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10 Background of the Invention

An integrated circuit memory, such as a static random
access memory (SRAM), is generally implemented as an array of
memory cells in a plurality of rows and columns. A synchronous

15 SRAM memory receives a clock signal for controlling the timing
of the memory, and the speed of a synchronous memory is fixed by
the clock frequency. Synchronous memories are often used as
data caches for microprocessors. A data cache increases the
performance of the microprocessor by storing data the

20 microprocessor is most likely to use, in a relatively small, very
fast memory array. In data caches, very fast, high frequency
operation is essential. Therefore, data caches today are being
designéd with synchronous SRAMs using BICMOS technology. A
BICMOS circuit combines bipolar transistors with CMOS

25 (complementary metal-oxide-semiconductor) transistors on the
same integrated circuit. Generally, bipolar transistors provide
the advantage of high speed and high drive capability, while CMOS
transistors provide the advantage of reduced power consumption.

During a read cycle of a synchronous memoty, a pair of

30 complementary bit lines communicate a data bit as a differential
voltage to a first sense amplifier. The first sense amplifier
detects and amplifies the relatively small differential voltage
and communicates it to the data output stages of the memory by
way of read global data lines. The read global data lines provide

35 the data to a multiplexer and a clock controlled latch, where it is
directed to another sense amplifier, sometimes called a final
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The clock controlled latch circuit of a synchronous memory
10 is generally implemented utilizing CMOS transistors because of
their relatively low power consumption. However, CMOS logic
circuits are too slow for applications requiring high speed, such
as today's high performance workstations. Also, the additional
gate delay caused by performing logic level conversions to and
15 from CMOS logic levels further reduces the cycle time, as well as
requiring additional area on the integrated circuit. In contrast to
CMOS logic circuits, BICMOS logic circuits provide high speed
operation for applications such as workstations, but consume too
much power for some applications, such as battery powered
20 computers.

Summary of the Invention

Accordingly, there is provided, in one form, a memory

25 having a plurality of memory cells coupled to word lines and bit
line pairs. Each memory cell receives data from the bit line pair
to which it is coupled, when the word line to which it is coupled
is enabled. A data output multiplexer receives a differential data
signal corresponding to data from a selected bit line pair, and

30 provides first and second data signals. A differential amplifier
is included having first and second resistors, and first and second
bipolar transistors. The first resistor is coupled between a first
power supply voltage terminal and a collector of the first bipolar
transistor. The second resistor is coupled between the first

35 power supply voltage terminal and a collector of the second
bipolar transistor. The differential amplifier receives the first
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These and other features and advantages will be more clearly
10 understood from the following detailed description taken in
conjunction with the accompanying drawings.

Brief Description of the Drawings

15 - FIG. 1 illustrates in partial schematic diagram form and
partial logic diagram form a latching BICMOS sense amplifier in
accordance with the present invention.

FIG. 2 shows a timing diagram of various signals of the
latching BICMOS sense amplifier of FIG. 1 in accordance with the

20 present invention.

FIG. 3 illustrates in block diagram form a memory
incorporating the latching BICMOS sense amplifier of FIG. 1 in
accordance with the present invention.

25 Description of a_ Preferred Embodiment

FIG. 1 illustrates in partial schematic diagram form and
partial logic diagram form latching BICMOS sense amplifier 20 in
accordance with the present invention. Latching BICMOS sense

30 amplifier 20 includes differential amplifier 25, latch 35,
emitter-follower NPN bipolar transistors 28 and 29, inverters
36, 37, and 38, transfer gates 40, 43, and 52, capacitor connected
N-channel transistors 56 and 57, and N-channel transistors 61 -
75. Differential amplifier 25 includes resistors 21, 22, 23, and

35 24, NPN bipolar transistors 26 and 27, and N-channel transistors
63, 70, and 71. Latch 35 includes NPN bipolar transistors 31, 32,



transi stor. The second resistor is coupled between the first 35 power

suppl y-‘voltage term nal and a collector of the second bipolar transistor.
The' differential anplifier receives the first 3 and second data signals,
and in response, provides third and fourth data signals. A latch feeds back
the third and fourth data signals to a base of each of the second and first
bi pol ar transistors, respectively, in response to a clock signal 5
transitioning froma first logic state to4 second logic state. Transfer
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includes N-channel transistor 53 and P-channel transistor 54.
Resistor 21 has a first terminal connected to a positive
power supply voltage terminal labeled "Vpp", and a second
10 terminal connected to node 103. Resistor 22 has a first terminal
connected to Vpp, and a second terminal connected to node 104.
Resistor 23 has a first terminal connected to the second terminal
of resistor 21 at node 103, and a second terminal. Resistor 24
has a first terminal connected to the second terminal of resistor
15 22, and a second terminal. NPN transistor 26 has a collector
connected to the second terminal of resistor 23, a base connected
to node 102, and an emitter. NPN transistor 27 has a collector
connected to the second terminal of resistor 24, a base connected
to node 101, and an emitter connected to the emitter of NPN
20 transistor 26. N-channel transistor 63 has a drain connected to
the emitters of NPN transistors 26 and 27, a gate for receiving an
output enable signal labeled "OE", and a source. N-channel
transistor 70 has a drain connected to the source of N-channel
transistor 63, a gate for receiving a bias voltage labeled "Npjas”,
25 and a source connected to a negative power supply voltage
terminal labeled "Vgg". N-channel transistor 71 has a drain
connected to the drain of N-channel transistor 63, a gate for
receiving bias voltage Ngjas, and a source connected to Vgs. Ina
preferred embodiment, Vpp receives an external power supply
30 voltage equal to approximately 5.0 volts and Vgg is connected to
ground. Other power supply voltages can be used in other
embodiments.
Emitter-follower transistor 28 has a collector connected to
Vpp, a base connected to the second terminal of resistor 23, and
35 an emitter for providing a data output signal labeled "PED".
Emitter-follower transistor 29 has a collector connected to Vpp,



FIG -2 shows a timng diagram of various signals of the |atching Bl CMOS
sense anplifier of FIG 1 in accordance with the 20 present invention.

FIG 3 illustrates in block .diagramforma nmenory incorporating the
| atching BI CMOS sense anplifier of FIG 1 in accordance with the present
I nvention. 25 Description of a Preferred Enbodinent FIG 1
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follower transistor 33 has a collector connected to Vpp, a base
connected to the second terminal of resistor 22 at node 104, and
an emitter. Diode-connected NPN transistor 32 has a base and a

10 collector connected to the emitter of emitter-follower transistor
31, and an emitter connected to node 105. Diode-connected NPN
transistor 34 has a base and a collector connected to the emitter
of emitter-follower transistor 33, and an emitter connected to
node 106.

15 Inverter 36 has an input terminal for receiving an external
clock signal labeled "CLK", and an output terminal. Inverter 37
has an input terminal connected to the output terminal of inverter
36, and an output terminal for providing an internal clock signal
labeled "K". N-channel transistor 41 of transfer gate 40 has a

20 first current electrode connected to the input terminal of
inverter 36, a gate connected to Vpp, and a second current
electrode. P-channel transistor 42 has a first current electrode
connected to the first current electrode of N-channel transistor
41, a gate connected to Vgg, and a second current electrode

25 connected to the second current electrode of N-channel transistor
41. Inverter 38 has an input terminal connected to the second
current electrodes of transistors 41 and 42, and an output
terminal for providing an internal clock signal labeled "K*". N-
channel transistor 44 of transfer gate 43 has a first current

30 electrode for receiving a data input signal labeled "MUXLAT*", a
gate connected to the output terminal of inverter 37, and a second
current electrode connected to the base of NPN transistor 26 at
node 102. P-channel transistor 45 has a first current electrode
connected to the first current electrode of N-channel transistor

35 44, a gate connected to the output terminal of inverter 38, and a
second current electrode connected to the second current |



i ncludes N-channel transistor 41 and P-channel transistor 42. Transfer gate
43 i nct'udes N-channel transistor 44 and P-channel transistor 45. Transfer
gate 46 includes P-channel transistor 47 5 and N-channel transistor 48.
Transfer gate 49 includes P-channel transistor 50 and N-channel transistor
51. Transfer gate 52 includes N-channel transistor 53 and P-channel
transistor 54. Resistor 21 has a first termnal connected to a positive
power supply vol tage termnal |abeled [err§, and a second 1 O term nal
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N- channel mverter 38, and a second current electrode connected to the
10 second current electrode of P-channel transistor 47 at node 101.
- P-channel transistor 50 has a first current electrode connected
to the first current electrode of N-channel transistor 44 at node
102, a gate connected to the output terminal of inverter 37, and a
second current electrode connected to the emitter of diode-
15 connected NPN transistor 34 at node 106. N-channel transistor
51 has a first current electrode connected to the first current
electrode of P-channel transistor 50, a gate connected to the
output terminal of inverter 38, and a second current electrode
connected to the second current electrode of P-channel transistor
20 50 at node 106. N-channel transistor 53 has a first current
electrode connected to the base of NPN transistor 27 at node 101,
a gate connected to the output terminal of inverter 37, and a
second current electrode for receiving a data input signal labeled
"MUXLAT". P-channel transistor 54 has a first current electrode
25 connected to the first current electrode of N-channel transistor
53, a gate connected to the output terminal of inverter 38, and a
second current electrode connected to the second current
electrode of N-channel transistor 53. |
N-channel transistor 61 has a drain connected to the
30 emitter of emitter-follower transistor 28, a gate for receiving
output enable signal OE, and a source. N-channel transistor 62
has a drain connected to the emitter of diode-connected NPN
transistor 32, a gate for receiving output enable signal OE, and a
source. N-channel transistor 64 has a drain connected to the
35 emitter of diode-connected NPN transistor 34, a gate for
receiving output enable signal OE, and a source. N-channel
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transistor 63, a gate for receiving a bias voltage |labeled [err], 25 and a
source-ctonnected to a negative power supply voltage termnal |abeled [err].
N-channel transistor 71 has a drain connected to the drain of N-channel
transistor 63, a gate for receiving bias voltage NBIAS, and a source
connected to [err]. In a preferred enbodi nent, VDD receives an external
power supply 30 voltage equal to approximately 5.0 volts and Vss is
connected to ground. O her power supply vol t ages can be used in other
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follower transistor 28, a gate for receiving bias voltage Ngias,
and a source connected to Vsgg. N-channel transistor 68 has a
drain connected to the source of N-channel transistor 62, a gate
10 for receiving bias voltage Npjas, and a source connected to Vss.
N-channel transistor 69 has a drain connected to the emitter of
diode connected NPN transistor 32, a gate for receiving bias
voltage Npjas, and a source connected to Vss. N-channel
transistor 72 has a drain connected to the source of N-channel
15 transistor 64, a gate for receiving bias voltage Npjas, and a
source connected to Vgs. N-channel transistor 73 has a drain
connected to the emitter of diode connected NPN transistor 34, a
gate for receiving bias voltage Npjas, and a source connected to
Vss. N-channel transistor 74 has a drain connected to the source
20 of N-channel transistor 65, a gate for receiving bias voltage
Ngias, and a source connected to Vgg. N-channel transistor 75 has
a drain connected to the emitter of emitter-follower transistor
29, a gate for receiving bias voltage Npjas, and a source connected
to Vss.
25 Capacitor-connected transistor 56 has first and second
current electrodes connected to Vgs, and a gate connected to the
second current electrode of N-channel transistor 44 at node 102.
Capacitor-connected transistor 57 has first and second current
electrodes connected to Vsg, and a gate connected to the first
30 current electrode of N-channel transistor 53 at node 101.
In operation, external clock signal CLK is converted to
complementary internal clock signals K and K* by CMOS inverters
36, 37, and 38. Transfer gate 40 provides a relatively small
interval of gate delay, thus ensuring that as internal clock
35 signals K and K* transition from one logic level to another, they
cross each other at substantially the midpoint of each of their



termnal of resistor 21 at node 103, and an emtter. Emtter- follower
transistor 33 has a collector connected to [err], a base connected to the
second term nal of resistor 22 at node 104, and an emtter. D ode-connected
NPN transi stor 32 has a base and a 1 0 collector connected to the emtter
of emtter-follower transistor 31, and an emtter connected to node 105.

