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Abstract
The basics of an integrated circuit are described with special emphasis placed on a charge-measurement
system. Starting with an outline of a fine CMOS technology, the discussion moves to a practical imple-
mentation of circuits.
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4 Reference circuit and current source

4.1 Power rail
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Each design of an integrated circuit is con-
strained by a power-rail requirement, which
heavily affects a principle for the circuit design.

In an analog-digital mixed-circuit design, it is
quit common to choose a single-supply configura-
tion: Vyq is fed into a circuit employing the GND
as its power return. The single-supply configura-
tion is beneficial to a digital signal interface.

A side-effect of the single-supply interface is a
possible ground bounce induced by digital inter-
face circuits. The ground line provides a refer-
ence voltage for analog circuits, while it is at the
same time a signal return for digital circuits.

In order to minimize possible interference be-
tween analog and digital circuits, we choose to
employ a two-supply configuration: Vg is set to
2.5V, Vi, is set to -2.5 V, and in principle the
GND line, which is located mid-point between
Vaq and Vi, does not flow any AC current.



4.2 Reference circuit
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A reference circuit is used to provide a reference
voltage for current sources employed for each cir-
cuit block.

Fig. 1 shows a simplified CMOS reference circuit
together with its schematic symbol.

vdd

V4. 5u
L=2. 4u

WE800u
L=0. 6u

Mo

Me10

>

TN

WL 8u
L=2. 4u

\/ss

WE350u WL, 8u
L=0. 6u L=2.4u M=10 M=10

y

Figure 1: Reference circuit.
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The reference circuit consist of four nMOS tran-
sistors (M1, M2, M3 and M5) and two pMOS
transistors (M4 and M6).

The drain and gate terminals of M1 are tied to-
gether to configure a so-called MOS diode, the
node of which is called IIN, and is fed a DC cur-

rent by an external reference current.

M2 makes a constant current flow, configuring
a mirror circuit together with the MOS diode
M1, and, hence, the drain current of M2 approx-
imately equals that of M1.

M3 is a cascode transistor to reduce the drain
current differences between M1 and M2. The
gate node of M3 is connected to terminal VM,
which is at the ground potential. The GND po-
tential is secured by a static-discharge protection
circuit, which consists of M5, M6 and a resistor.

M4 is a pMOS transistor which has a diode con-
figuration. The voltage of the drain-gate node is
delivered for output at terminal VH.
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The size of the nMOS transistors is W/L =
1.8/2.4, M = 10. The size of the pMOS transis-
tors is W/L = 4.5/2.4, M = 10. You might won-
der whether W/L = 1.8/2.4, M = 10 could be
equivalent to W/L = 18/2.4,M =1 and W/L =
4.5/2.4,M =10 to W/L = 45/2.4, M = 1.

Due to a fringing effect at the ends of the gate
stretch, W/L = 1.8/2.4, M = 10 is not necessar-
ily equivalent to W/L = 18/2.4, M = 1.

Constant-current sources driven by voltages VH
or VL are eventually allowed to set their currents
with an increment of 0.1 * I, s

In order to set a constant-current source to make
a 20% current flow of I,.s, the size of the tran-
sistor is W/L = 1.8/2.4, M = 2, whose gate is
driven by the voltage VL and whose source is
located on V.

When you intend to set the current source in a
finer increment, it is required to set up a special
reference circuit to meet with your application.

Since the transistors employed for each circuit
block typically work under a potential between
VH and VL, it is desired that the voltage dif-
ference between VH and VL be large enough to
keep the required dynamic range for the signals
to be processed. In practice, VH and VL are
written as follows:
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Assuming that (k,W/L), = (k,W/L),0 V) =
—V = 0.8 V, we obtain
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Provided Vg —Vss =5V and VH—-VL = (Vyq—
Vss)/4, we obtain I,..y = 542 pA, which bounds
an adjustable range of I,.;.
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Figure 2: Characteristics of the bias circuit.
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4.3 Example circuits

4.3.1 Power-on-reset circuit

uobooooboooobooooboooobooo
gboooboooooboboooobooobooboo
oooooooo
o30b00ooboooboobooooboooon
ooo

0000000000000000000000
0 (X10X20X3) 00000 pMOSO 0000
0 (M30M4000 M5) 00000 nMOSO OO
000 (MIOM2000 M6)0OD00O0O0 (C7)
00000000000

Fig. 2 shows the drain currents for M2, and M4
as well as the voltages at the VL and VH ter-
minals. We confirm thereof that the adjustable
current is approximately bounded by 500 puA. If
you request a linearity between the reference cur-
rent and the drain currents for M2, and M4, the
circuit must be operated below a drain current
of 300 pA

The default value for I,y is 100 uA, unless oth-
erwise specified.

