










































































































































































































































































































































































































































































































































































































































































































































































79R3710 and 79R3740 LASER PRINTER INTEGRATED SYSTEM CONTROLLER ADVANCE INFORMATION 

This mode enables the CPU to set the values of the 
Centronics status register, and communicate with the host 
in compatible mode. 

Character Detection. 
The value of the three CentDetect 8-bit 'registers is 

constantly compared to the Centronics incoming data. 
When a match occurs the CPU is interrupted. Characters 
as "C or "T can be detected during Centronics DMA oper­
ations and the CPU can respond without the need to wait 
to the end of the DMA operation. 

Programmable Timing 
To allow for higher than specified (by the IEEE1284 

standard) data rates, the minimum delay can be 
programmed to values lower than the minimum required 
by this standard. 

R3710 Video Controller/Interface 
The R3710 moves the video data from the frame 

buffer memory to the printer engine. The data is moved by 
the DMA controller into an internal FIFO (four entries 
deep, 32 bit wide), serialized and driven to the engine. 
The video is a serial stream (one bit wide) of digital data. 
For a Canon-type printer interface, where the video clock 
is synchronized by the controller, there is a phase lock 
loop (PLL) on the R371 O. The PLL synchronizes the video 
data to the LlNESYNC*. For engines that supply an 
already-synchronized video clock there is a PLL bypass 
option. When the PLL option is selected, the input clock 
(VCLKIN) for the video must be eight times the desired 
synchronized video clock rate. 

The R3710 can shift data in two directions to support 
duplex printing. Vertical and horizontal page margins are 
supported. The vertical skip counter sets the vertical 
margin of the page (how many lines to skip before starting 
to output video). The horizontal skip counter sets the hori­
zontal page margin (how many dots to skip from the 
beginning of each line before starting to print). The 
vertical skip counter starts counting on PAGESYNC*, and 
decreases every LlNESYNC*. The horizontal counter is 
loaded and starts counting on LlNESYNC* and decre­
ments every video clock. After finishing the skip time, the 
actual data is shifted out. Load n-1 into the VerSkip or 
HorSkip fields of the Video Configuration register in order 
to skip n lines or pixels, respectively. The DMA has 
shadow registers, for the address and for the count. 

The R3710 supports inverse printing. If an inverse 
video image from the frame buffer is to be printed, write 1 
to the InvVid field of the Video Configuration Register. 

In addition, the R3710 supports duplex printing 
(printing on both sides of the page). This is supported by 
enabling the video DMA address to count up or down, as 
set in the CntDir field of the Video Control register, and by 
configuring the video data shift direction in the VidDir field 
of the Video Configuration register. All 4 combinations of 
these 2 fields are allowed to provide flexibility. 

6.2 

Working with the Video Controller should be viewed 
as working with 2 independent state machines that work 
in parallel and are synchronized by the 4-entry deep 
video FIFO. One state machine is the DMA, that brings 
data from the frame buffer in the DRAM into the video 
FIFO. The second state machine is the Video Controller 
itself, which takes the data FIFO into a shift register and 
shifts it out to the printer's engine. In addition, the Video 
Controller is responsible for the synchronization with the 
printer's engine(PAGESYNC* and LlNESYNC* signals), 
including the horizontal and vertical margin generation. 

An example of how to use the Video Controller is 
found in the Applications section. 

There are 4 interrupts related to the video: 
Linelnt - Active when the last word of the line was 
read from the Engine DMA FIFO. It does not indi­
cate that the last pixel of the line was output from 
the R371 O. To set a new number of words in a 
line, the CPU should write to the Line Word 
Counter (1dOOOOc4) after the interrupt. 
Sandlnt - Active when the last word of the last 
line was read from the Engine DMA FIFO. It does 
not indicate that the last pixel of the line was out­
put from the R371 O. To set a new number of lines 
in a band, the CPU should write to the band line 
counter (1 dOOOOc8) after the interrupt. For a 
blank band, the CPU should activate the blank bit • 
in the Engine Scan register after the interrupt. , 
There are no DMA cycles for a blank band, thus 
the DMA for the next band can start while the 
blank band is being printed. 
EngDMAlnt - Active when the last word of the 
band was written to the Engine DMA FIFO. The 
next band DMA can start while video is working. 
If the DMAEn bit in the Engine Scan register is 
active, the EngDMAlnt causes an automatic load 
of the DMA words counter and address counter; 
which starts a new DMA cycle. 
Pagelnt - Active after a falling edge of PAGE­
SYNC*. 

The following restrictions should be followed: 
RESEr width should be longer then 5 VCLK 
cycles. (VCLK is equal to VCLKIN when the PLL 
bypass is used or VCLKIN /8 when the PLL is 
used). 
VCLK frequency should be less than 85% of 
SYSCLK frequency. 
VCLKIN frequency should be equal or less than 
80 MHz. 
PAGESYNC* and LlNESYNC* width should be 
longer than VCLK width. 
The number of pixels per line must be a multiple 
of 32; padding with O's must be done if neces­
sary. 
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R3740 Video Controller/Interface: 
Compressor/Decompressor Engines 

The compressor and decompressor state machines 
in the R3740 implement both the loss less and alternative 
compression algorithms used by Adobe's Memory 
Booster (AMB) technology. 

Both the compressor and decompressor operate as 
master DMA devices, using four separate DMA channels 
provided by the processor interface logic. The 
compressor and decompressor can operate 
simultaneously, compressing and decompressing data 
from one memory location to another. This simultaneous 
operation insures that the highest engine pages rates 
can be achieved, since one page of rasterized data can 
be decompressed while the next one is being 
compressed. 

In addition, the decompressor is capable of 
decompressing a data stream from memory directly to 
the engine through the video path. This avoids the need 
to first decompress rasterized data to memory, and then 
DMA it to video. This provides a mechanism for lowering 
the memory system bandwidth and allowing support of 
higher page rate engines. 

In the case of contention for resources between the 
compression and decompression state machines, the 
decompressor has higher priority for DMA from memory, 
since the process of decompressing data to the engine is 
time critical. 

The compressor and decompressor make use of 
internal SRAM arrays as working storage, to increase 
compression and decompression speeds. 

Both the compressor and decompressor are 
controlled by a number of registers in the IDT79R3740, 
which enable the driver software to control the locations 
of the memory buffers which hold the data to be 
compressed or decompressed, the type of compression 
(/ossless or alternative) to be done, and whether the 
decompressor is to output its data to memory or through 
the video path. 

If there is sufficient memory available to avoid the 
need for compression, a "bypass" path exists to move 
data directly from memory to video, providing a standard 
video DMA service. 

Figures 2.13.a and 2.13.b on the next page show the 
R3740 compressor and decompressor implementation. 

AMB Interrupts 
There are 7 interrupts related to the AMB: 

1) Linelnt - active when the last word of the line was 
read from the output FIFO. 

2) Bandlnt - active when the last word of the last line 
was read from the output FIFO. 

3) Pagelnt - active when PAGESYNC* is active. 

4) ComDMAlnt - active when the last word of the 
band was written to the DRAM by the DMA write 
engine. 

5) ComErrlnt - active when the DMA write engine has 
filled the given space in the dram and did not reach 
the last word of the band. 

6) DecDMAlnt - when the data goes directly to the 
engine (Print = 0 or Bypass = 0 in the Status 
register), DecDMAlnt is active when the last word 
of the band was written to the input FIFO. When 
the data goes to memory, DecDMAlnt is active 
when the last word of the band was written to the 
DRAM by the DMA write engine. 

7) DecErrlnt - when the data goes to memory, DecEr­
rlnt is active when the dma write engine has filled 
the given space in the DRAM and did not reach the 
last word of the band. 

DMA Controller 
The monochrome AMB has four independent DMA 

channels, two for the compressor and two for the decom­
pressor. Each DMA channel has a four entry deep 32 bit­
wide FIFO, and burst transfer capability. 

The DMA controller assumes that each DMA transfer 
moves a band of data. Shadow DMA registers are used 
when compressed data is being decompressed directly to 
the printer engine. This feature can be used in order to 
DMA the next band's compressed data while the decom­
pressor is decompressing the current band. (See figures 
2.13.a and 2.13.b. on the next page.) 

Video Controller 
The AMB moves the video data from the frame buffer 

memory to the printer engine. The video is a serial stream 
(1-bit wide) of digital data. The data is moved by the DMA 
controller to the video FIFO through one of three options: 
through the loss less decompressor; through the alterna­
tive decompressor; or directly. The data from the FIFO is 
then serialized and shifted to the engine. 

For a Canon type printer where the video clock is 
generated by the controller there is a phase lock loop 
(PLL) to synchronizes the video data to the L1NESYNC* 
input signal. For engines that supply the video clock to the 
controller there is a PLL bypass option. When the PLL 
option is selected the input clock for the video has to be 
multiplied by 8. Video data can be shifted in two directions 
(VidDir field of the Video Configuration register) and DMA 
address counters can count up or down, to support duplex 
printing (printing on both sides of the page). 

Vertical and horizontal page margins are supported. 
The vertical skip counter sets the page vertical margin 
(how many lines to skip before starting to output video). 
The horizontal skip counter sets the horizontal page 
margin (hOW many dots to skip from the beginning of each 
line before starting to print). The vertical skip counter 
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starts counting on PAGESYNC*, and decreases every 
LlNESYNC*. The horizontal counter is loaded and starts 
counting on LlNESYNC* and decrements every video 
clock. After finishing the skip count, the actual data is 

Internal Data Bus (32-bit wide) 

shifted out. . 
The R3740 supports inverse printing for engines that 

use the opposite signal level to represent a black dot. 
Input 

FIFO 

Compressor 
DMAWrite 
Engine Output 

FIFO 
The Video Controller is responsible for synchronization 

with the printer's engine (PAGESYNC* and LlNESYNC* 
signals). 