Di ode-connected NPN transi stor 34 has a base and a coll ector connected to
the emtter of emtter-foll ower transistor8 33, and an enmitter connected to
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latch 35 become conductive, thus allowing the Ioglc states of

10 data input signals MUXLAT and MUXLAT* to be temporally retained
until the next clock cycle. The logic states of data input signals
MUXLAT and MUXLAT* are "latched" within latching BICMOS sense
amplifier 20 until external clock signal CLK returns to a logic
high.

15 If external clock signal CLK is a logic high, then internal
clock signal K is a logic high and internal clock signal K* is a
logic low. Transfer gates 43 and 52 are conductive, allowing data
input signals MUXLAT and MUXLAT* to be provided to the bases of
NPN transistors 26 and 27, respectively. If data input signal

20 MUXLAT is a logic high, and data input signal MUXLAT* is a logic
low, then NPN transistor 27 is conductive and NPN transistor 26
is substantially non-conductive. A current designated as l7g,
provided by a current source comprising N-channel transistors
70, and/or 71, is steered through NPN transistor 27. The voltage

25 at the base of emitter-follower transistor 29 is equal to
approximately Vpp - l70(R22 + R24), where Ra2 is the resistance
of resistor 22 and Ro4 is the resistance of resistor 24. Data
output signal PED* is therefore a logic low voltage equal to
approximately Vpp - I70(R22 + R24) - Vg, where VBg is a base-

30 emitter diode voltage drop, or approximately 0.8 volts. Data
output signal PED is equal to a logic high voltage of
approximately Vpp - VBE.

Assuming that external clock signal CLK is still a logic
high, if data input signal MUXLAT becomes a logic low and data

35 input signal MUXLAT* becomes a logic high, the operation of
latching BICMOS sense amplifier 20 is essentially reversed.



termnal for providing an internal clock signal |abeled [err]. N channel
transistor 44 of transfer gate 43 has a first current 30 electrode for
receiving a data input signal |abeled [err] a gate connected to the out put
term nal of inverter 37, and a second current el ectrode connected to the
base of NPN transistor 26 at node 102. P-channel transistor 45 has a first
current el ectrode connected to the first current el ectrode of N channel
transistor 35 44, a gate connected to the9output term nal of inverter 38,
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P-channel trarmsilegier high atoltagee of GlipprBxirhatelyg! VhpanVigst.or 50 has a first
current electrode ywhen external clock signal CLK becomes a logic low, the
logic state of data input signals MUXLAT and MUXLAT* are latched
10 by latch 35 until external clock signal CLK returns to a logic high.
In operation, with a logic low external clock signal CLK, transfer
gates 46 and 49 become conductive and transfer gates 43 and 52
become substantially non-conductive, allowing the voltage at
nodes 105 and 106 to be fed back to the bases of NPN transistors
15 27 and 26, respectively. If data input signal MUXLAT is a logic
high and data input signal MUXLAT* is a logic low, and external
clock signal CLK transitions to a logic low, the feedback voltage
at node 105 is a logic high and is approximately equal to Vpp -
2Vgg, and the feedback voltage at node 106 is a logic low and is
20 approximately equal to Vpp - lzoR22 - 2Vge. This feedback
voltage through transfer gates 46 and 49 is provided to NPN
transistors 26 and 27 and is at substantially the same voltage
level as data input signals MUXLAT and MUXLAT*.
In the preferred embodiment, resistance Ra1 is
25 approximately equal to resistance R22, and resistance Rog is
approximately equal to resistance Rz4. The voltage drop across
series-connected resistors 21 and 23 is equal to the voltage drop
across series-connected resistors 22 and 24 and is approximately
equal to 1.5 volts. About 20% of this voltage drop is across
30 resistors 21 and 22 and the other 80% is across resistors 23 and
24. Resistors 21 and 22 function to decrease the feedback
voltage of latch 35 to the bases of NPN transistors 27 and 26,
respectively, so that during the next clock cycle, new data from
data input signals MUXLAT and MUXLAT* may relatively easily
35 “flip" the data on latch 35 if necessary. For a 5.0 volt power
supply voltage, data input signals MUXLAT and MUXLAT* are




connected to the second current el ectrode of N-channel transistor 44 at
node 102, a gate connected to the output termnal of inverter 37, and 15

a second current el ectrode connected to the emtter of diode- connected NPN
transi stor 34 at node 106. N-channel transistor 51 has a first current

el ectrode connected to the first current electrode of P- channel transistor
50, a gate connected to the output term nal of inverter 38, and a second
current el ectrode connected to the second1@0 current el ectrode of
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tN[ 22: In?]te Iort r22,onie-galfe Vi, rthetéfm?gnothe)mremweembmﬁme@f, thedveltager ce.
di ode-connect}S M??ﬁ%?@!@rﬁg,ﬂf@%ﬁ@f etrng)(yghe\;faﬁg\/\{l)ﬁ Eﬂférgr?(!ltﬁI%CK
si gnal OF, andignalsuKcandNKEhion peovideaadequate @ataaeontrak fom Nocehasbekd to
the emtiph OfyrgHefsrs CABCEMEG BTN RN POShERRE! Bansfstors 47 and 50. Also,
the current provided by N-channel transistors 70 and 71 should
not be so large that the bipolar transistors operate in saturation.
If the bipolar transistors operate in saturation, a reduction in
switching speed may result. In addition, the gate-to-source
15 capacitance of N-channel transistors 44 and 53 may cause the
'voltage at nodes 102 and 101, respectively, to follow the voltage
of internal clock signal K. Capacitor-connected N-channel
transistors 56 and 57 are sized relatively small to reduce this
capacitive coupling, which may interfere with the operation of
20 latching BICMOS sense amplifier 20. Capacitor-connected N-
channel transistors 56 and 57 are illustrated in FIG. 1 as N-
channel transistors having their drains and sources connected to
Vss, however, other types of capacitors may also be used.
Latching BICMOS sense amplifier 20 has a reduced power
25 data retention mode that allows data to remain latched by latch
35 while reducing power consumption. The reduced power data
retention mode is entered by providing output enable signal OE as
a logic low, thus causing N-channel transistors 61 - 65 to become
substantially non-conductive. N-channel transistors 61 - 65
30 function to select and deselect N-channel transistors 66, 68, 70,
72, and 74. This prevents N-channel transistors 66, 68, 70, 72,
and 74 from providing current sources for the emitters of the
bipolar transistors of latching BICMOS sense amplifier 20. N-
channel transistors 67, 69, 71, 73, and 75 are sized to providé
35 relatively weak current sources as compared to N-channel
transistors 66, 68, 70, 72, and 74. During the low power data



35 gate for receiving output enable signal OE, and a source. N channel

7 transistor 65 has a drain connected to the emtter of emtter- follower
transi stor 29, a gate for receiving output enable signal OE, and a source.
N-channel transistor 66 has a drain connected to the source of N channel
transistor 61, a gate for receiving bias 5 voltage [err], and a source
connected to [err]. N-channel transistor 67 has a drain connected to the
emtter of emtter- follower transistor 231 a gate for receiving bias
vol t age NBI AS,

our,c ted.t 68 h
a drain conneé'?gﬁﬂt!‘?ﬁ fmﬁagglﬁ%%ﬁgffﬂ%gxﬁﬁ % aﬁkél%éfl @25[ ‘%aﬁ’@or fgf
{ecei vi Pg bifsgsedubbdgerdhﬁal afpraxithatelyo 0.8 evolts ntec approxrinately . ONB:hagnel
ransi stor n t | t NPN
transi ot or 32 Vo oy Bich I REGHE . 8. SUGsRMAIfeicfbn ) SORITR.C
connected to [cangumptioMannel transi stor 72 has a drain connected to the

source of & channeljplpmba I§t9 cfifs rogfidt {ry crLﬁFéﬂtVbaﬁsm@i.ov\ohé age
NBI AS, and a SA\é éencon necte hannel transistor

drain
connected to t qrpgtings CHT'@HQ co @J@Ef:lxm tthreaﬁgpggt@pg@eeﬁ the
CMOS circuit increases, its current consumption increases.

However, in DC (direct current) circuits, the DC component of the
total current consumption remains constant regardless of

10 frequency. About 80% of the total current consumption of latching
BICMOS sense amplifier 20 is DC, resulting in latching BICMOS
sense amplifier 20 becoming more efficient as the operating
frequency increases.

Latching BICMOS sense amplifier 20 provides the

15 advantages of increased speed and performance for applications
such as high performance workstations where the clock frequency
may approach 100 megahertz. Since a separate CMOS latch is not
used, the need for additional level converters is eliminated,
reducing the number of stages in the output path, resulting in

20 reduced gate delay. Also, the amount of surface area needed on
the integrated circuit for the output circuits is reduced. In
addition, the low power data retention mode allows high speed
operation for applications such as workstations, yet provides for
lower power consumption in applications such as battery powered

25 computers. '

FIG. 2 shows a timing diagram of various signals of latching

BICMOS sense amplifier 20 of FIG. 1 in accordance with the
present invention. (Note that the timing diagram of FIG. 2 is not
drawn to scale.) At time t1, external clock signal CLK transitions

30 from a logic high to a logic low, resulting in the logic states of
differential data input signals MUXLAT and MUXLAT* becoming
latched. Data input signals MUXLAT and MUXLAT* may then change
logic states, as shown between time t1 and time t2, without
affecting the latched logic states at nodes 101 and 102, nodes

35 103 and 104, or data output signals PED and PED*. At time t2,
output enable signal OE transitions from a logic high to a logic



gate for receiving bias voltage NBIAS, and a source connected to [err].
N-channel transistor 74 has a drain connected to the source 20 of

N-channel transistor 65, a gate for receiving bias voltage [err], and a
source connected to [err]. N-channel transistor 75 has a drain connected to
the emtter of emtter-follower transistor 29, a gate for receiving bias
voltage [err], and a source connected to [err]. 25

Capaci tor-connected transi stor 56 has firg4e and second current el ectrodes
connected to &err] and, a qﬁte connectedg&o t he second ,curgrent el ectrode of

N-channel t r af@WstBpaIARING e low PoWer, data retention IPd8- 1M&si st or 57 has
first and secelfferentiainvoltdges romendesniodt andt ©02 enodesan03aagdt €04,

node 105 11 GG dpr outfur SibIAE PEDLERRCRRD® of¥ FAAGEE], A PrGYiding® &
conpl enent ar y fontlewn powsrocensumpsos. K/’&tngme* 8y ootps enable signab OB7, and
38. Transigr qatetdthdy %IQ%@: rrﬁ%ﬁ.“Weydﬁfﬁehttht\Rﬂ esObndAblede! ay.

one. 1 0gi ¢ 1 udiOt angh3PBenodere]08 Ak 104z At Hata sUbsionals HED and
m dpoi nt of e#MDOfatdgeturned to their normal voltage levels. At time t4,
external clock signal CLK transitions from a logic low to a logic
high, transfer gates 43 and 52 (illustrated in FIG. 1) become
10 conductive, and the new data from data input signals MUXLAT and
MUXLAT* is allowed to propagate through latching BICMOS sense
amplifier 20. The logic states of nodes 101 and 102, nodes 103
and 104, and output data signals PED and PED* change states as
shown after time t4 to reflect the logic state of data input
15 signals MUXLAT and MUXLAT".

