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Substrate blas regulator.

@ A substrate bias regulator 11 useful for controlling a
variable output oscillator 12 and/or a substrate bias vol-
tage generator 13 ist provided to contro! the substrate vol-
tage on a semiconductor chip 10. A series of field effect
transistors are arranged in a manner to sense the substrate
voltage and to provide an output to regulate the substrate
voltage. One of the series field effect transistors 16, 32 has
its gate electroce connected to reference potential ground
which tends to make the regulator independent of tran-
sistor thresholds.
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SUBSTRATE BIAS REGULATOR

This invention relates, in general, to semiconductor
substrate bias circuits, and more particularly, to a
' 5 .regulator to regulat2 substrate bias voltage generators.
< ' To achieve high performing dynamic random access
memories (RAM) a negative substrate voltage is required.
In dynamic RAMs certain nodes are charged to a given
- voltage. These nodes do not havé'a current source and must
10 therefore be periodically, e.g. every 2 milliseconds,
refreshed or recharged. These nodes are capacitively
coupled to the semiconductor substrate and since much of

. the capacitance associated with these nodes is substrate

capacitance, the voltage on the nodes will change
15 approximately directly with substrate voltage changes.

In the past, in some cases, a negative voltage was

t ' éppliéd from an external power supply to the substrate,.
However, this required an extra power supply which was
inéonvenient,.especiélly} for single power.supply_deviC@s;

20 To eliminate the requirement of an external power supply,

i . ring oscillators were built on the substrate and used to

il - drive a charge pump or bias voltage generator which would

i supply a negative voltage to the substrate. A disadvantage

to this ap?roach is that the substrate voltage would then

25 vary when the semiconductor chip power supply varied.

|
QW Sometimes the substrate bias voltage would tend to vary a
greater amount than the power supply voltage.variation.
‘Accordingly, it'is an object of the present invention
to provide an improved substrate bias .regulator to regulate
30 the substrate bias voltage of a semiconductor chip to a
S predetermined ratio of the power supply of the chip.
~ Another object of the present invention is to provide
T ' ‘a substrate bias regqgulator which is useful in minimizing
the high output impedance effects of a substrate bias
35 voltage generator.
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Yet another object of the present invention is to
provide a substrate bias voltage which varies percentage

wise the same amount as the supply voltage varies.
- Summary of the Invention

In carrying out the above and other objects of the
present 1nvent10n in one fdrm, there is provided a
substrate blas regulator for controlling the output of an
oscillator and a substrate bias voltage generator. The
regulator comprises a series of field effect transistors'
for producing an output bearing a relation to the substrate
voltage. One of the series of field effect transistors has
its source electrode coupled to the substrate for sensing
the voltage of the substrate. This same field effect
transistor or another one of the series of field effect
transistors has its gate electrode .coupled to a reference.
The series of field effect transist@rs produce an output
which is coupled to an amplifier, The amplifier amplifies
the output so that the output may be useful in controlling
the output of the oscillator and the output of the
substrate bias wvoltage generator. .

The subject matter which is regarded as the invention
is set forth in the appended claims. The invention itself,
h0wever,.tegether with further objects and advantages
thereof, may be better understood by referring to the
following detailed description taken in conjunction with
the accompanying drawings. - )

Brief Description of the Drawings

FIG. 1 illustrates in block diagram form a substrate
bias generating system embodying the present invention;
FIG. 2 illustrates in schematic form an embodiment of

the present invention; and

[ ]
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FIG. 3 illustrates in schematic form another
embodiment of the present invention.
' ‘The ekemplifications set out herein illustrate the
preferred embodiments of the invention in one form thereof,
and such exenplifications are not to be construed as

limiting in any manner,
Detailed Description of the Drawings

Referring first to FIG. 1, there is illustrated .in
block diagram form a system for generating a substrate bias
voltage for substrate 10. Substrate 10 would typically be
a substrate for a semiconductor chip. The circuitry for

the semiconductor chip is formed upon substrate 10. A

variable output oscillator 12, such as a ring type

oscillator, provides an output whose voltage varies in time

"thereby driving substrate bias voltage generator 13.