Compressor 
DMA Read 
Engine 

The following restrictions should be followed: 
RESET* width should be longer then 5 VCLK 
cycles. (VCLK is equal to VCLKIN when the PLL 
bypass is used or VCLKIN / 8 when the PLL is 
used). 
VCLK frequency should be less than SYSCLK fre­
quency and not more then 33MHz. MUX 

VCLKIN frequency should be equal or less than 80 
MHz. 
PAGESYNC* and LlNESYNC* width should be 
longer than VCLK width. 
The number of pixels per line must be a multiple of 
32; padding with O's must be done if necessary. 

Figure 2.13.b: Compressor Block Diagram 

Internal Data Bus 

(32-bit wide) 

Bypass Mode 
MUX 

Figure 2.13.a: Decompressor Block Diagram 

R3740 UART Serial Interface 
The UART is an asynchronous communication element 

fully compatible with the PC industry standard 16550. The II 
UART includes two 16-byte FIFOs, one for transmitted data 
and one for received data. This double buffering consider- • 
ably reduces CPU interrupts, and can be activated by 
placing the UART in the FIFO mode. 

The UART includes modem control signals DSR, DTR, 
RI, and DCD. It also incorporates programmable serial 
interface characteristics, like characters/bit (5,6,7, or 8); 
parity generation and detection (even, odd, or none); stop 
bit generation (1, 1.5, or 2); baud rate generation (DC to 
56K baud 

The UART offers independent control of transmit, 
receive, line status, data set interrupts, and FIFO usage. It 
also offers full status reporting capabilities. 

The UART performs serial to parallel conversion of 
data characters received from peripheral devices or 
modems, and parallel to serial conversion on data charac­
ters transmitted by the CPU. When FIFO mode is enabled, 
16-bytes of information are buffered on-chip both for recep­
tion and transmission; the receive FIFO also provides 3-
bits per byte of error status. 

The complete status of the UART can be read by the 
CPU at any time during operation. The information 
obtained includes the type and condition of the transfer 
operations being performed, and error conditions involving 
parity, overrun, framing, and break interrupt. The program­
mable baud rate generator divides the timing reference 
clock input by a programmable divisor. 
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The UART pins and registers are specified in the pin 
assignment and the register tables, respectively. Please 
refer to VLSI Technology's VL 16C550 document for a 
more detailed functional description. 

Figure 2.14 shows the implementation of the UART 
serial interface. 

TXD TXDA 

DSR DSRA 

~ 
LT1811 "iii 

RXD RXDA .~ 

(J) 

DTR DTRA 

3085 dow 09.1 

Figure 2.14: UART Serial Interface Implementation 

6.2 

ADVANCE INFORMATION 
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DC ELECTRICAL SPECIFICATIONS-R371 0 
(TC= 0-700 C; VDD= +5V, +/- 5% ) 

Symbol Parameter Min. Max. Unit Conditions 

VIH Input HIGH Voltage 2.0 VDD+ V 
0.5 

VIL Input LOW Voltage -0.5 0.8 V 

VOH Output HIGH Voltage 2.4 V 

VOL Output LOW Voltage 0.4 V 

liN Input Leakage Current -10 10 uA VIN = VDD or GND 

10Z 3-State Output Leakage current -10 10 uA VOUT = VDD or GND 

ICC Operating Current 200 rnA VDD = 5V, Ta=25C 

CINCLK CLK Input Capacitance 11 pF 

CIN Input Capacitance 5 pF 

DC ELECTRICAL SPECIFICATIONS-R3740 
(TC= 0-700 C; VDD= +5V, +/- 5%) 

Symbol Parameter Min. Max. Unit Conditions 

VIH Input HIGH Voltage 2.0 VDD+ V 

til 0.5 

VIL Input LOW Voltage -0.5 0.8 V 

VOH Output HIGH Voltage 2.4 V 

VOL Output LOW Voltage 0.4 V 

liN Input Leakage Current -10 10 uA VIN = VDD or GND 

10Z 3-State Output Leakage current -10 10 uA VOUT = VDD or GND 

ICC Operating Current 300 rnA VDD = 5V, Ta=25C 

CINCLK CLK Input Capacitance 6 pF 

CIN Input Capacitance 6 pF 
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AC TIMING CHARACTERISTICS-R3710 
(TC= a-70°C; VDD= +5V, +/- 5%) 

Symbol Signals Description Min Max Unit 

t1 SYSCLK Pulse Width High 12 ns 

t2 SYSCLK Pulse Width Low 12 ns 

t3 SYSCLK Clock period 30 ns 

t4 RESEr Pulse Width from VDD Valid 200 us 

t5 RESEr Minimum Pulse Width 40 VCLKIN 

t6 BUSREQ*, ACK*, RDCEN* Valid from SYSCLK rising 2 17 ns 

t7 ND[31 :0], OEMAD*, TADOE* Valid from SYSCLK falling 2 15 ns 

t8 ND[31 :0], ADDR[3:2], WR*, PIO[5:0], TAS*, TDS*, Driven from SYSCLK rising 0 20 ns 
TDTACK* 

t9 ND[31:0] Tri-state from SYSCLK rising 0 15 ns 

t10 ND[31:0] Set-up to SYSCLK falling 6 ns 

t11 ND[31:0] Set-up to ALE falling 7 ns 

t12 ALE Set-up to SYSCLK falling 7 ns 

t13 BURSr, RD*, DATAEN*, WR*, ADDR[3:2], BUSGNT* Set-up to SYSCLK rising 10 ns 

t14 ALE, BURST*, RD*, DATAEN*, INr, PIO[5:0], Tri-state from SYSCLK rising 0 20 ns 
IODATA[15:0], TAS*, TDS*, TDTACK* 

t15 ALE, BURST*, RD*, DATAEN*, PIO[5:0] Driven from SYSCLK rising 0 20 ns 

t16 ALE, BURST*, RD*, DATAEN*, IOGPCS*, ROMCS*[2:0], Valid from SYSCLK rising 3 15 ns 
IORD*, IOWR*, ROMOE*, IOA1, IOBE*[1:0], INr, 
DMAACK*[1 :0], PIO[5:0], ADDR[3:2], WR*, TAS·, TDS·, 
TDTACK*, TCS*, TBGNT*, TAACK* 

t17 ADDR[3:2], WR* Tri-state from SYSCLK rising 2 20 ns 

t18 DADR[10:0] Valid from AD address valid 6 25 ns 

t19 DADR[10:0] Valid from SYSCLK rising 3 27 ns 

t20 RAS*[2:0], DWR* Valid from SYSCLK rising 2 17 ns 

t21 CAS*[3:0] SYSCLK rising to CAS* LOW 2 13 ns 

t22 CAS*[3:0] SYSCLK falling to CAS* HIGH 2 13 ns 

t23 IODATA[15:0] Hold from IOWR* rising 15 ns 

t24 IODATA[15:0] Set-up to SYSCLK rising 9 ns 

t25 IODATA[15:0] Driven from SYSCLK rising 0 15 ns 

t26 IOWAIT* Set-up to SYSCLK rising 18 ns 

t27 DMAREQ*[1 :0], PIO[5:0], LlNESYNC*, PAGESYNC* Asynchronous Inputs Asynch 

t28 VCLKIN Pulse Width High 5 ns 

t29 VCLKIN Pulse Width Low 5 ns 

t30 VCLKIN(l) Clock period 12.5 ns 

t31 TEST, TBREQ* Setup to SYSCLK rising 8 ns 

t32 TAS*, TDS*, TDTACK* Setup to SYSCLK rising 13 ns 

t33 TADDIR*, TATOE* Valid from SYSCLK rising 2 20 ns 
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AC TIMING CHARACTERISTICS-R3740 
(TC= 0-70DC; VDD= +5V, +/- 5%) 

Symbol Signals Description Min Max Unit 

t1 SYSCLK Pulse Width High 17 ns 

t2 SYSCLK Pulse Width Low 17 ns 

t3 SYSCLK Clock period 40 ns 

t4 RESET' Pulse Width from VOO Valid 200 us 

t5 RESET' Minimum Pulse Width 40 VCLKIN 

t6 BUS REO', ACK', ROCEN' Valid from SYSCLK rising 4 20 ns 

t7 A10[31 :0], OEMAO', TAOOE' Valid from SYSCLK falling 2 15 ns 

t8 A10[31 :0], AOOR[3:2], WR', PIO[5:0], TAS', TOS', Driven from SYSCLK rising 0 30 ns 
TOTACK' 

t9 A10[31:0] Tri-state from SYSCLK rising 0 20 ns 

t10 A10[31 :0] Set-up to SYSCLK falling 6 ns 

t11 A10[31:0] Set-up to ALE falling 7 ns 

t12 ALE Set-up to SYSCLK falling 7 ns 

t13 BURST*, RD', DATAEN', WR*, ADDR[3:2J. BUSGNT* Set-up to SYSCLK rising 16 ns 

t14 ALE, BURSr, RO', OATAEN', INr, PIO[5:0], Tri-state from SYSCLK rising 0 30 ns 
IOOATA[15:0], TAS', TOS', TOTACK' 

t15 ALE, BURSr, RO', OATAEN', PIO[5:0] Driven from SYSCLK rising 0 30 ns 

t16 ALE, BURSr, RO', OATAEN', IOGPCS', Valid from SYSCLK rising 4 20 ns 
ROMCS'[2:0], IORO', IOWR', ROMOE', IOA1, II IOBE'[1 :0], INr, OMAACK'[1 :0], PIO[5:0], 
AOOR[3:2], WR', TAS', TOS', TOTACK', TCS', 
TBGNT', TAACK' 