FIG. 3 illustrates in block diagram form memory 80 in
accordance with the present invention. Memory 80 includes
memory block 81, row select circuitry 98, address buffer 99, row
predecoder 110, column predecoder 111, read global data line

20 pairs 91 and write global data line pairs 94, sense amplifier 112,
data output multiplexer/latch 113, latching BICMOS sense
amplifier 20, data output buffer 114, data input buffer 116, and
data input multiplexer 117. Memory block 81 includes bit line
equalization block 82, memory array 83, column logic/decoder 84,

25 memory cell 85, word line 86, and bit line pair 87. Memory block
81 is a representative memory block of memory 80 and there may
be other memory blocks present in memory 80. Memory celis are
located at intersections of word lines and bit line pairs. A
representative memory cell 85 is illustrated in FIG. 3 connected

30 to word line 86 and bit line pair 87. Bit line pair 87 includes bit
lines 88 and 89. Read global data line pair 91 includes a read
global data line 92 and a read global data line 93. Write global
data line pair 94 includes a write global data line 95 and a write
global data line 96.

35 Address buffer 99 receives an address signal labeled
"ADDRESS", and provides a buffered differential row address
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8 logic swings. Wien external clock signal CLKis a logic high, transfer
gates 43 and 52 are conductive and transfer gates 46 and 49 are
substantially non-conductive, allow ng data i nput signals MJXLAT and
MUXLAT* to be provided to differential anplifier 25. 5 Wen external clock
signal CLK transitions froma logic high to.a logic low, transfer gates 43
and 52 becone substantially non- conductive, thus preventing a new data

i nput signal fromentering | atching Bl CMO§3sense anplifier 20. Transfer

gates 46 and 49 o 3 Lconductive, th | | Qi t he | ogi

st ates of l.OLL'ﬂ'é]@L{*‘rfaxJ ?ﬁgﬂi\’ Zﬁtﬁﬁé&gﬁwﬁ %ab\éﬁﬁfﬁ@_ 4 gf"{ncpgén‘g@HﬁﬁT alot‘:llyC
retai ned untiladdressdabelddotGOLUMN ADBRESS"c I applicatiorsiwherapiiie si gnal s
it exter naiemarR Brrsyale diftnel Sbbivigel g, Bldke £ Bitwduteqe” 2°
exlt er nal hpl gcéng;)ygalsb bekpravided doy @addrgas buffersi APetnblock degics(nptal K is
a |ogic hig Wi CTPG sfhBRking! 9ARY ofE rbrfolOBIdLK BY: isTSRBRAET At es 43
and 52 are conducti‘ve, A t t I LAT MUXLAT* to b
provi ded to t@hﬁés@mhﬁ%'lﬂ%@tg?éﬂgﬁg?éﬁg‘u%glﬁ% oj;blq egﬁi}%@rﬁ. Sé‘esda?a ©

i nput signal 2} blddksAdndsdiffdrent avdnddvidthyd cdaldh bepigedsi godbit WHELAT* is a
logic low t heerhu'\élzl)lNza lro%nssﬁgsrt\a "4 7ek'ea “é’a‘“%%t blyo%iggg l[gp'ﬂitt"iiﬁaS' stor 26
equalization block 82. Bit line equalization block 82 may provide

10 precharge and equalization to the each bit line pair of memory
array 81, thus decreasing the cycle time of memory 80.

Row predecoder 110 receives external clock signal CLK, and
differential row address signals ROW ADDRESS, and in response,
provides a plurality of predecoded row address signals labeled

15 "PREDECODED ROW ADDRESS" to row select 98. Column predecoder
111 receives external clock signal CLK, and differential column
address signals COLUMN ADDRESS, and in response provides a
plurality of predecoded column address signals . labeled
"PREDECODED COLUMN ADDRESS" to column logic/decoder 84. The

20 particular address signals received by row predecoder 110 and
column predecoder 111 have no special significance and may be
different in other embodiments. Also, the amount of decoding
performed by the row and column predecoders may be different in
other embodiments.

25 In a preferred embodiment, memory 80 is synchronous and
has a data organization of 64K X 18, where memory block 81 is
one of 32 memory blocks. Memory cells in memory array 83 are
located at intersections of 512 word lines and 72 bit line pairs.
Only one memory block is shown for the purposes of clarity and

30 simplicity. Row select 98 receives a predecoded row address and
in response, selects one of the 512 word lines. Also, note that
only one pair of read global data lines, one pair of write global

~ data lines, one sense amplifier, and one latching BICMOS sense
amplifier 20 are shown. For a word width of X18, memory 80

35 receives 16 address signals, and requires 18 read global data

lines and 18 write global data lines. However, memory 80 could



I's substantially non-conductive. A current designated as 170, provided by a
current” source conprising N-channel transistors 70, and/or 71, is steered
through NPN transistor 27. The voltage 25 at the base of emtter-foll ower
transistor 29 is equal to approximately [err], where [err] is the

resi stance of resistor 22 and [err] is the resistance of resistor 24. Data
out put signal PED* is therefore a logic | ow voltage equal to approximtely
[err], where VBE is a base- 30 enitter digde voltage drop, or

T o ot icasth WL i G280 aroelseies o e 38k X &,
321![ ;' 3; ||Ogl ﬁtzhl ghgg :é diﬂbzgrgmﬂuga(\) sm@lawuzdﬂ@ﬁLAa itiepent rurhbek cofl ow and
| at chi ng Bl %V@gsckgﬁ%s'gﬁﬁk fTeear gvré sgﬂa%h #% gbggs&%’d 3th On@%r[?ent
170 is steerednpbt argh durput rcirciiitsy care dequiredv ol lnagtheart entteodiesantsf
emitier-fok! OYebnidri"8O YhAY B8 4t ABICHIOHBLS! ATt ArkSs [ RaRditiotNer e [err]
detection) type memory.
To read data from memory 80, row predecoder 110 receives
a row address decoded from buffered differential row address
signals ROW ADDRESS, and provides predecoded row address
10 PREDECODED ROW ADDRESS to row select 98, to select one of the
512 word lines, of which word line 86 is an example. There are
72 memory cells coupled to each word line. Each memory cell
that is coupled to the selected word line provides its output as a
differential voltage on a corresponding bit line pair. Predecoded
15 column address signals PREDECODED COLUMN ADDRESS are
provided to column logic/decoder 84. For a word width of X18,
column logic/decoder 84 selects 9 bit line pairs of the 72 bit line
pairs of memory block 81. Another memory block of memory 80
is selected simultaneously with memory block 81 to account for
20 the other 9 bit line pairs needed to make up a word width of X18.
A first sense amplifier, such as sense amplifier 112, senses and
amplifies the relatively small differential voltage provided to bit
line pair 87 by memory cell 85, and couples the selected bit line
to read global data line pair 91. Read global data line pair 91 is
25 representative of the 18 read global data line pairs in memory 80.
Data output multiplexer/latch 113 receives differential data
signals RGDL and RGDL* from read global data line pair 91
corresponding to the differential signals from bit line pair 87. In
response, data output multiplexer/latch 113 provides differential
30 data signals MUXLAT and MUXLAT*. Output enable signal OE and
external clock signal CLK synchronize and control the output of
data from memory 80. Latching BICMOS sense amplifier 20
(circuit illustrated in. FIG. 1) includes a final sense amplifier and
receives data signals MUXLAT and MUXLAT* when external clock
35 signal CLK is a logic high, as discussed above in reference to FIG.
1, and in response, provides differential data output signals PED
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resistor 21 and R23 is the resistance of resistor 23. Data output 5 signal
PED is therefore a logic |ow voltage equal to approximately [err] and data
out put signal PED* is equal to a logic high voltage of approximately [err].
When external clock signal CLK becones a logic low, the logic state of data
I nput signals MUXLAT and MJUXLAT* are latched 1 0 by latch 35 until

external clock signal CLK returns to a logic high. In operation, with a

|l ogic | ow external clock signal CLK, trangfer gates 46 and 49 becone

conductive and ty er gates_43 d 52 bec ubst antj al |
non- COﬂdUCtIV@n%ﬁ%QA nd-ateB %I(Fié it'sdﬁ'&weﬁs)&"&hgi 6'@ é'@MQ%d back to
the bases of IN@Nde amplfier 201t céhtrainth@foutpet pdatial ¥lewy .inl fespiirsd rout

and oxternal  dPBERI %ﬂﬁ“@w@?g ABhAL K, St odubadanngck

vol t age 3t Eodmmpsrlsen dol ogheenliohalafMOS quppukstag@ ybyécpmnbtrmg/Dbe
2VBE,
and § eémﬂpq*&l?(e” &Pﬂbdn%gggg\ggﬂ 4 cMes fir&w%ﬂgé s 20

approxi mately equa tage. th roug ansfer gates
46 and 49 is @opliiey tisudecreasiansthe snumbgrobh stages g the QWBUENti al |y

the sanme vol tfm th! eCiltpas bifier il 1oUectigsidatdopit JigndMeXPED and the
preferred enbyg et o beststance | ocel s 20 abnl BAFA' BT 568 add

output pad (not shown).

10 During a write cycle of memory 80, the flow of data is
essentially reversed. A single-ended data signal labeled "DATA
IN" is provided to data input buffer 116, which in turn provides a
buffered single-ended data signal labeled "DATA" to data input
multiplexer 117. Data input multiplexer 117 provides

15 differential data signals WGDL and WGDL* to write global data
line pair 94. Write global data line pair 94 is representative of
the 18 write global data line pairs in memory 80. Column
predecoder 111 provides predecoded column address PREDECODED
COLUMN ADDRESS to column logic/decoder 84 which couples a

20 . write global data line pair to a bit line pair. Row predecoder 110
provides predecoded row address PREDECODED ROW ADDRESS to
row select 98 which selects one of 512 word lines. As in the
read cycle, memory cells located on an enabled word line provide
data to bit line pairs. However, a voltage differential driven onto

25 the bit line paifs by column logic/decoder 84 is greater than the
drive voltage of the memory cell and overwrites a stored bit in
the memory cell. At the end of a write cycle the differential
voltage on the bit line pair must be reduced to a level small
enough to prevent the data from being erroneously written into a

30 memory cell during the following read cycle. Equalization of the
bit line pairs is achieved by bit line equalization block 82.

