
ISSN 2320-5407                       International Journal of Advanced Research (2015), Volume 3, Issue 12, 1573 – 1577 

 

1304 
 

                                                 Journal homepage: http://www.journalijar.com                 INTERNATIONAL JOURNAL 
                                                                                                                           OF ADVANCED RESEARCH 
                                                                                                                               

RESEARCH ARTICLE 
 

A Current Copier Latch Circuit as Current-mode Information Storage 
 

Turgay TEMEL (PhD) 

         Department of Mechatronics Engineering, Bursa Technical University, Bursa, TURKEY  
turgay.temel@btu.edu.tr / ttemel70@gmail.com  

    
Manuscript Info                  Abstract  
 
Manuscript History: 
 
Received: 14 October 2015 
Final Accepted: 26 November 2015 
Published Online: December 2015                                          
 
Key words:  
 
Current-mode circuits;  
Analog signal processing; 
Information storage 
 
*Corresponding Author 
 
Turgay TEMEL (PhD) 

A new current copier latch circuit is proposed. The circuit employs positive 
feedback for improved performance and robustness to voltage variations at 
storage node. Circuit configuration allows faster response at switching times 
compared to previous designs with reduced dependence on input current 
level.  
 
 
 
 
 
 
 

 
Copy Right, IJAR, 2015. All rights reserved 

 
 
Introduction 
 
Latching is an important and fundamental operation in varying applications such as filtering, analogue-to-digital 
conversion. Iterative weight-update with each sample input in training neural networks, [1]-[3], and system 
modeling in control, [4]-[5], are some of the examples of latching and can be implemented as analog structures. 
Voltage-mode latch designs based on current-mode logic (CML) in [6]-[7] latch a voltage input by switching a bias 
current between differential-pair and positive-feedback circuits, the latter consisting of two cross-coupled transistors 
to increase the speed of operation. On the other hand, current-mode design allows for simpler circuit realizations 
even implementing discretized hybrid design, e.g. multi-valued higher-radix circuitries, [8]-[10]. However, current-
mode latch as storage is an involved design issue. Latching a current-mode input for high-speed, low-voltage 
operation is generally realized by using current copier or dynamic current-mirror structure with switched-current 
(SI) method, [11]. In this realization, the input current is sampled and copied (stored/held) in the form of voltage at a 
capacitive node switched by a synchronization signal, e.g. clock. However, use of current mostly involves a 
feedback for maintaining the stored voltage at the respective node and restoring it into the original input current 
value. For example, current copier circuit in [12] employs a multi-phase clock scheme and a negative feedback 
circuitry with amplification. The circuit in [13] employs a Wilson current mirror where the input current is 
converted into a feedback voltage at one phase of the clock. At the reverse phase, the stored voltage forces a path for 
copied version of the input current. Another SI design in [14] relies on switching a transistor between states at a 
capacitive node and a current source in respective clock phases. In most designs above, the output current needs to 
be provided at alternative path while holding the input current during the same clock phase. Moreover, the issues 
concerning the performance dependence on input current, charge injection, and clock feed-through should be 
considered. A current copier cell description to alleviate these problems is given by [15] with two separate clock 
signals along with their respective shifted and inverted forms.   
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In this study, we propose a new, simple-architecture current-mode latch circuit based on copying input current. 
The circuit exploits positive feedback for fast capture of the input current. The scheme allows the voltage at storage 
node to be robustly maintained, hence compensating the effect of such distortions as charge injection and clock 
feed-through. The configuration also reduces the dependency of dynamic performance on input level. 

Description of the Proposed Circuit 
 
New current-mode latch circuit is shown in Fig. 1 where cross-coupled transistors MN1 and MN2 form the positive-
feedback circuit. Switch SW1 consists of transistors S1 and S2. Transistor S2 acts as a capacitance for reducing 
charge injection and feed-through when S1 is turned on/off.  
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(b) 

Fig. 1. (a) New current-mode latch (in dashed box) and transistor aspect ratios (in table) with (W’, L’) = (Wtrue , 
Ltrue) / 0.12µm; (b) its expected transient response y in solid for input x in dashed lines(left)and block representation 

with switching signals S and R (right). 

Let us, initially, assume that node E and drain of MN4 are short-circuited to ground and SW1 and SW2 are 
closed at t = t1, each represented by negligible on-state channel resistances of switch transistors S1 and R1, 

Transistor MP1 - 2 MN1 - 2 MN3 - 4 R1 - S1 - S2 
W’ / L’ 3 / 2 – 18 / 3 3 / 12 – 12 / 3 8 / 3 18 / 3 – 3 / 2 – 3 / 2 
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respectively. Then, MP1 and MP2 start to conduct, which builds up the gate voltages of MN1 and MN2 as their 
respective loads. In case (W/L)MN1 < (W/L)MN2, an input current variation δx  causes voltage variations δvC and δvD 
at nodes C and D, respectively. Because of differing channel resistances of MN1 and MN2, it will be seen that δvC 

>δvD. Reduced drain voltage of MN2 increases the drain voltage of MN1 that re-reduces the drain voltage of MN2 
and so on. Overall voltage variations will push the voltage at node C toward VDD, which also charges associated 
total capacitance seen at this node. As a result, MP1 ceases providing a current, i.e. y’ = 0. Because MP1 is forced to 
cut-off, it can be sized arbitrarily small. On the other hand, during this build-up phase, total capacitance seen at the 
gate of MP2, node B, is charged to a voltage level determined by input current, x. The stored voltage at node B 
keeps MP2 in conduction with saturation after SW1 opens at t = t2 as a current source providing y(t2)for t > t2. 
Increased voltage at the drain of MN1 forces MN2 into linear-mode with a smaller channel resistance.  