t17 AOOR[3:2], WR' Tri-state from SYSCLK rising 4 30 ns 

t18 OAOR[10:0] Valid from AO address valid 6 28 ns 

t19 OAOR[10:0] Valid from SYSCLK rising 5 36 ns 

t20 RAS'[2:0], OWR' Valid from SYSCLK rising 4 19 ns 

t21 CAS*[3:0] SYSCLK rising to CAS* LOW 4 18 ns 

t22 CAS*[3:0] SYSCLK falling to CAS* HIGH 4 18 ns 

t23 IODATA[15:0] Hold from IOWR* rising 15 ns 

t24 IOOATA[15:0] Set-up to SYSCLK rising 14 ns 

t25 IOOATA[15:0] Oriven from SYSCLK rising 0 15 ns 

t26 IOWAIT* Set-up to SYSCLK rising 18 ns 

t27 DMAREQ*[1:0J, PIO[5:0J, LlNESYNC*, PAGESYNC*, DSR, rxd Asynchronous Inputs Asynch 

t28 VCLKIN Pulse Width High 5 ns 

t29 VCLKIN Pulse Width Low 5 ns 

t30 VCLKIN 1 Clock pe riod 12.5 ns 

t31 TEST, TBREO* Setup to SYSCLK rising 8 ns 

t32 TAS*, TOS*, TOTACK* Setup to SYSCLK rising 13 ns 

t33 TAOOIR*, TATOE* Valid from SYSCLK rising 5 30 ns 

t34 txd,OTR Asynchronous outputs 

NOTE: 
1 Internal VCLK frequency (divided or not) should be lower than 85% of SYSCLK frequency. Valid only in the SYSCLK during 

which IOOATA is sampled. 
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PIN INFORMATION 

logic Symbols 
Signals marked with an asterisk are active when low. Dashed arrows in figure 1.2 indicate MUX'ed signals. 

ROMCS (2-0)*----f ROM 
ROMOE*~--f 

L1NESYNC .. ----.-. 

PAGESYNC*----i~ Video 
VCLKIN -----I .. 
VDATA -4----1 

ORAM 

OEMAO .. -4----t Buffer Control 

TEST ----t~ 

RESET*---~ Miscellaneous 
VDD----t 
VSS ----I 

SYSCLK ----t~ 

1111111111 
I/O Bus 

Engine Control t-----i~ 
ESTROBE 
EOE 

Bidirectional 
Centronics 

CSELECT 
CFAULT* 
CACK" 

CWOE" 
CPERROR 
CAUTOFO" 
CROE" 
CWSTROBE 
CBUSY 
CRSTROBE 

1+--- CSTROBE" 

.... --- CINIT* 
CSELECTIN" 

PIO .... ---I~ PIO (5-0) 

CPU Interface Typhoon Interface 

LuQ;~Cn a j:....CnCn~Lu 
00 u« 0 UJ Z « u uo 
001-1- a: (!J 1-1- «I-« « 0 CD CD « « 
I- I- I- I- I- I- I-

Fig. 1.1: Logic Symbol for R371 0 
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. . 
0 

0 9 9 9 
J, . ..... 

6 9 
..... 

9 0 0 :=.. a (J) ~ t-i1 ~ 
:=.. <{ UJ ..... 

() 0: 
() 

0: 0: ~ 0: (J) 0- UJ 0 <{ « 
(J) (J) 0 <{ () (') CJ :;: 0: ~ 

<{ 
~ ~ <{ <{ <{ 0 ~ Q Q Q Q Q Q ~ 
Q 0 () 0: 0 Q 0 0 

1 t 11 11t11111 t 1 
DRAM I/O Bus 

ROMCS (2-0) * ESTROBE* ROM Engine Control ROMOE * -'" EOE* 

LlNESYNC * 
PAGESYNC * .. --'" CSELECT Video VCLKIN ~ 

~ CFAULT* 
VOATA .. -- CACK* 

~ CWOE* 
OEMAO* ... Buffer Control -- CPERROR 

Bidirectional ~ CAUTOFO* 
R (PI0[4] )+-~ Centronics CROE* 

OCO (PI0[5] )+--+ CWSTROBE 
OSR UART . CBUSY 
RXO -- CRSTROBE 
OTR 

CSTROBE* • TXO 
CINIT* 
CSELECTIN* 

TEST 
RESET * Miscellaneous PIO --'" PIO (5-0) VOO 

VSS 
SYSCLK CPU Interface Typhoon Interface 

3710-26 

Fig. 1.2: Logic Symbol for R3740 
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Pin Assignment Table 
Pins identified with an asterisk are active when low. 

Pull Up! 
Pin Name Pull Dnl Type Drive Description 

CPU Interface 

AlD[31:0] P.U. I/O R3710: Address/Data: Multiplexed address and data bus. 
(R3710 8mA In the Address phase: AlD[31 :4] are address, AlD[3:0] are Byte 

only) R3740: Enable[3:0]. During Typhoon Master cycles, AlO[3:2] contain 

4mA address bits 3 and 2, and not Byte Enables. 

In the Data phase: Data[31 :0] 

ADDR[3:2] P.U. I/O 4mA Non Multiplexed Address: Connected to the CPU ADDR[3:2]. 
(R3710 In DMA cycles the R3710 or R3740 drives these lines. 

only) 

BURST* P.U. I/O 2mA Burst Transfer: Used only during read cycles, the BURST* sig-
(R3710 nal indicates that the current bus read is requesting a block of 

only) four contiguous words from memory. The pin connects to the 
CPU's BURSTIWRNEAR* signal. In DMA cycles the R3710 or 
R3740 drives this signal HIGH. 

ALE P.D. I/O R3710: Address Latch Enable: Used by the CPU to indicate that the 
(R3710 4mA A/D bus contains valid address information for the bus transac-

only) R3740: tion. During Typhoon DMA cycles, the R3710 or R3740 asserts 

2mA ALE to capture the address supplied by the Typhoon. 

SYSCLK System Clock: Connected directly to the CPU SYSCLK* output. 

RD* P.U. I/O 2mA Read: Indicates a read access by the CPU. In DMA cycles the 
(R3710 R3710 or R3740 drives the signal HIGH. 

only) 

WR* P.U. I/O 2mA Write: Indicates a write access by the CPU or the Typhoon. In a 
(R3710 non-Typhoon DMA cycle the R3710 or R3740 drives this signal 

only) HIGH. Its negation indicates a read access by the Typhoon 
(during Typhoon DMA). 

ACK* 0 2mA Acknowledge: Indicates to the CPU that the memory system 
has sufficiently processed the bus transaction i.e. that the CPU 
may either terminate a write cycle or process read data. 

RDCEN* 0 2mA Read Buffer Clock Enable: Indicates to the CPU that there is 
valid data on the A/D bus. Used during read cycles only. 

BUSREQ* 0 2mA Bus Request: The R3710 or R3740 requests the CPU bus 
which is required for: Video, I/O and Typhoon DMA's. 

BUSGNT* Bus Grant: Indicates that the CPU has relinquished the bus. 

INT* 0 2mA Interrupt: "OR's" the internal and external interrupt sources. 

DATAEN* I/O 4mA Data Enable: indicates the data phase in CPU read cycles. In 
DMA the R3710 or R3740 asserts DATAEN* when the 
ROM/DRAM drives data onto A/D[31 :0]. 
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Pull Up! 
Pin Name Pull Dn l Type Drive Description 

ROM 

ROMCS*[2:0] 0 4mA ROM Chip Select: Select one of the 3 ROM banks. They can be 
connected to the ROM's Chip Select or Output Enable. 
ROMCS[2]* is connected to the boot ROM, with starting physical 
address Ox1 fcOOOOO. 

ROMOE* 0 4mA ROM Output Enable: Asserted when there is an access to any 
of the ROM banks. Used to output- enable the ROM data in sys-
tems where there is a buffer between ROM and DRAM data bus; 
ego when using an interleaved ROM configuration. 

DRAM 

DADR[10:0] 0 8ma DRAM Address: Multiplexed row and column address con-
nected to the DRAM address. 

RAS[2:0]* 0 R3710: Row Adress Select: Directly connected, on a bank basis, with 
4mA the RAS* inputs of the DRAMs. Supports up to three banks of 

R3740: DRAMs. 

12mA 

CAS[3:0]* 0 4mA Column Address Select: Directly connected, on a byte basis 
(can be across banks), to the CAS* inputs of the DRAMs. Con-
nects a CAS* to each of the four bytes in every bank. 

DWR* 0 12mA DRAM Write: Connects to the write pin of each of the DRAMs. 

Typhoon • Interface 

TBREQ* P.U. Typhoon Bus Request: A Typhoon bus request to make a sys-
tem resource access in master mode. 

TBGNT* 0 2mA Typhoon Bus Grant: The R3710 or R3740 asserts TBGNT* to 
grant the CPU bus to the Typhoon. Once the TBGNT* is 
asserted, it remains so until TBREQ* is deasserted. 

TAS* P.U. 1/0 2mA Typhoon Address Strobe: 
(R3710 Master Mode (input) - the coprocessor indicates that it is driving 
only) valid data on the AID bus. 

Slave mode (output) - the R3710 or R3740 indicates that it is 
driving valid data on the AID bus 

TDS* R3710 2mA Typhoon Data Strobe: 
only: 0 Master mode (input) - during Write indicates that there is valid 

data on the AID bus. During Read indicates data phase. 
R3740 Slave mode (output) - the R3710 or R3740 drives TDS* to indi-

only: 1/0 cate that it is ready to accept data during reads or that valid data 
is available during write on the AID bus. 

