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(  1 OVERVIEW OF THE PRODUCT 
Tho RF5C1E4 is a PC1.4 sound source IC which Is rrumfaciured by the 1.50 saloon gate 
Included Inside the IC are the DCO (digital control oscillator), the DCA (dIgttilil control amp' onset 
functions. A PCM sound source system can be configured by connecting an external wave dais 
nolinuty (PooLtdo 3411Altl, a RAM or mass MOM ) and an external D/A cerwerter, and 
to control the system. When compared with other methods, the PCM sound sour 
ing savantsgss: 

Natural tones can be produced; 
Software to produce sounds is more easily developed. 

Features': 
PCM sound source method. 
Number of channels 
Clock frequency of the source 
Gampring fraqueney 
Wave data width 
Number oi wave words 
Wave memory,  space 

:8 
: Up 
: 91 

when RAM is used. 
as when ROM Is med. 

Envelope data width 
LIR stereo uutput at any flied level L and A). 
Can to interfaced with a general 
Package 88-pin package. 
Interface with the *NOVO 

250K (32104) P 
256K (321001) 
256K (3210(8) 
1M MASK 

interface with the DA 03nverter. 
Can be cil con to dIglal-audb 15-bit DIA converter 
PaPY0  

• 
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eIN NPUT/OUTPUT .. 
FUNCTION 

Al2 
All 
Ale 
A9 
AS 
AT 
A6. 
A5 
A4 
AS 
A2 . 
Al 
AO 

. 

I 

I 

Address signals from the microcomputer. 

/ 70 

D7 
De 
D6 
Da 
D3 
D2 
Dt 
Dil 

— 

2222
22

22  

Data bus signals from or to the 

. 

CSB I Ch 1p select signdl! from the micro0o . 
r1D6 

. _ I Read signals from,Stemicr • — ,,, er. 

V01111 I .*%•, Write signals from the - .... ,. 

11.0.4AD7 
RAMAN 

.RAMAD5 
RAMAD4 
RAMADS 
RAMAD2 
RAMAD1 
RAMAN 

VO 
v0 
VO 
VO 
VO 
WOS 

. 

- 'T  • 

, 
Mliplexed aidnals, of the loeer-addressidata from and to the SRAM 

n connected-‘ the Pseudo SRAM: data Input sIganals from the 
- •1.1 when cannected to the mR01.1; data bus sigma from and to the 

oonneotod to the SRAM. 

• 

• 
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• PIN iNPuT/OUTPUT FUNCTION 
RAUM4 

0
0

0
0
0
0
0
 

RAMA13 . RAMA I 2 
RAMA11 Upper-address signals of the SRAM & MROM. 
FtAMA1 8 
RAMA9 
MAAS 

RAIAA7 0 
RAIAA6 0 
RAMAS 0 
RAMA4 
RAMM 

0 
V Lower-address signals of the SRAM & MROM. 

RAMA2 0 
RAMA1 0 
RAIAA0 0 f 

RAMAX 0 Lowest-addreec signals of tho MROM. 
RAMC2B 0 Upper 321ytoo SRAM 4 MROM select si , 
RAIIICi R 0 / • 

Lower 32Kbytee SRAM&LIF - / - _ 
RAMWER 0 Pseudo SRAM s. SRAM 

RAMOEB 0 Pseudo SRAM & S MROM read k• „.. - 
DAC7 0 
DAC6 0 
DAM! 0 totuttipknced signals ot oiJ.1ir da to the parallel DAC. DAC4 0 
0AG3 0 

am. 0 et." data id signals tor DAC7 to DAC3. 
SHR 0 'Fr des& &amp 'gnats for DAC7 to DAG3. 
DAC7R 0 8wiipwbold slat&'OAC7 output with Silk 
DAC71. 0 P of DAC7 output with SHL. 
VVCLX1 0 fWordi signals are output to the serial DAC. 
MU< 0 LRcloc4• s are output to the serial DAC. 
DATA ..,,, .! .4*. 

,ff, 
' L - .4( data signals output to the serial DAC. 

