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Abstract— This paper presents a novel design of analog window Ve
comparator circuit. The comparator can adaptively adjust its
error threshold according to the magnitude of input signal
levels. In addition, the circuit can be digitally programmed to
realize different error threshold adapting schemes. The dsign ‘ ‘
is fabricated using a0:18 CMOS technology. Testing results of : : Vi
the fabricated chip are also presented. Vsg Ve VsgtVe n
I. INTRODUCTION Fig. 1. Adaptive threshold

Analog window comparators are widely used in analog
testing applications [1], [2], [3]. Such circuits monitonet
difference between signals under scrutiny and report itircu
malfunctions when signal difference exceeds its normagean the circuit design is complete. Although a mechanism to vary
An analog window comparator usually contains two anald§€ comparator threshold is presented in [1], the technisjue
inputs and a digital output. Its output switches from onabplicable to the constant error threshold scheme onlhifn t
logic value to the other when the difference between winddd@Per we present a fully programmable window comparator
comparator inputs exceeds the rangg o¥ ;V ], whereV is With adaptive error threshold.

referred to as the window comparator error threshold. The implemented adaptive error threshold is shown in
There are three types of window comparator error threshigure 1. When its input signals are large, the proposed
olds, namelyconstantrelative, andadaptiveerror thresholds. window comparator uses the relative error threshold scheme
In the rst category [4], [5], [6], [7], [8], [9], [10], [11],[12], If the window comparator experiences small input signdls, i
the error threshold of a window comparator is constant egakwitches to the constant error threshold method. By adalgtiv
less of its input signal levels. This type of window comparat selecting error thresholds, the proposed window comparato

quickly lose their fault-detection capabilities when s will ef ciently detect circuit faults no matter input sigts
being monitored become small. While window comparatogeing large or small.

with relative error thresholds [8], [13] overcome such peots For th . £ di . . ianal
by making their error thresholds proportional to input sign or the convenience of discussion, we assume input signals

levels, the drawback associated with the relative erraesthw are centered at the signal ground levej and the maximum

old scheme is that error thresholds become too small wh@ﬁak't%petatl; value of ﬂ:e 'EpUt B VAt' V\t/e refe;hto trTeld
window comparator inputs are close to the signal ground.lev{fg'on at the comparafor has a constant error threshold as

Thus, small differences caused by tolerable circuit misihneg e at band reglohn Tt];\e vol';]age,vp, at which tﬂe V\Qn%ow d
may be incorrectly identi ed as faults. Analog checkershwit SOMparator switches irom the constant error threshold mode

adaptive error thresholds are presented in [13], [14], .[1 the relative error threshold mode, is callatiband voltage

They use a pair of inverters to digitize the amplied inpu he rat:;) IOILVFI to(;ijA_t_|s C‘;l]led at bandt ratio an(ttlhdenhotﬁjd_

difference. The adaptive error threshold is implemented SymboIR. In addition, the comparator error threshold in

dynamically adjusting the impedance of the pull-up paths € constant threshold region is de ned as the minimum error
min i

the two inverters according to input signal levels. Impmbvet resholdv™" . The slope of the error threshold curve in the

concurrent error detection capabilities have been regavtth relat|vtle_ err?r thresh?ldhregmn IS cgllgd 'Fhre§holhd ggInAN
using these comparators. appealing feature of the proposed design is that parameters

min i i
In many analog online testing applications, a single anal%} Vt' : anr?lg » Which cgarg_ct_etzrlllze the compargt(zrrr;threg;g!d
window comparator is time-shared to test different parts apting schemes, can be digiially programmea. This exib

the circuit [1], [16], [17]. To achieve high fault detectiony makes the proposed circuit extremely desirable in vegio

capabilities, the error threshold of the comparator is qarefd analog online testing applications.

to be attuned to the characteristics of the sub circuit underThe rest of the paper is organized as follows. Section 2
test. Most of the previously proposed window comparators diescribes the proposed design. Section 3 presents expggime
not provide the exibility to program the error thresholdef results and the paper is concluded in Section 4.
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Fig. 2. Proposed checker circuit