TDTACK* P.U. 1/0 2mA Typhoon Data Acknowledge: 
(R3710 Master mode (output) - The R3710 or R3740 asserts TDTACK* 

only) to indicate that the system is receiving or driving the requested 
data tolfrom the AID bus. 

Slave mode (input) - The Typhoon asserts TDTACK* to signal 
that it has supplied or received data on its bus. 
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Pull Upl 
Pin Name Pull Dn 1 Type Drive Description 

TAACK* a 2mA Typhoon Address Acknowledge: The R3710 or R3740 asserts 
TAACK* in the same clock that it asserts ALE for the Typhoon. 
This insures that the Typhoon continues driving the address until 
latched by the system. 

TCS* a 2mA Typhoon Chip Select: When the CPU accesses the Typhoon, 
the R3710 or R3740 asserts TCS*.lt is active one clock before 
R3710 or R3740 asserts TAS*. 

TADOE* a 4mA Typhoon AID Output Enable: The R3710 or R3740 asserts 
TADOE* when the Typhoon drives the address to the AID bus, 
and in the data phases of the Typhoon. 

TADDIR* a 4mA Typhoon AID Direction: The R3710 or R3740 asserts TADDIR* 
(LOW) when the Typhoon drives the AID bus. 

TATOE* a 4mA Typhoon Address To Output Enable: The R3710 or R3740 
asserts TATOE* in the address phase of cycles in which the CPU 
accesses the Typhoon. 

Buffer 

Control 

OEMAD* a 4mA Output Enable between Memory and AID: Output enable for 
the data path transceiver between the memory system (ROM 
and DRAM) and the AID bus. 

1/0 Bus 

IODATA[15:0] P.U. I/O 8mA Input/Output Device Data: Bidirectional 16-bit I/O Data bus. 
(R3710 

only) 

10RD* a R3710: Input/Output Device Read: Active during Read from an I/O 
12mA device. 

R3740: 
8mA 

10WR* a R3710: Input/Output Device Write: Active during Write to an I/O device. 
12mA 

R3740: 
8mA 

IOCS[1:0]* a R3710: Input/Output Device Chip Select: Chip selects for 8 bit I/O 
2mA channels 0 and 1. 

R3740: 
4mA 

IOGPCS[1 :0]* a R3710: Input/ Output Device Chip Select: Chip selects for 16 bit I/O 
2mA channels 0 and 1. 

R3740: 
4mA 

DMAREQ[1 :0]* P.D. DMA Request: Requesting DMA service on 8-bit channels 0 
(R3710 and 1. 

only) 

DMAACK[1 :0]* a 2mA DMA Acknowledge: Indicating that DMA access is granted on 
8-bit channels 0 and 1. 
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Pin Name 

IOA1 

IOBE[1:0]* 

10WAIT* 

PI0[5:0] 

Bidirectional 

Centronics 

CWOE* 

CROE* 

CWSTROBE 

CRSTROBE 

Pull Upl 
PullDn! 

P.U. 

p.u. 
(R3710 

only) 

Type 

o 

o 

Drive Description 

8mA Input/Output Device Address bit 1: Provides a half word (16 

R3710: 
2mA 

R3740: 
4mA 

bit) address on the I/O bus. . 

Input/Output Device Byte Enable: Indicates which byte data 
bus is valid on the 16 bit I/O bus. 

IOBE[1]* corresponds to IODATA[15:8] and 10BE[0] corresponds 
to IODATA[7:0], 

Input/Output Device Wait: Indicates to the R3710 or R3740 
that a transfer cycle on the I/O bus needs to be extended. 

I/O 8mA Programmable Input/Output: Individually programmed pins for 
inputs, interrupt inputs or outputs. 

o 2mA Centronics Write Output Enable: Controls the Output Enable 
signal of the data register from the printer to the host. 

o 2mA Centronics Read Output Enable: Controls the OE* of the Cen­
tronics external register in the direction from the host to the 
printer (the IODATA[7:0] bus). 

o 2mA Centronics Write Strobe: Clocks data from IODATA[7:0] into 
the Centronics register (from printer to host). 

Centronics register (from host to printer). • 
o 2mA Centronics Read Strobe: Clocks data from the host into the II 

-------
CSTROBE* p.u. Centronics Strobe: Host driven. 

Compatibility mode: Set active low to transfer data into periph­
eral device's input latch. Data is valid while signal is low. 

Negotiation phase: Set active low to transfer extensibility request 
value into peripheral device's input latch. Data is valid on the 
leading (falling) edge of HostClk (CSTROBE*). 

Reverse data transfer phase: Set high during Nibble Mode trans­
fers to avoid latching data into peripheral device. Pulsed low dur­
ing Byte Mode transfers to acknowledge transfer of data from the 
peripheral. The peripheral device shall ensure that this pulse 
does not transfer a new data byte into the peripheral's input 
latch. 

ECP mode: Used in a closed-loop handshake with PeriphAck 
(CBUSY) to transfer data or address information from the host to 
the peripheral device. 

EPP mode: Set low to denote an address or data write operation 
to the peripheral device. Set high to denote an address or data 
read operation from the peripheral device. 

For a more detailed description refer to section 4.1 of the IEEE 
P1284 D2.00 specification. 
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Pin Name 

CACK* 

CBUSY 

Pull Up! 
Pull Dn l Type 

o 

o 

Drive Description 

2mA Centronics acknowledge: Peripheral device driven. 

2mA 

Compatibility mode: Pulsed low by the peripheral device to 
acknowledge transfer of a data byte from the host. 

Negotiation phase: Set low to acknowledge 1284 support, then 
set high to indicate that the Xflag (CSELECT) and data available 
flags may be read. 

Reverse data transfer phase: Used in both Nibble and Byte 
Modes to qualify data being sent to the host. 

Reverse idle phase: Set low then high by peripheral device to 
cause an interrupt indicating to host that data is available. 

ECP mode: Used in a closed-loop handshake with HostAck 
(CAUTOFD*) to transfer data from the peripheral device to the 
host. 

EPP mode: Used by the peripheral device to interrupt the host. 
This signal is active high and positive edge triggered. 

For a more detailed description refer to section 4.3 of the IEEE 
P1284 D2.00 specification. 

Centronics Busy: Peripheral device driven. 

Compatibility mode: Driven high to indicate the peripheral device 
is not ready to receive data. 

Negotiation phase: Reflects the present state of the peripheral 
device's forward channel. 

Reverse data transfer phase: 
Nibble mode: Data bits 3 then 7, then forward channel busy sta­
tus. 
Byte mode: Forward channel busy status. 

Reverse idle phase: Forward channel busy status. 

ECP mode: Used by peripheral for flow control in the forward 
direction. PeriphAck (CBUSY) also provides a ninth data bit used 
to determine whether command or data information is present on 
the data signals in the reverse direction. 

EPP mode: Driven inactive as a positive acknowledgment from 
the peripheral device that transfer of data or address as com­
pleted. Signal is active when low, and should be driven active as 
an indication that the device is ready for the next address or data 
transfer. 

For a more detailed description refer to section 4.4 of the IEEE 
P1284 D2.00 specification. 

6.2 24 



79R3710 and 79R3740 LASER PRINTER INTEGRATED SYSTEM CONTROLLER ADVANCE INFORMATION 

Pin Name 

CPERROR 

CSELECT 

Pull Upl 
Pull Dnl Type 

o 

o 

Drive Description 

2mA Centronics Printer Error: Peripheral device driven. 

2mA 

Compatibility mode: Driven high to indicate that the peripheral 
device has encountered an error in its paper path. Note that this 
signal's meaning varies among peripheral devices. Peripherals 
shall set nFault (CFAULT*) low whenever they set Perror 
(CPERROR) high. 

Negotiation phase: Set high to indicate 1284 support, then fol­
lows nDataAvail (CFAULT*). 

Reverse data transfer phase: 
Nibble mode: Data bits 2 then 6. 
Byte mode: Same as nDataAvaii (CFAULT*). 

ECP mode: The peripheral drives this signal low to acknowledge 
nReverseRequest (CINIT*). The host relies upon nAckReverse 
(CPERROR) to determine when it is permitted to drive the data 
signals. 

EPP mode (User Defined 1): A manufacturer-specific signal. 

For a more detailed description refer to section 4.5 of the IEEE 
P1284 02.00 specification. 

Centronics Select: Peripheral device driven. 

Compatibility mode: Set high to indicate that the peripheral 
device is online. 

Negotiation phase: Used by peripheral device to reply to the 
requested extensibility byte sent by the host during the negotia­
tion phase. Affirmative response is indicated with the signal high 
for all request values except for Nibble Mode Reverse Channel 
Transfer, which is indicated affirmative with the signal low. 

Reverse data transfer phase: 
Nibble mode: Data bits 1 then 5. 
Byte mode: Same as negotiation phase. 

Reverse idle phase: Same as negotiation phase. 

ECP mode: Same as negotiation phase. 

EPP mode (User Defined 3): A manufacturer-specific signal. 

For a more detailed description of this signal refer to section 4.6 
of the IEEE P1284 02.00 specification. For more details about 
the negotiation phase refer to section 6.4 of the same specifica­
tion. 
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Pin Name 

CAUTOFO* 

CINIT* 

Pull Upl 
Pull Dn l 

P.U. 

P.U. 

Type Drive Description 

Centronics Autofeed: Host driven. 

Compatibility mode: Interpretation varies among peripheral 
devices. Set low by host to put some printers into auto line feed 
mode. Also may be used as a 9th data, parity, or command/data 
control bit. 

