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Development of LSI ICs for Printer Engines using High-Level-Synthesis
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Abstract

Konica Minolta is committed to providing continuously
advancing products, and in shorter time. An example, pre-
sented here, is a new and efficient development method
using HLS (high-level synthesis).

In the development of LSI (large scale integration) ICs
(integrated circuits) with various functions, HLS technology
is widely utilized during development. At Konica Minolta,
HLS technology has been utilized in the development of LSI
ICs for image processing. Because laser printer engines han-
dle multiple input/output signals, HLS technology is now
also utilized in the development of LSI ICs for the laser printer
engines found in Konica Minolta’s new products.

Currently, HLS technology has been applied successfully
to laser printer engine motor control modules having a com-
plicated control algorithm. However, we found that when
HLS technology is used in the conventional way, the synthe-
sized RTL (register transfer level) design includes characteris-
tic descriptions not used in hand-coded RTL design. These
characteristic descriptions cause an over-concentration of
interconnects in the process of layout design. This concentra-
tion of interconnects is due to inappropriate settings of the
HLS tool so that calculation modules and other modules are
excessively shared. By appropriately configuring the settings
of the HLS tool (e. g. setting an upper limit to the number of
sharable registers), the concentration of interconnects was
reduced.

As a result, we have established a new and efficient devel-
opment method using HLS technology and including mea-
sures taken in the development of LSI ICs through the imple-
mentation of HLS RTL designs employing hand-coded RTLs.
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Fig. 1 Conventional HDL (hardware description language) versus HLS
(high-level synthesis) technology.
HLS technology allows logic design generally to be performed at

High level synthesis

a higher level of abstraction than does conventional HDL-based
design, with accordingly increased development efficiency.
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Fig. 2 LSI system configuration for laser printer engine.
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Fig. 3 Motor control module configuration designed via HLS technology.
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Fig. 4 Pulse-width modulated motor drive signal generated by motor
control module.
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Fig. 5 Conventional generation of motor drive signals utilizing four
simultaneous carrier signals.
In this method, four pairs each of an A/D converter and a calcula-
tion unit are necessary because A/D conversion and calculation
for the generation of command values begin simultaneously.
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Fig. 6 Achieving smaller circuit size through the generation of motor
drive signals by shifting four carrier signals each by 1/4 cycle.
Since the four carrier signals are shifted 1/4 cycle apart, A/D con-
versions and calculation made to generate command values fol-
lowing those A/D conversions are not performed simultaneously,
and the A/D converter and the calculation unit are shared.
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Fig. 7 Structure of multiplexer with multiple input signals.
Such a multiplexer is one factor causing a concentration of
interconnects.
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Fig. 8 Structure of one-hot multiplexer with multiple selector signals.

Jaxa|diinw
Joy-auQ

Such a one-shot multiplexer is one factor causing a concentration
of interconnects.
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always @ ( posedge CLK or negedge nRST ) begin
if (~nRST ) begin
RAM_Input_A0 <= 1'b0;
end
else if ( condition_01 | condition_02 | ...
... | condition_79 | condition_80 ) begin
RAM_Input_AO0 <= Output_signal_B [0];
end
end

Fig. 9 An OR operation defined by 80 conditions.
Interconnects are concentrated here because the OR operation is
defined by as many as 80 conditions describing under what con-
ditions the output of the one-shot multiplexer is acquired by
registers.
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Fig. 10 Communication interface with HLS generated RTL design.

A handshake communication module is used to achieve a secure
communication protocol with the hand-coded RTL. A synchro-
nized signal and an acknowledge signal are used to check the
reception status of the communication partner so that reliable
transmission and reception are secured.
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