence voltage stage, enabling7}3ﬁ other of said differenti al
anplifier stage and said reference/ Vol tage stage; and
(iv) after substep (ii), clearing said data 20 | at ch and coupling said
data latch to an output of said ~differential anplifier stage;
(v) changi ng said enable pulse to said second | ogic level; and
(vi') in Ttespornse to said enable pul se being at 25 sai d second | ogic
| evel, latching said output of said differential anplifier stage;
(vii) after latcning said output, disabling one of said differential
anplifier stage and salﬂ r ¢f ef enc Vol fage sfadge;. and 30
(viii) after d|§ﬁ ng onefof| sai di f{erent 3K anpljfier stage and
sai d reference dge 5t age, disqp ing the pr of | sai d
differenti al anpl'| ner 5t ag nd|saj d fef eren®® vol tpgeTStage. - 35
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o g 77/ V9t
"2, The method of claim1 mherein~sa|d step of generatin Y. 1 b e

pul-se includes synchronizing with . said clock signal to gm; 56N0V :
. enabl e pulse every Nth clock. 5 3qethe nethod of claim1

wherein said step of generating said ena se pul'se 1 ncl udes
di vi di ng down the frequency of said clock si gnal tm“‘“““al n‘gmi““ll
- -delaying 10 sai d di vided down cl ock signa &?%‘?

sufficient to decode a nenory address of an dat um”

(Cancel | ed) 15 _
: 1. In a memory device having an array of memory cells
organized as a plurality of N-bit data and havin§ N sense
S amplifiers, wherein said memory device outputs a bit tor

each period of a clock signal, wherein each sense
amplifier includes a differential amplifier stage, a
reference voltage stage, and a data latch, a method of
operating each sense amplifier, comprising:

10 (i) generating an enable pulse having a first
logic level and a second logic level;

(1i) in response to said enable pulse being at
said first logic level, enabling one of said differential
amplifier stage and said reference voltage stage;

15 (1ii) after enabling one of said differential
amplifier stage and said reference voltage stage,
enabling the other of said differential amplifier stage
and said reference voltage stage; and

(iv) after substep (ii), clearing said data

20 latch and coupling said data latch to an output of said
differential amplifier stage;

(v) changing said enable pulse to said second
logic level; and '

(vi) in response to said enable pulse being at

25 said second logic level, latching said output of said
differential amplifier stage; |

(vii) after latcning said output, disabling onc
of said differential amplifier stage and said reference
voltage stage; and

30 (viii) afte. disabling one of said
differential amplifier stage and said reference voltage
stage, disabling the other of said differential amplifier
stage and said reference voltage stage.

35
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5. The nethod:of C 'step of changlng ald enabl e

pulse ncl rﬁgsszfgaz'ngmm\m;m\mm“s?. o o Eﬁgaa.mwmwm

pul se; said predeter- c nnnea peridd otl€Tne sufficient to read out a
menory cell. . The nethod of claim5 wherein said step of

generating said enable ulse.in ron zin sai d cl ock
signal to genefate SA® F%ﬂﬁe°§u?géi9v i gi&g?gﬁk efgnal 30
7.  The net hodgaﬁeekm%stwmranabw ﬂunlséf enemudah synchrerd)hlhqewithage

oL, P SRk e o, soperERCRTEE PR T e e

di sabl ed pri or ?
8. (Cancel |l ed)clock.

3. The method of claim 1 wherein said step of
generating said enable pulse includes: (A) dividing down
the fregquency of said clock signal by N; and (B) delaying
10 said divided down clock signal by an amount of time
sufficient to decode a memory address of an N-bit datum.

4. (Cancelled)
15

5. The method of claim 1 wherein said step of changing
said enable pulse includes delaying for a predetermined
period of time subsequent to generating said enable pulse

20 and prior to changing said enable pulse; said predeter-
mined period of time sufficient to read out a memory
cell.

25 6. The method of claim 5 wherein said step of
generating said enable pulse includes synchronizing with

said clock signal to gener>“z said enable pulse every Nth
clock signal.

30
7. The method of claim 6 wherein said differential
amplifier stage is enab'ed prior to enabling said
reference voltage stage, and disabled prior to disabling
said reference voltage stage.

35

8. (Cancelled)