Negotiation phase: Set low in conjunction with 1284 Active 
(CSELECTIN*) being set high to request a 1284 mode, then set 
high after peripheral device sets PtrClk (CACK*) low. 

Reverse data transfer phase: 
Nibble mode: Set low to indicate host can receive peripheral 
device to host data, then set high to acknowledge receipt of that 
nibble. 
Byte mode: Same as Nibble mode to request and acknowledge 
bytes. Following a reverse channel transfer, the interface transi­
tions to idle phase when HostBusy (CAUTOFO*) is set low and 
peripheral device has no data available. 

Reverse idle phase: Set high in response to PtrClk (CACK*) low 
pulse to re-enter reverse data transfer phase. If set high with 
1284 Active (CSELECTIN*) being set low, the 1284 idle phase is 
aborted and the interface returns to Compatibility mode. 

ECP mode: The host drives this signal for flow control in the 
reverse direction. It is used in an interlocked handshake with 
PeriphClk (CACK*). HostAck (CAUTOFO*) also provides a 9th 
data bit used to determine whether command or data information 
is present on the data signals in the forward direction. 

EPP mode: Used to denote a data cycle, and is active when low. 

For a more detailed description refer to section 4.7 of the IEEE 
P1284 02.00 specification. 

Centronics Initialize: Host driven. 

Compatibility mode: Pulsed low in conjunction with 1284 Active 
(CSELECTIN*) low to reset the interface and force a return to 
Compatibility mode idle phase. 

Negotiation phase: Set high. 

Reverse data transfer phase: Set high. 

ECP mode: Driven low to place the channel in the reverse direc­
tion. While in this mode the peripheral is allowed to drive only the 
bidirectional data signals when nReverseRequest (CINIT*) is low 
and 1284 Active (CSELECTIN*) is high. 

EPP mode: When driven active (low), initiates a termination 
cycle that returns the interface to Compatibility mode. 

For a more detailed description refer to section 4.9 of the IEEE 
P1284 02.00 specification. 
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Pull Up/ 
Pin Name Pull Dnl Type Drive Description 

CFAULT* 0 2mA Centronics Fault: Peripheral device driven. 

Compatibility mode: Set low by peripheral device to indicate that 
an error has occurred. The meaning of this signal varies among 
peripheral devices. 

Negotiation phase: Set high to acknowledge 1284 compatibility. 
In Nibble or Byte mode it is then set low to indicate peripheral 
device to host data is available following host setting HostBusy 
(CAUTOFD*) high. 

Reverse data transfer phase: 
Nibble mode: Set low to indicate that peripheral device has data 
ready to send to host, then used to send data bits 0, then 4. 
Byte mode: Used to indicate that data is available. 

ECP mode: In this mode the peripheral may drive this pin low to 
request communication with the host. The request is only a sug-
gestion to the host, who has ultimate control over the transfer 
direction. Typically used to generate an interrupt to the host, also 
provides a mechanism for peer-to-peer communication. Signal is 
valid in both forward and reverse directions. 

EPP mode (User Defined 2): Manufacturer-specific signal. 

For a more detailed description refer to section 4.10 of the IEEE 
P1284 D2.00 specification. 

CSELECTIN* P.U. Centronics Select Input: Host driven. til Compatibility mode: Set low by host to select peripheral device. 

Negotiation phase: Set high in conjunction with HostBusy 
(CAUTOFD*) being set low to request a 1284 mode. 

Reverse data transfer phase: Set high to indicate that bus direc-
tion is peripheral device to host. Set low to terminate 1784 mode 
and set bus direction host to peripheral device. 

Reverse idle phase: Same as Reverse data transfer phase. 

ECP mode: Driven high by the host while in ECP mode. Set low 
by the host to terminate ECP mode and return the link to the 
Compatibility mode. 

EPP mode: Used to denote an address cycle, and is active low. 

For a more detailed description refer to section 4.11 of the IEEE 
P1284 D2.00 specification. 

Engine Control 

ESTROBE* 0 2mA Engine Strobe: Clocks data into the printer's engine register 
from IODATA[15:0] 

EOE* 0 2mA Engine Output Enable: When active (LOW), it drives the 
printer's engine status into IODATA[15:0] 
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Pull Up! 
Pin Name PullDn 1 

Video Control 

VCLKIN P.U. 

VDATA 

LlNESYNC* P.U. 

PAGESYNC* P.U. 

UART (R3740 only) 

PI0[4]!RI 

PI0[5]/DCD 

DSR 

RXD 

DTR 

TXD 

Misc. 

TEST P.O. 
(R3710 
only) 

RESET* 

VDD 

VSS 

NOTE: 

Type 

0 

I/O 

1/0 

0 

0 

Drive Description 

Video Clock In: Used for generating the video clock VCLK 
which is the video data clock. The VCLKIN frequency is either 
VCLK*8 or VCLK. 

4mA Video Data: to the printer. 

Line Synchronization: Input from the printer that indicates the 
beginning of a line. In some printers this is called Beam Detect 
(BD) or SYNCBD*. 

Page Synchronization: Input from the printer that indicates the 
beginning of the page. 

Programmable Input/Output or Ring Indicator: As input, it can 
be alternatively used as a Ring Indicator for external modem or 
as a programmable I/O pin. In the modem option a change from 
LOW to HIGH will set a flag in the Modem Status Register and 
cause an interrupt. 

Programmable Input/Output or Data Carrier Detect: As input, 
it can be alternatively used as Data Carrier Detect for external 
modem or as a programmable 1/0 pin. In the modem option a 
change on the pin will set a flag in the Modem Status register 
and cause an interrupt. 

Data Set Ready: Used to start the receiving of data on RXD. A 
change in the value of this input will set a flag in the Modem Sta­
tus register and cause an interrupt. 

Serial Data Input: Data input to the receiver. 

Data Terminal Ready: A LOW indicates that the part is ready to 
receive data. This output is controlled by writing to the Modem 
Control register. 

Serial Data Output: Data from the transmit register is shifted out 
via this pin. 

Master Output Enable: When TEST is HIGH and RESET* is 
active, ALL the device outputs and II0s are tri-stated (in a sys­
tem, TEST should be pulled down to GND). 

Reset: Will reset the R3710 or R3740 to the initial state. 

+5V (+1-5%) 

Ground 

1 Pull Up/Pull On identifies pins with internal Pull Up (P.U.) or Pull Down (P.O.) resistors. The R3740 has internal P.U. resistors 
only for input pins, and no internal P.O. resistors. P.U'/P.D. values are: For R3710, 35K-150Kohm depending on the process 
variation, and for R3740, 30Kohm maximum. 
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REGISTER MAPS AND TABLES 

For the register maps and tables in this section, please note: 
Reads and Writes to and from the R3710 and R3740 internal registers should be word (32-bit) accesses. 
The Ox notations indicate hexadecimal values, as in notations for the C language. 
Bit 0 is the least significant bit. 