Oscillators and bias generators useful for oscillator 12

and generator 13 are well known in the art. Bias generator
13 preferably generates a negative voltage which is coupled
to substrate 10. Bias generator 13 can be of the'type
which couples the output of oscillator 12 through a

" capacitor to diodes arranged in a voltage doubling manner

to 'generate.a negative voltage. Substrate bias voltage
regulator 11 monitors the negative voltage of substrate 10
through connection-14. Regulator 11l provides an output to
oscillator 12 which can control the output of oscillator 12
by inhibiting the output from oscillator 12 or else by
simply controlling one of the stages of oscillator 12 to
thereby reduce its output. Although regulator 11 is
illustrated as controlling oscillator 12 it will be
understood that the output of regulator 11 could also be

-used to control the output frcm substrate bias generator

13. ©On a semiconductor chip having a single positive power
supply, regulator 11 and oscillator 12.can be powered from
the single supply and generator 13, which is powered by the
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oscillator, can be used to generate a negative voltage for
substrate 10.

FIG. 2 illustrates in.schematic form a'regulator which :
can be used for substrate bias voltage regulator 11 ofiFIG.
1. The circuit of FIG. 2 shows two series connected
transistors 16 and 17 which sense the voltage of substrate
10 and provide an output V1 bearing a relationship to the
voltage of subsrate 10. .Transistor 17 has its gate and
drain connected to voltage terminal Vpp. Transistor 17
has its source connected to the drain of transistor 16
forming a. node providing output V1. The source of
transistor 16 is used to sense the voltage of substrate 10.
Transistor 16 has its gate connected to a reference
potential terminal illustrated as ground. There are
several advantages to using ground as a reference. The
first is that the substrate bias voltage is not dependent
upon threshold values of the transistors. Also the
equgtions'for'calculating voltage V1 are easier to solve if
the gate electrode of transistor 16 'is tied to ground.' And
with the gate of transistor 16 tied to ground, transistor

" 16 operates in the'saturated'region as does transistor 17,

.and this makes the voltage equatlons solve nlcely w1thout

being threshold dependent.

Voltage V1 is coupled to the gate electrode of
transistor 18. Transistor 18 has its source connected to
reference potential ground. Transistor 19 is connected in
series with transistor 18 and has its gate and drain
electrodes connected to voltage terminal Vppe The
source of transistor 19 is connected to the drain of
transistor 18 to form a node from which voltage V2 is
obtained. Voltage V2 is illustrated as going to a gate
electrode of transistor 21. Transistors 21'and 22 are in

L1)]

~series between reference potential ground and voltage

terminal Vpp. Transistor 22 has its gate electrode
connected to its drain electrode. Transistors 21 and 22

serve as a buffer and receive voltage V2 as an input and



i
!
}

10

15

20

. transistor 19. When voltage V2 is high, transistor 21 will

25

30

35

-5-

0015342

provide voltage V3 as an output. It should be noted that

voltage V2 can serve as an ouatput from the circuitry of

FIG. 2 which would then be connected to oscillator 12 or
generator 13. 1In other words, the inverting buffer

provided by transistors 21 and 22 nay not be required in

. certain applications, Transistor 18 is preferably of a

larger size than transistor 19 to provide a gain through
transistors 18 and 19. Transistors 18 and 19, as

~illustrated, serve as an inverting amplifier by amplifying

voltage V1 and providing it as an inverted voltage V2,
The circuit illustrated in FIG. 2 will provide an
output voltage of approximately minus Vpp divided by 2.
When voltage V1 is higher than the threshold voltage of
transistor 18, transistor 18 will conduct thereby making
voltage V2 low, which will inhibit the conduction of
transistor ‘21 to provide a high output voltage V3. When

~ voltage V1 is below the threshold voltage of transistor 18

then transistor 18 will not be enahled and voltage V2 will
be high, or in other words, equal to the voltage appearing
at terminal Vpp minus the threshold voltage of

be enabled thereby rendering voltage V3 low or
appfdxiﬁately equal to the voltage at. the source of
transistor 21, which, as illustrated, is ground.

