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SAMPLE AND HOLD CIRCUIT FOR 
CURRENT 

FIELD 

[ 0001 ] The present disclosure relates to a sample and hold 
circuit for sampling current signals , also known as a current 
memory . 

BACKGROUND 

[ 0002 ] A sample and hold circuit may be used sample 
a current during a sample phase and provide the current 
during a hold phase . 

SUMMARY 

a 

a 

[ 0003 ] According to a first aspect of the present disclosure 
there is provided sample and hold circuit configured to 
sample a current comprising : 
[ 0004 ] an input node configured to receive the current to 
be sampled ; 
[ 0005 ] a reference voltage node configured to be coupled 
to a reference voltage ; 
[ [ 0006 ] a capacitor having a first plate coupled with a 
sampling node and a second plate coupled to the reference 
voltage node ; 
[ 0007 ] a switch configured to open and close a connection 
between the input node and the sampling node ; 
[ 0008 ] a controlled current source having a first terminal 
coupled to said input node and a second terminal coupled to 
the reference voltage node ; 
[ 0009 ] a current mirror circuit having a plurality of con 
nections each providing the same or a proportional mirrored 
current , wherein at least one of said plurality of connections 
provides an output node of said sample and hold circuit ; 
[ 0010 ] a transistor arrangement coupled between the sam 
pling node and the reference voltage node , the transistor 
arrangement comprising a control MOSFET coupled in 
series with a cascade structure , the cascade structure com 
prising one or more cascaded cells coupled in a series 
?? nected chain , erein said control MOSFET is coupled 
to one of said plurality of connections of the current mirror 
circuit and each of said cascaded cells are coupled to one of 
said plurality of connections of the current mirror circuit , 
each of the one or more cascaded cells comprising at least 
a pair of MOSFETs arranged to provide a voltage difference 
between a first cell terminal and a second cell terminal of the 
cascaded cell , the voltage difference comprising a difference 
between a gate - source voltage of a first of the pair and a 
gate - source voltage of a second of the pair wherein said first 
cell terminal and said second cell terminal provide at least 
connections to either an adjacent cascaded cell in said series 
connected chain or , for one of the cascaded cells at an end 
of the series connected chain , to the control MOSFET ; 
wherein 
[ 0011 ] the sample and hold circuit is configured to operate 
in a sample phase in which said switch is closed and the 
controlled current source is configured to provide a current 
based on the current provided at the plurality of connections 
of the current mirror circuit and wherein a closed - loop is 
formed by the transistor arrangement , the current mirror 
circuit and the current controlled current source wherein , by 
feedback , the capacitor is thereby charged to a voltage , Vc , 
that results in the current provided by the controlled current 
source being equal to the current to be sampled ; and 

[ 0012 ] wherein the sample and hold circuit is configured 
to operate in a hold phase in which said switch is open and 
the voltage at the capacitor applied to said transistor arrange 
ment provides for output of an output current at the output 
node representative of the sampled current . 
[ 0013 ] In one or more embodiments , the control MOSFET 
has a negative temperature coefficient thereby acting to 
increase the current at the output node for a given voltage at 
the capacitor with increasing temperature , and 
[ 0014 ] the one or more cascaded cells have a positive 
temperature coefficient thereby acting to decrease the cur 
rent at the output node for a given voltage at the capacitor 
with increasing temperature ; and 
[ 0015 ] wherein a net temperature coefficient of the cas 
cade structure is configured to be one or more of : greater 
than that of the temperature coefficient of the control MOS 
FET ; and substantially equal to the magnitude of the tem 
perature coefficient of the control MOSFET . 
[ 0016 ] In one or more embodiments , one or more cas 
caded cells comprises : 
[ 0017 ] a first MOSFET having a drain terminal coupled to 
said one of said plurality of connections of the current mirror 
circuit and a second MOSFET , wherein a gate terminal of 
the first MOSFET and a gate terminal of the second MOS 
FET are coupled to the drain terminal of the first MOSFET , 
and wherein a source terminal of the first MOSFET is 
coupled to a first cell terminal , a drain terminal of the second 
MOSFET is coupled to said first cell terminal and a source 
terminal of the second MOSFET provides a second cell 
terminal , said first cell terminal and said second cell terminal 
providing connections to and from said cascaded cell . 
[ 0018 ] In one or more embodiments , based on a position 
of the cascaded cell in the chain , one of ; 

[ 0019 ] said first cell terminal is configured to couple to 
a source terminal of the control MOSFET and the 
second cell terminal is configured to couple to the first 
cell terminal of an adjacent cascaded cell of the chain 
or the reference voltage node ; and 

[ 0020 ] said first cell terminal is configured to couple to 
a second cell terminal of an adjacent cascaded cell of 
the chain and the second cell terminal is configured to 
couple to the first cell terminal of an adjacent cascaded 
cell or the reference voltage node . 

[ 0021 ] In one or more embodiments , wherein one of : 
[ 0022 ] the sample and hold circuit is configured such that 
the current to be sampled is input at the input node and the 
controlled current source is configured to sink current , 
wherein , in the sample phase , the capacitor voltage com 
prising Vc results in the current sunk by the controlled 
current source being equal to the current input at the input 
node ; and 
[ 0023 ] the sample and hold circuit is configured such that 
the current to be sampled is sunk from the input node and the 
controlled current source is configured to input current , 
wherein , in the sample phase , the capacitor voltage com 
prising Vc results in the current input by the controlled 
current source being equal to the current sunk at the input 
node . 
[ 0024 ] In one or more embodiments , one or more cas 
caded cells comprises : 
[ 0025 ] a parallel arrangement of a first branch and a 
second branch coupled at first end node and a second end 
node , wherein the first branch comprises a first MOSFET 

a 

a 
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a 
and a fourth MOSFET and the second branch comprises a 
second MOSFET and a third MOSFET , 
[ 0026 ] wherein a source terminal of the fourth MOSFET 
is coupled to the first end node and a drain terminal of the 
fourth MOSFET is coupled to drain terminal of the first 
MOSTFET and a source terminal of the first MOSFET is 
coupled to the second end node where the first branch and 
second branch couple together , 
[ 0027 ] wherein a source terminal of the third MOSFET is 
coupled to the first end node and a drain terminal of the third 
MOSFET is coupled to drain terminal of the second MOST 
FET and a source terminal of the second MOSFET is 
coupled to the second end node , 
[ 0028 ] wherein gate terminals of both the third MOSFET 
and the fourth MOSFET are both coupled to the drain 
terminal of the third MOSFET , wherein the drain terminal 
and the gate terminal of the first MOSFET are coupled 
together , and 
[ 0029 ] wherein a gate terminal of the second MOSFET 
provides a first cell terminal and the gate terminal of the first 
MOSFET provides a second cell terminal . 
[ 0030 ] In one or more embodiments , based on a position 
of the cascaded cell in the chain , one of ; 