Register Map-R3710 

Physical Physical 
Description Address Description Address 

ROM Configuration Ox1dOOOOOO DMA Centronics Count Ox1dOOOO98 

Video Configuration Ox1dOOO020 I/O Channel Timing Ox1dOOOOaO 

PIOValue Ox1dOOO040 Video Control Ox1dOOOOcO 

PIO Control Ox1dOOO044 Line Word Counter Ox1dOOOOc4 

PIO Read Pins Ox1dOOO05c Band Line Counter Ox1dOOOOc8 

Timer/Counter Value Ox1dOOO048 Video DMA Address Counter Ox1dOOOOcc 

Timer/Counter Control Ox1dOOO04c Video DMA Word Counter Ox1dOOOOdo 

Interrupt Cause Ox1dOOO050 Centronics Status Ox1dOOO100 

Interrupt Mask Ox1dOOO054 Centronics Control Ox1dOOO104 

Interrupt Write Ox1dOOO060 Centronics Nibble Data Ox1dOOO108 

Test Ox1dOOO064 Centronics Host Ox1dOOO10c 

DRAM Control Ox1dOOO058 Centronics Mode Ox1dOOO110 

DMA Address 0 Ox1dOOOO80 Centronics Minimum Delay Ox1dOOO114 

DMA Address 1 Ox1dOOO084 Centronics Data Detect 0 Ox1dOOOOa4 

DMA Centronics Address Ox1dOOO088 Centronics Data Detect 1 Ox1dOOOOa8 

DMA Count 0 Ox1dOOO090 Centronics Data Detect 2 Ox1dOOOOac 

DMA Count 1 Ox1dOOOO94 

6.2 29 

II 



79R3710 and 79R3740 LASER PRINTER INTEGRATED SYSTEM CONTROLLER ADVANCE INFORMATION 

Register Map-R3740 

Physical Physical 
Description Address Description Address 

ROM Configuration Ox1dOOOOOO Decode Source Address Ox1dOOOOcc 

Video Configuration Ox1dOOOO20 Decode Source Bytes Ox1dOOOOdO 

PIa Value Ox1dOOOO40 Upsample Line Counter Ox1dOOOOd4 

PIa Control ox1dOOOO44 Upsample Band Counter Ox1dOOOOd8 

PIa Read Pins Ox1dOOOO5c Encode Control Ox1dOOOOdc 

Timer/Counter Value Ox1dOOOO48 Encode Target Address Ox1dOOOOeO 

Timer/Counter Control Ox1dOOOO4c Encode Target Bytes Ox1dOOOOe4 

Interrupt Cause Ox1dOOOO50 Encode Source Address Ox1dOOOOe8 

Interrupt Mask Ox1dOOOO54 Encode Source Bytes Ox1dOOOOec 

Interrupt Write Ox1dOOOO60 Downsample Line Counter Ox1dOOOOfO 

Test Ox1dOOOO64 Status Ox1dOOOOf4 

DRAM Control Ox1dOOOO58 Line Word Counter Ox1dOOOOf8 

DMA Address 0 Ox1dOOOO80 Band Line Counter Ox1dOOOOfc 

DMA Address 1 Ox1dOOOO84 Centronics Status Ox1dOOO1OO 

DMA Centronics Address Ox1dOOOO88 Centronics Control Ox1dOOO104 

DMA Count 0 Ox1dOOOO90 Centronics Nibble Data Ox1dOOO108 

DMA Count 1 Ox1dOOOO94 Centronics Host Ox1dOOO10c 

DMA Centronics Count Ox1dOOOO98 Centronics Mode Ox1dOOO110 

I/O Channel Timing Ox1dOOOOaO Centronics Minimum Delay Ox1dOOO114 

Decode Control Ox1dOOOOcO Centronics Data Detect 0 Ox1dOOOOa4 

Decode Target Address Ox1dOOOOc4 Centronics Data Detect 1 Ox1dOOOOa8 

Decode Target Bytes Ox1dOOOOc8 Centronics Data Detect 2 Ox1dOOOOac 

UART Register Map-R3740 only 

Description DLAB Address Description DLAB Address 

Receiver Buffer 0 Ox1dOOO300 Line Status X Ox1dOOO314 

Transmitter Holding 0 Ox1dOOO300 Modem Status X Ox1dOOO318 

Interrupt Enable 0 Ox1dOOO304 Scratch Pad X Ox1dOOO31c 

Interrupt Information X ox1dOOO308 Divisor Latch LSB1 Ox1dOOO300 

FIFO Control X Ox1dOOO308 Divisor Latch MSB1 1 Ox1dOOO304 

Line Control X Ox1dOOO30c SYSCLK Divisor X Ox1dOOO700 

Modem Control X Ox1dOOO310 

NOTE: 

1 Bit 7 of the UART Line Control register is used to gain access to the Divisor Latch registers. The Divisor Access Bit (DLAB) is 

zero on reset, and must be set to one to gain access to the Divisor Latch registers. The DLAB can be changed by writing to 

Line Control Bit 7. 
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ROM Configuration 
This register is used to set the ROM address space for the two configurable ROM banks (ROMCS[1 :0]*) and to set 

the number of wait state cycles inserted between data phases.1 

Address:1dOOOOOO 

Bits Field name Function Initial Value 

0-3 First The gap (number of cycles) from ROMCS* active to the first Oxf 
RDCEN*. 
0000 - one cycle 
0001 - two cycles 
n-1 - n cycles (1 to 16 cycles range) 

4-7 Gap1 The gap between the first RDCEN* and the second RDCEN* Oxf 
0000 - one cycle 
0001 - two cycles 
n-1 - n cycles (1 to 16 cycles range) 

8-11 Gap2 The gap between the second RDCEN* and the third RDCEN*. Oxf 
0000 - one cycle 
0001 - two cycles 
n-1 - n cycles (1 to 16 cycles range) 

12-15 Gap3 The gap between the third RDCEN* and the fourth RDCEN* oxf 
0000 - one cycle 

16-21 AckTime 

22-23 SpaceSize 

NOTE: 

0001 - two cycles 
n - 1 - n cycles (1 to 16 cycles range) 

The gap from ROMCS* active to AckTime in block read 
0000 - one cycle 
0001 - two cycles 
n - 1 - n cycles (1 to 16 cycles range) 

ROMCS[1 :0]* address space size (ROMCS[2] has a fixed 4 
Mbyte address space) 
00 - 8 Mbyte 
01 - 4 Mbyte 
10-2Mbyte 
11 - 1 Mbyte 

11t is the user's responsibility to set AckTime timing correctly. 
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Video Configuration 
This register is used for setting the horizontal and vertical margins; selecting PLL ON or OFF; setting video polarity; 

and setting the video bitstream shift direction for duplex (two-sided) printing. It is recommended that VerSkip and 
HorSkip only be changed at page boundaries. 

Address:1d000020 

Bits Field name Function Initial Value 

0-12 VerSkip Number of lines for the Vertical Skip from PAGE- OxO 
SYNC*. Load n-1 to skip n lines. 

13 VSE Vertical Skip Enable OxO 
0- Disable 
1 - Enable 

14-26 HorSkip Number of pixels for the Horizontal Skip from lINE- OxO 
SYNC*. Load n-1 to skip n pixels. 

27 HSE Horizontal Skip Enable OxO 
0- Disable 
1 - Enable 

28 PLL Video PLL Enable ox1 
o - PLL Bypass 
1 - PLL On 

29 InvVid Inverse Video, selects the video data polarity OxO 
o - Non-inverse 
1 - Inverse video 

30 VidDir Video Direction indicates the shifting direction of the OxO 
video data, allowing printing on both-sides of a page 
0- MSB to LSB 
1 - LSB to MSB 

PIOValue 
This register is used to set the value for those PIa pins configured by the PIO Control register as outputs. 

Address: 1 d000040 

Bits Field name Function 

0-5 PIO Value Value of the PIa pins configured as outputs 

PIO Control 
This register sets the direction of the PIO pins. 

Address: 1 d000044 

Bits Field name 

0-5 PIa Control 

6 Reserved 

Function 

Sets the direction of the corresponding PIO pin: 
0- Output 
1 - Input 

Must be 0 

6.2 
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PIO Read Pins 
This address is used to read inputs from the PIO pins. 

Address:1d00005C 

Bits Field name Function Initial Value 

0-5 PIO Input Value Value on the PIO pins 

Timer/Counter Value 
This register is used to set the number of clocks to be counted by the Timer/Counter. 

Address:1d000048 

Bits Field name Function Initial Value 

0-23 T/C Value Number of clocks to count. Set to n to count to n. OxOOOOOO 

Timer/Counter Control 
This register is used to enable and disable the Timer/Counter and to select the specific mode of use. 

Address:1d00004c 

Bits Field name 

o Enable 

Select 

Function 

Timer/Counter count enable 
0- Disable 
1 - Enable 

Select mode of operation 
0- Counter 
1 - Timer 

6.2 
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Interrupt Cause 
This register is used to identify the source behind an interrupt; it can also be used for polling of a specific interrupt 

or set of interrupts. A value of 1 indicates assertion of the interrupt. This register is also used to clear internal interrupts, 
writing a 0 will reset the corresponding internal interrupt. Writing a 1 will have no effect on the interrupt. External inter­
rupts should be cleared via an external mechanism. 

Address:1dOOOO50 

Bits Field name 

0 R3710: EngDMAlnt 
R3740: DecDMAlnt 

Linelnt 

2 Bandlnt 

3 Pagelnt 

4 Timlnt 

5-6 IODMAlnt[1 :0] 

7 CentDMAlnt 

8 ComDMAlnt 

9 DecErrlnt 

10 ComErrlnt 

11 CentRstfnt 

12 CentWrlnt 

13 CentRdlnt 

14-16 Equallnt 

17-19 Reserved 

20-25 PI0Int[5:0] 

Function 

Engine DMA interrupt 

Line interrupt 

Band interrupt 

Page interrupt 

Timer/Counter interrupt 

1/0 Channel end-of-DMA interrupts 
Bit 5 = Channel 0 
Bit 6 = Channel 1 

Centronics end-of-DMA interrupt 

Compressor DMA interrupt 

Decompressor error interrupt 

Compressor error interrupt 

Centronics reset interrupt 

Centronics write interrupt 

Centronics read interrupt 

Centronics equal interrupts 
Bit 14 = Centronics Data Detect 0 
Bit 15 = Centronics Data Detect 1 
Bit 16 = Centronics Data Detect 2 

Programmable external interrupts (read only) 
Bit 20 = PIOlnt[O], etc. 

6.2 

Initial Value 
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Interrupt Mask 
This interrupt is used to mask (disable) specific interrupt sources, both internal and external (PIO). All the interrupts 

are maskable. A value of 0 masks the corresponding interrupt. 

Address:1dOOOO54 

Bits Field name 

0 R3710: EngDMAlnt 
R3740: DecDMAlnt 

Linelnt 

2 Bandlnt 

3 Pagelnt 

4 Timlnt 

5-6 IODMAlnt[1 :0] 

7 CentDMAlnt 

8 DecErrlnt 

9 ComErrlnt 

10 CentRstint 

11 CenRstlnt 

12 CentWrlnt 

13 CentRdlnt 

14-16 Equallnt 

17-19 Reserved 

20-25 PI0Int[5:0] 

Function 

Engine DMA interrupt 

Line interrupt 

Band interrupt 

Page interrupt 

Timer/Counter interrupt 

I/O Channel end-of-DMA interrupts 
Bit 5 = Channel 0 
Bit 6 = Channel 1 

Centronics end-of-DMA interrupt 

Decompressor error interrupt 

Compressor error interrupt 

Centronics reset interrupt 

Centronics reset interrupt 

Centronics write interrupt 

Centronics read interrupt 

Centronics equal interrupts 
Bit 14 = Centronics Data Detect 0 
Bit 15 = Centronics Data Detect 1 
Bit 16 = Centronics Data Detect 2 

Programmable external interrupts (read only) 
Bit 20 = PIOlnt[O], etc. 

6.2 

Initial Value 
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Interrupt Write 
This register is used to write to the Interrupt Cause register. This register should be used for interrupt testing only. 

