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SEMICONDUCTOR INTEGRATED CIRCUIT 
DEVICE COMPRISING RAM WITH 

COMMAND DECODE SYSTEM AND LOGIC 
CIRCUIT INTEGRATED INTO A SINGLE 
CHIP AND TESTING METHOD OF THE 

RAM WITH COMMAND DECODE SYSTEM 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci? 
cation; matter printed in italics indicates the additions 
made by reissue. 

FIELD OF THE INVENTION 

The present invention relates to a semiconductor inte 
grated circuit device comprising a synchronous dynamic 
random access memory (SDRAM) core and a logic circuit 
which are integrated in a single chip. In particular, the 
present invention relates to a semiconductor integrated cir 
cuit device implementing a high-speed interface between an 
SDRAM core and a logic circuit thereof and a semiconduc 
tor integrated circuit device allowing the SDRAM core to be 
directly tested from external pins as a stand-alone unit. The 
present invention further relates to a method of testing the 
device. 

BACKGROUND ART 

In recent years, the technology of semiconductor inte 
grated circuits has undergone a revolution aiming at higher 
integration and higher speeds. This technology is applied to 
manufacturing of semiconductor products including semi 
conductor memory devices, such as DRAMS, and semicon 
ductor logic circuit devices, such as microprocessors. 
Therefore, the technology is positioned for extension to 
optimized manufacturing of semiconductor devices. Since 
different manufacturing technologies are embraced for the 
manufacture of each type of semiconductor device, there are 
naturally a number of problems encountered in fabricating a 
semiconductor memory device and a semiconductor logic 
circuit device on a single semiconductor chip. Under the 
situation, it is necessary to focus energy on how to resolve 
new problems for devices on a single chip which are not 
solved by merely extending the conventional technology. 
Rather focus must be on universal problems for higher 
integration and higher speeds. Therefore, the purpose of the 
present invention is to provide a high speed semiconductor 
integrated circuit device which comprises a semiconductor 
memory device and a semiconductor logic circuit device 
integrated in a single chip. 

FIG. 12 is a block diagram of a ?rst example of a typical 
conventional semiconductor integrated circuit device com 
prising an SDRAM core and a logic circuit which are 
integrated in a single chip. As shown in the ?gure, external 
input pins 101, which are connected to a logic circuit 102, 
forward external control signals to an SDRAM unit. The 
logic circuit 102 is connected to an SDRAM controller 103 
which is connected to a general-purpose SDRAM core 104. 
An external clock input pin 105, one of the external input 
pins 101, supplies an external clock signal to a clock 
generating means 106 for feeding an internal clock signal 
107 to the logic circuit 102, the SDRAM controller 103 and 
the general-purpose SDRAM core 104. 

The clock generating means 106 is used for generating the 
internal clock signal 107 synchronized with the external 
clock signal. The clock generating means 106 may include 
a simple buifer, a frequency multiplier, or a frequency 
divider. Since the clock generating means 106 employed in 
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2 
the semiconductor integrated circuit device is a conventional 
circuit, its explanation is omitted. 
The SDRAM core 104 has the same interface as a 

general-purpose stand-alone SDRAM. To put it in detail, 
signals such as a row address strobe signal 108 (referred to 
hereafter as a /RAS signal), a column address strobe signal 
109 (referred to hereafter as a /CAS signal) and a write 
enable signal 110 (referred to hereafter as a WE signal) are 
decoded by a command decoder, and then decoded signals 
are input in synchronization with the rising edge of the 
internal clock signal 107 as a command for controlling the 
operation of the SDRAM core 104. 

The SDRAM core 104 receives the /RAS signal 108, the 
/CAS signal 109, the /WE signal 110, an address 111 and a 
data input 112 from the SDRAM controller 103. In response 
to the /RAS signal 108, the /CAS signal 109, and the address 
111, the SDRAM core 104 generates a data output 113 
supplied to the SDRAM controller 103. 
Examples of commands output by the command decoder 

as a result of decoding the /RAS signal 108, the /CAS signal 
109 and the / WE signal 110 are listed in the following table. 

