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    Abstract: In this work, a high precision current source circuit by means of switched-capacitor 
   and PLL(phase-locked loop) for BOST(build-out-self-test) is presented. A relationship between 

   the reference current value and switching-frequency is analyzed to improve the precision of current 
   source circuit. The proposed circuit operates under 3.3V supply with a 100pA reference current 
   source according to Hspice simulation and shows a precision less than 0.8%. 

   Keywords: Build-out-self-test(BOST), Switched-capacitor, Phase-locked loop(PLL)

 1. Introduction 

 BOST (Built-Out-Self-Test) is an important 
method for testing a system LSI, in which a part of 
testing signals are provided from the chip on a load 
board of an LSI tester 1) . Since BOST can put many 
test units on the performance-board, and achieve 
high speed, low cost measurement, it will be widely 
used for test system. 10000 LSI can be tested at the 
same time by using this technology. Each current 
source, which embedded with the BOST chip, will 
be proofed when the power set in "ON". This proof 
operation's requirement is aimed to complete in 1 
minute, in other words, one chip must be proofed 
in 6m second. 

 High precision current source is demanded for 
BOST technology. The basic idea is use V (volt-
age) and R (resistor) to make the current source. 
About the part of "V", we can use the conven-
tional bandgap circuit provide a definite voltage 
with 0.24% precision under the —50°C ti +120°C. 
The resistor's value variation at present the manu-
facture level is nearly ± 30%, it is too big and not 
sufficient for the high precision demand. In systems 
where a precise clock frequency is available, the re-
sistor R can be replaced by a switched-capacitor 
equivalent to achieve a somewhat higher accuracy. 
The capacitor's variation is less than R nearly 15%, 
but its accuracy is also not enough. 

 In this paper, a high precision current source cir-
cuit by means of switched-capacitor and PLL was 
presented. The proposed circuit's specification is 
3.3V power supply with a 100 to reference current 
source.

 2. Architecture 

  A conventional voltage-current conversion by 
means of a switched-capacitor resistor 2) was shown 
in Fig.1. An average resistance which equals 
to 1/CsFck was established between the source 
of M1 and ground, where Fck denotes the clock 
frequency. Capacitor CB is added to shunt the 
high-frequency components resulting from switch-
ing to ground. Since the temperature coefficient of 
capacitors(-52ppm/°C) is much smaller than that 
of resistors (-102ppm/°C), this technique provides 
a higher reproducibility in the bias current and 

transconductance. Because the + and — terminal's 

voltage of Amp is same, the voltage value of node 

A will be fixed by the reference voltage V„ f. If the 

switching frequency can be regulated when the 're f 

at a wanted value point, a high precision current 

source will be achieved by using this architecture.

Fig. 1 A conventional voltage-current conversion by 

       means of a switched-capacitor resistor.
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 The switched capacitor which using a reference 

current source was shown in Fig.2. We use PMOS



and NMOS pair to replace the switch  Si and 82, 
so the MOS's capacitor CDs and CG must be con-
sidered. Because the target value of V0 is 1.25V, 
and the reference current is 100p,A, from the equa-
tion, R= V/I, we must product a 12.5K11 resistor. 
Making the resistance, capacitor Ci = 10pF is set 
in this design, from the equation, R = 1/C3F,k, a 
8MHz clock signal should be supplied to Switched-
Capacitor part. The circuit operation is described 
as follows (the approximate waveform of V0 and Vi 
were shown in Fig.3): After the discharging of 
switch Si become on at period 0, in this time S2 
is OFF, and a part of the stored charge in Co will 
be infused into the Ci to get a balance state. So we 
can get 

Co + CDS  V
01+ = =OV 1—(1)           Co +3CDSCG 

where Voi+ and 1/u+ means the voltage value at 
the eve of V0 and V1, respectively. Vol_ means the 
value just after the V0. Here, the resistor of switch 
is ignored. 

 In the balance state (period 0), C0 and Ci are 
charged by current source, and their voltages Vi and 
V0 will increase. So far Vi equals to V0. Therefore 
V0 is as follows 

 Vo =1/01+ + ----------------------------(t tl) (2)           C
0 +C1+ 3CDs + CG 

At period ® Si become OFF (S2 is ON), only Co 
is charged, 

V0 = V03+ + -----------(t t3)(3) 
+ CDS 

From (1), (2) and (3), we get the voltage of V0 is 

V0peak (
4) 

              +2C2Ds+Co+Co+1CDs2If 

  Ignoring the CDS and CG, equation (4) become 
simple, 

VOpeak = C
l f2C0(5) 

  In this design, Ci and f are constant value, so 
V0's variation is only related with Co. From equa-
tion (5), the precision of Vo can be improved by 
adjusting the value of Co. 

  The block diagram of clock decision's method for 
each chip was shown in Fig.4. The overall system

Fig. 2 The switched capacitor proof circuit which using 

       a reference current source.

Fig. 3 The transient response analysis of the V0 and V1. 

      The straight lines show the case of ideal switch. 

      The curved lines show the case of MOS switch 

      ON resistances are included

structure consists of three major parts: a switched-
capacitor proof part, a memory storage unit and 
a PLL circuit. This process can be considered as 
a two step work. At first, the switched-capacitor 
frequency is proofed by using the reference cur-
rent source, and make the resistor's value equal to 
12.51d2. In the second step, the stored frequency 
value in the memory part is supplied to drive the 
PLL circuit, which supply a clock into the proofed 
switched capacitor. The clock2 will be used to proof 
the C(capacitor)'s variation on each BOST chip in 
high precision. 

