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Abstract: The demand for building ultra low power circuit emerges as a challenge in recent years. This demand is due to the
fast growth in battery operated wearable computing systems and implantable medical instruments. The design challenges in
such systems are; low sensitivity to supply voltage variation and independence in performance with respect to power supply.
Furthermore, these challenges are to be mitigated with the objective of ultra low power consumption. Subthreshold regime
of operation of the devices is preferred these days which satisfies the need of ultra low power operation. The devices are
operated at subthreshold regime when the supply voltages are scaled below the threshold voltage (VT) of the devices. The
complementary metal oxide semiconductor (CMOS) logics are preferred conventionally for minimum energy consumption,
but with scaling down of technology the leakage currents become dominant in these logics. The CMOS logic requires
careful control of supply voltage since both the power consumption and speed of operation depends upon supply voltage.
Furthermore, the CMOS logic does not satisfy the need of substrate and supply noise immunity. This leads to the evolution
of Sub-threshold source coupled logic (STSCL) which not only mitigate the noises but also proves to consume few pico-
Watts of power at subthreshold. This power consumption is much lower as compared to the subthreshold leakage of static
CMOS logic. These superior properties of STSCL makes it suitable candidate for implementing ultra-low-power systems in
modern nano meter scale technologies. In this paper we have investigated all these properties of STSCL logic and its few
applications. It is concluded that STSCL not only has comparable or even better power-delay performance but also has more
robust in its performance at both analog and digital domain. Consequently, the STSCL is a promising candidate for designing
ultra low power gadgets.

Keywords: Sub-threshold Source Coupled Logic (STSCL), Process Voltage Temperature (PVT) Analysis, Static Random
Access Memory (SRAM)

1. INTRODUCTION

ULTRA low power operation of electronic instruments are
the need of the hour due to the rapid growth in portable
computing and medical instruments etc. These devices are
operated with the help of small and lesser powered battery
whose voltage reduces with time. Therefore, the challenge
of the devices starts with their durability issue. Number of
approaches has been proposed in literature to optimize the
power consumption of the electronic circuits inside these
devices [1]. However, the ultra low power operation leads to
scale the supply voltage below the threshold voltage (V

T
) of

the device so as to operate the device at subthreshold [2].
The presence of various leakage currents at subthreshold
restrict continuous scaling of supply voltages in CMOS
circuits [3]. Because reducing supply voltage results in
reduction of effective voltage V

eff
 = V

DD
 – V

T
, which in turn

reduces the ratio of on current (I
ON

) to off current (I
OFF

). This
in turn lowers the reliability and power efficiency of the circuit
[4]. The operations of the devices at subthreshold amounts
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to trading off power consumption with speed of operation
as both are supply voltage dependent. Again the process,
voltage and temperature (PVT) variation analysis has to be
carried out to check the robustness of circuit in addition to
the ultra power requirement [5].

The Sub-threshold source coupled logic proves to be
more robust in terms of PVT analysis in addition to
satisfying the need of ultra low power consumption [6-8].
Due to accurate control of very low tail bias current the
power consumption as well as the delay of the circuit can
be optimized. This tail current is switched in the two arms
of the differential NMOS network whose value is well below
the subthreshold leakage current of conventional static
CMOS circuit. In this paper the STSCL logic is reviewed
comparing its performance with conventional CMOS logic.

Rest of the paper is arranged as follows in section II
the basic concept of STSCL logic is reviewed. Section III
contains the performance analysis of standard CMOS logic.
A comparative study is done in section IV. Section V
describes few applications of STSCL circuits and finally
conclusion has been drawn in section VI.
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2. CONCEPT OF STSCL

In this section the concept of STSCL circuit is described
with its power and speed trading-off equations in addition
to its advantages of tighter process and temperature invariant
properties.