/RAS /CAS / WE 

Bank activate L H H 
Precharge L H L 
Write H L L 
Read H L H 
Refresh L L H 

In the case of a general-purpose stand-alone SDRAM 
unit, the number of external pins is limited. Thus, a tech 
nique for decoding such external control signals is adopted. 
In this way, detailed commands, such as Bank Activate 
(ACT) 114, Precharge (PRC) 115, Write 116, Read 117, and 
Refresh (REF) 118 can be given using a small number of 
such external signals. 

Internal control signals, that is, the Bank Activate (ACT) 
command 114, the Precharge (PRC) command 115, the 
Write command 116, the Read command 117, and the 
Refresh (REF) command 118, output by the command 
decoder are each supplied to an input synchronizing latch. 
The internal synchronizing latch receives an internal control 
signal in synchronization with the internal clock signal 107. 

In a timing generation circuit, an internal operation signal 
required for the operation of the SDRAM core is generated 
from the signal latched in the input synchronizing latch, 
supplying the internal operation signal to a memory array. 
Read-out data output from the memory array in response to 
the internal operation signal is supplied to an output control 
circuit. 

Data is supplied to the SDRAM core 104 in a write 
operation and is to be output later in a read operation as a 
data output 113 from the output control circuit in synchro 
nization with the internal clock signal 107. The data output 
113 is supplied to the SDRAM controller 103. 

FIGS. 13(A)*13(K) comprise a timing chart showing the 
operation of the typical conventional semiconductor inte 
grated circuit device shown in FIG. 12. While receiving 
inputs from the logic circuit 102, the SDRAM controller 103 
generates the /RAS signal 108, the /CAS signal 109, the /WE 
signal 110, an address 111, and a data input 112 synchro 
nized with the internal clock signal 107. When these syn 
chronized signals are produced, a delay time t(control) is 
generated in the propagation of each of the signals through 
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the SDRAM controller 103. Then, When a synchronized 
signal is decoded by the command decoder inside the 
SDRAM core 104, a delay time t(dec) is further generated. 
As a result, there is a total delay time (t(control)+t(dec)) 
betWeen the generation of the signals synchronized With the 
rising edge of the internal clock signal 107 and the genera 
tion of the Bank Activate (ACT) command 114, the Pre 
charge (CRC) command 115, the Write command 116, the 
Read command 117, and the Refresh (REF) command 118. 

Therefore, in order to enable the SDRAM core 104 to 
recogniZe the commands correctly, the period t(clock) of the 
internal clock signal 107 must satisfy the folloWing relation: 

(Where t(set-up) denotes a set-up time.) 
In recent years, hoWever, the operating frequency of 

SDRAMs has been increased to around 160 MHZ, Which 
corresponds to a period t(clock) of about 6 ns. In order to 
preserve a su?icient set-up time t(set-up) and to implement 
a stable operation, it is therefore necessary to minimiZe the 
total delay time (t(control)+t(dec)). 

FIG. 14 is a block diagram shoWing a second example of 
a typical conventional semiconductor integrated circuit 
device comprising an SDRAM core and a logic circuit 
Which are integrated in a single chip. In a semiconductor 
integrated circuit device comprising a memory core of 
mainly an SDRAM and a logic circuit device integrated in 
a single chip, a circuit con?guration is generally adopted 
Which alloWs the memory core to be tested through external 
pins as a stand-alone unit. 

The semiconductor integrated circuit device shoWn in 
FIG. 14 is different from that shoWn in FIG. 12 in that the 
former external test pins normally including a normal/test 
sWitch pin 119, a test RAS pin 120, a test CAS pin 121, a test 
WE pin 122, test address pins 123, test data input pins 124, 
and test data output pins 125. 
A normal/test sWitch signal 126, a test RAS signal 127, a 

test CAS signal 128, a test WE signal 129, a test address 
signal 130, a test data input signal 131 and a test data output 
signal 132 are supplied to the normal/test sWitch pin 119, the 
test /RAS pin 120, the test /CAS pin 121, the test /WE pin 
122, the test address pins 123, the test data input pins 124, 
and the test data output pins 113 respectively. 

