


































Ins and Outs of logic Cell Array 1/0 Blocks 

I/O TYPE: N-bit Johnson Counter 
MACRO NAME: None 
SCHEMATIC: 

PAD 

>-----1 D Q t----c ----, 

PAD 

PAD 

>-----1 D Q r.::--t-------' 

CONFIGURATION: 
All lOBs 

I:Q 
BUF:ON 

CLOCK 

EXPANDABLE TO N BITS 
0010022 26 

Figure 26. N-Bit Johnson Counter (lOB-Based) 

In the counting sequence, note that there are two 
counter states where only the first bits differ (for 
example , locate the states 101 and 001 ). By forcing the 
feedback log ic to invert the sense of the feedback into 
the first bit , the counter can be forced to "skip" all of the 
states between the two indicated values. This can be 
accomplished by decoding (ANDing) the state just 
previous to the state to be skipped . Again using the 
modulo 5 counter as an example , locate the initial value 
that will allow the counter to skip two states (i.e . 101 ). By 
decoding the state 011 (the state just prior to the initial 
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skip state , 101 ), the sense of the feedback into the first 
is inverted. The counter skips from state 101 to state 
001 implementing a modulo 5 counter. Using thi s 
method and the proper feedback into the register , a 
counter of any modulo from one to 2L1 can be bu ilt. 

Upon configuration or upon an externally driven RESET 
Signal , all of the storage elements used in the LFSR 
counter will be reset to zero . 

The designer should be careful to avoid the "stuck" 



state. The "stuck" state is the state missing from the 
2L 1 counting sequence (i f the "stuck" state were 
included, the LFSR counter could have 2n possible 
states). This state occurs when the feedback path 
forces the counter into an ever-repeating single state . 
As a simple example, assume that a LFSR counter were 
built with a two-input exclusive-OR feedback path as 
shown in Figure 30. Upon conf iguration or external 
RESET, the counter would begin operation in the all 
zeroes state (000) and would be "stuck" in that state 
due to the type of feedback used. 

PIID 

E:XILINX 

An interesting thing occurs when all but the last bit of 
the "stuck" state are decoded (AN Oed together) and 
included in the feedback path. Instead of counting over 
a possible range of 2n-1 states , the extra decoding 
causes the LFSR counter to count to all 2n states as 
shown in Figure 31. 

Longer LFSR counters with higher possible modulos 
and more complex feedback mechanisms can be built 
but their discussion is well beyond the scope of this 
application note. However, Table 2 presents some of 
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Figure 27. Johnson Counter Decoder. Any state of a Johnson counter can be decoded, 
glitch-free, with only a two-input logic function. 
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Ins and Outs of Logic Cell Array 1/0 Blocks 

the possible feedback combinations for LFSR counters 
of three bits to ten bits. 

(2n -1 ) 7 15 31 63 127 255 511 1023 
Modulo 

Feed- 1,3 1,4 2,5 1,6 1,7 1,2,7,8 4,9 3,10 
back 2,3 3,4 3,5 5,6 3,7 5,9 7,10 
Options 4,7 
into Bit 1 6,7 

Table 2. 1/0 Block 

Current Drive 

4mA 6mA SmA 

Voh 3.S6 V 3.54 V 3.22 V 
Vo l 0.32 V 0.48 V 0.64 V 

Table 3. Output Current and Output Voltage Levels 
for an lOB 
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CLOCK 

FIRST BIT 
PAD 

D Q 

PAD 

D Q 

PAD 

D Q 1-------4---' 

00100252 28 

Figure 28. Modulo 5 LFSR Counter 

Enhanced Output Source/Sink Current 

Logic Cell Arrays are specified to have 4 mA worse case 
source and sink capabilities at Vol = 0.32 Volts and Voh 
= 3.68 Volts . Increased drive current can be obtained at 
the cost of decreased voltage margins. For example, 
Table 3 illustrates the effect on Vol and Voh by 
increasing the drive current through a single lOB. 

An alternative method of increasing the drive current is 
to parallel the output drivers of two lOBs. Paralleling two 
outputs will enable the lOBs to source and sink double 
the current (worst-case) at no reduction in voltage 
margins. This method is schematically diagrammed in 
Figure 32. 

One caution to the designer, however. The designer 
should minimize the difference in routing delay between 
the two lOBs connected in parallel. Excessive delays 
may cause output contentions . 

SUMMARY 

The input and output resources of a Logic Cell Array 
(LCA) can be used for a variety of logic structures 
because of the flexibility of the LCA architecture . This 
application note described how to implement various I/O 
structures including bidirectional lines, open-drain 
outputs , and Schmitt-triggered inputs. 

Other structures such as oscillators , multiplexers , shift 
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Figure 29. Three-bit LFSR Counting Sequence 
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Figure 30. Simple LFSR With "Stuck" State. A simple LFSR 
counter will be "stuck" in state 000 after config
uration since all registers were originally reset. 
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Figure 32. Parallel Outputs Have Increased Drive Capability 
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Figure 31. By ANDing all but the last bit of the "stuck" state 
and using this value in the feedback path, an LFSR can be 
forced to count to 2n possible states instead of the 21L1 

states usually associated with an LFSR counter. 
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reg isters, Johnson counters , decoders, and linear 
feedback shift registers were also described. These 
resources can only be effectively implemented in 
flexible , array-type architectures such as found in gate 
arrays and the Xilinx Logic Cell Array . 

TECHNICAL SOURCES 

1 Schmitt Trigger Using PLS153 and PLS159, Signetics 
Programmable Logic Data Manual , 1986. pp. 9-110 to 9-
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