[ 0031 ] said second cell terminal is configured to couple 
to a source terminal of the control MOSFET and the 
first cell terminal is coupled to the second cell terminal 
of an adjacent cascaded cell of the chain or the refer 
ence voltage node ; and 

[ 0032 ] said second cell terminal is configured to couple 
to a first cell terminal of an adjacent cascaded cell in the 
chain and the first cell terminal is configured to couple 
to the reference voltage node . 

[ 0033 ] In one or more embodiments , based on a position 
of the cascaded cell in the chain , one of ; 

[ 0034 ] said first cell terminal is configured to couple to 
the sampling node and the second cell terminal is 
configured to couple to the first cell terminal of an 
adjacent cascaded cell of the chain or is coupled to a 
gate terminal and a drain terminal of the control MOS 
FET ; 

[ 0035 ] the first cell terminal is configured to couple to 
the second cell terminal of an adjacent cascaded cell of 
the chain and the second cell terminal is coupled to a 
gate terminal and a drain terminal of the control MOS 
FET . 

[ 0036 ] In one or more embodiments , one of : 
[ 0037 ] ( i ) the control MOSFET has a gate terminal , a drain 
terminal and a source terminal , wherein said gate terminal is 
coupled to the sampling node , the drain terminal is coupled 
to said one of said plurality of connections of the current 
mirror circuit and the source terminal is coupled to a first of 
the one or more cascaded cells ; and 
[ 0038 ] ( ii ) the control MOSFET has a gate terminal , a 
drain terminal and a source terminal , wherein said gate 
terminal and the drain terminal are coupled to a first of the 
one or more cascaded cells , and the source terminal is 
coupled to said reference voltage node . 
[ 0039 ] In one or more embodiments , the controlled current 
source comprises : 
[ 0040 ] a first MOSFET having a drain terminal coupled to 
said input node and a source terminal coupled to a drain 
terminal of a second MOSFET , wherein the source terminal 
of the second MOSFET is coupled to the reference voltage 
node , and wherein gate terminals of both the first MOSFET 

and the second MOSFET are coupled to the gate terminal of 
the first MOSFET of one of the one or more cascaded cells . 
[ 0041 ] In one or more embodiments , the controlled current 
source is provided by the current mirror circuit such that said 
one of said plurality of connections of the current mirror 
circuit is coupled to the input node . In one or more embodi 
ments , current to be sampled is sunk at the input node . 
[ 0042 ] In one or more embodiments , the current mirror 
circuit includes a further current mirror circuit part and the 
controlled current source is provided by said further current 
mirror circuit part , the further current mirror circuit part 
having a first leg coupled to the input node and a second leg 
coupled to said one of said plurality of connections of the 
current mirror circuit . 
[ 0043 ] In one or more embodiments , the further current 
mirror circuit part includes a third leg configured to provide 
the same or a proportional current as the first leg and the 
second leg , wherein the third leg includes a terminal com 
prising one of : the output node of the sample and hold circuit 
or a second output node of the sample and hold circuit , 
wherein the third leg thereby comprises one of the plurality 
of connections of the current mirror circuit . 
[ 0044 ] In one or more embodiments , an amplifier is pro 
vided between the input node and the sampling node , the 
amplifier having a first terminal coupled to the input node 
and the controlled current source and a second terminal 
coupled to receive a bias voltage , an output of the amplifier 
coupled to the sampling node . 
[ 0045 ] According to a second aspect of the disclosure we 
provide a device including the sample and hold circuit of the 
first aspect and a current reference source circuit configured 
to provide the current to be sampled at the input node and 
wherein in the hold phase , the current reference source 
circuit is unpowered . 
[ 0046 ] While the disclosure is amenable to various modi 
fications and alternative forms , specifics thereof have been 
shown by way of example in the drawings and will be 
described in detail . It should be understood , however , that 
other embodiments , beyond the particular embodiments 
described , are possible as well . All modifications , equiva 
lents , and alternative embodiments falling within the spirit 
and scope of the appended claims are covered as well . 
[ 0047 ] The above discussion is not intended to represent 
every example embodiment or every implementation within 
the scope of the current or future Claim sets . The figures and 
Detailed Description that follow also exemplify various 
example embodiments . Various example embodiments may 
be more completely understood in consideration of the 
following Detailed Description in connection with the 
accompanying Drawings . 

a 

a 

BRIEF DESCRIPTION OF THE DRAWINGS 
[ 0048 ] One or more embodiments will now be described 
by way of example only with reference to the accompanying 
drawings in which : 
[ 0049 ] FIG . 1 shows a first example embodiment of a 
sample and hold circuit 
[ 0050 ] FIG . 2 shows an example graph showing the tem 
perature coefficient with voltage of a control MOSFET , a 
cascade structure and a cascade cell of the cascade structure 
in respect of constant biasing currents ; 
[ 0051 ] FIG . 3 shows a second example embodiment of a 
sample and hold circuit ; 
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[ 0052 ] FIG . 4 shows a first example embodiment of the 
one or more cascaded cells of the cascade structure ; 
[ 0053 ] FIG . 5 shows a second example embodiment of the 
one or more cascaded cells of the cascade structure ; 
[ 0054 ] FIG . 6 shows an example transistor arrangement 
wherein the cascaded cells of the cascade structure have the 
structure of example FIG . 4 ; 
[ 0055 ] FIG . 7 shows a first example transistor arrange 
ment wherein the cascaded cells of the cascade structure 
have the structure of example FIG . 5 ; 
[ 0056 ] FIG . 8 shows a second example transistor arrange 
ment wherein the cascaded cells of the cascade structure 
have the structure of example FIG . 5 ; 
[ 0057 ] FIG . 9 shows a third example transistor arrange 
ment wherein the cascaded cells of the cascade structure 
have the structure of example FIG . 5 ; 
[ 0058 ] FIG . 10 shows a first example of the controlled 
current source ; 
[ 0059 ] FIG . 11 shows a second example of the controlled 
current source ; 
[ 0060 ] FIG . 12 shows a third example of the controlled 
current source ; 
[ 0061 ] FIG . 13 shows a third example of the controlled 
current source ; 
[ 0062 ] FIG . 14 shows an example graph illustrating the 
operation of the sample and hold circuit in a temperature 
variable environment in comparison with a typical prior art 
implementation ; and 
[ 0063 ] FIG . 15 shows an example device including the 
sample and hold circuit . 