_ The circiit of FIG. 2 provides the most useful
regulating output when voltage V1 equals the threshold
voltage plus a small AV. The AV is causeéd by the ratio of
transistors 18 and 19 and can therefore be minimized by

selection of the ratio. The current through transistor 17

can be approximated by the following equation:
I17 = Kyg (Vpp=2Vg=AV)2 .
where 117 equals the current through transistor 17;

Kij7 is a constant associated'with transistor 17 which -

is determined by width, length, and other parameters of .
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transistor 17; Vpp is the voltage at terminal Vpp:

Vp 1s the threshold voltage of transistor 17; and AV is a
slight increase of voltage need=2d over the threshold
vbltage to make transistor 18 conduct. The current through
transistor 16 will be the same as the current through
transistor 17 since they are both in series and can be set

out as:

I = K1 (-Vgyp — Vg)2

where I;g equals the current through transistor 16;

Kig is.the constant associated with transistor 16; and
Vgyp is the voltage in substrate 10; and Vp is the
threshold voltage of transistor 16. If transistors 16 and
17 are made such that Kj;g equals 4Ky 4 the two

equations can be combined as follows:

- - 2 _ v g2
Ky7 (Vpp = 2Vp — AV) 4Ryq (Vgyg = Vp)© -

If the square root of each side of the equation is taken

-and K7 is cancelled on each side, then we have:

The 2V; from each side of the equation can be cancelled
and the equation can be reduced to

If transistor 19 is made much, much smaller than transistor
18 then AV will be much, much smaller than VDD and the
equation can be further reduced to

. “Vob

Vsup = 732

&
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The above equations are only approximately valid and do not

"include all physical aspects of the transistors, however,

they are close enough for practical considerations.
When the substrate voltage Vgyp is more positive

than minus Vpp over two, V1 will be greater than a

threshold voltage Vq; this produces a high voltage V3

. allowing the substrate generator to pump to a more negative

voltage. When the substrate voltage Vgpyg is more
negative than minus Vpp over two, V1l will be less than
a threshold voltage Vg. This produces a low voltage V3,
disabling the generator which then ceases to pump the

substrate to a more negative voltage. With the generator

disabled transistors 16 and 17 provide a current path to

the substrate charging the substrate back to minus Vpp
over two. At this voltage the generator will be enabled
again. This feature of forcing the substrate to minus

Vpp ©Over two from either direction, a higher substrate
voltage or a lower substrate voltage, results in minimiza-
tion of the high output impedance of the substrate voltage
generator. ' .

As can be seen from the above equation, the substrate

" voltage can be controlled to within approximately one-half

of the voltage applied to terminal Vpy. With the
regulator of FIG. 2 the substrate voltage can be controlled

to within the same percentage as the voltage Vpp. For

example, if Voltage Vpp changes 10 percent the
substrate voltage will change 10 percent also.

FIG. 3 illustrates another embodiment for the
substrate bias voltage regulator 11 in FIG. 1. The
regulator of FIG. 3 is capable of regulating the substréte '
voltage to approximately a negative Vpp. Three series
transistors 31, 32, and 33 are connected between substrate
10 and voltage terminal Vpp to provide an output at
node 35 which can be used to regulate the voltage at
substrate 10. Transistor 31 has its source coupled to

substrate 10 and its gate and drain electrodes -connected
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together to form node 34. Transistor 32 has its source
connected to node 34 and its gate electrode connected to

"reference potential ground. Transistor 33 has its drain

and gate electrodes connected to voltage terminal Vpp

and its source electrode connected to the drain electrode
of transistor 32 to form node 35. 7

' Transistors 36 and 37 &re in series and take the
signal at node 35 which is coupled to the gate electrode of
transistor 37 and provide an amplified inverted output at
node 40. The drain of transistor 37 is tied to the source
of transistor 36 to form node 40. Transistor 36 has its
gate énd drain electrodes connected to voltage terminal
Vpp. Transistors 38 and 39 form a buffer for the.

signal at node 40 and provide output Vy. The output Vj

~will be in-phase with the signal at node 35. If the
.in-phase signal is not needed to control an oscillator or

voltage bias generator then the output from node 40 can be
used. . '
The equations determining the substrate voltage that

will be provided by the regulator of FIG. 3 are similar to .

the equations for FIG. 2. If transistor 31 is much greater
in physical size than transistor 32 the voltage at node 34
will equal the substrate 10 voltaée plus the threshold
voltage of transistor 31. The slight increase of voltage

‘needed to overcome the threshold voltage will be neglected

since as shown hereinbefore it is much much smaller than
Vpp- The current through transistor 33 can be
expressed by the following equation:

I33 = K33 (Vpp = 2Vg)2

where Kj3 is the constant for transistor 33; Vop is

- the voltage at voltage terminal Vpp; and Vg is the

threshold voltage. The current through transistor 32 will
equal the current through transistor 33 and can be

expressed by the following equation:
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I3, = K3y (-Vgyp — 2Vg)?