A. STSCL Overview

The logic operation of STSCL logic starts with switching
its constant tail bias current (I

SS
) in the two arms of the

differential structure as shown in Fig. 1 [8]. This current is
converted to voltage by means of the load device R

L
 formed

by the weak PMOS transistor. The required voltage swing
(V

SW
 = R

L
I

SS
) has to be high enough for subsequent logic

operation. As the value of I
SS

is very small therefore, the
resistance made up of weak PMOS has to be of very high
value for desired output swing. The PMOS bulk is connected
to drain to achieve even better resistance value. A replica
bias circuit is used to control the resistivity of the PMOS
load and thereby adjust the output swing with respect to tail
bias current [8]. The requirement of voltage swing for proper
Boolean expression is [9]:

V
SW

> 4.n
n
UT (1)

where, n
n
 = subthreshold slope factor, U

T
 = kT/q thermal

voltage.

Figure. 1: STSCL Inverter/Buffer Schematic

B. Power/Speed Tradeoff

The static power dissipation will be always there in the circuit
as the constant current is always drawn from the V

DD
.

However, this power will be of lesser magnitude as the tail
bias current I

SS
is in the range of few tens of pico ampere

[9]. This static power consumption is:

P
diss

,
STSCL,1

= V
DD

I
SS

(2)

The main speed limiting factor in STSCL arises from
the circuit output time constant. The propagation delay of
each gate can be estimated by:

τ ≈ In(2) SW L

SS

V C

I
(3)

where, C
L
 = total output capacitance.

From equation (2) and (3) it is observed that the power
and speed both of STSCL logic depends upon the tail bias
current I

SS
, which can be accurately controlled. Therefore,

this circuit has low sensitivity to the process variations [10].
It is also seen from equation (2) that the power consumption
is constant and is independent of the operation frequency.
This indicates that, the STSCL circuits can be used at
maximum activity rate to attain maximum achievable
efficiency. Furthermore, unlike static CMOS the delay of
STSCL is independent of supply voltage as shown in
equation (3). That means the circuit performance is not
immune to supply voltage variations.

The power delay product of each gate can be calculated
as

PDP
STSCL, 1 ≈In 2 × V

DD
V

SW
C

L
(4)

This power delay product, when considering N cascaded
identical stages operating at a frequency of ƒ

op
, will be

PDP
diss,STSCL, N ≈In 2 × N2V

DD
V

SW
C

L
f
op

(5)

C. Minimum Supply Voltage

The minimum supply voltage of a STSCL gate is [11]

V
DD,min

= V
CS

 + V
CS1

(6)

where, V
CS

 = the required headroom for the current source.

Since, all the devices are in subthreshold, therefore
V

CS
≥ 4U

T
. For complete switching V

GS, 1
should be always

greater than V
SW

. Therefore assuming V
SW

≈ 6U
T
, the

minimum supply voltage will be:

V
DD,min

≈ 10U
T

(7)

D. PVT Variation

From equation (5) it is concluded that threshold voltage
influence neither speed nor power consumption of STSCL.
This indicates the invariance of circuit performance due to
process and voltage variations. Secondly, as the replica bias
circuit is used to adjust the swing hence, the effect of
temperature variation is mitigated as well. In Fig. 2 it is
shown that the effect of temperature on STSCL MUX
changes the delay maximum by 4% [11].
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Figure. 2: Delay Variation of STSCL MUX Due to Temperature

3. PERFORMANCE ANALYSIS OF CMOS LOGIC
CIRCUITS

Similar to the STSCL circuit the RMS power consumption
(static) of N cascaded CMOS logic structure is [10]:

,CMOS,NdissP = 2

0

1
( )

T

DD DDV i t dt
T ∫ (8)

A chain of N cascaded structured inverters and the
current waveform is shown in Fig. 3 [10].