 
In case transistors MN3 and MN4 are included as shown in Fig. 1 and SW1 and SW2 are closed at t = t1 the 

voltage at node E will resort to a value during build-up with y’ ≠ 0. As a result, MN4 enters linear mode. Therefore, 
the drain voltage of MN4 will follow the voltage at node D. When SW2 opens, MN4 is driven into cut-off through 
source-to-gate capacitance of R1 rapidly due to reduced excessive charge at its gate that is shared with MN3 just 
before SW2 has opened. Therefore, assuming (W / L)MPi = (W / L)MP2, input-output relationship of the circuit is as 
follows: 
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In the proposed design, charging and discharging behavior, particularly at node B determines the speed of the 
operation. When S is low, i.e. logic 0, at t = t1, transistor S1 is assumed to operate in linear mode with negligible 
channel resistance. In this case, the capacitance at node B will charge with a time-constant roughly given by τB ≈ CB 
/ gmi where gmi is small-signal transconductance of MPi while CB is the total capacitance seen at node B. Although 
both CB and gmi are dependent on size and biasing as well as technological parameters used, the circuit configuration 
adopted here reduces these dependencies: For example, transconductance parameter gmi can be expressed in terms of 
variations in input current x, δx, and voltage at node B, hence D, δvB and δvD, respectively, as 

gmi = δy / δvB ≈ |Kv| δx / δvD (2) 

In (2), |Kv|is the voltage gain between nodes D and B. Given Kv and δx, it is seen that as δvD is kept smaller, τB 
becomes smaller. As explained previously, by using MN3 and cross-coupled transistors MN1 and MN2 with (W / 
L)MN1 < (W / L)MN2, the voltage at node C is forced toward VDD and is kept almost constant. Due to minimized 
voltage variation at node C, δvD is also minimized. The circuit configuration allows choosing MP1 arbitrarily small. 
Thus, the contribution to τB via MP1 can also be kept at a minimum. In the circuit, the size of S2 is chosen to 
optimize the transient response while reducing feed-through and charge injection.  

Simulation with Proposed Circuit 
 
Proposed latch circuit and predecessors in [12]-[15] were designed and simulated for comparison using TSMC 
0.25µm HSPICE (level - 49) parameters in full post-layout extraction with 1.8V supply voltage. In designs where R 
input is not available, the respective design was modified by adding an extra PMOS transistor of W / L = 2.06µm / 
0.36µm on output current path to be switched by input R for resetting. A digital clock (CLK) signal of 100 MHz and 
reset signal of 25 MHz were applied to S and R inputs, respectively, as shown in Fig. 2. In all designs, body-biased 
effects were included and transistors were sized for optimum transient performance. For design in [12], CLK signal 
and its non-overlapped inverted version (I_CLK) with slight modification to pulse-width were used. In realization of 
the latch corresponding to [15], CLK and I_CLK were ANDed with their respective 1/2 period shifted versions and 
these four clock signals were applied to the circuit. HSPICE transient simulation results for the proposed circuit are 
illustrated in Fig. 2 with indicated waveforms of input current x andpreviously describedswitching S and R inputs.  
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Fig. 2. Transient simulation results of proposed latch circuit. 
 

The circuits were investigated in terms of the following dynamic performance measures: Settling-time (τs) was 
defined as the time duration, when R = 1, for y to reach the range x ± Δ after S has risen to/fallen down to 0.5VDDor 
while S = 0. Resetting-time (τr) was defined as the time duration for y to decay to the lowest value, i.e. below Δ after 
R has fallen down to 0.5VDD. The parameter Δ is utilized to account for total effect of charge redistribution, design 
discrepancies etc. after a state transition in S and R and it is taken 1.5µA. Following table presents some important 
design characteristics with performance measures in average for the designs investigated.  
 

Design # of Trans. Avg. τs - τr 
Avg. Power Diss.  

(mW) 
Layout Area, 

(µm)2 

New 9 1.4 - 1.6 0.23 8.3 
[12] 15 2.3 - 2.6 0.30 13.3 
[13] 8 1.7 - 2.0 0.21 8.2 
[14] 8 1.9 - 1.9 0.26 7.9 
[15] 18 2.4 - 2.7 0.33 15.1 

 
Table I. Performance and design characteristics of proposed, (New), and previous current copier latch circuits. 

Conclusions 
 
A new current-mode latch circuit described. Major characteristics of the new circuit are fast operation, reduced 
sensitivity of circuit performance to input variation and secondary effects such as charge injection. Its improved 
performance and simplicity are expected to allow it to be utilized in more complicated designs such as flip-flops.  
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