The /RAS signal 108, the /CAS signal 109, the /WE signal 
110, an address 111, and a data input 112 are supplied to the 
SDRAM core 104 by Way of a tWo-to-one selector to Which 
the normal/test sWitch signal 126 is fed as a select signal. In 
detail, the tWo-to-one selector selects either a normal RAS 
signal 132, a normal CAS signal 133, a normal WE signal 
134, a normal address signal 135, and a normal data input 
136 supplied by the SDRAM controller 103 or the test RAS 
signal 127, the test CAS signal 128, the test WE signal 129, 
the test address signal 130, and the test data input signal 131 
received from the test RAS pin 120, the test CAS pin 121, 
the test WE pin 122, the test address pins 123, and the test 
data input pins 124, respectively, in accordance With the 
normal/test sWitch signal 126 supplied from the normal/test 
sWitch pin 119. In a normal operation, the signals supplied 
by the SDRAM controller 103 are selected. When testing the 
memory core as a stand-alone unit, on the other hand, the 
test signals supplied from the external test pins are selected. 

FIGS. 15(A)*15(Q) comprise a timing chart shoWing the 
operation of the second typical conventional semiconductor 
integrated circuit device shoWn in FIG. 14 in a normal 
operation. The operation of this conventional semiconductor 
integrated circuit device is different from the operation 
shoWn in FIGS. 13(A)*13(K) in that, in a normal operation, 
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4 
a delay time t(sel) caused by the tWo-to-one selector is 
further generated. Therefore, in order to enable the SDRAM 
core 104 to recogniZe the commands correctly, the period 
t(clock) of the internal clock signal 107 must satisfy the 
folloWing relation: 

It is obvious from the above relation that the timing 
condition for the second typical conventional semiconductor 
integrated circuit device is more severe than for the circuit 
shoWn in FIG. 12. Thus, the conventional SDRAMs 
described above have some problems, as folloWs. 

(a) In the ?rst place, the conventional SDRAMs can not 
keep up With operations at higher operating frequencies at 
Which SDRAMs produced in recent years operate. The delay 
time of the decoder circuit described above is about 1 ns. At 
an operating frequency of about 160 MHZ, the clock period 
is about 6 ns. As a result, the delay time of the decoder 
circuit is a hindrance to an effort to increase the operating 
frequency of the SDRAM. 

(b) In the second place, an input buffer for signals 
generated in the logic circuit as Well as an SDRAM test 
circuit and a selector Which are not naturally used in a 
normal operation but required for testing are provided, 
causing delay in the propagation of the RAS, CAS, and WE 
signals and others and resulting in differences in delay times 
among these signals. The delay time and the differences in 
delay times are also a hindrance to speed improvement and 
stable operation of the SDRAM. 

SUMMARY OF THE INVENTION 

The present invention addresses the problems described 
above, It is thus an object of the present invention to provide 
a semiconductor integrated circuit device Which comprises 
an SDRAM and a logic circuit integrated in a single chip, 
using existing SDRAM technology as a base, that can be 
accessed at a high speed. It is another object of the present 
invention to further provide a method for testing such a 
semiconductor integrated circuit device easily. 
According to one aspect of the present invention, a 

semiconductor integrated circuit device comprises a logic 
circuit and a synchronous dynamic random access memory 
including a core unit, and the logic circuit and the synchro 
nous dynamic random access memory are integrated into a 
single semiconductor chip. The device comprises a synchro 
nous dynamic random access memory control circuit receiv 
ing external control signals for the synchronous dynamic 
random access memory from the logic circuit, and outputs 
signals to the core unit of the synchronous dynamic random 
access memory. The output signals from the synchronous 
dynamic random access memory control circuit are internal 
control signals for controlling the core unit of the synchro 
nous dynamic random access memory. 