DETAILED DESCRIPTION 

plurality of connections ( one in this example but could be 
two or more ) provides an output node 114 of said sample and 
hold circuit 100 . 
[ 0069 ] The circuit 100 further comprises a transistor 
arrangement 108 coupled between the sampling node 104 
and the reference voltage node 115. The transistor arrange 
ment 108 comprises a control MOSFET 116 coupled in 
series with a cascade structure 117. In particular , in this 
example , the cascade structure 117 is coupled between the 
source terminal of the control MOSFET 116 and the refer 
ence terminal node 115. However , in the example of FIG . 3 , 
described below , a different arrangement is shown . 
[ 0070 ] The cascade structure 117 comprises one or more 
cascaded cells 120 , 121 , 122 coupled in a series connected 
chain . Each cascaded cell 120 , 121 , 122 of the chain may be 
configured to receive the current through the control MOS 
FET and the current from the current mirror 107 and any 
preceding cascaded cells in the chain . Thus , the first cas 
caded cell 120 is coupled to said connection 111. The second 
cascaded cell 120 is coupled to said connection 112 of the 
current mirror and the third cascaded cell 122 is coupled to 
said connection 113 of the current mirror 107 . 
[ 0071 ] The control MOSFET 116 is coupled to one of said 
plurality of connections 110 of the current mirror circuit . In 
this example it is coupled directly to connection 110. In this 
and other examples , the control MOSFET 116 provides the 
input current for the current mirror circuit 107 and thus 
connection 110 may be considered the input connection . 
Accordingly , connections 111 to 114 comprise outputs of the 
current mirror circuit 107 . 
[ 0072 ] Various embodiments of the each of the one or 
more cascaded cells 120 , 121 , 122 will be described in 
relation to FIGS . 4 to 9. However , in general , each of the one 
or more cascaded cells comprising at least a pair of MOS 
FETs arranged to provide a voltage difference , AV 
between terminals of the cascaded cell comprising a differ 
ence between a gate - source voltage of a first of the pair and a 
a gate - source voltage of a second of the pair . Said terminals 
of the cell are coupled to either an adjacent cascaded cell or , 
for a final cascaded cell in the series connected chain ( e.g. 
cell 120 in this example ) , to the control MOSFET 116 . 
[ 0073 ] The sample and hold circuit 100 is configured to 
operate in a sample phase in which said switch 105 is closed 
and the controlled current source 106 is configured to 
provide ( e.g. sink in this example ) a current based on the 
current provided at the plurality of connections 110 , 111 , 
112 , 113 of the current mirror circuit . In this configuration , 
a closed - loop is formed wherein , by force of feedback , 
capacitor 103 is charged to a voltage level Vc that results in 
current sunk by controlled current source 106 being equal to 
input current Iref provided at input node 101. Voltage Vc at 
the capacitor 103 is based on a sum of the gate - source 
voltage of the control MOSFET and a sum of said voltage 
differences provided by the one or more cascaded cells 120 , 
121,122 . Thus , the voltage at the capacitor 103 , Vc , is given 
by Ve = V GS_control_MOSFET + N : AV where V 
FET is the gate - source voltage of the control MOSFET 116 , 
N is the number of cascaded cells of the cascade structure 
117 and AVC is said voltage difference between terminals 
of each cascaded cell 120 , 121 , 122 , which is the same for 
all the cascaded cells . 
[ 0074 ] Further , the sample and hold circuit 100 is config 
ured to operate in a hold phase in which said switch 105 is 
open and the previously sampled voltage Vc at the capacitor 

GS : 

a 

[ 0064 ] Example FIG . 1 shows a sample and hold circuit 
100 configured to sample a current comprising an input node 
101 configured to receive the current to be sampled , shown 
as Iref . In this example the current to be sampled flows into 
the input node 101. The circuit 100 further comprises a 
reference voltage node 102 configured to be coupled to a 
reference voltage when the circuit is in use . The reference 
voltage may be ground . 
[ 0065 ] The circuit 100 further comprises a capacitor 103 
having a first plate coupled with a sampling node 104 and a 
second plate coupled to the reference voltage node 102 . 
[ 0066 ] The circuit 100 further comprises a switch 105 
configured to open and close a connection between the input 
node 101 and the sampling node 104 . 
[ 0067 ] The circuit 100 further comprises a controlled 
current source 106 having a first terminal coupled to said 
input node 101 and a second terminal coupled to the 
reference voltage node 102. In this example , the controlled 
current source is configured to sink at least some of the 
current to be sampled . The controlled current source 106 is 
configured to be controlled by circuitry coupled to the 
sampling node 104 described below . 
[ 0068 ] The circuit 100 further comprises a current mirror 
circuit 107 having a plurality of connections 110 , 111 , 112 , 
113 , 114 , each providing the same mirrored ( i.e. copied and 
therefore the same current flow ) current , as will be under 
stood by those skilled in the art of current mirror circuits . It 
will be appreciated that current mirror circuits may be 
configured to provide currents equal to or proportional to the 
current mirror circuit's input current and therefore in other 
embodiments , the connections 110 , 111 , 112 , 113 , 114 , may 
provide equal or proportional currents . At least one of said 