 The block diagram of generating switching fre-
quency by means of reference current source is 
shown in Fig.5, which consists of four parts: a 
switched-capacitor resistor and current source, the 
V-bias circuit, the VCO and a differential ampli-
fier. Because there no other phase variations exist



Fig. 4 The block diagram of clock decision's method for 

      each chip.

in this closed  loop except differential amplifier, we 
have the necessary only to observe the stability of 
the differential amplifier part. The frequency re-
sponse of the proposed amplifier is shown in Fig.6. 
The PM(phase margin) is nearly 35°• So it does 
not oscillate in the closed feedback loop. When the 
switching frequency is 8MHz, the input(V0) and 
output (Vcont) transient response of the differential 
amplifier are shown in Fig.7. Both of them are 
converged in a little variation range. The output 
Vcont's variation decide the precision of the circuit.

Fig. 6 Frequency response of the proposed differential 

      amplifier.

Fig. 7 The input-output transient response of the dif-

      ferential amplifier.

Fig. 5 The block diagram of generating switching fre-

       quency by means of reference current source.

 Figure 8 shows the PLL circuit, which is com-
posed of six main components: phase/frequency de-
tector (PFD), low-pass filter (LPF), VtoV circuit, 
VCO(II), counter and scaler. The purpose of the 
charge pump type PFD is to convert the logic states 
of the PFD into analog signals suitable for regulat-
ing the voltage-controlled oscillator (VCO). In this 
design, a passive RC filter (attached outside of the 
chip) is used to smooth the output voltage of the 
PFD, and to provide the VtoV circuit a DC signal 
having the least ripple. Capacitor C2 integrates the

CP current, R1 and C1 reduce the ripple on the DC 
signal to VtoV circuit. About the parameters of the 
R1, CI., as the reference 3), the optimum conditions 
is the C1 = 8* C2 . The product of R1 and C1 are set 
to larger value than the repletion time of the PLL 
reference signal. The VCO(II) is composed of 32 
basic delay cells(starved-current inverter) and one 
inverter. The VtoV circuit is inserted between the 
LPF and the VCO, which generates two bias volt-
ages V„ and V„, then provides them to the VCO. 
In this design, scale circuit is used to replace the 
conventional divider. Two counter (consists of 9 
scaler circuit) and a DLATCH circuit constitute a 

programmable counter through some logic calcula-
tion. The upper counter and the DLATCH's output 
signals will be compared by means of 9 EXOR, 9 in-
put NAND circuits and 1 OR circuit. The circuit 
will be reset if two compare signals are same. The 
logic relationship of Vquartz,VFB (PLL's reference 
signal and feedback signal), STOP signal (a signal 
for stop reading of standard current, supplied from 
outside of the chip), VCO(I) and VCO(II)'s oscil-
late signals and Reset signal (reset the counter, at 
the rising edge of quartz ) are shown in Fig.9.



when we set the switching frequency equal to 8MHz 

and  Co equal to 1000pF. From the simulation re-

sults, we get the variations are 10mV and lmV, 

respectively.

Fig. 8 The diagram block of PLL circuit (include the 

       programmable counter).
Fig. 10 The simulation results of differential amp's in-

     put signal(supplied by SC).

Fig. 11 The simulation results of differential amp's out-

     put signal(provided to VCO(I)).

Fig. 9 The logic relationship of Vquartz F B (PLL's 
      reference signal and feedback signal), STOP sig-

      nal (a signal for stop reading of standard current, 
     supplied from outside of the chip), VCO(I) and 

      VCO(II)'s oscillate signals and Reset signal (reset 
      the counter, at the rising edge of Vquart z) •

 3. Simulation Results and Discussions 
 The proposed circuit was simulated with the 

TSMC018 process model by Hspice. The perfor-
mances of the switched capacitor circuit, PLL cir-
cuit are verified through the simulation. 

 The aim of this design is to achieve high preci-
sion by setting the switching frequency, so we must 
predict the variation of this frequency. Since the 
switching frequency was generated by VCO(II), it 
is necessary to observe the Vcont (control voltage). 
The variations of the input and output signal of dif-
ferential amplifier are shown in Fig.10 and Fig.11

 More than 45MHz of VCO(I) tuning range is 
achieved for a 0 3.3V control voltage variation 
(Fig.12). The important parameter, lf,„(gain of 
the VCO) equals 64.15MHz/V when the control 
voltage is 0.9V 1.5V. Back to the Vcont, since the 
variation of Vcont can be converged in lmV range, 
it means the switching frequency's variation is only 

64.15KHz. (lmV * Kvc0). Because the clockl's 
value is 8MHz, the precision of this circuit is less 
than 0.8% and achieved the goal of 1% precision for 
BOST current source. Another important point is 
Co, since it is attached outside to the board, we can 

adjust the circuit precision by changing its value. 

 4. Conclusion 

 In this paper, a high precision current source cir-
cuit by means of switched-capacitor and PLL for 
BOST has been designed in CMOS process. By 

observing the Kionts (control voltage of the VCO) 
variation and Kvco (gain of VCO) of the Switched-



Fig. 12 VCO(I) tuning range.

capacitor circuit, we get the proposed circuit can 

achieve a precision less than 0.8%. It is suitable for

BOST current source which precision demand is at 

least 1%. 
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