FiCLX , < , -nate output to the serial DAC. 

DAC le mado in the MSB-Fing mode. 
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PIN INPUT/OUTPUT . FUNCTION 

RESETS I Reset signals , 

X1N 
, 

I 
These are external pins of the crystel-osciNator. 
Clock can take input directly from XIN. XOUT 0 

, 
TESTI 
TEST2 
TEST3 

I 
i 
I 

iff Thera are test signal Input pins. and fixed to -1." for normal TE -•-i-- 
pin Is fixed to "H when MROM or SRAM is used. 

,
VCC — Power supply 

,,„; 

OND — Giuunci /7 , 
*'?,, , 

• 

• 
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C4-  DESCRIPTION OF FUNCTIONS 

 

taehissesikEIRMACAMAihontmmeammanisseasaimmemonsams 

 

iFFFH 
1 

1000H 
- 

Wave data area (same as tor the RF5C165) 

OFFFH 
I 

0020H 
Not used (Impossible to access) 

- 001FH -WAVE RAM ADDRESS IICH. HIGH 
eel EH , WAVE RAM ADORERS eni.i. Low 

, 0010H WAVE RAM ADDRESS 7011. HIGH 
001CH WAVE RAM ADDRESS 7011. LOW 

& 19H WAVE RAM ADDRESS eCH. HIGH , 

ee 1 AH WAVE RAM ADDRESS 6CH. LOW 
0019H WAVE RAM ADDRESS SCH. HIGH 
0016H WAVE RAM ADDRESS 5C14. LOW ,- 
001711 WAVE RAM ADDRESS 4011. HIGH 

' 001611 WAVE RAM ADDRESS eICH. LOW 
KASH WAVE RAM ADDRESS 3011. HIGH ,P4  
0014H WAVE RAM ADI1RFSS 3CH. LOW IF 
0013H WAVE RAM ADDRESS 2CH. HIGH f; . 

0012H WAVE RAM ADDRESS 2CH. LOW 
0011H WAVE RAM ADDRESS 1CH. HIGH ' , ._ 001011 , WAVE RAM ADDRESS 1CH. LOW  
000FH 

t 
0009H 

Not used (Impossible to acces*
,, 

 

0006H Sound ON/OFF register 
KWH Coruna register 
060611 ST diria • 
00e6H LSH data ,  , • r''' M6411 ... t.St. data ;,''';' • ry . • 
0003H .FDH data w  min ' 
06H, FDL dab • ry 
000111 ,;,i! r '•°/ „t - 
MOH - memory .e0k,,,,,,,P • 

H are used as witte only registers, and selected by using the bank function Of 
*ter. 

FM are used as read only registers_ 
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..... 
riffigNORMMINEX 

This register sets up the IC mode, the bank address of the wave memory. and the bank channel of the hternal memory. This register can only be written. 

7 a 5 
. 

4 
- 

3 2 1 0 
ON 

OFF 
MOD — — 

WB3 WB2 WI31 WB0 

— CB2 CBI CBS 

all 

Address 

0007H 

Bit?: ON/OFF 
When this bit Is set, the IC starts sounding; when it is reset, sounding is suspen temal wave memory of the microcomputer can be read only +Ails sounding ' When the IC is sounding, further restrictions described below apply for writing 
wave momory. 

1311 6: MOD 
This bit is used to control the selection of a particular register* which of b to 0 are to be written. When this bit is set to , the mIcr000mputemdtes nte in bits 2 to S into bits CB2 to CBS of this register; when it is V, It writes ttii cofttents in bits 3 0 Into bits W83 to WB0. 

When MOD = "14" 
Ohs 2 10 ; C52 to CBS 
These bits control the selection of 
internal memories (FWV, PAN, FDL, F • CB2  Cal 

0 0 

4111tio )1  

7 VEN 1.01991/10/14 
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Memory No.1 memory 
Memory No.2 is 

looted by RAMD1 5. 
selected by RAMC28.. If rxrsory 
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When MOD: "L" 
to Bit 310 0 ; W113 to WBO 

These bite control the higher address when the microcomputer amasses the external wave memory. The table below shows the relatIonsNps between the selup values in W93 to Wø and the address for accessing the external wave memory. 

