
Field 
Programmable 
Gate Array

Application 
Note

Rev. 0465C–09/99
16-bit Up/Down Counter/Shift Register

Introduction
The AT6000 Series field programmable
gate array (FPGA) lets the designer
implement  a  synchronous,  16-b i t
Up/Down Counter/Shift Register that
operates at 22 MHz under the worst
commercial operating conditions. In this
circuit is most of the combined function-
ality of the 74193 Up/Down Counter and
74194 Bidirectional Shift Register TTL
components. It would take eight discrete
TTL components to implement an 16-bit
Up/Down Counter/Shift Register. Nearly
the same function can be achieved in a
AT6005 using less than 8% of the avail-
able logic.

Description
Figure 1 shows a block diagram of the
counter/shifter. Pin CLK is the clock sig-
nal, RST the reset signal, and LOAD the
count/shift control signal. CLK is a posi-
tive, edge-triggered synchronous signal,
RST an active low, asynchronous signal,
and LOAD an active low, synchronous
signal. Pins Q0 through Q15 are the count
bits. Pins Cin and Cout are the carry-in
and carry-out signals. Pins Cinb and Coutb
are the carry-in borrow and carry-out
bor row  s igna ls .  SHFT_U/D and
CNT_U/D control the direction of the
shift and count operations. DATAUP and
DATADN are the shift-up and shift-down
ser ia l  da ta inputs  for  the shi f t ing
operation.

Figure 1.  16-bit Up/Down Counter/Shifter
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The output of a 16-bit fast ripple-carry counter is input into
a bidirectional shifter that shifts the data inputs up or down
one bit position. The output of the shifter is fed back to the
parallel data inputs (D0-15) of the counter. When LOAD is
set high, the output of the shifter is ignored and the counter
increments or decrements depending on the CNT_U/D. If
LOAD becomes unasserted, the counting operation is
inhibited, and the shifter provides the shifted count at Q0-15
to the parallel data inputs of the counter. While LOAD
remains low, the counter essentially acts as a shift register,
and will shift the data at Q0-15 either up or down depending
on SHFT_U/D.

Initial power-up of the AT6000 device resets all the regis-
ters in the counter/shifter. While LOAD and RST are
asserted, incremental counting commences if CNT_U/D
and Cin are asserted before the rising edge of CLK. Decre-
ment counting commences if CNT_U/D is unasserted and
Cinb is asserted before the rising edge of CLK.

If LOAD is set low, the circuit becomes a shift register on
the rising edge of CLK. The CNT_U/D, Cin, and Cinb signals
are ignored, and control of the circuit is determined by
SHFT_U/D, DATAUP, and DATADN. If SHFT_U/D is
asserted, the data at Qn will be shifted to Qn+1 on the rising
edge of CLK. The value present at DATAUP is shifted to
Q0. Down shifting occurs when SHFT_U/D is set low.

The Up/Down Counter/Shifter must be serially loaded with
a starting value.

Although Figure 1 shows that the 16-bit counter has a par-
allel load capability, the data inputs of the counter are
already driven by the shifter. While LOAD is low, counting
is inhibited. With the proper control of SHFT_U/D, any

16-bit value can be shifted serially into the register through
the inputs DATAUP or DATADN. When the register is
loaded with the correct value, Up/Down counting can begin
on the first rising edge of CLK after LOAD is set high. Par-
allel loading of the start value is the only feature not
inherent in the circuit that is present in the 74193 TTL
device. Figure 2 shows the timing of the count/shift
operation.

The schematic in Figure 3 shows the detailed implementa-
tion of the circuit. The FDHA macro is a half-adder sum that
feeds a D-type flip-flop. Together with the MUX two-to-one
multiplexer macros and the SELBUFS selector macros, an
Up/Down counter with parallel load is constructed using
only six cells per bit. SELBUFS macros enable the carry
generation logic for each bit of the counter to be imple-
mented in only one cell. The chain of SELBUFS macros
that forms the carry-generation logic is also the critical path
of the circuit. In the layout of this counter the least-signifi-
cant bit Q0 is distributed to the carry-enable logic of the
other more significant bits. Distributing Q0 will improve the
performance by minimizing the delay through the critical
path for both up-counting and down-counting.

MUX macros are used to form the shifter portion of the cir-
cuit. The inputs into each MUX of the shifter will be the Qn-1
and Qn+1 outputs of the counter, and the output of the
shifter will feed the nth parallel data input of the counter. At
the least- and most-significant bits, the MUX macros will
use DATAUP and DATADN as inputs.

The performance and utilization statistics for the 16-bit
Up/Down Counter/Shifter are given in Table 1. This imple-
mentation is available in schematic and layout form.

Figure 2.  Timing of Load/Count Operation
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FPGA
Figure 3.  Schematic of Counter Figure

Notes: 1. Includes cells used as wires.
2. CLK → Cout,outb. Worst-Case Commercial Operating Conditions: 70°C, 4.75V.

Table 1.  Statistics 16-bit Up/Down Counter/Shift Register

Counter/Shift Register Cell Count(1)
Minimum Bounding Box 

(X × Y) Maximum Speed(2)

16-bit 215 13 × 18 45.5 ns/22 MHz
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