GS , GS_control_MOS 

GS 
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GS 

GS 

a 

103 / sampling node 104 remains applied to said transistor 
arrangement 108. Consequently , the transistor arrangement 
108 in combination with the current mirror circuit 107 
continues to provide for output of an output current lout at the 
output node 114 that is representative of the sampled cur 
rent - to - be - sampled . 
[ 0075 ] In one or more examples , the sample and hold 
circuit includes an optional amplifier 109 between the input 
node 101 and the sampling node 104. The amplifier has a 
first terminal ( the non - inverting terminal in this example ) 
coupled to the input node 101 and the controlled current 
source 106 and a second terminal ( the inverting terminal in 
this example ) coupled to receive a bias voltage . During the 
sampling phase , the voltage at the first terminal of the 
amplifier will stabilize near the bias voltage level . Hence , 
the bias voltage is chosen as any convenient voltage level for 
proper biasing of “ branch ” comprising the input node 101 , 
controlled current source 106 and reference voltage node 
102. Alternatively , the inverting terminal could be connected 
to its output node ( amplifier configured as a buffer ) . An 
output of the amplifier 109 is coupled to the sampling node 
104 . 
[ 0076 ] In one or more examples the circuit 100 operates 
cyclically alternating operation between the sample phase 
and the hold phase . 
[ 0077 ] During the sample phase , switch 105 is closed and 
all circuit elements , including a current reference source 
circuit ( not shown ) that may provide the current - to - be 
sampled at 101 are active ( i.e. powered ) . A closed - loop is 
formed such that voltage V c is driven to the value that makes 
the current through the controlled current source , K? : 11 , 
where K , is a scaling factor , equal to the current - to - be 
sampled IREF . In examples that include the amplifier 109 , the 
gain in the closed - loop may be increased , which may be 
advantageous in some examples . Therefore , output current 
lour becomes given by : 

GS1 

GS 

GS 

1 

connection 110 ) is the current produced by the control 
MOSFET 116 when biased with VGs1 = Vc - N : AV Hence , 
the Il value depends on the control MOSFETs I ( VGS ) 
relation and on the term “ N : AVGs ” produced by the cascade 
of cells 120 , 121 , 122. Thus , in the closed loop formed by 
closing of the switch 105 , all elements ( 116 , 120-121 , 107 ) 
may affect the Il value . From another perspective , the 
closed - loop formed during the sample phase dynamically 
adjusts Vc while NAV remains approximately constant , 
i.e. , it will mainly adjust the gate - source voltage for the 
control MOSFET 116 for the control MOSFET 16 to pro 
duce I1 = Iref . 
[ 0082 ] Thus , the sample and hold circuit 100 of the present 
embodiment may be advantageous in terms of its response 
to temperature . In particular , the transistor arrangement 108 
provides for control of the current provided at the output 
terminal 114 by acting through the current mirror circuit 
107. As described above , the voltage at the capacitor , Vc , is 
applied to the transistor arrangement 108 and wherein V 
produced by the control MOSFET has a negative tempera 
ture coefficient and N : AVGs produced by the one or more 
cascaded cells of the cascade structure 117 have a positive 
temperature coefficient . Thus , as temperature changes , the 
output current at 114 remains stable while Ve = VGS1 + 
N : AVGs remains at a fixed level because the positive thermal 
coefficient of N : AVGs compensates for the negative thermal 
coefficient of VGsi . This behavior is illustrated in FIG . 2 , 
described below . 
[ 0083 ] In one or more examples , the net change in voltage 
caused by the cascade structure 117 is configured to sub 
stantially complement ( i.e. cancel out ) the change in voltage 
caused by the control MOSFET 116. Accordingly , the cur 
rent provided at the output terminal 114 will be stable to 
changes in temperature during the HOLD phase . As seen in 
FIG . 2 , the Vc voltage that sustains a constant value of lout 
at terminal 114 is approximately constant at an interval over 
which temperature could drift during the hold phase . This is 
because the negative thermal coefficient of V 
compensated by the positive thermal coefficient of N - AV 
[ 0084 ] However , in general , it will be appreciated that an 
improvement in temperature stability can be achieved when 
the net change in voltage caused by the cascade structure 117 
is configured to partially complement ( i.e. at least partially 
or fully cancel out ) the change in voltage caused by the 
control MOSFET 116 . 
[ 0085 ] Example FIG . 2 shows the voltage across the 
components when considering a stable output current on a 
y - axis and temperature across the x - axis . Plot 200 shows the 
relationship for a single cascaded cell 120 , 121 , 122 , i.e the 
variation of AVGs with temperature . Plot 201 shows the 
relationship for the sum of single cascaded cells 120 , 121 , 
122 , i.e. the variation of N : AV with temperature . Plot 202 
shows the relationship for the control MOSFET 116 , i.e. the 
variation of VGS_control_MOSFET with temperature . For the 
example embodiments described herein , the voltage at 
capacitor 103 is given by Vc = V GS_control_MOSFET + N - AV . and the variation of Vc with temperature is shown as plot 
203. Thus , plot 203 shows that the sample and hold circuit 
of FIG . 1 and FIG . 3 described below may provide a stable 
output current at 104 despite variations of temperature 
during the hold phase . 
[ 0086 ] In the example of FIG . 1 , the control MOSFET 116 
has a gate terminal 123 , a drain terminal 124 and a source 
terminal 125 , wherein said gate terminal 123 is coupled to 

: 

OU 

Gsi may be 
K2 lour = ( K ) REF GS : = 

K1 

[ 0078 ] Where K2 is a further scaling factor . In some 
embodiments , scaling factors K1 and K2 correspond to 
current mirror circuit 107 gain factors . 
[ 0079 ] And the sampled value of Vc as mentioned above 
is given by : 