K39 is the constant for transistor 32; Vsun is the
voltage of substrate 10; and Vg is the transistor
threshold. 1If K33 equals K3, the equations can be
quickly reduced in the same manner as the egquation of FIG.

2 were reduced to show that Vpp €quals approximately

minus VSUB .

By now it should be appreciated that there has been

provided a regulator circuit which will regulate the

substrate voltage in a semiconductor chip. By usihg the
substrate bias voltage regulator the high output impedance
associated with substrate bias voltage generators is

. overconme, - When the voltage regqulator is regulating no

current is drawn from the substrate bias voltage generator
and its output voltage will remain constant. Because of

the high output impedance associated with substrate voltage
generators, if current is drawn from the oﬁtput, the output

- voltage will decrease. Another advantage resulting from

the use of the substrate bias voltage regulator, of the
present invention, is that when the semiconductor chip is
still a pért of a silicon wafer, probe test can be -

performed on the chip in a much more reliable fashion since ,

the prdbe test operator will know the value of substrate

voltage to apply to the wafer. Although only two

embodiments of the substrate bias voltage regulator are
illustrated, it will be apparent to those skilled in the
art that other values of substrate voltage can be obtained
by following the teachings of the present invention.



10

15

20

0015342

-1 -
CLAIMS

1. A substrate bias voltage regulator (11)
for controlling an oscillator (12) and substrate
bias voltage generator (13) useful for providing
a substrate bias voltage to a semiconductor
substrate (10), characterised by a first field
effect transistor (16) having a first and a
second electrode and a gate electrode, the gate
electrode being coupled to a reference terminal,
and the second electrode being coupled to the
substrate for sensing the substrate voltage; a
second field effect transistor (17) having a
first and a second electrode and a gate electrode,
the first and gate-electrode being connected together,
and the second electrode being connected to the
first electrode of the first transistor (16) and
forming a node therewith; and a third (18) and a
fourth field effect transistor (19) coupled in series
and forming an inverting amplifier, the fourth
transistor (19) having a gate electrode coupled to

the node,

2. A voltage regulator as claimed in claim 1
characterised by a buffer having a fifth (21) and a
sixth (22) transistor for buffering an output from
the third and fourth transistors (18,19).
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3. A substrate bias voltage regulator

- for regulating voltage to a semiconductor substrate
| characterised by a series of field effect transistors

(16,17) for producing an output bearing a relation
5 to the substrate voltage, one of the field effect
- transistors (16) having a source electrode coupled
to the substrate (10) for sensing the voltage of the
substrate (10), and having a gate electrode of one
Ly (16) of the series field effect transistors coupled
10 to a reference terminal; and an amplifier (18, 19)

for amplifying the output of the series of field

i effect transistors.

4, A substrate bias voltage regulator
as claimed in claim 3 characterised by a buffer

15 (21,22) for buffering an output of the amplifier
(18,19).

,M 5. A substrate bias voltage regulator

i

i)

e

HH
i

as claimed in claim 3 characterised in that the series

of field effect transistors comprises two transistors
20 (16,17) each having a source, drain, and gate

electrode, the gate electrode of one of the transistors

(17) being connected to its drain, and the gate

electrode of the other transistor (16) being coupled

to the reference terminal and the source of the other
25 transistor (16) being coupled to the substrate (10)

for sensing the substrate voltage.
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6. The substrate bias voltage regulator of
claim 3 characterised in that the series of field
effect transistors comprise three transistors
(31,32,33) each having a source, drain, and gate
electrode, a first transistor (31) having its

gate and drain electrodes connected togethér, the

. source electrode of the first transistor (31) is

coupled to the drain electrode of a second
transistor (32) thereby forming an output node for
the series of field effect transistors, the gate
electrode of the second transistor (32) being coupled
to a reference terminal, and a third transistor (33)
having its gate and drain coupled to the source of
the second transistor (32), and the source of the
third transistor (33) being coupled to the substrate

(10) to sense the substrate voltage.

7. A substrate bias voltage regulator as
claimed in claim 6 characterised in that the amplifier
has a first field effect transistor (36) having its
gate and drain connected together and having a
source, and a second transistor (37) having its
drain coupled to the source of the first transistor
(36) and the second transistor (37) having a gate
coupled to the output node,

L]
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8. A substrate bias voltage regulator as
claimed in claim 7 characterised in that the second
transistor (37) of the amplifier is of a larger
physical size than the first transistor (36) of

5 the amplifier.

it
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