While the invention has been described in the context of a
preférred embodiment, it will be apparent to those skilled in the
art that the present invention may be modified in numerous ways

35 and may assume many embodiments other than that specifically
set out and described above. Accordingly, it is intended by the




approximately equal to resistance R24. The vol tage drop across
series-connected resistors 21 and 23 is equal to the voltage drop across
series-connected resistors 22 and 24 and is approximately equal to 1.5
volts. About 20% of this voltage drop is across 30 resistors 21 and 22 and
the other 80%is across resistors 23 and 24. Resistors 21 and 22 function
to decrease the feedback voltage of latch 35 to the bases of NPN

transi stors 27 and 26, respectively, so tHlagt during the next clock cycle,

new data from data |nput signal s MIXLAT and,. LAT* relatively easily
35 "flip" th@R&ﬁ'&d%ﬂ ?'atreﬁ @’5 GOVehed s'%"é?n%‘%%!ﬂ"sa ﬁ?ﬁﬂ%ﬂ?fgaﬁﬁ@rvv‘i‘uéa y
vol t age, dat a falpwithém giinel SrueEpiiit aanmtd Mdadp&Tof athee invaodtioonpl enent ary

| ogi ¢ signals having | ogic swngs fromabout 3.1 volts for a logic lowto
about 3.4 volts for a logic high. Note that |atching BICMOS sense anplifier
20 can be adapted for use with an asynchronous nmenory by sinply repl acing
external clock 5 signal CLK with a control signal that is not cl ocked.
Transfer gates 46 and 49 have poor transconductance bel ow one-hal f VDD,
therefore in the preferred enbodi nent, the voltage



at nodes 105 and 106 are kept. high enough allow ng internal clock signals K
and K* to provide adequate gate control for N-channel 1 O transistors 48
and: 51, and P-channel transistors 47 and 50. Also, the current provi ded by
N-channel transistors 70 and 71 should not be so Iarge ol ar

transi stors operate in saturation. If the bipolar tran5| AOLS O erate I'n

saturation, a reduction in switching speed may result. fl@ enk ﬁced '

gate-to-source 1 5 capacitance of N-chanid®l transistors

cause the voltage at nodes 102 and 101, . espectively, to

of internal clock signal K Capacitor-cg;%-gﬁged N- channel tran5|stors

and 57 are sized relatively small to reduce this capacitive coupling, V\/m ch

may interfere tg@t"ﬁ? operation of 20 |latching BICMOS sense anplifier 20.
t

Capaci t or-conn * channel transistors 56 and 57 are illustrated in
FIG 1 as N channel transistors having their drains and sources connected

t h t hi
chgv%grlsensgwg\rfrglrl Ao meémd p@@o)thaQﬁ(ing tmuﬁamgyofalrﬁémbw Uselrs (ss)c ing
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The reduced power daémorygt eelli (@5)prbvidingedata ed Hye mibing paio{8putB8Hnabl e
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5 is coupled is enabled, comprising:
a differential amplifier (25), having first and second
resistors (21, 22), and first and second bipolar
- transistors (26, 27), the first resistor (21)
being coupled between a first power supply
10 voltage terminal and a collector of the first
bipolar transistor (26), the second resistor (22)
being coupled between the first power supply
voltage terminal and a collector of the second
bipolar transistor (27), the differential
156 amplifier (25) for receiving first and second
data signals corresponding to data from a
selected bit line pair (88, 89), and in response,
providing third and fourth data signals;
latch means (35) for feeding back the third and fourth
20 data signals to a base of each of the second and
first bipolar transistors (26, 27), respectively,
in response to a clock signal transitioning from
a first logic state to a second logic state; and
transfer gate means (43, 52) for preventing the
25 differential amplifier (25) from receiving the
first and second data signals in response to the
clock signal transitioning from the first logic
state to the second logic state.

tage

30 2. The memory (80) of claim 1, wherein the latch means (35)
comprises:

—_—
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30 function to sel ect and desel ect N-channel transistors 66 68 70 72
and 74. This prevents N-channel transistors 66, 68, 70, 72,
providing current sources for the emtters of the bipolar ﬂ‘hnﬁﬂﬁbﬁia@l%e%nﬁfa laced

| at chi ng BI CMOS sense anplifier 20. N channel transistors mu
and 75 are sized to provide 35 relatively weak current sou !HHM
to N-channel transistors 66, 68, 70, 72, and 74. During the

retention node the differential voltage ofl8nodes 105 and 106 is reduced

fromapproximately 0.3 vol o] 5 , | t
In a substanti al )r/educt |30rﬂ1frﬁl %ﬁ&ghtﬁeg%@h% @gi hé\?fntgs a V&H% 2 Irg;:Jc
circuits nost of the current cospdedpta dhei ﬁrs&qaoweiresumlyngouageent)
Therefore, as the operatl ng %Qﬁﬁlﬂw\/\ag{/eér ryaég\@n q&bgwutl 'ﬂfd?ﬁﬁ ’té S

current consunption increases irect-current CIFCUItS,
the DC conponent of the t ot alSigRRk <ARd camsemit ?'bn remai ns const ant

regardl esssof 1 0 frequerfiygt dibdet (SE)‘me\nr@Gatfﬂ%ﬁ'teﬁmiinia!nboaplﬁwrfbtIOn of
| at chi ng BI CMOS sense anplifigr %Ol reskl n r]la CIh'IISIn I@\ﬁ)s
sense anplifier 20 becon ng r’?ﬁ?e 0 tleE 8f1tth§s gb%qg‘fl 8
and a second terminal,
a fourth bipolar transistor (33) having a collector
coupled to the first power supply voltage
10 terminal, a base for receiving the fourth data
signal, and an emitter;
a second diode (34) having a first terminal coupled to
the emitter of the fourth bipolar transistor (33),
and a second terminal;
15 a first transfer gate (46) having a first terminal
coupled to the second terminal of the first diode
(32), and a second terminal coupled to the base
of the second bipolar transistor (27); and
a second transfer gate (49) having a first terminal
20 coupled to the second terminal of the second
diode (34), and a second terminal coupled to the
base of the first bipolar transistor (26).

3. The memory (80) of claim 2, further comprising:

25 first current source means (68, 70, 72), for providing
a current source for the differential amplifier
(25) and for the second terminals of the first
and second diodes (32, 34);

selection means (62, 63, 64) for selectively coupling

30 _ the first current source means (68, 70, 72) to
the differential amplifier (25) and to the second
terminals .of the first and second diodes (32, 34)
in response to receiving an output enable signal;
and

35 second current source means (69, 71, 73) for
providing a minimum current source for the

Y R A 1




frequency increases. Latching BI CMOS sense anplifier 20 provides the 15
advant ages of increased speed and performance for applications such as high
performance workstations where the clock frequency may apg § Stetilad B@n Replaced
megahertz. Since a separate CMOS latch is not used, the n ‘l] #
surtace area

nal
I evel converters is elimnated, reducing the nunmber of st ﬂ“ﬁ mmput
path, resulting in 20 reduced gate delay. Also, the anount

nggdted on Eﬂe :nt egr at eddci rcuit for the wut put ci rcwts is reduced. In
addi tion, e | ow power data no spged operation for
appl i cations such as Workstafj B‘\pi'gﬁe&ew %&BF %\éﬁ'eoc@&éurrpt i on
It'n appl h?at i ons fSUCh as batttﬁml'nnamrcédtr% firsbrgnd eecond Glodbst(aﬁ@ )

i m ng di agram of various si S I r of
FIG 1 in accordance with th%"eéﬁ%t Psh %‘H{} gﬁ g}%?eﬁ%%%s e ?:0%7%)0
diagramof FIG 2 is not draish deseleated.) At time t1, external clock signal.
CLK transigions 30 froma Ioglc hi gh to a logic low, resulting in the

| ogi ¢ stat'es of differential ta in nal s and MJXLAL* becom n
| at ched. Dat a%i npu EA¢/RaN ( L')ﬂ‘"ﬁa M@Qﬂﬁ?ﬂ Arg :

states, as shown bggmae@otm and time t2 wi t hout affecting the | at ched
logic states at nodes 101daﬁereh$|al amp%ﬂer (25), having first and second
resistors (21, 22), and first and second bipolar

10 transistors (26, 27), the first resistor (21)

 being coupled between a first power supply
voltage terminal and a collector of the first
bipolar transistor (26), the second resistor (22)
being coupled between the first power supply

15 voltage terminal and a collector of the second
bipolar transistor (27), the differential
amplifier (25) for receiving first and second
data signals, and in response providing third and
fourth data signals; _

20 latch means (35) for feeding back the third and fourth
data signals to a base of each of the second and
first bipolar transistors (26, 27), respectively,
in response to a clock signal transitioning from
a first logic state to a second logic state;

25 transfer gate means (43, 52) for preventing the
latching BICMOS sense amplifier (20) from
receiving the first and second data signals, in
response to the clock signal transitioning from
the first logic state to the second logic state;

30 and

reduced power data retention means (62, 69, 63, 71,
64, 73) for reducing an emitter current through
the first and second bipolar transistors (26, 27),
and for reducing a current through the first and

35 second diodes (32, 34) while maintaining a logic
state of the differential amplifier (25).

R 0 ) A |




35 103 and 104, or data output signals PED and PED*. At tine t2, output
enabl e signal CE transitions froma logic high to a logic -12- | ow,

begi nning the | ow power data retention node. The differential—vottages—on—
nodes 101 and 102, nodes 103 and 104, and data output 5 stjhg LEE

I
PED* are reduced, thus providing for | ow power consunption. eettsl_I ' =
out put enable signal CE is returned to a logic high. The diU imm“ L l‘
vol t ages on nodes 101 and 102, nodes 103 abd 104, and data :
PED and PED* are returned to their nornmal voltage levels. At tine t4,

external clock signal CLK transitions 10 froma logic lowto a logic high,
transfer gate$.43 die Faemidrywef chtind 4, iwlie@in 1theb cedueed powet idadéa and t he

new data from data j [ I d MUXLAT* is allowed to propagate
Ao B WeHilegs

t hrough | at chi ng BI sense anp . The logic states of nodes 101
and 102, nodes 103 and fwal cawrerduspurce;dngans oG8, s7BedAnterrpreviding @ 15

s LA o AT BT it Yo 0B itetintsl s
80°in accordance with the bréég%tar?d]\;Qﬁf’i&"&n.seﬁg r&'@@'n St rﬁ%g}genory
and second diodes (32, 34);
selection means (62, 63, 64) for selectively coupling
the first current source means (68, 70, 72) to
10 " the differential amplifier (25) and to the second
terminals of the first and second diodes (32, 34)
in response to receiving an output enable signal;
and
second current source means (69, 71, 73) for
15 providing a reduced current source for the
differential amplifier (25) and for the second
terminals of the first and second diodes (32, 34)
when the first current source means (68, 70, 72)
is deselected.

20
6. The memory of claim 5, wherein the clock signal is further
characterized as being first and second complementary
clock signals.
25 7. The memory of claim 6, wherein the transfer gate means

(43, 52) comprises:

a third N-channel transistor (44) having a first
current electrode for receiving the first data
signal, a gate for receiving the first

30 complementary clock signal, and a second
current electrode coupled to the base of the
first bipolar transistor (26);

a third P-channel transistor (45) having a first

current electrode for receiving the first data
35 signal, a gate for receiving the second
complementary clock signal, and a second

AR O YA



bl ock 81, row select circuitry 98, address buffer 99, row predecoder - 20
110, columm predecoder 111, read global data |line pairs 91 and wite gl obal

data line pairs 94, sense anplifier 112, data output nul Th X ,
| at chi ng Bl CMOS sense anplifier 20, data output buffer 11 EE‘
buffer 116, and data input nultiplexer 117. Menory bl ock

| i ne equalization block 82, nenory array 25 83, colum | ogic/decoder 84,

menory cell 85, word line 86, and bit Iin@3 88 and 89. Menory block 81 is a
representative nmenory bl ock of nenor 0 and there ,may be ot her, nory

bl ocks present in menory 80. %ﬁ?ﬁr@e{%ﬁrﬁ%r"é’qp& ttgﬁi&%%qﬁe&@e 9 ons of
yvlolrd | i nesdand bit line pairdirsh bigpolesettaaisisormd@6)y cell 85 is
illustrated in FIG 3 30 [ ' n vy 1 88 and
89. Bit lines 88 and 89 %o@g‘?{l’ﬁg\tj ;&:ﬂgh%q%gnkgsff(?f 8(g,'é:,'_zdr.ia?'(')"paIa‘l 3@?% i ne
pair 91 includes a read gl obagtursenta electeode tardreceaiving ghebﬁecmﬂadaiawe 93.