Vc = VGS1 + NAVGS 

GS 

GS 

GS 

[ 0080 ] During the hold phase , switch 105 is opened and all 
circuitry to the left of the switch 105 , namely the controlled 
current source 106 and the current reference source circuit 
( not shown ) can be turned - off to save power . The control 
MOSFET 116 continues to be biased by voltage Vc previ 
ously sampled on the capacitor 103. The duration of the hold 
phase is typically desired to be long to achieve minimum 
power consumption . The main constraint for a long hold 
phase is the time during which voltage Vc is guaranteed to 
remain steady , i.e. , during which leakage losses are negli 
gible . In the present embodiment , temperature drifts during 
the hold phase may cause negligible effects in view of the 
very low output temperature sensitivity that the example 
embodiment circuit 100 may provide . 
[ 0081 ] In summary , the control MOSFET 116 provides the 
input current , I1 , to current mirror 107. Current 11 ( of 
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the sampling node 104 , the drain terminal 124 is coupled to 
said the connection 110 , which is the input of the current 
mirror circuit 107 , and the source terminal 125 is coupled to 
the cascade structure 117. In particular , the source terminal 
is coupled to one of the pair of MOSFETs of a first 120 of 
the one or more cascaded cells . 
[ 0087 ] The example of FIG . 3 is substantially similar to 
that of FIG . 1 and the same reference numerals have been 
used . The difference between example FIG . 1 and example 
FIG . 3 is the transistor arrangement 108. In particular , in 
FIG . 3 , the cascade structure 117 is provided between the 
sampling node 104 and the control MOSFET 116 , whereas 
in FIG . 1 , the control MOSFET 116 is provided between the 
sampling node 104 and the cascade structure 117 . 
[ 0088 ] Further , in example FIG . 3 , the control MOSFET 
116 has a gate terminal , a drain terminal 224 and a source 
terminal 225. The gate terminal 223 and the drain terminal 
224 are coupled to a first 122 of the one or more cascaded 
cells , and the source terminal 225 is coupled to said refer 
ence voltage node 215 . 
[ 0089 ] Example FIGS . 4 and 5 provide two different 
example structure of the one or more cascaded cells 120 , 
121 , 122 . 
[ 0090 ] In particular , each of the one or more cascaded cells 
may comprise a first MOSFET 401 having a drain terminal 
402 coupled to said one of said plurality of connections 110 , 
111 , 112 of the current mirror circuit 107 and a second 
MOSFET 403 , wherein a gate terminal 404 of the first 
MOSFET and a gate terminal 405 of the second MOSFET 
403 are coupled to the drain terminal 402 of the first 
MOSFET 401. A source terminal 406 of the first MOSFET 
401 is coupled to a first cell terminal 407. A drain terminal 
408 of the second MOSFET 403 is coupled to said first cell 
terminal 407 and a source terminal 410 of the second 
MOSFET 403 provides a second cell terminal 411. The first 
cell terminal 407 and said second cell terminal 411 are 
configured to provide connection to and from said cascaded 
cell . Thus , for cascaded cells 120 and 122 at the ends of the 
chain , the first cell terminal 407 and said second cell 
terminal 411 may provide a connection for the cascade 
structure 117. For cascaded cells 121 inward of the ends of 
the chain , the first cell terminal 407 and said second cell 
terminal 411 may provide a connection to other cascaded 
cells 120 and 122 of the chain . 
[ 0091 ] Example FIG . 6 shows the example structure of 
FIG . 4 arranged together in chain of two cascaded cells 620 
and 621 along with the control MOSFET 116 . 
[ 0092 ] For the first cascaded cell 620 , said first cell 
terminal 407 is configured to couple to the source terminal 
125 of the control MOSFET 116 and the second cell terminal 
411 is configured to couple to the first cell terminal of an 
adjacent cascaded cell 621 of the chain . Alternatively , if the 
chain only included one cascaded cell , the second cell 
terminal 411 is configured to couple to the reference voltage 
node 115 . 
[ 0093 ] For the second cascaded cell 621 , said first cell 
terminal 407 is configured to couple to the second cell 
terminal 411 of the adjacent , first cascaded cell 620 of the 
chain and the second cell terminal 411 is configured to 
couple to reference voltage node 115. Alternatively , if the 
chain included further cells , the second cell terminal 411 of 
the second cell 621 would couple to the first cell terminal of 
an adjacent cascaded cell ( not present in this example FIG . 
6 ) . 

[ 0094 ] If the chain was longer , with three cells , a cell 
inward of the ends of the chain would have its first cell 
terminal 407 configured to couple to the second cell terminal 
411 of a first adjacent cascaded cell of the chain . Further , for 
the cell 121 said second cell terminal 407 is configured to 
couple to the first cell terminal 411 of a second adjacent 
cascaded cell of the chain . 
[ 0095 ] It will be appreciated that the size of the MOSFETS 
needs to be selected based on the current requirements . For 
example , the second MOSFET 405 of the first cell 620 is 
expected to handle the current I from the current mirror 
circuit received from the control MOSFET 116 and the 
current I received from the current mirror 107 that passes 
through the first MOSFET 401 of the first cell 620 , i.e. 21 . 
For example , the second MOSFET 405 of the second cell 
621 is expected to handle the current 2.I from the current 
mirror circuit received from the first cascaded cell 620 and 
the current I received from the current mirror 107 that passes 
through the first MOSFET 401 of the second cell 620 , i.e. 
3.1 . 