The power-on-reset circuit is designed so as to de-
liver a reset pulse when the power for the circuit
is turned on.

Fig. 3 shows a practical CMOS power-on-reset
circuit.

The power-on-reset circuit consists of three in-
verter circuits (X1, X2 and X3), three pMOS
transistors (M3, M4 and M5), three nMOS tran-
sistors (M1, M2, and M6), and one capacitor
(C7).



Figure 3: Power-on-reset circuit.
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M1 provides a constant current, receiving a ref-
erence voltage on the gate electrode via the VL
terminal. The drain current of M1 is set as 10%
of Icr, which is fed into the IIN node of the ref-
erence circuit.

M2 is a cascode transistor used to improve the
current source performance of M1.

M3 is a pMOS transistor which has a diode con-
figuration.

M4 configures a current mirror with M3; the
drain current of M3 is so arranged to be 10%
of that of M3.

M5 is a cascode transistor used to improve the
current source performance of M4.

The gate of M6 acquires ENB on its gate elec-
trode. The inverter X1 negates the EN B signal
to generates EN B.

Once ENB is forced to be ”H”, the drain current
of M4 begins to charge capacitor C7 to deliver
"H” on the OUT terminal in 2.5 ps, where it is
assumed that the capacitance of C7is 1 pF' | Ircf
is 100 pA, and the inverter X2 toggles its output
at the half-way between V;; and V.

The symbol for X3 includes a number ”4”, which
indicates that the driving capability of X3 is
larger than that of X2 by 4 times.

Actually, the W’s for the transistors of X3 are
four-times larger than the W’s for X2.



4.3.2 Analog multiplexor
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The analog multiplexor circuit is so designed to
selectively deliver a current/voltage signal corre-
sponding to a certain analog channel. The output
of the analog multiplexor keeps a high-impedance
state unless being selected for output.

Fig. 4 shows a practical CMOS analog multi-
plexor circuit, which is designed to deliver a cur-
rent signal.

M1 and M8 acquire reference voltages via the
VL and VH terminals, respectively. Being set
as M = 20, M1 and M8 deliver 2.0 * Iy, i.e.
200 pA, for their drain nodes.

When SEL is forced to be ”"L”, M2 and M7 are
so arranged to bar the ways of the drain currents
from M1 and M8, respectively.

The nMOS transistors M3 and M4 are so ar-
ranged to steer the current from M1 to their drain
node according to the voltage applied to the gate
of M3 referencing on the voltage VM applied to
the gate of M4.

The drain node of M3 leads to output terminal
AO0; the drain node of M4 leads to output termi-
nal Al.

The pMOS transistors M5 and M6 work in a sim-
ilar way as M3 and M4.

The differential pairs M3/M4 and M5/M6 op-
erate in such a way as to compensate for the
quadratic terms of the MOS equation; they
achieve a reasonable linearity to be applicable for
practical use.

Fig. 5 shows the frequency dependence for the
voltage-to-current conversion characteristics of
the analog multiplexor circuit. The frequency
range covers from 1 kHz to 1 GHz. The con-
version coefficients for A0 and Al keep approx-
imately 300 pA/V until beginning to roll off at
around 10 M H z; the 3-dB frequency band width
is about 60 M Hz.

Taking into account that the current of M1 or
M8 is 200 pA, the voltage dynamic range at the
input terminal AIN is no more than +0.67 V.
When it is restricted in terms of linearity, the in-
put dynamic range will be reduced to be £0.5 V.
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Figure 4: Analog multiplexor circuit.
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4.3.3 Low-voltage differential driver
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In principle, there exits an alternative scheme to
multiplex analog signals, i.e. a voltage-output
analog multiplexing scheme. The voltage-output
multiplexor is superior to the current-output
multiplexor in terms of the dynamic range and
linearity due to a direct benefit of the negative
feedback.