WEI3 
.. 

W82 WS1 WBO 
EXTERNALWAVEMEMORYADDRESS 

, 

- 
MEMORY NO. ADDRESS 

0 0 0 0 1 ORM -ORM-I 
0 0 0 

, 1 1 1 eteH-iFFFH 
0 0 1 0 1 . 2111/01+-2FFFH 
0 0 1 1 1 30216H-3FFFH 
0 1 0* 0 1 40001-1-4FFFH 
0 1 0 1 1 4 

5010H-eFFF1-1 
0 1 1 0 1 6000H-0 
0 1 1 1 1 7000H N 
1 0 0 0 2 - 

4 
4 - 

.- 
, 

, 

1 0 
... 1 0 2 

, 

., 
1 0 1 

... 
1 2 Me 3rfhl 

1 1 0 0 2 
.. 41110171-4FFFH . 

1 1 0 , 1 2 5FFFFI _ 1 1 1 A 2 
- 

: • , .1.1 8FFFH 
1 1 _ 1 1 7t4OR-7FFP4 
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Example: When only FDH bit* ond 3 we 
sampling (when RAMAX is not 

the address is incremented by 3 (ad' • 28) counts per 

FDL data ( Address = 
This data controls 44" 
during sounding. FDL 
the table on the next page. 

generates an address used to read from the UM memory 
set up the up-counts of addresses per sarnping tkne as show In 

VER 1.0 1991/10/14 • 9 
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filiagareitgERNAUMEMEMBSIBMIS9312119=1111•99/9981=0199951111111111111111911169999 
This internal memory stores sound data described below for each of the eight channels. 

ST data (Address = MOH) 
The high 8 bits in this address is the ET data that reads the wave memory of the channel which start sounding. In this case, NOM is set in the lower address. 

LSH data (Address ET 0.05H) 
When the atop data is reed from the wave memory during sounding, the upper address lur reedit wave address io changcd Into LSH data, and the wave memory is read out again. 

LSL data (Address = 0004H) 
When the StOD data is read from the wave memory during sounding. the lower address 
wave address is changed into LEL data, and the wave memory is read out again. 

FDH data (Address = 00#53H) 
This data controls the address oeunter that go:wrote* an address use memory 
during sounding. Use the FDlibits to set up the ;4:i-counts of addresses - shown in 
the table below. 

RAMAX NOT USED I USED 

FDM BIT ACCESS UP-COUNT 

7 2' 29  
0 2' 2' . a 2* 2s 
4 2' 28  
3 2 8  21  
2 24  2 8  
1 
a 24  
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USED RAMAX NOT USED 
FIX err  ADORE'  53 U  P-CA) UNT 

Example: When only FDL bits 4 and 3 are Set the address is incremented by 2' + 2° sampling (vmen HAMM is not used). 

PANdata(Address= 0001N) 
This data controls the process through which Output generated in the wile-eau 
vaned into stereo sounds and fed separately into the 1." and "R° channaT. hig 
become the coettidems of the 13" output and the lower 4-bits become the coefficie 

511 

'ionass 
Coefficients of "R" output 

I 5  
IAS8 

Coe 

7 
6 
5 
4 
3 
2 
1 
a 

24  
24  
2 4  
2 
2 4  
2 4  
2 4° 
2*" 

23  
24  
24  
2a 
2' 
2° 
20  

ENV data (Address Mei) 
This ENV data is multiplied by the wave data which 
channel in order to out a stress on the similitudes o 

, and On 5becomes the LS5. 

memory in the while-sounding 
case, bit 7 becomes the LISB 

This register serves to control the sound suspended status In seen Channel. However, the control of the control reg Therefore, If the control register Is set to the Sound-ing status, this regiske Lute be used. l 0 corresponds* channel I and Olt 710 channel 8. 
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This IC is used as a wave memory, and connects the external Pseudo SRAM; SRAM or MFtOM connections are illuultated below. 