[ 0096 ] Referring to example FIG . 5 , a cascaded cell may 
comprise a parallel arrangement 500 of a first branch 501 
and a second branch 502 coupled at a first end node 503 and 
a second end node 504. The first branch 501 comprises a first 
MOSFET 505 and a fourth MOSFET 508 and the second 
branch 502 comprises a second MOSFET 506 and a third 
MOSFET 507. A source terminal of the fourth MOSFET 508 
is coupled to the first end node 503 and a drain terminal of 
the fourth MOSFET 508 is coupled to a drain terminal of the 
first MOSTFET 505. A source terminal of the first MOSFET 
505 is coupled to the second end node 504 , i.e. the point 
where the first branch and second branch couple together . 
[ 0097 ] A source terminal of the third MOSFET 507 is 
coupled to the first end node 503 and a drain terminal of the 
third MOSFET 507 is coupled to drain terminal of the 
second MOSTFET 506 and a source terminal of the second 
MOSFET is coupled to the second end node 504. The gate 
terminals of both the third MOSFET 507 and the fourth 
MOSFET 508 are both coupled together and to the drain 
terminal of the third MOSFET 507. The drain terminal and 
the gate terminal of the first MOSFET 505 are coupled 
together . 
[ 0098 ] A fifth MOSFET 509 is shown , which comprises 
part of the current mirror circuit 107 , which sinks current 
from each cascaded cell . A drain terminal of the fifth 
MOSFET 509 is coupled to the second end node 504 . 
[ 0099 ] A gate terminal of the second MOSFET 506 pro 
vides a first cell terminal 511 and the gate terminal of the first 
MOSFET 505 ( which is also coupled to the drain of the first 
MOSFET ) provides a second cell terminal 512. It will be 
appreciated that the voltage difference between the first cell 
terminal and second cell terminal represents the difference 
between the gate - source voltage of transistor 505 and the 
gate - source voltage of transistor 506. Accordingly , using the 
notation above , the voltage difference between the first cell 
terminal and second cell terminal represents AV In other 
examples , the voltage difference provided by the cell may 
comprise the voltage between the second cell terminal and 
the first cell terminal and therefore represents the difference 
between the gate - source voltage of transistor 506 and the 
gate - source voltage of transistor 505. Thus , more generally , 
the voltage difference provided by the cell may be consid 
ered the modulus AVGS ) . 
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[ 0100 ] Example FIGS . 7 , 8 and 9 show examples of the 
cascade cell 500 of FIG . 5 implemented in the example 
circuit of FIGS . 1 and 3 . 
[ 0101 ] Example FIG . 7 shows the cascaded cells 720 and 
721 and current mirror circuit 107 implemented in the 
example circuit of FIG . 3 . 
[ 0102 ] In the example of FIG . 7 , a source terminal of the 
fifth MOSFET 509 is coupled to the reference voltage node 
115. The first end node 503 is coupled to a supply voltage 
Vdd . 
[ 0103 ] The current mirror circuit 107 is provided , at least 
in part , by fifth MOSFET 701 coupled to the second end 
node 504 of the cell 720 and the fifth MOSFET 702 coupled 
to the second end node 504 of the cell 721. The gate 
terminals of the MOSFETs 701 , 702 and the control MOS 
FET 116 are coupled together and the control MOSFET 
produces the input current that is mirrored ( e.g. sunk ) by the 
MOSFETs 701 , 702. Thus , in this example , the control 
MOSFET 116 serves also as part of the current mirror circuit 
107 . 
[ 0104 ] Example FIG . 8 shows the cascaded cells 820 and 
821 implemented in the example circuit of FIG . 3. Only the 
cascaded cell 821 is labelled to show the first to fourth 
MOSFETs along with the fifth MOSFET for clarity . 
[ 0105 ] In the example of FIG . 8 and as mentioned previ 
ously , the fifth MOSFET 509 forms part of the current mirror 
circuit 107 and a source terminal of the fifth MOSFET 509 
is coupled to receive a supply voltage Vdd at 800. The first 
end node 503 is coupled to the reference voltage node 115 . 
[ 0106 ] In the example of FIG . 8 , the first , second and fifth 
MOSFETs are P - channel MOSFETs . The third and fourth 
MOSFETs 507 , 508 are N - channel MOSFETs . 
[ 0107 ] Example FIG . 9 shows the cascaded cells 920 and 
921 implemented in the example circuit of FIG . 1. Only the 
cascaded cell 920 is labelled to show the first to fifth 
MOSFETs for clarity . 
[ 0108 ] In the example of FIG . 9 and as mentioned previ 
ously , the fifth MOSFET 509 forms part of the current mirror 
circuit 107 and a source terminal of the fifth MOSFET 509 
is coupled to receive a supply voltage Vdd . The first end 
node 503 is coupled to the reference voltage node 115 . 
[ 0109 ] In the example of FIG . 9 , the first second and fifth 
MOSFETs 505 , 506 , 509 are P - channel MOSFETs . The 
third and fourth MOSFETs 507 , 508 are N - channel MOS 
FETs . 

[ 0110 ] With reference to example FIG . 7 , for the first 
cascaded cell 720 in the chain , said first cell terminal 511 is 
configured to couple to the sampling node 104 and the 
second cell terminal 512 is configured to couple to the first 
cell terminal 511 of an adjacent cascaded cell ( i.e. cell 721 ) 
of the chain . If there is only one cascaded cell in the chain , 
the second cell terminal 512 may couple directly to a gate 
terminal and a drain terminal of the control MOSFET 116 . 
[ 0111 ] With reference to example FIG . 7 , for the second 
cascaded cell 721 in the chain , the first cell terminal 511 is 
configured to couple to the second cell terminal 512 of an 
adjacent cascaded cell of the chain ( i.e. cell 720 ) and the 
second cell terminal 512 is coupled to a gate terminal and a 
drain terminal of the control MOSFET . 
[ 0112 ] It will be appreciated that for a cascaded cell that is 
intermediate two other cells , then said second cell terminal 
512 is configured to couple to a first cell terminal 511 of an 
adjacent cascaded cell in the chain on one side and the first 