Figure. 3: (a) A Chain of N Cascaded Inverter Structure.
(b) Current Waveform of Inverter

From Fig. 3 the maximum frequency of operation of a
single gate is ƒ

max
 = 1/(2t

d
). the activity rate of the circuit is

calculated as α = ƒ
op

/ƒ
max

. The total RMS power consumption
of the circuit is:

,CMOS,NdissP =
2

2
1 2

6

 αη γ γ
+ + −  leak DDNI V

NN (9)

where, γ = I
peak

/ I
leak

 and
/ 2 if N even

( 1) / 2 if N odd


=  +

N
n

N

However, at higher operating frequency, dynamic power
will be dominant and will be proportional to the square of
frequency. Based on equation (9) for activity rates smaller
than

∝
c
= 6N/η,γ2 (10)

The subthreshold leakage power consumption will be
dominant, while for higher activity rates, the dynamic power
will be dominant.

4. COMPARISON OF CMOS/STSCL

Using equation (5) and (9) the maximum logic depth for
which STSCL can have lower power consumption is:

N
max

≈
3

if
2

if
,

 α << α


 α >> α


leak
C

L op

peakDD
C

T L op T

I

In VSWC f

IV

U F C f U

(11)

where, F depends on supply voltage and voltage swing in
STSCL circuit as:

F = 2 2
,( 6 In 2 / )⋅ ⋅DD STSCL SW TV V U (12)

Fig. 4. Shows the graph indicating the maximum logic
depth (N) for which STSCL consumes less power than its
CMOS counterpart [10].

Figure. 4: Logic Depth for which STSCL Exhibit Less Power
Consumption than CMOS

5. APPLICATIONS OF STSCL

This section briefly describes few applications of STSCL
structure which exploits its PVT resiliency in circuit
designing.

A. SRAM Designing

As the STSCL circuit is more power efficient and robust in
nature hence it can be used to design the memory cells at
subthreshold [12]. The 9T based SRAM is shown in Fig. 5 [12].
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Figure. 5: STSCL based 9T SRAM Cell

The core of the design is the cross coupled connection
of conventional STSCL inverter which acts as a latch. During
write operation the M6 and M7 transistors are turned on
and the voltage levels at Bit lines are stored in Q

N
 and Q

P

nodes. When the write signals are disabled the states of the
cell is preserved by the positive feedback operation of M1
and M2. Since Q

N
 and Q

P
nodes have already been charged

to the intended values, no extra settling time is required and
the write operation is very fast.

During read operation an open-drain differential pair is
formed by M8-M9, driven by the tail bias transistor M10
which is external to the cell and shared by the cells on a
word-line. M10 is turned on and conducts the current I

READ
,

which is passed through one of the output branches of BL/
BLB depending on the stored data on the core. This output
current is detected by a current-mode sense ampliûer (SA)
and converted to voltage. Therefore, the speed of the read
operation is completely independent of the core tail bias
current (I

CORE
) and depends only on I

READ
as well as the

parasitic capacitances at the nodes BL/BLB.

B. Mixed Signal Design

The basic aim of designing constraint is, the use of a common
basis for the design of analog and digital parts provides the
possibility to adjust the power frequency performance of the
entire mixed signal system using a single control unit [13].
The circuit diagram of the folding and interpolating ADC is
shown in Fig. 6 [13].

Figure. 6: STSCL based Folding and Interpolating ADC

In the ADC shown in Fig. 6 the STSCL topology is used
to construct the digital part of the ADC. This digital part
converts the output of course and fine ADCs to final digital
outputs. For the analog part which consists of coarse and
fine ADCs, a current mode approach is employed. Therefore,
the circuit can be operated at very low tail bias currents and
at the same time have a wide tuning range. The power
scalability of these types of circuits is especially important
for power management. This approach will be surely helpful
in designing useful applications such as biomedical systems
and sensor networks.

6. CONCLUSIONS

The STSCL logic has robust performance at subthreshold
since the performance of the circuit is almost invariant to
process voltage and temperature variations. The circuit is a
promising candidate for high activity rate design where
power consumption is lesser as compared to its CMOS
counterpart. The STSCL circuit can exhibit comparable or
even better power delay performance at lower activity rate
as the technology scales into nano-scale regime. This is
because the CMOS static power consumption is a
challenging issue at the deep submicron technology.
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