In another aspect of the present invention, the semicon 
ductor integrated circuit device further comprises external 
input terminals for receiving and outputting internal control 
signals for the synchronous dynamic random access 
memory. A selector is provided for supplying internal con 
trol signals to the core unit of the synchronous dynamic 
random access memory. The internal control signals are 
obtained by selecting either ?rst signals received from the 
external test input terminals or second signals received from 
the synchronous dynamic random access memory control 
circuit. The selector has a ?rst mode for selecting the ?rst 
signals received from the external test terminals, testing the 
semiconductor integrated circuit device directly, using the 
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?rst signals. Further, the selector has a second mode for 
selecting second signals received from the synchronous 
dynamic random access memory control circuit. 

In another aspect of the present invention, the semicon 
ductor integrated circuit device further comprises external 
input terminal means for receiving and outputting internal 
control signals for the synchronous dynamic random access 
memory. A synchronizing means is provided for receiving 
the internal control signals from the external input terminal 
means and outputting internal control signals synchronized 
With clock signals. A select means is provided for supplying 
internal control signals to the core unit of the synchronous 
dynamic random access memory. The internal control sig 
nals are obtained by selecting either ?rst signals received 
from the synchronizing means or second signals received 
from the synchronous dynamic random access memory 
control circuit. Further, the select means has a ?rst mode for 
selecting the ?rst signals received from the synchronizing 
means and a second mode for selecting the second signals 
received from the synchronous dynamic random access 
memory control circuit. 

In another aspect of the present invention, the semicon 
ductor integrated circuit device further comprises external 
input terminal means for receiving and outputting external 
control signals for the synchronous dynamic random access 
memory. A command decoder is provided for decoding the 
external control signals received from the external input 
terminal means into internal control signals for controlling 
the core unit of the synchronous dynamic random access 
memory. A select means is provided for supplying internal 
control signals to the core unit of the synchronous dynamic 
random access memory. The internal control signals are 
obtained by selecting either ?rst signals received from the 
command decoder or second signals received from the 
synchronous dynamic random access memory control cir 
cuit. Further, the select means has a ?rst mode for selecting 
the ?rst signals received from the command decoder and a 
second mode for selecting the second signals received from 
the synchronous dynamic random access memory control 
circuit. 

In another aspect of the present invention, the semicon 
ductor integrated circuit device further comprises external 
input terminal means for receiving and outputting external 
control signals for the synchronous dynamic random access 
memory. A synchronizing means is provided for receiving 
the external control signals from the external input terminal 
means and outputting external control signals synchronized 
With clock signals. A command decoder for decoding the 
external control signals received from the synchronizing 
means into internal control signals for controlling the core 
unit of the synchronous dynamic random access memory. A 
select means is provided for supplying internal control 
signals to the core unit of the synchronous dynamic random 
access memory. The internal control signals are obtained by 
selecting either ?rst signals received from the command 
decoder or second signals received from the synchronous 
dynamic random access memory control circuit. 

Further, the select means has a ?rst mode for selecting the 
?rst signals received from the command decoder and a 
second mode for selecting the second signals received from 
the synchronous dynamic random access memory control 
circuit. 

In another aspect of the present invention, the semicon 
ductor integrated circuit device further comprises external 
input terminal means for receiving and outputting external 
control signals for the synchronous dynamic random access 
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memory. A command decoder is provided for decoding the 
external control signals received from the external input 
terminal means into internal control signals for controlling 
the core unit of the synchronous dynamic random access 
memory. A synchronizing means is provided for receiving 
the internal control signals from the command decoder and 
outputting internal control signals synchronized With clock 
signals. A select means is provided for supplying internal 
control signals to the core unit of the synchronous dynamic 
random access memory the internal control signals being 
obtained by selecting either ?rst signals received from the 
synchronizing means or second signals received from the 
synchronous dynamic random access memory control cir 
cuit. Further, the select means has a ?rst mode for selecting 
the ?rst signals received from the synchronizing means and 
a second mode for selecting the second signals received 
from the synchronous dynamic random access memory 
control circuit. 

Other features and advantages of the invention Will be 
apparent from the folloWing description taken in connection 
With the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram shoWing a semiconductor 
integrated circuit device comprising an SDRAM core and a 
semiconductor logic circuit device Which are integrated as in 
a single chip according to a ?rst embodiment of the present 
invention. 