Wite globgl data |ine pair %ghgglgd ate for | feociVingRlthdafigst! i ne 95 and a
wite global data line 96. 3 er 99 receives cgn addr ess

5 ddr ess puf.f
signal |abel ed "ADDRESS', andiPBlaraea aéyb‘appgr%lanm'f?gﬁjeﬂt‘?’%ﬁor} w addr ess

13 current electrode coupled to the base of the

second bipolar transistor (27); and
a fourth P-channel transistor (54) having a first
10 current electrode for receiving the second data

signal, a gate for receiving the second
complementary clock signal, and a second
current electrode coupled to the base of the
second bipolar transistor (27).

15
8. A memory (80) having a plurality of memory cells (85)
coupled to word lines (86) and bit line pairs (88, 89), each
memory cell (85) providing data to the bit line pair (88, 89)
to which it is coupled, when the word line (86) to which it
20 is coupled is enabled, comprising:
address means (99, 110, 111), coupled to said
plurality of memory cells (85), for receiving an
external address signal and in response
selecting a bit line pair (88, 89);
25 a first sense amplifier (112) for detecting and
amplifying differential data signals from the
selected bit line pair (88, 89);
a read global data line pair (91); coupled to the first
sense amplifier (112), for providing first and
30 second data signals;
a first resistor (21) having a first terminal coupled to
a first power supply voltage terminal, and a
second terminal for providing a first output
signal;

* [+ L M s *



| abel ed "ROW ADDRESS", and a buffered differential -colunn address | abel ed
CO_UI\/N ADDRESS". I n applications where the nenory array is further
sub-di vided into bl ocks, a block address may al so be pﬂhksmmaifemmamlm

buffers 99 to block logic (not 5 shown). For sinplicity,

"
block 81 is shown. In other enbodiments, different nunb []H!M @I 4
different sizes of blocks and different word w dt hs coul e use ADit

i ne equalization signal labeled "EQ' is p2ovided to bit line equalization

bl ock 82. Bit line equalization black 8 rovide. 1,0 pr r '
equal i zation to the eacR Wopanéeﬁﬁrqr @%ﬂ% af rﬁ?%“ﬁ"ﬁﬁ%@%@@?@@m ng
the cycle time of menory 80. t&otheprsmbonutidermirtalr of dhee firsk tresisior 2dgk

signal CLK, and differenti al a 'lglmé- s ROW ADDRESS, and in
response, provides a plurali ta;p(a(l)vla %é‘g@@o%zd'rolwaddr ess signals labeled 1

5 " PREDECCDED ROW ADDRESS'third” resistasi §22) dwving| anfirss: tarenipakcoupledetei ves |
ext er nal (gock si gnal CLK, aqﬁedfi,fgtegg%iraéumyuqa" dr fsrinipbinahgd eOLUWN

ADDRESS, and in response provides a plurality of predecoded col unm address
signal s | abel ed " PREDECODED GECORH Esg"fO?/oOf&‘!P R ?oﬁ?ﬁ?%@c%ﬂ@“%w. The

20 particul ar address signalsighatei ved by row predecoder 110 and col um
D edecoder ILL have, n2 $30Hth, oY, 88 ARG e Tk bolpicd
to the second terminal of the third resistor (22),

10 -~ and a second terminal;

a first bipolar transistor (26) having a collector
coupled to the second terminal of the second
resistor (23), a base for receiving the first data

_ signal, and an emitter;

15 : a second bipolar transistor (27) having a collector
coupled to the second terminal of the fourth
resistor (24), a base for receiving the second
data signal, and an emitter coupled to the

_ emitter of the first bipolar transistor (26);

20 a latch (35) comprising third and fourth bipolar
transistors (31, 33) and first and second diodes
(32, 34), a base of the third bipolar transistor
(31) coupled to the second terminal of the first
resistor (21) and a base of the fourth bipolar

25 transistor (33) coupled to the second terminal
of the third resistor (22), a first terminal of the
first diode (32) coupled to an emitter of the
third bipolar transistor (31') and a first terminal
of the second diode (34) coupled to an emitter of

30 the fourth bipolar transistor (33), a second
terminal of the first diode (32) being
selectively coupled to the base of the second
bipolar transistor (27) in response to a clock
signal transitioning from a first logic state to a

35 second logic state, and a second terminal of the
second diode (34) being selectively coupled to

= . C L M s * .




performed by the row and col um predecoders nay be different in other———
enbodi nents. 25 In a preferred enbodi nent, nenory 80 is Sﬁchronous

and has a data organi zati on_of 64K X 18, where nenory bl Gijs Shept Y °§2
‘menory bl ocks. Menory cells in nmenory array 83 are |ocated H ﬂ \?ns
of 512 word lines and 72 bit line pairs. Only one nenory b or
the purposes of clarity and 30 sinplicity. Row select 98 receives a
predecoded row address and in response, s@Bects one of the 512 word lines.
Al so, note that only one paii f %gld Pltﬁga{" sﬂabfpaéléﬂﬁi “ﬁggﬁ(}%@é ob wite
gl obal data |ines, one sense %‘?rp?é e?, d"'Gite [ 3 gn' e
anplifier 20 are shown. For #esponseltd thefclkck, signabrirassitiohing eirohves 16
address signals, and requireg; d b | wite gl obal
it 6 st b &%4duind ARy Stafd

data |ines. However, nenory iguréd with ot her
data organi zations, suclansfesgatg means (43¢i53)cfampreventing ghe zation, a

di fferent munber of address giff@rdritial> amphfieen@3) ifiemgalrebalvidgt #héi nes, -
and ot her data input and out @ut Ci acwtr'){daéet re%w rled. I n ot hert h
embodi ments, menory 80 may b rgf,and seco ata signals 1h response to the

clock signal transitioning from the first logic
state to the second logic state; and
reduced power data retention means (62, 69, 63, 71,
10 64, 73) for reducing an emitter current through
the first, second, third and fourth bipolar
transistors (26, 27, 31, 33), and for reducing a
current through the first and second diodes (32,
34) while maintaining a logic state of the
15 differential amplifier (25).

9. A memory (80) having a plurality of memory cells (81)
coupled to word lines (86) and bit line pairs (88, 89), each
memory cell (85) providing data to the bit line pair (88, 89)
20 to which it is coupled, when the word line (86) to which it
is coupled is enabled, comprising:
address means (99, 110, 111), coupled to said
plurality of memory cells (81), for receiving an
external address signal and in response
25 ' selecting a bit line pair (88, 89);
a first sense amplifier (112) for detecting and
amplifying differential data signals from a
selected bit line pair (88, '89);
a read global data line pair (91), coupled to the first
30 sense amplifier (112), for providing first and
second data signals received from the first
sense amplifier (112); '
a differential amplifier (25), coupled to the read
global data line pair (91), having first and
35 second resistors (21, 22), and first and second
bipolar transistors (26, 27), the first resistor

* c L M S *




asynchronous ATD (address transition detection) type MEmOry.—To read data

from ménory 80, row predecoder 110 receives a row addrgg;
buffered differential row address signals 10 RQNADDREj§S.§Lé[ﬁiIﬁ&nkgﬁ%d
I

predecoded row address PREDECODED ROW ADDRESS to row se TMEE ect
one of the 512 word lines, of which word line 86 is an : are
72 menory cells coupled to each word |ine. Each nenory cell that is coupled
to the selected word Iine provides its ouRféut as a differential 15 voltage

O eDecnres R n’ sbokess o, 124 RiB°BoHES) FAHRRL 55980, 4,

word wi dth of X18, col umm | ogiowetesupply 8dltageetarmitaliandiaesgutind of the

72 bit line pairs of nmenory @é@ﬁﬁ‘a@lco@g%lw% EBli¥ctdroek t‘Pl]‘:e fREpry 80 is
ocC 1 ount for

sel ected sinultaneously with 2 menory. to accoun ] e other 9
bit line pairs needed to mak®RQas Wapgisipet(2&s thesg segond: sesisdor (22)

amplifier,gsuch as sense arrplhiafvii,g; d 1frstSearpsinahsbusiedi to ethe st el ativel 'y
smal| differential voltage provided to bit Iinef 38 aGd 83 by nenory cell
85, and coupl es the sel ect ed PAWeN SHRPY, VPliage fespupal 2a |%‘e“'°&£‘{ 91.
Read gl obal data 25 |ine paiterriihal scogpedstntatcollectdr ofiethes seeaddgl obal
data line pairs in nenory 804.; Ny | il ! ks 138 receives
differential data signals RGBﬂIS%;fr?g G wé¥%r%272a§’¥'§ Q(Jl’)lgqqugg‘éﬁl ine pair 91
corresponding to the differeamplifies §38) sforr reeeiving ifirst asdasecend | n |
10 data signals, and in response providing third and
fourth data signals; and |
latch means -(35), coupled to the differential amplifier
(25), for selectively coupling the second
terminal - of the first resistor (21) to a base of
15 the second bipolar transistor (27), and the
second terminal of the second resistor (22) to a
base of the first bipolar transistor (26), in
response to a clock signal transitioning from a

first logic state to a second logic state.

20
10. The memory (80) of claim 9, wherein the latch means (35)
comprises:
a third bipolar transistor (31) having a collector
coupled to the first power supply voltage

25 ' terminal, a base for receiving the third data
signal, and an emitter; '

a first diode (32) having a first terminal coupled to
the emitter of the third bipolar transistor (31),
_ and a second terminal;

30 a fourth bipolar transistor (33) having a collector
coupled to the first power supply voltage
terminal, a base for receiving the fourth data
signal, and an emitter;

a second diode (34) having a first terminal coupled to

35 the emitter of the fourth bipolar transistor (33),
and a second terminal;

[
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response, data output nultiplexer/latch 113 provides differential data 30
signal s MUXLAT and MUXLAT*. Qutput enable signal CE and external clock

si ghal CLK synchroni ze and control the output of data from nmenory 80.

Lat ching BI CMOS sense anplifier 20 (circuit illustrated in FIG 1) includes
a final sense anplifier and receives data signals MUXLAT and MUXLAT* when
external clock signal CLKis a 35 logic high, as discussed above in
reference to FIG 1, and in response, profbdes differential data output

i | PED 15 d PED%, tch 35 (FIG i i | d.wth.l hi
SBII %r\l/%sssense anpl i ?iner 2 f{rgl’(a:t&?clwt%r_ éﬁte o@geéubaﬁl%{{]gg *?@ﬁt%rﬂgaﬁs:&n?o
receiving external clock sigreaup@d toGhe stdond itermizdlcefl the firstpdiddeon to
conventional CMOS out put sta f?'i %ﬁ?cé)@c?) Hgt%rﬁﬁpélr cgpﬁgéslmgggﬁﬁg he

controlled latch with a Bl sensel_narrp . ecr
nunber of stages in the out p@f the isecondpbipalar rteansgistorr §22);vasddat a out put

Zi 1gnal st PEstD ang PED: aﬂca Fﬁe@\d{ﬂg%aﬁsméﬂ gjﬁ_éd@m)dﬁh_@%r@ %qfrspﬁféﬁnﬁ?ﬂéﬁ t083
ata output pad (not shown). coupled to the second terminal bf tﬁeoseggrqgry ’ |

the flow of data is
diode (34), and a second terminal coupled to the
base of the first bipolar transistor (26).