5C105 

RAMAID7-3 
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actieunniALGREICiaidEUT 
This IC can be used as a peripheral IC for the general-purpose b-bit CPU. 
The usbk• below should be referenced, since the conditions for mess of this IC from the microcomputer vary with the setting of the soUnding/Souncing suspend status which is minded by the control register. 

IL' 

Status 
External wave memory Internal gatie-MOMOIY 

Read Write Road ,.. Write  

While sounding Impossible swim  
Apnea in a period of 18 dock cries or more.  

. 
ihia i 

Access in a beriod ot 384 
source dock cycles or . 
(01108H) 

White sounding 
suspended Possible Po oeiblo Impossible 

AaocmapododE4a 
source dock cy4 or more 
(0888H). 

re 
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NIS8 8 - 5 4 _.. _ 3 _ 

_ 
2 1 LSB 

MS _ A14 Al 8 
- 

Al2 . All At 0 A9 AO 
A15 - applies for RAMC'S "0" and A15 *Ow for RAMC28 

LOW BYTE 

MSB e 5 4 3 2 
, 

1 
A7 A6 AS , A4 A3 A2 Al -. 

* 

32g 11308 201,0e; SOA.SOFTWARE 8137437483;134/44 

MEGA-CO HARDWARE MANUAL 

iteiilansaiNEWRIIALBLEGISIEBSAFACIAVOIAiumeeelevaesnimento 
By accessing internal registers MOH to eel F1-1, the address of the current wave RAM can be read. You 
must watt for 5 or more cycles atter accessing the wave RAM access in order to get the correct addrroS. 

HIGH BYTE 
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This block is used to oenerate tones by using data whinh i rand fmm the external and Internal device°. The data procavaino is illustrated below. 
The processes shown below arc executed in each channel in order from channel 1 through channel 8. Every time the values for MR" and "L"," which are summed over 8 channels. we accumulated, the sample/hold signktls are generated for 1;1--  and L. output The limiter circuit sets the accumulated results to RFFFI-1. If the result value overflows in the positive direction while accumulating data over the eight channels. If It 04*-flows in the negative direction, it Is set to 8118.14. 

-1111-qx, 
Fannierannn 

TV) UM- CAC I& OU I PUT PIN (DAC7-41) 

• 13 VER 1.01991/1014 
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The figure below shows an example of dam stored in the external wave memory using wave data formal. In this example, the analog waveform is dipital-sampled with a center value of 127.a MaXiMMT1 of 253 and a minimum of 0. The wave data TFH" is used es the loop slop data Once this data is read from the wave memory, the address for reading the wave mcmory is reset to the LSH and LSL data, and IN wave data Is read again. 

SAIAPLING TIME 
VP,  

iff 
122 
12$ 
127 
12$ 
125 
it4 
128 

MMWOWOO ANALOA WAVE 

a 
a 

LOOP 
STOP I S 

 ..; 

-+-4  'r4- + 

WAVE 
MEMORY 

. r r 
'hi PAN EMU 
MID mum 
CHID miii min num 
LAUD (HMI 
nun non cum . UU11111 

LICKI 
uric' 
nun 
nnn 
MALI lanai nuu inn 

A "Iran annun .nrunnn 

11  
ann 

iriwnry int 

14 Vbli 1.0 1991/10/14 
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Symbol R Test 
Standard values

OM  condition Units , - 
nth. trp. nix 

Input 

, 

VIH1 H" Input voltage 
(Tn. oompat ible) 

. 
 2.0 VOC 

44.3 
, 

VIL1 V input voltage • 4.3 0.8,,, , (TR competblo) 

, 
VII.42 

- 
-II' input vonage 
(XIN pin) 

' 
3S 

, r 
. V 

-. 
VIL2 V input volhooa 

(XIN PIN 44
4,..., 

 

- 
4). 

''',9 

' 
", 

. 
IU Input leak manna 

(ØVISV9 . 
uA 

Output 

. 
VOH If oulput voltage 

0mA 
.... 