FIG. 2 comprise a timing chart shoWing the operation of 
the semiconductor integrated circuit device provided by the 
?rst embodiment of the present invention as shoWn in FIG. 
1. 

FIG. 3 is a block diagram shoWing a semiconductor 
integrated circuit device according to a second embodiment 
of the present invention. 

FIG. 4 comprise is a timing chart shoWing the operation 
of the semiconductor integrate circuit device of FIG. 3. 

FIG. 5 is a block diagram shoWing a semiconductor 
integrated circuit device according to a third embodiment of 
the present invention. 

FIG. 6 is a block diagram shoWing a semiconductor 
integrated circuit device according to a fourth embodiment 
of the present invention. 

FIG. 7 comprise a timing chart shoWing the operation of 
the semiconductor integrated circuit device provided by 
FIG. 6. 

FIG. 8 is a block diagram shoWing a semiconductor 
integrated circuit device according to a ?fth embodiment of 
the present invention. 

FIG. 9 comprise is a timing chart shoWing the operation 
of the semiconductor integrated circuit device of FIG. 8. 

FIG. 10 is a block diagram shoWing a semiconductor 
integrated circuit device according to a sixth embodiment of 
the present invention. 

FIG. 11 comprise is a timing chart shoWing the operation 
of the semiconductor integrated circuit device of FIG. 10. 

FIG. 12 is a block diagram of a ?rst example ofa typical 
conventional semiconductor integrated circuit device com 
prising an SDRAM core and a logic circuit integrated in a 
single chip. 

FIG. 13 comprise a timing chart shoWing the operation of 
the ?rst typical conventional semiconductor integrated cir 
cuit device shoWn in FIG. 12. 

FIG. 14 is a block diagram shoWing a second example of 
a typical conventional semiconductor integrated circuit 
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device comprising an SDRAM core and a logic circuit 
Which integrated in a single chip. 

FIG. 15 (A)*(Q) comprise a timing chart shoWing the 
operation of the second typical conventional semiconductor 
integrated circuit device shoWn in FIG. 14 in a normal 
operation. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

The present invention Will become more apparent from 
the folloWing detailed description With reference to the 
?gures, in Which same reference numerals denote the same 
or corresponding parts. 

First Embodiment 

A ?rst embodiment of the present invention is explained 
by referring to FIGS. 1 and 2. 

FIG. 1 is a block diagram shoWing a semiconductor 
integrated circuit device comprising an SDRAM core and a 
semiconductor logic circuit device integrated in a single chip 
according to a ?rst embodiment of the present invention. 

Reference numerals 101 and 102 are external pins and a 
logic circuit, respectively. Reference numeral 103 denotes 
an SDRAM controller and reference numeral 104 is an 
SDRAM core. Reference numerals 105 and 106 denote an 
external clock input pin and a clock generating means 
respectively. Reference numeral 107 is an internal clock 
signal generated by the clock generating means 106 and 
reference numeral 114 denotes an ACT signal. Reference 
numerals 115 and 116 are a PRC signal and a Write signal 
respectively. Reference numeral 117 denotes a Read signal 
and reference numeral 118 is a REF signal. Reference 
numerals 111 and 112 denote an address input signal and a 
data input signal, respectively. Reference numeral 113 is a 
data output signal output by the SDRAM core 104 and 
reference numeral 244 denotes a memory array. Reference 
numeral 242 is an input synchronizing latch for latching 
signals supplied to the SDRAM core 104, and reference 
numeral 243 denotes a timing generating circuit for gener 
ating internal operation signals to be supplied to the memory 
array 244. Finally, reference numeral 245 is an output 
control circuit for synchronizing an output of the memory 
array 244 With the clock signal 107 and supplying the output 
to the SDRAM controller 103. 