cell terminal 511 is configured to couple to the second cell 
terminal 512 on an opposite side . 
[ 0113 ] With reference to example FIG . 9 , for the first 
cascaded cell 920 said second cell terminal 512 is configured 
to couple to a source terminal of the control MOSFET 116 
and the first cell terminal 511 is coupled to the second cell 
terminal 512 of an adjacent cascaded cell of the chain ( i.e. 
cell 921 ) . If the cascaded cell 920 where the only cascaded 
cell in the chain , the first cell terminal 511 of the cascaded 
cell 920 may couple to the reference voltage node 115 . 
[ 0114 ] With reference to example FIG . 9 , for the second 
cascaded cell 921 said second cell terminal 512 is configured 
to couple to a first cell terminal 511 of an adjacent cascaded 
cell in the chain ( i.e. cell 920 ) and the first cell terminal 511 
is configured to couple to the reference voltage node 115 . 
[ 0115 ] It will be appreciated that for a cascaded cell that is 
intermediate two other cells , then said second cell terminal 
512 is configured to couple to a first cell terminal 511 of an 
adjacent cascaded cell in the chain on one side and the first 
cell terminal 511 is configured to couple to the second cell 
terminal 512 on an opposite side . 
[ 0116 ] Example FIGS . 10 , 11 and 12 shows different 
embodiments of the controlled current source 106 of FIGS . 
1 and 3 . 
[ 0117 ] With reference to example FIG . 10 , the controlled 
current source 106 may be provided by the current mirror 
circuit 107 such that said one of said plurality of connections 
1000 of the current mirror circuit 107 is coupled to the input 
node 101. In this arrangement , the current - to - be - sampled is 
sunk from the input node 101 by whatever circuitry gener 
ates said current - to - be - sampled . 
[ 0118 ] With reference to example FIG . 11 , the controlled 
current source 106 may comprise a first MOSFET 1100 
having a drain terminal coupled to said input node 101 and 
a source terminal coupled to a drain terminal of a second 
MOSFET 1101. The source terminal of the second MOSFET 
1101 is coupled to the reference voltage node 115. The gate 
terminals of both the first MOSFET 1100 and the second 
MOSFET 1101 are coupled together . Further , the gate ter 
minals of both the first MOSFET 1100 and the second 
MOSFET 1101 are coupled to the gate terminal of the first 
MOSFET 401 of one of the one or more cascaded cells and , 
in particular to the first MOSFET 401 of a final cascaded cell 
in the chain . 
[ 0119 ] With reference to example FIG . 12 , the controlled 
current source 106 may comprise a further current mirror 
circuit 1207 having a first leg 1200 coupled to the input node 
101 and a second leg 1201 coupled to said one of said 
plurality of connections of the current mirror circuit 107 . 
[ 0120 ] In this example , the further current mirror circuit 
1207 optionally includes a third leg 1202 configured to 
provide the same ( i.e. mirrored ) current as the first leg 1200 
and the second leg 1201 , wherein the third leg 1202 includes 
a terminal 1203 comprising a second output node of the 
sample and hold circuit 100. This arrangement may be 
advantageous as the first output node 114 provides the 
output current while the second output node 1203 sinks the 
output current . Accordingly , the further current mirror cir 
cuit 1207 can also be considered to be part of the current 
mirror circuit 107 in that it provides the output current of the 
sample and hold circuit 100 . 
[ 0121 ] Example FIG . 13 shows a third embodiment of the 
sample and hold circuit 1300. In this example , the sample 
and hold circuit 1300 has the general form of example FIG . 
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1 but is absent the optional amplifier 109. The cascaded cells 
120 , 121 have the form of example FIG . 4. The controlled 
current source has the form of example FIG . 12 and provides 
the optional second output node 1203. The structure of the 
current mirror circuit 107 is shown in more detail wherein 
the MOSFETs are coupled to a voltage source at their source 
terminals , Vdd . The structure of the second current mirror 
circuit 1207 is also shown in more detail . 
[ 0122 ] FIG . 14 shows a graph showing a first trace 1401 
showing the variation in the output current during transient 
changes in temperature represented by third trace 1403 . 
Trace 1402 shows the output current during changes in 
temperature represented by third trace 1403 for a typical 
prior art current sample and hold circuit . As can be seen , 
example embodiments of the sample and hold circuit of the 
disclosure may provide more stable current output during 
changes in temperature . In this example , the new sample is 
made every 16 ms . 
[ 0123 ] FIG . 15 shows a device 1500 including the sample 
and hold circuit 1501 of any of the embodiments described 
herein and a current reference source circuit 1502 configured 
to provide the current to be sampled at the input node . In the 
hold phase , the current reference source circuit 1502 may be 
switched off and the sample and hold circuit 1501 holds the 
current for use by other components , thereby saving the 
power of the current reference source circuit 1502 . 
[ 0124 ] It will be appreciated that any components said to 
be coupled may be coupled or connected either directly or 
indirectly . In the case of indirect coupling , additional com 
ponents may be located between the two components that 
are said to be coupled . 
[ 0125 ] In this specification , example embodiments have 
been presented in terms of a selected set of details . However , 
a person of ordinary skill in the art would understand that 
many other example embodiments may be practiced which 
include a different selected set of these details . It is intended 
that the following claims cover all possible example 
embodiments . 

1. A sample and hold circuit configured to sample a 
current comprising : 

an input node configured to receive the current to be 
sampled ; 

a reference voltage node configured to be coupled to a 
reference voltage ; 

a capacitor having a first plate coupled with a sampling 
node and a second plate coupled to the reference 
voltage node ; 

a switch configured to open and close a connection 
between the input node and the sampling node ; 

a controlled current source having a first terminal coupled 
to said input node and a second terminal coupled to the 
reference voltage node ; 

a current mirror circuit having a plurality of connections 
each providing the same or a proportional mirrored 
current , wherein at least one of said plurality of con 
nections provides an output node of said sample and 
hold circuit ; 

a transistor arrangement coupled between the sampling 
node and the reference voltage node , the transistor 
arrangement comprising a control MOSFET coupled in 
series with a cascade structure , the cascade structure 
comprising one or more cascaded cells coupled in a 
series connected chain , wherein said control MOSFET 
is coupled to one of said plurality of connections of the 

current mirror circuit and each of said cascaded cells 
are coupled to one of said plurality of connections of 
the current mirror circuit , each of the one or more 
cascaded cells comprising at least a pair of MOSFETs 
arranged to provide a voltage difference between a first 
cell terminal and a second cell terminal of the cascaded 
cell , the voltage difference comprising a difference 
between a gate - source voltage of a first of the pair and 
a gate - source voltage of a second of the pair wherein 
said first cell terminal and said second cell terminal 
provide at least connections to either an adjacent cas 
caded cell in said series connected chain or , for one of 
the cascaded cells at an end of the series connected 
chain , to the control MOSFET ; wherein 

the sample and hold circuit is configured to operate in a 
sample phase in which said switch is closed and the 
controlled current source is configured to provide a 
current based on the current provided at the plurality of 
connections of the current mirror circuit and wherein a 
closed - loop is formed by the transistor arrangement , 
the current mirror circuit and the current controlled 
current source wherein , by feedback , the capacitor is 
charged to a voltage , Vc , that results in the current 
provided by the controlled current source being equal 
to the current to be sampled ; and 

wherein the sample and hold circuit is configured to 
operate in a hold phase in which said switch is open and 
the voltage at the capacitor applied to said transistor 
arrangement provides for output of an output current at 
the output node representative of the sampled current . 

2. The sample and hold circuit of claim 1 wherein 
the control MOSFET has a negative temperature coeffi 

cient thereby acting to increase the current at the output 
node for a given voltage at the capacitor with increas 
ing temperature ; and 

the one or more cascaded cells have a positive tempera 
ture coefficient thereby acting to decrease the current at 
the output node for a given voltage at the capacitor with 
increasing temperature ; and 

wherein a net temperature coefficient of the cascade 
structure is configured to be one or more of : greater 
than that of the temperature coefficient of the control 
MOSFET , and 

substantially equal to the magnitude of the temperature 
coefficient of the control MOSFET . 