2.4 
/ / 
, 
, V 

\. 
VOL "L' output voltage 

1064. OA V 

• 102 Output teak currant 
when off WC —le 10 µA 

Otiffilflt 

CO) Power y cuffent 
potation VINN6eVCC 200 µA 

ICC1 Pdvrer sun* 11  
In oprn 

XIM.1 IIM Hz 
With no load 39 rnA 

17130a aQ6 ; SOA.SOFTWARE 613743i463;137/44 
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DC ELECTRICAL SPECIFICATIONS  
Ta=6-70°C, VCC4V*64:4 
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Symbol 

TOEA 

TOHZ 

ttem Standard vniNKII 
Test condition - Units 

min typ max 

ns 

us 

116 

rts 

TCIAI , 

7WP 

TDW 

TDH 

TRDA 

Input Clock frequency 

External memory chip enable pulse width 

Address setup tirno 

ratv.161.414z 264 

Fopri•11%4Hz 

tOPR 

ICE 

TAS 

ns 

10 MHz 

Output enable/output delay time 

Output disable/output delay time 

Ch ki enable time 

Write signal pulse time 

Output data setup time 

Output data ho ki time 

External CPU road signal 
enable/output delay limo 

TRIM 

Foprut 

6 

Foprint 0MHz 10 ne 

Fepro1 0MHz 30 
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Symbol Item Test condition 

-, 
Standerd values 

. Units 
min tY0 rrlar  

TAH Address hold time (CSB-An) Fnprz.16MHz 0 
, no 

TAH1 Address hold time (RDB-An) 
, Fopr.10e4He 30 AS 

TAM2 Address hold time (WRR-An) Fopr.10‘41-12 36 
, . . TAS1 Address *situp time (An-WRII) Fopno1OMI•tr 30 

TAS2 Address setup Ilme (An-WRB) Fopri.10MHz 30 
TRDCE Chip enable hold time (RDI3-OSR) Few...10MHz 0 nS 

,
TWROE1 Chip enable hold tIme,(WF113-CSB) Fopr=litIMHz 30 no A 
TWRCE2 • CM) enable hold time (WRB-CSB) Fopru'i0Ml4z\ no  

TRFCW Refresh command pulse width Fopr=10MHP. no 
TRFD Retresh pulse delay time . Fopr 1 2 299 no 
TRFP1 

,
TRFP2 

Refresh pulse width HZ ns 
Reiresn pulse width 

if 
ns 

_ TRFR 
. 

.• 
Refreeh pulse r000vory time 0 , 300 ns 

.. — 
Internal register data hold 11Me 0 

, 
ns 

Internal register data setup time Fopr-10MH2 30 no 
ie

\ 
 Internal register read time ropt.1010142 69 , OS 

• 
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itiatillalarteiiiiniSaANWIENEMMIEMMINORMEEMIN ISP 
READ CYCLE 

RPA4010 
RAMC29 

RAMAD7•4 
P67-44 

IVAIA14-0 
VALID 

WE 
TOM; , !CNA 

tig 

HAMA137••• 

WRITE CYCLE 
t TOO 

TCE 

RAMCI la 
RAAC211 

UMW-4 
(A7'4) 

IIIAMA14•4 

Zi 

i 
7 ' :TRAM 

1-12t2 -i 

" 
TOW ,TOti 

VAUD 

 

11ffillibta2111111111 
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• WRB ; 
ut.ssw 

READ Cl/UP 

CEB  

VAUD 

iIRDA ! 

1!\  
:!TRDH 

WRITE CYCLE 
I 

CEB -4\ 
; \ //  

;TA..q 
Al2-4 X ! • VALID 

4  

RDB 

D7--4 

Internal register read cycl4111110401FH) 



ICE t1RACS 
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CSB 

Al2 

WRB 

RDB 

n7.41 4 104.10 

- 

• CPU —4 internal register write cycle (while $ 

CSB 

' 4:5f6A 
Al2 

I. 

A11-4 

WIR

14 

 

REMB I 

D7-4 

ding 
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WRB 

RDB 

RAMOEB 
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