Signals input by Way of the external pins 101 are supplied 
to the memory array 244 through the logic circuit 102, the 
SDRAM controller 103, the input synchronizing latch 242 
and the timing generating circuit 243 in Which the signals 
undergo a variety of conversion processes. The semicon 
ductor integrated circuit device provided by the present 
invention is different from the conventional device shoWn in 
FIG. 12 in that the former is improved over the latter as 
evidenced by the fact that the output signals of the SDRAM 
controller 103 are not external control signals such as /RAS 
108, /CAS 109 and /WE 110 for accessing the general 
purpose SDRAM, but are internal control signals such as 
ACT 114, PRC 115, Write 116, Read 117 and REF 118. As 
a result, the delay time caused by the conventional command 
decoder employed in the conventional SDRAM core is 
eliminated. 

FIGS. 2(A)*2(H) comprise a timing chart shoWing the 
operation of the semiconductor integrated circuit device 
provided by the ?rst embodiment of the present invention as 
shoWn in FIG. 1. The internal control signals ACT 114, PRC 
115, Write 116, Read 117 and REF 118 are generated in the 
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SDRAM controller 103, synchronized With the rising edge 
of the internal clock signal 107, appearing after the delay 
time t(control) has lapsed, folloWing the rising edge of the 
internal clock signal 107. 

Since the internal control signals ACT 114, PRC 115, 
Write 116, Read 117, and REF 118 are latched directly in the 
input synchronizing latch 242 inside the SDRAM core 104, 
the period t(CLK) of the internal clock signal 107 must noW 
merely satisfy the folloWing relation: 

Comparison of the relation (3) With the relation (1) 
indicates that it is possible to implement a high-speed 
interface With the SDRAM CORE 104. 
As described above, according to the semiconductor inte 

grated circuit device provided by the ?rst embodiment, the 
delay time caused by the command decoder employed in the 
SDRAM core can be eliminated, providing a semiconductor 
integrated circuit device having stable operation at high 
speed. 

Second Embodiment 

A second embodiment of the present invention is 
described by referring to FIGS. 3 and 4. 

FIG. 3 is a block diagram shoWing a semiconductor 
integrated circuit device according to a second embodiment 
of the present invention. Reference numeral 210 shoWn in 
the ?gure designates external test pins Which include a test 
ACT pin 211, a test PRC pin 212, a test Write pin 213, a test 
Read pin 214, a test REF pin 215, test address pin 216, a test 
data input pin 217, and a test data output pin 218. The 
external test pins 210 receive test signals. Reference numeral 
241 is a tWo-to-one selector for selecting one of tWo groups 
of input signals as its output signals in accordance With a 
control signal. One of the tWo groups of inputs are control 
signals output by the SDRAM controller 103 While the other 
groups of inputs are the test signals supplied from the 
external test pins 210. The control signal used by the 
tWo-to-one selector 241 is a signal that can be output by the 
logic circuit 102. The rest of the con?guration is the same as 
the ?rst embodiment. 
The second embodiment is different from the conven 

tional semiconductor integrated circuit device shoWn in FIG. 
14 in that the outputs of the general-purpose SDRAM 
controller 103 are not the external control signals, i.e., a 
normal CAS signal 132, a normal RAS signal 133, and a 
normal WE signal 134, but are the internal control signals, 
i.e., a normal ACT signal 201, a normal PRC signal 202, a 
normal Write signal 203, a normal Read signal 204 and a 
normal REF signal 205. The second embodiment is further 
different in that the tWo-to-one selector 241 is provided. The 
reference numeral 206 shoWs a normal address signal, and 
reference numeral 207 shoWs a normal data input signal. As 
a result, the delay time caused by the command decoder 
employed in the SDRAM core 104 in the conventional 
device is eliminated. 

FIGS. 4(A)*4(L) comprise a timing chart shoWing the 
operation of the semiconductor integrated circuit device 
provided by the second embodiment of the present invention 
as shoWn in FIG. 3. The normal ACT signal 201, the normal 
PRC signal 202, the normal Write signal 203, the normal 
Read signal 204, and the normal REF signal 205 are 
generated in the SDRAM controller 103 synchronized With 
the rising edge of the internal clock signal 107, and appear 
ing after the delay time t(control) has lapsed, folloWing the 
rising edge of the internal clock signal 107. Since these 