3. The sample and hold circuit of claim 1 wherein one or 
more cascaded cells comprises : 

a first MOSFET having a drain terminal coupled to said 
one of said plurality of connections of the current 
mirror circuit and a second MOSFET , wherein a gate 
terminal of the first MOSFET and a gate terminal of the 
second MOSFET are coupled to the drain terminal of 
the first MOSFET , and wherein a source terminal of the 
first MOSFET is coupled to a first cell terminal , a drain 
terminal of the second MOSFET is coupled to said first 
cell terminal and a source terminal of the second 
MOSFET provides a second cell terminal , said first cell 
terminal and said second cell terminal providing con 
nections to and from said cascaded cell . 

4. The sample and hold circuit of claim 3 wherein , based 
on a position of the cascaded cell in the chain , one of : 

said first cell terminal is configured to couple to a source 
terminal of the control MOSFET and the second cell 
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terminal is configured to couple to the first cell terminal 
of an adjacent cascaded cell of the chain or the refer 
ence voltage node ; and 

said first cell terminal is configured to couple to a second 
cell terminal of an adjacent cascaded cell of the chain 
and the second cell terminal is configured to couple to 
the first cell terminal of an adjacent cascaded cell or the 
reference voltage node . 

5. The sample and hold circuit of claim 1 wherein one of : 
the sample and hold circuit is configured such that the 

current to be sampled is input at the input node and the 
controlled current source is configured to sink current , 
wherein , in the sample phase , the capacitor voltage 
comprising Vc results in the current sunk by the con 
trolled current source being equal to the current input at 
the input node ; and 

the sample and hold circuit is configured such that the 
current to be sampled is sunk from the input node and 
the controlled current source is configured to input 
current , wherein , in the sample phase , the capacitor 
voltage comprising Vc results in the current input by 
the controlled current source being equal to the current 
sunk at the input node . 

6. The sample and hold circuit of claim 1 wherein one or 
more cascaded cells comprises : 

a parallel arrangement of a first branch and a second 
branch coupled at a first end node and a second end 
node , wherein the first branch comprises a first MOS 
FET and a fourth MOSFET and the second branch 
comprises a second MOSFET and a third MOSFET , 

wherein a source terminal of the fourth MOSFET is 
coupled to the first end node and a drain terminal of the 
fourth MOSFET is coupled to drain terminal of the first 
MOSTFET and a source terminal of the first MOSFET 
is coupled to the second end node where the first branch 
and second branch couple together , 

wherein a source terminal of the third MOSFET is 
coupled to the first end node and a drain terminal of the 
third MOSFET is coupled to drain terminal of the 
second MOSTFET and a source terminal of the second 
MOSFET is coupled to the second end node , 

wherein gate terminals of both the third MOSFET and the 
fourth MOSFET are both coupled to the drain terminal 
of the third MOSFET , wherein the drain terminal and 
the gate terminal of the first MOSFET are coupled 
together , and 

wherein a gate terminal of the second MOSFET provides 
a first cell terminal and the gate terminal of the first 
MOSFET provides a second cell terminal . 

7. The sample and hold circuit of claim 6 wherein based 
on a position of the cascaded cell in the chain , one of : 

said second cell terminal is configured to couple to a 
source terminal of the control MOSFET and the first 
cell terminal is coupled to the second cell terminal of an 
adjacent cascaded cell of the chain or the reference 
voltage node ; and 

said second cell terminal is configured to couple to a first 
cell terminal of an adjacent cascaded cell in the chain 
and the first cell terminal is configured to couple to the 
reference voltage node . 

8. The sample and hold circuit of claim 6 wherein based 
on a position of the cascaded cell in the chain , one of : 

said first cell terminal is configured to couple to the 
sampling node and the second cell terminal is config 

ured to couple to the first cell terminal of an adjacent 
cascaded cell of the chain or is coupled to a gate 
terminal and a drain terminal of the control MOSFET ; 
and 

the first cell terminal is configured to couple to the second 
cell terminal of an adjacent cascaded cell of the chain 
and the second cell terminal is coupled to a gate 
terminal and a drain terminal of the control MOSFET . 

9. The sample and hold circuit of claim 1 , wherein one of : 
( i ) the control MOSFET has a gate terminal , a drain 

terminal and a source terminal , wherein said gate 
terminal is coupled to the sampling node , the drain 
terminal is coupled to said one of said plurality of 
connections of the current mirror circuit and the source 
terminal is coupled to a first of the one or more 
cascaded cells ; and 

( ii ) the control MOSFET has a gate terminal , a drain 
terminal and a source terminal , wherein said gate 
terminal and the drain terminal are coupled to a first of 
the one or more cascaded cells , and the source terminal 
is coupled to said reference voltage node . 

10. The sample and hold circuit of claim 3 , wherein the 
controlled current source comprises : 

a first MOSFET having a drain terminal coupled to said 
input node and a source terminal coupled to a drain 
terminal of a second MOSFET , wherein the source 
terminal of the second MOSFET is coupled to the 
reference voltage node , and wherein gate terminals of 
both the first MOSFET and the second MOSFET are 
coupled to the gate terminal of the first MOSFET of one 
of the one or more cascaded cells . 

11. The sample and hold circuit of claim 1 , wherein the 
controlled current source is provided by the current mirror 
circuit such that said one of said plurality of connections of 
the current mirror circuit is coupled to the input node . 

12. The sample and hold circuit of claim 1 , wherein the 
current mirror circuit includes a further current mirror circuit 
part and the controlled current source is provided by said 
further current mirror circuit part , the further current mirror 
circuit part having a first leg coupled to the input node and 
a second leg coupled to said one of said plurality of 
connections of the current mirror circuit . 

13. The sample and hold circuit of claim 12 , wherein the 
further current mirror circuit part includes a third leg con 
figured to provide the same or a proportional current as the 
first leg and the second leg , wherein the third leg includes a 
terminal comprising one of : the output node of the sample 
and hold circuit or a second output node of the sample and 
hold circuit , wherein the third leg thereby comprises one of 
the plurality of connections of the current mirror circuit . 

14. The sample and hold circuit of claim 1 , wherein an 
amplifier is provided between the input node and the sam 
pling node , the amplifier having a first terminal coupled to 
the input node and the controlled current source and a 
second terminal coupled to receive a bias voltage , an output 
of the amplifier coupled to the sampling node . 

15. A device including the sample and hold circuit of 
claim 1 and a current reference source circuit configured to 
provide the current to be sampled at the input node and 
wherein in the hold phase , the current reference source 
circuit is unpowered . 
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