II. CIRCUIT DESCRIPTION

The proposed design consists of an adaptive biasing circuit Fig. 3. Modied checker circuit
and a checker circuit whose error threshold can be pro-
grammed through its biasing current.

paths are always on to keep the minimum valuarofas 2.

o o ) ) A binary to thermometer code encoder converts two digital
The checker circuit, as shown in Figure 2, is comprised B@ogramming inputs to thermometer co@e,Q2,Q3. Assume

a differential input pair and four current mirrors. Transis 4| the transistors in PCM circuits have the same simean

N; and N> constitute the differential pair. PMOS deviceg,g programmed from 2 to 5. Consequently, the comparator

P1  Ps, which have the same size, implement two sets @fror threshold can be scaled by factors ranging from 0.24 to
PMOS current mirrors. Transistofé4 andN7, N5 andNg, g5

realize two NMOS current mirrors with a current gain raf
(the size ofNg and N7 is m times larger than that o4 ) ) o o
andNs). Assume the current owing througNs is I,. When B. Programming adaptive biasing circuit
both checker inputs are at the same leMal, N2, N4, N5, and
P1  P6 are in their saturation regions; and all the curren}
owing through these transistors alig. Ng andN+-, working
in their linear regions, pull voltages at nodasandB close
to ground, driving the checker output to lodic

A. Checker circuit

Equation (1) also indicates that the checker error threshol
3 proportional to the square root of its biasing current.
To achieve the adaptive error threshold shown in Figure 1,
the biasing current should be proportional to the square of
: . . . the input magnitude when the input is in the relative error

Without losing ge_neralmes, assume checker 'nMH_l threshold region. When the input is in the constant threshol
becomes larger than inpu, 2. Consequently, currents owing region, the biasing current should be a constant.

throughN, andN; become + i and3 i, wherei isthe = proposed biasing circuit is given in Figure 4. It in-

current variation caused by the difference between checker :
inputs. When%’ ti>m (.?b i), the voltage at nodé is c?udes three current generation blocks, labeletdgdJ,, and

pushed close t¥pp and, hence, the checker output switcheds: 1ransistorsMas-Mso generate the output biasing current
according to the following equation.

to logic 0. 8
Assuming that ps andVgs relations ofN; andN, follow | f
i or V. Vi <Vinh <Vg + Vi
the perfect square-law, the checker error threshold can be % min s¢ M n = Vsg TN
derlvedsas: s | I, = W lp for Vi <Vey Vi ?)
_ 2 Iy m 1., _
Vv = n Cox (W:L)Nl;Z 1 1 (m + 1) (1) w In for \/in > ng + Vf

where , is the carrier mobilityCoy is the transistor gate unit wherel, andl, are output currents df; andU> respectively.

capacitance; anfW=L)y 1., is the size ofN; andNs. w is the scaling factor that is controlled by programmable
The above equation shows that the comparator threshold daputs a and b. When checker inpu¥i, is within the at

be adjusted by varying the value wf. A modi ed comparator band regionw I, (orw I,) are smaller thatm, . In this

circuit with programmablem values is shown in Figure 3. case, transistavl ;s will drain current to make surig, = I min -

In the modi ed design, programmable current mirror (PCMlience, the checker has a constant error threshold.

circuits replace the simple current mirrold N7) used If Vin is greater than signal ground levély, Mg in U, is

in the original design. The output branch of a PCM circuibff and M in U; conducts current. Afte¥, leaves the at

consists of ve current sink paths. Three of them can beand regionw |, becomes larger thahy, . Subsequently,

turned on or off depending on digital signaf3:,Q,,Q3, Misisoff andl, = w I,. In the designl g is very small and

which represent a 3-bit thermometer code. The other tvedl the transistors ifJ; are in their saturation regions. Thus,



where c (W=L)
w =L)m1
=T T e ®)
1+ % ™

Note that the square terv(n‘/’\—‘)2 is omitted due to its small
value. Inside the bracket at the right-hand side of Equation
the rst term represents the ideal value that will result in a
perfect current output; the second term represents a larear
added to the ideal value. Thus, the relative errérof the
biasing circuit output can be written as:

2V
A V) 6)
A (Vin V)
o [Thomo L2 It is easy to see that has its largest value when the input
p | encoder | P2 signal is just beyond the at band region. Thus, the largest
P2 can be written as:
2 Vi 1
= — 7
T Va AR "

We de ne the relative variation of analog checker error

Fig. 4. P d adaptive biasi ircuit
ig roposed adaptive biasing circui thresholds as:

_ .V (ideal) V (real).

Iy, which is the same alsys 1, can be derived as: V (ideal) (8)
_n Coux w (W=L)m1 Vi (o From equation(1)and (7),we nd that to achieve a given
lo = 2 1 (Wel)ms: (Vin  Vsg X) () value the minimum ampli er gain requirement is:
x wEw v o1
. . . . Amin — ——— (9)
where, is the threshold of MOS devices aidis the gain min Vo R

. . . V .
of the ampli er used "_1U1' Ignoring the term ofy- in t_he To validate the above analysis, current simulation are con-

h fthe i itude Vo) A I ducted to nd the maximum values with different ampli er
the s;]:]ual:e c;] the l'nPUt magm:]u Ir:(ld ng\zw s a reslllJ L gains and at band ratios. The ndings, plotted in Figure 5,
the checker has relative error thresholds. RNIS SMAller  are consistent with our analysis in Equation 9. According to

than V?g anq out of the at band region, the b|§smg curreifhe above discussion, the ampli er gain does not need to be
I'b, which will be generated by,, is also proportional to the very high. For example, assuming,  V, R = 1=5, and
square of the input signal magnitude to implement relative_ 10%, the required gain is around 50. Therefore, simple

error thresholds. single-stage ampli ers can be used in the biasing circuit. |

The programma_bility of the bi_asing circuit is realized blf:ase that a very small needs to be achieved, a cascoded
controlling the scaling factow. A binary to thermometer code circuit topology can be used to boost the ampli er gain. The

enc_oder circuit converts 2-bit programming inpatandb to voltage swing at the ampli er output can be shown to be very
3-bit thermometer code P1,P2, P3, which control the St"’ﬁuss(?Lnall. Thus, it is easy to design cascoded ampli ers for this

the current sinking paths in the PCM ci_rcuits. When a=0 a plication even with low power supply.
b=0, all three programmable current sink paths are off. Th
biasing current becomes independentUaf and U, outputs. I1l. EXPERIMENT RESULTS

Thus the comparator circuit has a constant error threshold,o proposed circuits have been implemented using a 0.18
Note that varyingv values changes both comparator threshol s technology. Transistor sizes used in the checkeritircu

gain and at band ratio, because a largevalue will cause gre given in Figure 2. Single-stage differential ampli exe

W In, orw Ip exceeddmin early, and resulting a small at ,qeq in the adaptive biasing circuit. The design requires a
band ratio. single 3.3V power supply and the signal ground level is 1.65V

Figure 6 shows a testing result of the fabricated chip. The
inputs of the checker are two sinusoidal signals with theesam

The selection of ampll er circuits to be used in the biaSing]agnitude' frequency’ and phaya_l is centered at the Signa|
circuit is discussed here. If th}ét term in Equation 3 is not ground level. The offset voltage f, 1 is 160 mV higher than
completely ignored, the expressionlgfs 1 can be re-written that of Vi, ,. Input Vi, 1 is also connected to the biasing circuit
as: to control the biasing current. It shows that this differens

C. Ampli er gain requirement

v/
Ips 2 [(Vin  Veg)® 2 (Vin  Veg) Kt] (4) 1 = ily(ideal ) Iy(real )j

T1p(ideal )]
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circuit. The MOSIS design ID and fabrication ID number are
75611 and T66FAD, respectively.
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