Address:1d000060 

Bits Field name Function Initial Value 

0 R3710: EngDMAlnt Engine DMA interrupt 
R3740: DecDMAlnt 

Linelnt Line interrupt 

2 Bandlnt Band interrupt 

3 Pagelnt Page interrupt 

4 Timlnt Timer/Counter interrupt 

5-6 IODMAlnt[1 :0] I/O Channel end-of-DMA interrupts 
Bit 5 = Channel 0 
Bit 6 = Channel 1 

7 CentDMAlnt Centronics end-of-DMA interrupt 

8 DecErrlnt Decompressor error interrupt 

9 ComErrlnt Compressor error interrupt 

10 CentRstint Centronics reset interrupt 

11 CentRstint Centronics reset interrupt 

12 CentWrlnt Centronics write interrupt 

13 CentRdlnt Centronics read interrupt 

14-16 Equallnt Centronics equal interrupts 
Bit 14 = Centronics Data Detect 0 
Bit 15 = Centronics Data Detect 1 
Bit 16 = Centronics Data Detect 2 

Test 
No reading or writing from/to this address. Doing so may result in improper generation of this device. 

Address: 1 d000064 
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DRAM Control 
This register is used to set the desired DRAM device depth, access time (both for the CPU and Typhoon) and 

refresh frequency. 

Bits 

0-2 

3-4 

5 

6 

7-8 

Address:1d000058 

Field name 

DevDepth 
Bank 1-2 

DevDepth 
BankO 

ExtCas 

TypExtCas 

RefFreq 

DMA Address 0 

Function 

Depth of the DRAM device used, in words. 
000 - 256K 
001 - 512K 
010- 1 M 
011 - 2M 
100 - 4M 

Depth of the DRAM device used, in words. 
00 - 256K 
01-512K 
10 -1M 
11 - 2M 

CAS duration for both CPU and Typhoon accesses 
o -CAS is active for one and a half cycles 
1 - CAS is active for two and a half cycles 

CAS duration for Typhoon accesses only 
o -CAS is active in Typhoon accesses for one and a 
half cycles 
1 - CAS is active in Typhoon accesses for two and a 
half cycles 

SYSCLK frequency 
00 - 15.6 uS refresh time at 16MHz 
01 - 15.6 uS refresh time at 20MHz 
10 - 15.6 uS refresh time at 25MHz 
11 - 15.6 uS refresh time at 33MHz 

This register is used to set the first DRAM address used in channel 0 DMA operations. 

Address:1d000080 

Bits Field name Function 

0-25 DmaAddrO First address for DMA channel o. 

DMA Address 1 
This register is used to set the first DRAM address used in channel 1 DMA operations. 

Address:1d000084 

Bits Field name Function 

0-25 DmaAddr1 First address for DMA channel 1. 

6.2 

Initial Value 

OxO 

OxO 

OxO 

OxO 

OxO 

Initial Value 

OxO 

Initial Value 

OxO 
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DMA Centronics Address 
This register is used to set the first DRAM address used in Centronics DMA operation. 

Address:1d000088 

Bits Field name Function Initial Value 

0-25 DmaAddrCent First address for Centronics DMA. OxO 

DMA Count 0 
This register is used to set the number of bytes to be transferred in a channel 0 DMA operation. 

Address:1d000090 

Bits Field name Function Initial Value 

0-15 DmaCntO DMA count channel O. Load with n-1 to transfer n. OxO 

DMA Count 1 
This register is used to set the number of bytes to be transferred in a channel 1 DMA operation. 

Address:1d000094 

Bits Field name Function Initial Value 

0-15 DmaCnt1 DMA count channel 1. Load with n-1 to transfer n. OxO 

DMA Centronics Count 
This register is used to set the number of bytes to be transferred in a Centronics DMA operation. 

Address:1d000098 

Bits . Field name Function Initial Value 

0-15 DmaCntCen Centronics DMA count. Load with n-1 to transfer n. OxO 
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1/0 Channel Timing 
This register is used to configure the I/O bus parameters, including signal timing; DMA enabling, time-out, and 

direction; and the endianess of the 16-bit I/O channels. The DevTime fields specify the number of cycles 10RD* or 
10WR* are asserted in an I/O or DMA access. The Time Out Enable (TO En) field chooses between inserting 32 clock 
cycles bet~een arbitration cycles or not; normally, enabling this bit results in better system performance. 

Address:1dOOOOOaO 

Bits Field name 

0-3 DevTimeO 

4 DmaEnO 

5 DmaRIWO 

6-9 DevTime1 

10 DmaEn1 

11 DmaRIW1 

12-15 CenTime 

16 DmaEnCen 

17 DmaRIWCen 

18-21 DevTime3 

22-25 DevTime4 

Function 

8-bit I/O channel 0 (IOCSO*) access time. 

0000 - one cycle 
0001 - two cycles 
n - n+ 1 cycles (1 to 16 cycles range) 

DMA enable 8-bit channel O. 

o - DMA disable 
1 - DMA enable 

DMA Read or Write 8-bit channel o. 
0- DMA write 
1 - DMA read 

8-bit channel 1 (IOCS1 *) access time. 

0000 - one cycle 
0001 - two cycles 
n - n+1 cycles (1 to 16 cycles range) 

DMA enable 8-bit channel 1. 

o - DMA disable 
1 - DMA enable 

DMA Read or Write 8-bit channel 1. 

0- DMA write 
1 - DMA read 

Centronics external register access time. 

0000 - one cycle 
0001 - two cycles 
n - n+ 1 cycles (1 to 16 cycles range) 

Centronics DMA enable. 

o - DMA disable 
1 - DMA enable 

DMA Read or Write for the Centronics interface. 

0- DMA write 
1 - DMA read 

16-bit I/O channel 0 (IOGPCSO*) access time. 

0000 - one cycle 
0001 - two cycles 
n - n+1 cycles (1 to 16 cycles range) 

16-bit I/O channel 1 (IOGPCS1 *) access time. 

0000 - one cycle 
0001 - two cycles 
n - n+1 cycles (1 to 16 cycles range) 

6.2 

Initial Value 

OxO 

OxO 

OxO 

OxO 

OxO 

OxO 

OxO 

OxO 

OxO 

OxO 

39 



79R3710 and 79R3740 LASER PRINTER INTEGRATED SYSTEM CONTROLLER ADVANCE INFORMATION 

Bits Field name Function Initial Value 

26 BigEndianO Big or Little Endian for the 16-bit I/O channel 0 OxO 

o -Big Endian 
1 - Little Endian 

27 BigEndian1 Big or Little Endian for the 16-bit 1/0 channel 1 OxO 

o -Big Endian 
1 - Little Endian 

28 TOEn Time Out Enable for both DMA channels Oxo 
o -Time out disabled, time out is 0 clocks 
1 - Time out enabled, time out is 32 clocks 

Video Control-R3710 only 
This register sets the video data DMA parameters, including the DRAM address count direction for full-duplex (both 

sides of the sheet) printing, video data DMA enabling, last band indication, and blank band indication. The latter is used 
to print a blank band instead of requiring DRAM space. 

Address:1dOOOOcO 

Bits Field name 

o CntDir 

DmaEn 

2 LastBand 

3 BlankBand 

Function 

DRAM address count direction 

0- count up 

1 - count down 

Video DMA start enable 

o -Disable start of DMA 

1 - Enable start of DMA 

Last Band indication 

o - Not last band 

1 - Last band 

Blank Band Indication 

o - Not Blank band 

1 - Blank band 

Line Word Counter-R3710 only 

Initial Value 

OxO 

OxO 

OxO 

OxO 

This register is used to set the number of words in a line. This does not include the horizontal margin defined by the 
HorSkip field (left margin) in the Video Configuration register. 

Address: 1 dOOOOc4 

Bits Field name Function Initial Value 

0-10 LineWordCnt Number of words in line. Set to n-1 if n is wanted. OxO 
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Band Line Counter-R3710 only 
This register is used to set the number of lines in a band. The aggregate of all the bands in a page does not include 

the VerSkip field (top margin) defined in the Video Configuration register. 

Address:1dOOOOc8 

Bits Field name Function Initial Value 

0-10 BandLineCnt Number of lines in band. Set to n-1 if n is wanted. OxO 

Video DMA Address Counter-R3710 only 
This register is used to set the first DRAM word address from which the video DMA operation is to be done. Bits 0 

and 1 are ignored (should be 0). 

Address:1dOOOOcc 

Bits Field name 

0-23 DmaAddress 

Function 

First address for the video DMA. Set to n-1 if n is 
wanted. 

Video DMA Word Counter-R3710 only 

Initial Value 

OxO 

This register is used to set the number of 32-bit words to be transferred in the video DMA operation. 

Address:1dOOOOdO 

Bits Field name 

0-22 DmaCnt 

Function 

Number of 32-bit words in the video DMA transfer. Set 
to n-1 to transfer n? 

6.2 

Initial Value 

OxO 
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Decode Control-R3740 only 
This register sets the decoder DMA parameters. 

Address:1dOOOOcO 

Bits Field name 

o CntDir 

DmaEn 

2 LastBand 

3 BlankBand 

4 UpLastBand 

Function 

DRAM address count direction 

0- count up 

1 - count down 

DMA start enable 

o - Disable start of DMA 

1 - Enable start of DMA 

Last band indication 

o - Not last band 

1 - Last band 

Blank band indication 

o -Not Blank band 

1 - Blank band 

Up-sampler last band indication 

o -Not last band 

1 - Last band 

Decode Target Address-R3740 only 

ADVANCE INFORMATION 

Initial Value 

OxO 

OxO 

OxO 

OxO 

OxO 

This register is used to set the first DRAM word address to which the decoded data is written. Bits 0 and 1 are 
ignored (should be 0). 