N |
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essentially reversed. A single-ended data S|gnal | abel ed "DATA IN' is
provided to data input buffer 116, which’in turn provides a buffered

si ngl e-ended data signal |abeled "DATA" to data input nultiplexer 117. Data
i nput multiplexer 117 provides 15 differential data signals WGDL and WGDL*
to wite global data |line pair 94. Wite global dataline pair 94 is
representative of the 18 wite global data line pairs in nenory 80. Columm
predecoder 111 provi des predecoded col um2&ddress PREDECODED COLUVN ADDRESS

to colum | ogic/ 4 which c 2 LLe I i pair
to a bit line pﬁfgﬁlﬁx E'Am%dﬁr Eﬁ(ﬁ%"@@l &égméﬁgb&% A%%AF@ES
PREDECODED ROW ADDRESS to row sel ect 98 which selects one of 512 word
lines. As in the read cycle, | l¢s s%‘ﬂo n enabl ed word |ine
provi de data to bit line palrs &edf Hé) eaferentlal driven onto
25 the bit line pairs by colum | ogi c/decoder 84 is greater than the drive
vol tage ofgthe mengx yneridryaf@0)ohavingi aelatehingoBHAMDS sensmeamphlfmry cel | .

must b reducd20] i BidB¥er°dioetl ot e, refErtBAF piSud TTRe tettimgpel
erroneousl y wBIOMOS raense :amphﬂabr@gq\,eﬁﬁenm iang tanaplibes o‘iﬁffﬁﬁeﬂﬂﬁﬁ cycl e.
bllock 82, Wi ﬁ"fat% s e R e o oy &
. A latch (35) temporarlly retains the logic state the
10 dlfferentlal data signals in response to a clock signal. The
reduced power data retention mode is provided by utilizing
selectable current sources (66 - 75) responsive to an output
enable signal. The latching BICMOS sense amplifier (20) allows
for very high speed operation, yet provides for reduced power

15 consumption while in a latched state.

(FIG.1 accompanies this abstract)



preferred enbodi nent, it will be apparent,to;those skilled in the art that
the present invention nay be nodifi-ed in nunerous ways 35 and may assune
many enbodi nents ot her than that specifically set out and descri bed above.

Accordingly, it is intended by the 16 appended clainms to cover al

nodi fications of the invention which fall within the true spirit and scope
of the invention. -17- Cains 1. A nmenory having a plurality of nenory
cells coupled to word lines and bit linelffairs, each nenory cell providing
data to the bit line pair to which 5 [X is coupled, when the word

line to which it is coupled is enabled, conpriging: a differenti al
anplifier, having first and second resistors, =nd first and second bi pol ar

transistors, the first resistor being coupl edPetween a first power supply
vol tage term nal and ©~ :
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10, a collector of the first bipolar transistor, the
second *resi stor being coupled between the first power supply voltage
termnal and a collector of the second bipolar transistor, the differential
anplifier for receiving first and second data signals corresponding to data
froma selected bit line pair, 15 - and in response,
providing third and fourth data signals; |latch neans for feeding back the
third and fourth data signals to a base obkpach of the second and first

bi pol ar transistors, respectively, in response to a clock signal
transitioning froma first logic state to a second logic state; and 20
transfer gate neans for preventing the differential anplifier from
receiving the first and second data signals in response to the clock signal

transitioni ng Gk AC state to the second |ogic gtare—25
2. The menory of claim1, wherefn the |atch neans conprisegs: a third
bi pol ar transistor having a collegtor coupled to the first lwer supply

voltage termnal, a base for recetving the third data signal, and an
emtter; a first diode having a flrst terninal coupled to thE emtter of

t he 30 third btpolar transistor, and a setond terninal;
a fourth bipolar transistor having a collector coupled to the first power
supply vol tage GE\r mnal a base for receiving the |

_\
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fourth data signal, and an emtter; -18 - a second di ode having a first
termnal coupled to the emtter of the fourth bipolar transistor, and a
second ternminal; a first transfer gate having a first termnal coupled to
the second termnal of the first diode, and a second term nal coupled to 5
the base of the second bipolar transistor; and a second transfer gate
having a first termnal coupled to the second term nal of the second di ode,
and a second termnal coupled to the bas¥3of the first bipolar transistor.
10 3. The mggory of claim1, wherein the clock signal is further
characterized a§ being first and second conpl enentary cl ock -signals. 4.

The nmenory of claim 3, wherein the transfer gate neans conprises: a first

N-channel_transi stor _having a first current el ectgode for 15
recei vi nfif hel fi fst>-data,sign < 2joate for receiing the first
conpl eneft® cl pc ; |, a&% to the
base of fhed| s ar trafsigiqr; a first P-channel transistorhaving a
first cufremd|&Fpctzode falir pceLyi i i gate for
recei vi npid he 2 15 9 \_
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20 = second conpl ementary cl ock si gnal % @n@\=f sEEORd
current electrode coupled to the base of the first bipolar transistor; a
second N-chHann®EMLASEMEBIOSHRAVENg 8Gfirpt current el ectrode for receiving
the second |{d& Resigriah ; pagegdi" ¥ pasadesei Jing the first conplenentary clock
signal, and &'€atmi cupigd. 2k aged 2%. el ectrode coupled to the
base of the SeDan#nBispot adedl ] 1S pded ahd a second P-channel transistor
having a fijr gt Agstedoent . 9& @atro ﬁp%w “Fecki vi ng the second data signal, a

----------

gate for rgceiving the second co nent pBy clock signal, and a second

gurr?ant 30 DATE, OF RECEI] 1@l peyrode toupled to the base of the second
i pol ar trans 2

rynaf o further In 19
first current selgelredgoiN-c ?‘B’Felﬁtmﬂ"ﬂ?hﬂiaracﬁp?@?ﬁl t?(ﬂﬂ%%n?zr"?t hg
differential armbnéfee aﬁeﬁdeihas 4 fhst samentieleetrotieo sbanedted lie tiheé entittemof second

i o, el o6t GBSty NN By S2APRROY 1o Gld oo o
the output terminal of inverter 37, and a second current electrode
connected to the base of NPN transistor 27 at node 101. N-channel
transistor 48 has a first current electrode connected to the first current
electrode of P-channel transistor 47 at node 105, a gate connected to

10 the output terminal of inverter 38, and a second current electrode
connected to the second current electrode of P-channel transistor 47 at
node 101. P-channel transistor 50 has a first current electrode

" connected to the second current electrode of N-channel transistor 44
at node 102, a gate connected to the output terminal of inverter 37, and

15 a second current electrode connected to the emitter of diode-

' connected NPN transistor 34 at node 106. N-channel transistor 51 has
a first current electrode connected to the first current electrode of P-
channel transistor 50, a gate connected to the output terminal of
inverter 38, and a second current electrode connected to the second

20 current electrode of P-channel transistor 50 at node 106. N-channel
transistor 53 has a first current electrode connected to the base of NPN
transistor 27 at node 101, a gate connected to the output terminal of
inverter 37, and a second current electrode for receiving a data input
signal labeled "MUXLAT". P-channel transistor 54 has a first current

25 electrode connected to the first current electrode of N-channel
transistor 53, a gate connected to the output terminal of inverter 38,
and a second current electrode connected to the second current
electrode of N-channel transistor 53. _

N-channel transistor 61 has a drain connected to the emitter of

30 emitter-follower transistor 28, a gate for receiving output enable signal
OE, and a source. N-channel transistor 62 has a drain connected to
the emitter of diode-connected NPN transistor 32, a gate for receiving
output enable signal OE, and a source. N-channel transistor 64 has a
drain connected to the emitter of diode-connected NPN transistor 34, a

35 gate for receiving output enable signal OE, and a source. N-channel

This is the replacement sheet
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termmrals of the first and second diodes in response to receiving an out put
enabl e signal; and second current source neans for providing a m ni num
current source for the.-differential anplifier and for the second 10
termnals of the first and second di odes when the first current source
means i s desel ected. 6. The nenory of claimb5, wherein the first current
source neans conprises: 15 a first N-channel transistor having -
a drain coupled to an enmtter of each of the first and second bi pol ar
transistors, a gate for receiving a bias-J8ltage, and a source coupled to a
second power supply voltage termnal; a second N-channel transistor having
a drain coupled, to

di ode, a gate fdPWr Eggﬁ?ﬂggthen@“bp%%Hﬁ%@é?sﬁfmom?%&hggﬂlga '@%&Hi’gﬁ I l)r tS Fle
second pover  supjltagesiohagsdése101 antl; 102) thodes io3carid ¢04nand datarosipiit or
paving 2 or ok SMBIEPL dhiPES AN Al Ay brhRing 15PN, BoeE 0, 0
to the second pmonsumpliphy AtdimedR, autpui enable signal Qizismeturneddé aclogiom 6,
wherein the secqfgh CHhbdifferdtitial GollEgdt ot RBBES 989 and 102, nodes 103 and
104, and data output signals PED and PED* are returned to their
normal voltage levels. At time t4, external clock signal CLK transitions
10 from a logic low to a logic high, transfer gates 43 and 52 (jllustrated in
FIG. 1) become conductive, and the new data from data input signals
MUXLAT and MUXLAT"* is allowed to propagate through latching
BICMOS sense amplifier 20. The logic states of nodes 101 and 102,
nodes 103 and 104, and output data signals PED and PED* change
15 states as shown after time t4 to reflect the logic state of data input
signals MUXLAT and MUXLAT™. .
" FIG. 3 illustrates in block diagram form memory 80 in
accordance with the present invention. Memory 80 includes memory
block 81, row select circuitry 98, address buffer 99, row predecoder -
20 110, column predecoder 111, read global data line pairs 91 and write
global data line pairs 94, sense amplifier 112, data output
multiplexer/latch 113, latching BICMOS sense amplifier 20, data output
_ buffer 114, data input buffer 116, and data input multiplexer 117.
Memory block 81 includes bit line equalization block 82, memory array
25 83, column logic/decoder 84, memory cell 85, word line 86, and bit
lines 88 and 89. Memory block 81 is a representative memory block of
memory 80 and there may be other memory blocks present in memory
-80. Memory cells are located at intersections of word lines and bit line
pairs. A representative memory cell 85 is illustrated in FIG. 3
30 connected to word line 86 and bit lines 88 and 89. Bit lines 88 and 89
compride a bit line pair. Read global data line pair 91 includes a read
global data line 92 and a read global data line 93. Write global data
line pair 94 includes a write global data line 95 and a write global data
line 96.
35 Address buffer 99 receives an address signal labeled
"ADDRESS", and provides a buffered differential row address

This is the replacement shest

Date: 1 T NOV ]QQ'!



30 = a fourth N-channel transistor having a drain coupled to the
emtter of each of the first and second bipolar transistors, a gate for
receiving the bias voltage, and a source coupled to the second power supply
vol tage term nal; 20 a fifth N-channel transistor having a drain coupled
to the second termnal of the first diode, a gate for receiving the bias
vol tage, and a source coupled to the second power supply voltage term nal
and 5 a sixth N-channel transistor having a drain coupled to
the second terminal of the second diode,-t gate for receiving the bias

vol tage, and a source coupled to the second power supply voltage term nal.