The drawback of the voltage-output multiplexor
comes from a lengthy settling time due to a ca-
pacitance load associated at the output node.
As long as employed for a device inspection or
in a special condition where the cable length for
the data transmission is sufficiently short, the
voltage-output multiplexor fully proves its appli-
cability.

A digital-to-analog interference is a potential ob-
stacle for a digital/analog mixed circuit.
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Figure 5: Small-signal conversion gain of the analog multiplexor circuit
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The amount of interference will be in general pro-
portional to the voltage swing of logic signals; the
lower is the voltage swing, the lower is the inter-
ference.

There is an another issue which relates to the
two-supply (three rail) configuration, where the
full-swing scheme does not conform with the logic
level of the external peripheral circuits.

In order to reduce the digital-to-analog inter-
ference, a low-voltage differential-signal (LVDS)
scheme was proposed to be established as the
IEEE std, i.e. IEEE 1596.3, where the "L” level
of the logic signal is set at the GND level, while
the "H” level is bounded to be 350 mV. The
LVDS conforms with the requirement of a high-
rate data transmission as well as a reduction of
the digital-to-analog interference.
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The benefits of the LVDS scheme are summarized
as follows: the LVDS

e is more immune from external electro-
magnetic interference than single-ended al-
ternatives;

e generates a less amount of electro-magnetic
radiation toward an environment than
large-swing and/or single-ended alterna-
tives;

e generates smaller switching spikes than
voltage-driven alternatives; and

e keeps its power consumption almost con-
stant even under high-frequency operation.

Fig. 6 shows a practical CMOS LVDS driver cir-
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Figure 6: Low-voltage differential driver.
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The LVDS circuit shown in Fig. 6 consists of one
pMOS transistor (M1), four nMOS transistors
(M2, M3, M4 and M5), and two inverter circuits
(X1 and X2).
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4.3.4 Low-voltage differential receiver
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When DIN is forced to be "H”, M3 and M4 are
turned on. M3 mediates the current from M1 to
make a current flow toward an external load via
terminal D1. M4 acquires a return current via
terminal DO to exhaust it to terminal DG.

On the other hand, when DIN is forced to be ”L”
M2 and M5 are turned on to generate a reversed
voltage across the load resistance.

The proper LVDS driver circuit is equipped with
a 3.5 mA constant current source, while the cir-
cuit described here is designed so as to operate
with a constant-current source of 360 A, tak-
ing into account the power consumption, and,
hence, a termination resistor of 1 k€2 is employed
in place of a proper termination resistor of 100 €2.

The low-voltage differential-signal receiver is a
circuit used to convert a LVDS-equivalent signal
to a full-swing CMOS logic signal, i.e. the signal
whose "H” is assigned to Vg4, and ”L” is assigned
to Vis.

Fig. 7 shows a practical CMOS LVDS receiver
circuit.
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Figure 7: Low-voltage differential receiver.
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The LVDS receiver circuit consist of four nMOS
transistors (M1, M2, M3 and M4), two pMOS
transistors (M5 and M4), and two inverter cir-
cuits (X1 and X2).
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M1 acquires a voltage from the reference circuit
on the VL terminal to work as a constant-current
source of 20 pA.

The current from M1 is divided into two parts
according to the gate voltages of M2 and M3,
which are fed into the circuit via the DIN1 and
DNO terminals, respectively.

While the drain current of M3 is directly ex-
hausted into Vg4, the drain current of M2 is fed
into a pMOS diode (M4).

M4 configures a current mirror together with M5
with a current ratio of 1:1.

The drain current of M5 merges with the current
from M6 to generate a voltage on the input node
of X1.

M6 acquires a voltage from the reference circuit
in the same way as M1 to work as a constant-
current source, but with a drain current of 10 pA.

As long as the voltage on DIN1 is higher than
that on DINO, the drain current of M5 over-
whelms the drain current of M6 to move the volt-
age of the drain nodes of M5/M6 to a higher level
than an equilibrium level, and, hence, the DOUT
terminal delivers the "H” level. On the other
hand, when the voltage on DIN1 is lower than
that on DINO, the DOUT terminal delivers ”"L”
level.

The inverter circuit X2 is used to keep an appro-
priate rise/fall time with a proper CMOS swing.
You are aware that the inverter circuit with high
driving capability is employed here again as ap-
peared in the schematic for the power-on-reset
circuit.
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