
GB 2 056 130 B         1 SPECIFICATION MOS Voltage Divider The invention
relates to MOS voltage divider circuits and particularly to an improved
voltage divider In which threshold voltage and ambient temperature
variations have little influence on the 5 output voltage.
5 MOS voltage dividers are in wide use, for instance as reference voltage
generators for the differential amplifier type input buffers on 4K and 16K
dynamic RAMS (random access memories). The term MOS is shortened from the
abbreviation MOSFET, which means metal oxide semiconductor field effect
transistor. Generally, these voltage generators require many transistors in
series, thereby causing 10 many threshold voltage drops, which in turn Is
acceptable only with relatively high input voltages.  10 U.S. Patent
4,069,430 to Masuda, issued January 17, 1978, discloses a MOS voltage
divider circuit having both enhancement and depletion type transistors all
connected in series. German patent application 2,435,606 published June 22,
1968, discloses two depletion type transistors connected in series. U.S.
Patent 4,152,716 to Torii et al, Issued May 1, 1979, discloses a plurality
of enhancement 15 type transistors all connected In series.
15 According to the present invention there Is provided a voltage divider
circuit, comprising an Input node, an output node, and a common node, first
and second field effect transistors connected in parallel between said
output node and said common node, and a third field effect transistor
connected between said Input node and said output node and In series with
said parallel connected first and 20 second field effect transistors, the
first, second and third transistors being of one type, whereby in  20
operation said circuit produces a reduced dc voltage between said output
node and said common node relative to a dc voltage applied across said
input node and said common node. The output voltage is very stable with
respect to threshold voltage variations. When enhancement type transistors
are used, the voltage divider circuit performs well down to a supply 25
voltage as small as two thresholds.
25 Threshold voltage variations can be attributed to several different
sources. Differences in processing conditions can cause a transistor in a
device processed at a given time to have a different threshold voltage from
a transistor in a device processed at a different time. During operation of
a given device, temperature changes can cause the threshold voltage to
vary. Also during operation of the 30 device, a variation in the substrate
bias voltage can result In a change in the threshold voltage.  30 In
addition to Its simplicity the voltage divider circuit In accordance with
the invention produces a very stable output voltage. By proper choice of
the transistor geometry only, the output node voltage can be made
Independent of threshold and temperature variations for output voltages
greater than one threshold and smaller than one-half the Input supply
voltage. Moreover the ratio between the output 35 and Input supply voltages
remains constant.                                             35 The
present invention will now be described, by way of example, with reference
to the single Figure of the accompanying drawing, which Figure is a
schematic diagram of a voltage divider circuit constructed In accordance
with the invention. The illustrated MOS voltage divider circuit includes
three MOS transistors 10, 12, 14, coupled to 40 three nodes 16, 18,20.
Hereinafter, node 16 will be referred to as the input node, node 18 will be
40 



referred to as the output node, and node 20 will be referred to as the
common node, shown rounded. The input node 16 is connected to the drain
supply voltage [err], and the common node 20 is connected to the source
supply voltage [err]. The transistors 10 and 12 are connected In series
across the input node 16 and common node 45  20. The drain of transistor 10
is connected to the input node 16. The source of transistor 10 and the
45 drain of transistor 12 are connected together and to the output node 18.
The source of transistor 12 is connected to the common node 20. The gates
of transistors 10 and 12 are connected together and to the Input node 16.
The transistor 14 is connected in parallel with the transistor 12 across
the output node 18 and 50  common node 20, with the drains of the
transistors 12 and 14 connected to the output node 18 and    50 the sources
thereof connected to the common node 20. The gate of transistor 14 is
connected to the drain thereof and to the output node 18. All of the
transistors 10, 12, 14 are of one type, and it Is preferred that they all
be enhancement type. An enhancement type transistor Is non-conducting as
long as the gate potential is below a 55  threshold level above the source
potential, and it will conduct when the gate potential exceeds the  55
threshold level. While the circuit will operate with all of the transistors
being of the depletion type, it is preferred to use enhancement type
transistors because of their better reproducibility. In any event, the
circuit must not include both enhancement and depletion types together.
Because the gates of all of the transistors 10, 12, 14 are connected to a
high potential, the 60  transistors are conducting and the input drain
supply voltage [err] at the input node 16 will divide in  60 proportion to
the resistance values of the transistors. Since the resistance value of a
transistor is a function of its W/L ratio, It is also evident that the
amount of voltage division desired can be adjusted by properly adjusting
the W/L ratio of the transistors. The [err] of a MOS transistor is defined
by the following relationship:    2
GB 2 056 130 B    2 [err]. W/L, where [err] is the carrier mobility in the
channel, [err] is the oxide capacitance per unit area, W is  the width of
the channel, and L is the length of the channel, or the distance between
the source and drain. In the following mathematical analysis, [err] and the
[err] associated with transistors 10, 14 and 12 respectively, VT Is the
threshold voltage of the transistors, and [err] 5  are the respective
widths of the transistors 10, 14, 12.                                5 The
current equations for the three transistors can be written as follows: (1)
[err] Assuming equal channel length and process parameters for all
transistors this reduces to: (2)          [err] 10 Differentiating this
equation with respect to VT gives:                                 10 [err]
(3)   [err] Solving this equation for 