10 8. The nmenory of claim 7, wherein the selection ans. ¢ rises: a
sevent h N-chann@isothespenfigused matly other datexpiganizations: 5‘&?%259%{?@% of each

b oo ToPA T darnanon € aorniimuerf s
N-channel  t Bandh nd w\;i?e global dafa fines, ang 9 ra-aa]mgﬁnprcéﬂg'i“s?gr havi ng
a drai n coupl edcitcuitrppare required. In other embodiments, memory 80 may be an
asynchronous ATD (address transition detection) type memory.
To read data from memory 80, row predecoder 110 receives a
row address decoded from buffered differential row address signals
10 ROW ADDRESS, and provides predecoded row address
PREDECODED ROW ADDRESS to row select 98, to select.one of the
512 word lines, of which word line 86 is an example. There are 72
memory cells coupled to each word line. Each memory cell that is
coupled to the selected word line provides its output as a differential
15 voltage on a corresponding bit line pair. Predecoded column address
signals PREDECODED COLUMN ADDRESS are provided to column
logic/decoder. 84. For a word width of X18, column logic/decoder 84
selects 9 bit line pairs of the 72 bit line pairs of memory block 81.
Another memory block of memory 80 is selected simultaneously with
20 memory block 81 to account for the other 9 bit line pairs needed to
make up a word width of X18. A first sense amplifier, such as sense
amplifier 112, senses and amplifies the relatively small differential
voltage provided to bit lines 88 and 89 by memory cell 85, and couples
the selected bit line to read global data line pair 91. Read global data
25 line pair 91 is representative of the 18 read global data line pairs in
memory 80. Data output multiplexer/latch 113 receives differential
data signals RGDL and RGDL* from read global data line pair 91
corresponding to the differential signals from bit lines 88 and 89. In
response, data output multiplexer/latch 113 provides differential data
30 signals MUXLAT and MUXLAT*. Output enable signal OE and
external clock signal CLK synchronize and control the output of data
from memory 80. Latching BICMOS sense amplifier 20 (circuit
illustrated in FIG. 1) includes a final sense amplifier and receives data
signals MUXLAT and MUXLAT* when external clock signal CLK is a
35 logic high, as discussed above in reference to FIG. 1, and in response,
provides differential data output signals PED
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second termnal of the first diode, a gate for receiving the - output
enabl e signal, and a source coupled to the drain of the second N-channel
transi stor; and a ninth N-channel transistor having a drain coupled to the
second 20 term nal of the second diode, a gate for
receiving the output enable signal, and a source coupled to the drain of
the third N-channel transistor. 9. A nmenory having a | atching Bl CMOS
sense anplifier, conprising: 25 a differential anplifier,
having first and second resistors, and tﬁvat and second bi pol ar
transistors, the first resistor being coupled between a first power supply
voltage term nal and a collector of the_first bipolar transistor, the
second resi stor being coupl ed between tGlaims st power supply voltage 30
termnal and a collector of the second bipolar transistor, the differenti al

arout o o B ARy i ARSIl SpAP Shiplod A GRENRE .,
the third and fobittlineRairs, saghinemoy gell providing data to the bit line pair to which
5 it is coupled, when the word line to which it is coupled is enabled,
comprising: '

a differential amplifier, having first and second resistors, and first
and second bipolar transistors, the first resistor being _
coupled between a first power supply voltage terminal and

10 a collector of the first bipolar transistor, the second resistor
being coupled between the first power supply voltage
terminal and a collector of the second bipolar transistor, the
differential amplifier for receiving first and second data
sighals corresponding to data from a selected bit line pair,

15 and in response, providing third and fourth data signals;

latch means for feeding back the third and fourth data signals to a
base of each of the second and first bipolar transistors,
respectively, in response to a clock signal transitioning from
a first logic state to a second logic state; and

20 transfer gate means for preventing the differential amplifier from
receiving the first and second data signals in response to
the clock signal transitioning from the first logic state to the
second logic state.

25 2. The memory of claim 1, wherein the latch means comprises:
a third bipolar transistor having a collector coupled to the first
power supply voltage terminal, a base for receiving the third
data signal, and an emitter;
a first diode having a first terminal coupled to the emitter of the
30 third bipolar transistor, and a second terminal;
a fourth bipolar transistor having a collector coupled to the first
power supply voltage terminal, a base for receiving the
fourth data signal, and an emitter;
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base of each of the second and first bipolar transistors, respectively, in
response to a clock signal transitioning froma first logic state to a
second logic state; 5 transfer gate nmeans for preventing the
differential anplifier fromreceiving the first and second data signals, in
response to the clock signal transitioning fromthe first logic state to
the second | ogic state; and reduced power data retention neans for reducing
an emtter 10 ‘current through the first and second

bi pol ar transistors, and for reducing a @gurrent through the | atch nmeans
while maintaining a logic state of the ditferential anplifier. 10. The
menory of claim9, wherein the reduced power data retention neans 1 5

fCormrihsez_: . fi _rslt acseolsc_mudiadarrwingaam?stftlennmbubqbled tatljfwrethﬁnér 6pwecef
or the differential anpli . ; tion neans for
sel ectively coupling the ff%'g{' b@ﬂé‘?@ﬁ%"%@&%ﬁ%ﬁ%&? tﬁﬁﬁmgﬂ?’f ferenti al
anplifier and to the d finsttranstangaterhaving a first terminal coupled tatheosaconido
recei ving an out put enabl ' - I'%nﬁjrs d ’ rfool\ér %r%
providing a reduced-curreﬁ?ﬁg@t%ﬂc)fet or fﬁgﬂgt Fﬁgraren |?a arr"&ﬁ iepﬁg'frldglrof or
the |at®h neans when the fthedasenftassesond bipalartiansistogedid ected. 25  11.
The nmenory of clai m @ sédbrid®ansierBateShang a first terminal coupled to the
second terminal of the second diode, and a second terminal
coupled to the base of the first bipolar transistor.

10 3. The memory of claim 1, wherein the clock signal is fl;rther characterized
as being first and second complementary clock signals.

4, The memory of claim 3, wherein the transfer gate means comprises:
a first N-channel transistor having a first current electrode for
15 repeiving the first data signal, a gate for receiving the first
' complementary clock signal, and a second current
electrode coupled to the base of the first bipolar transistor;
a first P-channel transistor having a first current electrode for
receiving the first data signal, a gate for receiving the
20 second complementary clock signal, and a second current
electrode coupled to the base of the first bipolar transistor;
a second N-channel transistor having a first current electrode for
receiving the second data signal, a gate for receiving the
first complementary clock signal, and a second current
25 : electrode coupled to the base of the second bipolar
' transistor; and
a second P-channel transistor having a first current electrode for
receiving the second data signal, a gate for receiving the
second complementary clock signal, and a second current
30 electrode coupled to the base of the second bipolar
transistor.

5. The memory of claim 2, further comprising:

This is the replacement sheet

) A I Date: 1 1 oy 197



a third bipolar transistor having a collector coupled to the first power
supply voltage term nal, a base coupled to a termnal of the first

resistor, and an emtter for providing a fifth data signal; and 30

a fourth bipolar transistor having a collector coupled to the first power
supply voltage termnal, a base coupled to the second resistor, and an
emtter for providing a sixth data signal. 22 12. The nmenory of claim
9, wherein the clock signal is further characterized as being first and
second conpl enentary cl ock signals. 13._1§he menory of claim 12, wherein
the transfer gate neans conprises: 5 a first N-channe
transistor having a first current electrode for receiving the first data, a

Qi rent el eotr ode couLgUTant RS TREAY, fof pAeNKg B o S e
first P-channel tr ans!ost or dﬁ‘ﬁ\'ﬁm'&?é’?mﬁiﬂ aﬁﬁrf?'é ichglﬁrtgﬁglnpgsr(%l%neoﬁr‘st :
receiving the first data sagd@ecoadalidded;or receiving the second
conpl ementary clock spgigals, 3k RF $8IEMiGHY Blbling the first current source
5 means to the differential amplifier and to the second
terminals of the first and second diodes in response to
receiving an output enable signal; and
second current source means for providing a minimum current
| source for the differential amplifier and for the second
10 | _ terminals of the first and second diodes when the first
current source means is deselected. '

6.  The memory of claim 5, wherein the first current source means
~ comprises:

15 a first N-channel transistor having a drain coupled to an emitter of
each of the first and second bipolar transistors, a gate for
receiving a bias voltage, and a source coupled to a second
power supply voltage terminal;

a second N-channel transistor having a drain coupled to the
20 second terminal of the first diode, a gate for receiving the
- bias voltége, and a source coupled to the second power
supply voltage terminal; and
a third N-channel transistor having a drain coupled to the second
" terminal of the second diode, a gate for receiving the bias
25 voltage, and a source coupled to the second power supply
voltage terminal.

7. The memory of claim 6, wherein the second current source means
comprises:

30 a fourth N-channel transistor having a drain coupled to the emitter
of each of the first and second bipolar transistors, a gate for
receiving the bias voltage, and a source coupled to the
second power supply voltage terminal;
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el ectrode coupled to the base of the first bipolar transistor; a second
N-channel transistor having a first current electrode for receiving the
second data signal, a gate for receiving the 15

conpl ementary clock signal, and a second current el ectrode coupled to the
base of the second bipolar transistor; and a second P-channel transistor
having a first current electrode for receiving the second data signal, a
gate for receiving the 20 second conpl enentary cl ock
signal, and a second current el ectrode .capypl ed to the base of the second

bi pol ar transistor. 14. A nenory having a plurality of nenory cells
coupled to word |ines and 25 bit line pairs, each nenory cel

provi di ng data to the fiith N-channelitransistohhaving @a drairc oogpled tothesecbndwor d
line to which it is coupl ' I b SR §¢ ﬂﬁ@@ coupl ed
to said plurality of nemﬁgnggargfmfe?ﬁarg@@?b?%@#@%ﬁém a ragss si gnal
and in response 30 voltage, and a sajire eounleditothe sacendmgwer supply st
sense anplifier for detectygnaganemiimal;idnd ng differential data signals from

the sel E cted bit i "% E&in N-channel transistor having a drain coupled to the second

terminal of the second diode, a gate for receiving the bias
voltage, and a source coupled to the second power supply
voltage terminal.

i0 8. The memory of claim 7, wherein the selection means comprises:
a seventh N-channel transistor having a drain coupled to the
emitter of each of the first and second bipolar transistors, a
gate for receiving the output enable signal, and a source
coupled to the drain of the fourth N-channel traﬁsistor;
15 an eight N-channel transistor having a drain coupled to the
- second terminal of the first diode, a gate for receiving the -
output enable signal, and a source coupled to the drain of
the second N-channel transistor; and
a ninth N-channel transistor having a drain coupled to the second
20 terminal of the second diode, a gate for receiving the output
enable signal, and a source coupled to the drain of the third
N-channel transistor.

9. A memory having a latching BICMOS sense amplifier, comprising:

25 a differential amplifier, having first and second resistors, and first
and second bipolar transistors, the first resistor being
coupled between a first power supply voltage terminal and
a collector of the first bipolar transistor, the second resistor
being coupled between the first power supply voltage

30 terminal and a collector of the second bipolar transistor, the
differential amplifier for receiving first and second data
signals, and in response providing third and fourth data
signals; | |

e
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23 a read global data line pair, coupled to the first sense anplifier, for
providing first and second data signals corresponding to the differenti al
data signals; a first resistor having a first termnal coupled to a first
power supply 5 voltage termnal, and a second term nal
for providing a first output signal; a second resistor having a first
termnal coupled to the second termnal of the first resistor, and a second
terminal; athird resistor having a first termnal coupled to the first
power 10 supply volbgage termnal, and a second
termnal for providing a second output signal; a fourth resistor having a
first termnal coupled to the second termnal of the third resistor, and a
second terminal; a filakh higansdor feesling back theathirdaml foalthaddtasignalpted to

t he second 15 ' t | Sk . a base
for receiving the first daP%s% Pgﬁ%#ﬁaﬂb%a%%%b% %}fdeﬁ&fgibg@?ﬁﬁﬁéﬁar
transi stor having a col | ectaspectivglyco respomse toea slatk: signdlrtransitioning friopur t h
resistor, a base for receiig ' and an emtter
coupled to the 20 it Iéﬁiﬁ Sﬁgqg(n&ﬁ %dg#’&t&ﬁéﬂﬁ [ st .
bi pol ar & ransi stor; transfer gate means for preventing the differential amplifier from
receiving the first and second data signals, in response to
the clock signal transitioning from the first logic state to the
second logic state; and
reduced power data retengi_on' means for reducing an emitter
10 current through the first and second bipolar transistors, and
for reducing a current through the latch means while

maintaining a logic state of the differential amplifier.