[err] and putting this to 0 results In 15 (4)             [err]
15 Together with equation (2) there are now two equations with variables
W., W2 and W3. For a particular set of values for [err] and  [err] and
[err] can be expressed as fractions of W3. In a similar way, the following
expression can be derived, which is valid as long as [err] 2 [err] 20 (5)
20 For Vin=5V, [err]=O.8 V, Vout=1.5 V, this gives [err]=1.72 [err]; W2=4.5
W3 where [err] may be freely chosen, it being only determinative of the
current level in the voltage divider. In this calculation the result of
body effect on the threshold voltage of transistor 10 Is neglected. It is
quite complicated to include this in the mathematical analysis. Computer
analysis can include this effect and yield slightly 25 different values for
[err] and [err].                                                   25 The
circuit according to the Invention produces an output voltage that is a
linear function of the Input voltage and that is relatively insensitive to
threshold voltage variations. Typically the variation in output voltage
with threshold voltage is only about 10 millivolts per volt. The variation
in output voltage with temperature Is only about 65 microvolts per degree
Kelvin. 30 Claims
30 1. A voltage divider circuit comprising an input node, an output node,
and a common node, first and second field effect transistors connected in
parallel between said output node and said common    2
GB 2 056 130 B    2 [err]. W/L, where [err] is the carrier mobility in the
channel, [err] is the oxide capacitance per unit area, W is the width of
the channel, and L Is the length of the channel, or the distance between
the source and drain. In the following mathematical analysis, [err] and the
[err] associated with transistors 10, 14 and 12 respectively, VT is the
threshold voltage of the transistors, and [err] 5  are the respective
widths of the transistors 10, 14, 12.                                 5 The
current equations for the three transistors can be written as follows:
[err] (1) Assuming equal channel length and process parameters for all
transistors this reduces to: (2)          [err] 10 Differentiating this
equation with respect to VT gives:                                 10 a
Vout                   a Vout (3)    [errr] Solving this equation for [err]



and putting this to 0 results In 15 (4)              [err]
15 Together with equation (2) there are now two equations with variables
[err] and [err]. For a particular set of values for Vin, [err] and Vout,
[err] and [err] can be expressed as fractions of [err]. In a similar way,
the following expression can be derived, which Is valid as long as [err] 20
(5)
20 For Vin=5V, [err]=0.8 V, Vout=1.5 V, this gives W1=1.72 W3; W2=4.5 W3
where W3 may be freely chosen, It being only determinative of the current
level In the voltage divider. In this calculation the result of body effect
on the threshold voltage of transistor 10 is neglected. It is quite
complicated to include this in the mathematical analysis. Computer analysis
can include this effect and yield slightly 25 different values for [err]
and [err].                                                   25 The circuit
according to the invention produces an output voltage that is a linear
function of the input voltage and that is relatively insensitive to
threshold voltage variations. Typically the variation in output voltage
with threshold voltage is only about 10 millivolts per volt. The variation
in output voltage with temperature is only about 65 microvolts per degree
Kelvin. 30 Claims
30 1. A voltage divider circuit comprising an input node, an output node,
and a common node, first and second field effect transistors connected in
parallel between said output node and said common    3
GB 2 056 130 B          3 node, and a third field effect transistor
connected between said input node and said output node and in series with
said parallel connected first and second field effect transistors, the
first, second and third transistors being of one type, whereby in operation
said circuit produces a reduced dc voltage between said output node and
said common node relative to a dc voltage applied between said input node
and .6 said common node.
5 2. A voltage divider circuit as claimed in Claim 1, wherein the gates of
said first and third transistors are connected In common to said input
node, and the gate of said second transistor is connected to said output
node. 3. A voltage divider circuit as claimed in Claim 1 or 2, wherein said
transistors are all 10 enhancement type.
10 4. A voltage divider circuit substantially as hereinbefore described
with reference to and as shown in the accompanying drawing. Printed for Her
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