10. The memory of claim 9, wherein the reduced power data retention means
15 comprises:
' first current source means for providing a current source for the
differential amplifier and for the latch means;
selection means for selectively coupling the first current source
means to the differential amplifier and to the latch means in
20 : response to receiving an output enable signal; and
second current source means for providing a reduced current
source for the differential amplifier and for the latch means
when the first current source means is deselected.

25 11. The memory of claim 9, further comprising:

a third bipolar transistor having a collector coupled to the first
power supply voltage terminal, a base coupled to a terminal
of the first resistor, and an emitter for providing a fifth data
signal; and '

30 a fourth bipolar transistor having a collector coupled to the first
power supply voltage terminal, a base coupled to the
second resistor, and an emitter for providing a sixth data
signal.

S

W
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a lateh conprising third and fourth bipolar transistors and first and
second di odes, a base of the third bipolar transistor coupled to the second
termnal of the first resistor and a base of the fourth bipolar transistor
coupled to the second term nal of 25 the third
resistor, a first termnal of the first diode coupled to an emtter of the
third bipolar transistor and a first termnal of the second di ode coupl ed
to an emtter of the fourth bipolar transistor, a second term nal of the
first diode being selectively coupled teqdhe base of the second bipolar 30
transistor in response to a clock signal " transitioning froma first logic
state to a second logic state, and a second term nal of the second di ode

bei ng sel eqpi veltheGABRIoMY of elaime, Wisstent tHeh6lotk BRfhabisraither charitéizad | n
response to the 24 clock signal, transitiqning fromthe first logic state
to the second | 8§iReiRY g@;a@mc%ﬁp@m@ﬁﬁg ‘f%?kﬁ ting the first and
second bipolar transistors fromreceiving the first and second data signals
S . 13 The mehidry 8F BRRCIZ, WidiintheHarkeNGhte' At bbAfpras! oM t he
5 a first N-channel transistor having a first current electrode for
recéiving the first data, a gate for receiving the first
complementary clock signal, and a second current
electrode coupled to the base of the first bipolar transistor;
a first P-channel transistor having a first current electrode for
10 receiving the first data signal, a gate for receiving the
second complementary clock signal, and a second current
electrode coupled to the base of the first bipolar transistor;
a second N-channel transistor having a first current electrode for
receiving the second data signal, a gate for receiving the
15 complementary clock signal, and a second current
electrode coupled to the base of the second bipolar
transistor; and '
a second P-channel transistor having a first current electrode for
receiving the second data signal, a gate for receiving the
20 second complementary clock signal, and a second current
electrode coupled to the base of the second bipolar
transistor.

14. A memory having a plurality of memory cells coupled to word lines and
25 bit line pairs, each memory cell providing data to the bit line pair to which
it is coupled, when the word line to which it is coupled is enabled,
comprising:
address means, coupled to said plurality of memory cells, for
receiving an extermnal address signal and in response
30 selecting a bit line pair;
a first sense amplifier for detecting and amplifying differential data
signals from the selected bit line pair;
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| ogicstate to the second logic state; and reduced power data retention
nmeans for reducing an emtter current through the first, second, third and
fourth bipolar transistors, and for reducing a current through the first
and 10 second di odes while maintaining a |logic state of
the di.fferential anmplifier, wherein the differentialanplifier includes the
first, second, third and fourth resistors, and the first and second bi pol ar
transi stors. 15 15. The nenory of claim 14, wherein the clock signal is
further characterized as being first andogecond conpl ementary cl ock
signals. 16. The nenory of claim15, wherein said transfer gate neans
conprises: a first N-channel transistor having a first current el ectrode

for 20 ot a refdrgi@bal\dm lihé palr|, cotplddtte the firstisense emplifiep; for
receiving the first conple . 0 | n e [

el ectrode coupled to the bﬁ&'@hgtfﬁ%t %’ﬁ S?Q%SF% %ﬁgﬁs‘fogf%rp?%ghﬁ]ﬁoﬁhe
P-channel transistor havi ngifferéntialtdatasignals;el ect rode for receiving the
first data signal, a Y Nale £

conpl enentary cl ock s?egﬁnrgﬁ 'Tégfasrtléd a s"\e{%%ﬁg%rnﬁhrﬁ' chglcefjrtgc?ef"cs(t)Bgrveeé§?gﬁWe
base of &he first bipolar VPhage targtinalaand acsrrandiesminal forprevidinga fikst/i ng
a first current electrode bafputighali N the second data signal, a gate for

receiving the first conplond realstorhaving & Hislermhal coupied16dhs Setsh
terminal of the first resistor, and a second terminal;

a third resistor having a first terminal coupled to the first power

10 supply voltage terminal, and a second terminal for providing
a second output signal;

a fourth resistor having a first terminal coupled to the second
terminal of the third resistor, and a second terminal;

a first bipolar transistor having a collector coupled to the second

15 terminal of the second resistor, a base for receiving the first
data signal, and an emitter; -

a second bipolar transistor having-a collector coupled to the
second terminal of the fourth resistor, a base for receiving
the second data signal, and an emitter coupled to the

20 emitter of the first bipolar transistor;

a latch comprising third and fourth bipolar transistors and first and
second diodes, a base of the third bipolar transistor coupled
to the second terminal of the first resistor and a base of the
fourth bipolar transistor coupled to the second terminal of

25 the third resistor, a first terminal of the first diode coupled to
an emitter of the third bipolar transistor and a first terminal of
the second diode coupled to an emitter of the fourth bipolar
transistor, a second terminal of the first diode being
selectively coupled to the base of the second bipolar

30 transistor in response to a clock signal transitioning from a
first logic state to a second logic state, and a second
terminal of the second diode being selectively coupled to
the base of the first bipolar transistor in response to the
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30 el ectrode coupled to the base of the second bi pol ar
transi stor; and a second P-channel transistor having a first current
el ectrode for receiving the second data signal, a gate for receiving the

second conpl enentary cl ock signal, and a second current 25 el ectrode
coupled to the base of the second bipolar transistor. 17. The nenory of
claim 15, wherein the reduced power data retention 5 nmeans

conprises: a first N-channel transistor having a drain coupled to the
emtter of each of the first and seconddy polar transistors, a gate for
receiving a bias voltage, and a source coupled to a second power supply

vol tage termnal; 10 a second N-channel transistor having a
drain coupled to the secorfbdkesighalatargitionivy frortthediiret pgicisiate o fiy
receiving the bias voltage an& a.source coupled to the second power supply
voltage terninal; a t hi r d SRELRY OIS Statensi st or having a drain coupled to

0y

t he second transfer gate means for preventing the first and second bipolar
transistors from receiving the first and second data signals
5 in response to the clock signal transitioning from the first

logic state to the second logic state; and
reduced power data retention means for reducing an emitter
current through the first, second, third and fourth bipolar
_ transistors, and for reducing a current through the first and
10 second diodes while maintaining a logic state of the
differential amplifier. wherein the differentialamplifier
includes the first, second, third and fourth resistors, and the
first and second bipolar transistors.

15 15. The memory of claim 14, wherein the clock signal is further characterized
as being first and second complementary clock signals.

16. The memory of claim 15, wherein said transfer gate means comprises:
a first N-channel transistor having a first current electrode for
20 receiving the first data signal, a gate for receiving the first
complementary clock signal, and a second current
electrode coupled to the base of the first bipolar transistor;
a first P-channel transistor having a first current electrode for
receiving the first data signal, a gate for receiving the
25 second complementary clock signal, and a second current
electrode coupled to the base of the first bipolar transistor;
a second N-channel transistor having a first current electrode for
receiving the second data signal, a gate for receiving the
first complementary clock signal, and a second current
30 electrode coupled to the base of the second bipolar
transistor; and
a second P-channel transistor having a first current electrode for
receiving the second data signal, a gate for receiving the
second complementary clock signal, and a second current

e
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15 .~ term nal of the second diode, a gate for receiving the
bias voltage, and a source coupled to the second power supply voltage
termnal; a fourth N-channel transistor having a drain coupled to the
emtter of each of the first and second bipolar transistors, a gate for 20
receiving the bias voltage, and a source coupled to the second power supply
voltage termnal; a fifth N-channel transistor having a drain coupled to
the second termnal of the first diode, a gate for receiving the bias

vol tage, and a source coupled to the secopgd power supply 25

voltage termnal; a sixth N-channel transistor having a drain coupled to

t he second ternlnal of the second diode, a gate for receiving the bias

vol tage, and a source coupbhsttrodetdoriptet tonthepbase okiesecond bipglart er mi nal ;
30 a seventh NE%“§§8§I transi stor having a drain coupled to the
emtter of each of the fir Second bipolar transistors, a gate for
receiving an out put enable signal, and a source coupled to the drain of the

first N-chaggel &hanabmiony of claim 15, wherein the reduced power data retention
5 means comprises:

a first N-channel transistor having a drain coupled to the emitter of -
each of the first and second bipolar transistors, a gate for
receiving a bias voltage, and a source coupled to a second
power supply voltage terminal;

10 a second N-channel transistor having a drain coupled to the
second terminal of the first diode, a gate for receiving the
bias voltage, and a source coupled to the second power
supply voltage terminal;

a third N-channel transistor having a drain coupled to the second

15 terminal of the second diode, a gate for receiving the bias
voltage, and a source coup]ed to the second power supply
voltage terminal; '

a fourth N-channel transistor having a drain coupled to the emitter
of each of the first and second bipolar transistors, a gate for

20 receiving the bias voltage, and a source coupled to the
second power supply voltage terminal;

a fifth N-channel transistor having a drain coupled to the second
terminal of the first diode, a gate for receiving the bias

_ voltage, and a source coupled to the second power supply

25 voltage terminal;

a sixth N-channel transistor having a drain coupled to the second
terminal of the second diode, a gate for receiving the bias
voltage, and a source coupled to the second power supply
voltage terminal;

30 a seventh N-channel transistor having a drain coupled to the
emitter of each of the first and second bipolar transistors, a
gate for receiving an output enable signal, and a source
coupled to the drain of the first N-channel transistor;

[ —
This is the replgoemert shest

) O B | o

Dats



26 an. ei ghth N-channel transistor having a drain coupled to the second
termnal of the first diode, a gate for receiving the output enable signal
and a source coupled to the drain of the second N-channel transistor; and 5
a nineth N-channel transistor having a drain coupled to the second term nal
of the second diode, a gate for receiving the output enable signal, and a
source coupled to the drain of the third N-channel transistor

-6 -

an eighth N-channel transistor having a drain coupled to the

second terminal of the first diode, a gate for receiving the
output enable signal, and a source coupled to the drain of
the second N-channel transistor; and

5 a nineth N-channel transistor having a drain coupled to the
second terminal of the second diode, a gate for receiving
the output enable signal, and a source coupled to the drain
of the third N-channel transistor.

-
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