Address:1dOOOOc4 

Bits Field name 

0-23 DmaAddress 

Function 

First address for the decoder DMA write engine. Set 
to n-1 if n is wanted. 

Decode Target Bytes-R3740 only 

Initial Value 

OxO 

This register is used to set the number of bytes to be transferred in the decoder DMA write operation. 

Address:1dOOOOc8 

Bits Field name 

0-21 DmaCnt 

Function 

Number of bytes to write via DMA transfer. Set to n-1 
to transfer n bytes 

6.2 

Initial Value 

OxO 
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Decode Source Address-R3740 only 
This register is used to set the first DRAM word address to which the encoded data is read. Bits 0 and 1 are 

ignored (should be 0). 

Address:1dOOOOcc 

Bits Field name 

0-23 DmaAddress 

Function 

First address for the decoder DMA read engine. 
Set to n-1 if n is wanted. 

Decode Source Bytes-R3740 only 

Initial Value 

OxO 

This register is used to set the number of bytes to be transferred in the decoder DMA read operation. 

Address:1dOOOOdO 

Bits Field name 

0-21 DmaCnt 

Function 

Number of bytes to read via DMA transfer. Set to n-1 
to transfer n bytes 

Upsample Line Counter-R3740 only 
This register is used to set the number of upsampled words in a line. 

Address:1dOOOOd4 

Initial Value 

OxO 

Bits Field name Function Initial Value 

0-10 LineWordCnt Number of words in current upsampled line. Set to n-1 OxO 
if n is wanted. 

Upsample Band Counter-R3740 only 
This register is used to set the number of upsampled lines in a band. The aggregate of all the bands in a page does 

not include the VerSkip field (top margin) defined in the Video Configuration register. 

Address:1dOOOOd8 

Bits Field name Function Initial Value 

0-10 BandLineCnt Number of lines in current upsampled band. Set to n-1 OxO 
if n is wanted. 
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Encode Control-R3740 only 
This register sets the encoder DMA parameters. 

Address:1dOOOOdc 

Bits Field name 

o CntDir 

DmaEn 

2 EncodeDir 

Function 

DRAM address count direction 

0- count up 

1 - count down 

DMA start enable 

o -Disable start of DMA 

1 - Enable start of DMA 

Encode bits direction 

o - Scan line direction is left to right 

1 - Scan line direction is right to left 

Encode Target Address-R3740 only 

Initial Value 

OxO 

OxO 

OxO 

This register is used to set the first DRAM word address to which the encoded data is written. Bits 0 and 1 are 
ignored (should be 0). 

Address:1dOOOOeO 

Bits Field name 

0-23 DmaAddress 

Function 

First address for the encoder DMA write engine. Set 
to n-1 if n is wanted. 

Initial Value 

OxO 

Encode Target Bytes-R3740 only 
This register is used to set the number of bytes to be transferred in the encoder DMA write operation. 

Address:1dOOOOe4 

Bits Field name Function Initial Value 

0-21 DmaCnt Number of bytes to write via DMA transfer. Set to n-1 OxO 
to transfer n bytes 

Encode Source Address-R3740 only 
This register is used to set the first DRAM word address from which the encoded data is read. Bits 0 and 1 are 

ignored (should be 0). 

Address:1dOOOOe8 

Bits Field name 

0-23 DmaAddress 

Function 

First address for the encoder DMA read engine. Set to 
n-1 if n is wanted. 

6.2 

Initial Value 

OxO 
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Encode Source Bytes-R3740 only 
This register is used to set the number of bytes to be transferred in the encoder DMA read operation. 

Address:1dOOOOec 

Bits Field name 

0-21 DmaCnt 

Function 

Number of bytes to read via DMA transfer. Set to n-1 
to transfer n bytes 

Downsample Line Counter-R3740 only 
This register is used to set the number of downsampled words in a line. 

Address: 1 dOOOOfO 

Bits Field name 

0-10 LineWordCnt 

Status-R3740 only 

Function 

Number of words in current downsampled line. Set to 
n-1 if n is wanted. 

This register is used to set the status of the encoder and the decoder. 

Address: 1dOOOOf4 

Bits Field name 

o Mode 

Print 

2 Bypass 

3 DataRdy 

Function 

Mode of operation 

o -Upsampling/Downsampling 

1 - Compression/Decompression 

Decode to engine or memory 

0- To engine 

1 - To memory 

Bypass the decode operation 

0- Bypass 

1 - Do not bypass 

Data ready for engine (this bit is Read only) 

0- Not ready 

1 - Ready 

Line Word Counter-R3740 only 
This register is used to set the number of words in a line. 

Address: 1 dOOOOf8 

Initial Value 

OxO 

Initial Value 

OxO 

Initial Value 

OxO 

OxO 

OxO 

OxO 

Bits Field name Function Initial Value 

0-10 LineWordCnt Number of words in current printed line. Set to n-1 if n OxO 
is wanted. 
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Band Line Counter-R3740 only 
This register is used to set the number of lines in a band. 

Address: 1dOOOOfc 

Bits Field name 

0-10 BandLineCnt 

Centronics Status 

Function 

Number of lines in current printed band. Set to n-1 if n 
is wanted. 

ADVANCE INFORMATION 

Initial Value 

OxO 

This register is used to implement the Centronics hand-shake protocol via software by the CPU. 

Address:1dOOO100 

Bits Field name Function Initial Value 

0 Busy Printer busy indication OxO 

0- Ready 
1 - Busy 

Ack Printer acknowledge 

0- acknuwledge 
1 - Normal 

2 Fault Fault indication 

0- Fault 
1 - Normal 

3 Select Select 

0- Off line 
1- On line 

4 Perror Paper Error indication 

0- No error 
1- Error 
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Centronics Control 
This register is used to set the Centronics transfer mode per the IEEE 1284 specification Rev. 2. 

Address:1d000104 

Bits Field name 

0-2 Mode 

3 Neg Rep 

Centronics Nibble Data 

Function 

IEEE 1284 modes 

000 - Compatible 
001 - Nibble 
010 - Byte 
011 - ECP 
100 - EPP 
101 - CPU control· 
110 - extensibility link 
111 - termination 

Negotiation Reply 

All modes except nibble mode: 

o - mode requested by host is not supported by the 
peripheral (eg. printer) 

1- mode requested is supported 

Nibble mode: 

0- mode requested by host is supported by the periph­
eral (eg. printer) 

1- mode requested is not supported 

This register is used to post the data to be transferred in nibble mode. 

Address:1d000108 

Bits Field name Function 

0-7 NibData Nibble mode Centronics data to be sent to the host 

Centronics Host 
This register is used to read inputs from the host in the Centronics protocol pins. 

Address: 1 d0001 Oc 

Bits Field name 

0 Strobe 

1 Selectln 

2 Init 

3 AutoFd 

Function (In compatible mode) 

Set LOW by the host to transfer data 

Set LOW by host to select printer 

Pulsed LOW with Selectln active LOW to reset the 
Centronics interface 

Set LOW by the host to put the printer in auto-feed 
mode. 

6.2 

Initial Value 

OxO 

OxO 

Initial Value 

Initial Value 
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Centronics Mode 
This register is used to set the Centronics DMA parameters and select the protocol options in Compatible mode. 

Address:1d000110 

Bits Field name 

0-1 Application 

2 DmaEn 

3 DmaDir 

Centronics Minimum Delay 

Function 

See IEEE 1284 standard for details 

00 - Standard 

01 - IBM Epson 

10 - Reserved 

11 - Classic 

o - transmission executed by CPU 

1 - transmission executed by DMA 

0- DMA write 

1 - DMA reads 

Initial Value 

This register contains the values that are needed for each operating frequency to comply with the IEEE 1284 stan­
dard (minimum of SOOns and 2S00ns). However for systems with higher performance requirements, it is possible to 
program the minimum delays for lower values. 

Address:1 d000114 

Bits Field name 

0-6 2S00ns 

7-13 500ns 

Centronics Data Detect 0 

Function 

16MHz - Ox28 

20MHz - Ox32 

25MHz - Ox3f 

33MHz - Ox53 

16MHz - Ox08 

20MHz - OxOa 

25MHz - oxOd 

33MHz - ox11 

Initial Value 

This register is used to hold a value to be compared against incoming bytes. In case of a match, an interrupt will be 
issued. The corresponding interrupt can be masked in the Interrupt Mask register. 

Address:1dOOOOa4 

Bits Field name 

0-7 DataDetO 

Function 

Data to be used for comparison with the incoming 
data. 

6.2 

Initial Value 
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Centronics Data Detect 1 
This register is used to hold a value to be compared against incoming bytes. In case of a match, an interrupt will be 

issued. The corresponding interrupt can be masked in the Interrupt Mask register. 

Address:1dOOOOa8 

Bits Field name 

0-7 DataDet1 

Centronics Data Detect 2 

Function 

Data to be used for comparison with the incoming 
data. 

Initial Value 

This register is used to hold a value to be compared against incoming bytes. In case of a match, an interrupt will be 
issued. The corresponding interrupt can be masked in the Interrupt Mask register. 

Address:1dOOOOac 

Bits Field name 

0-7 DataDet2 

Function 

Data to be used for comparison with the incoming 
data. 

UART Receiver Buffer-R3740 only 

Initial Value 

This register holds the five to eight bit received word. If less than 8 bits are received the data is right justified to the 
LSB. Bit 0 of a data word is always the first serial data bit received. This is a Read only register. 

DLAB: 0 Address: 1d000300 

Bits Field name Function Initial Value 

0-7 RecData Received data 

UARTTransmitter Holding-R3740 only 
This register holds the five to eight bit transmitted word. If less than 8 bits are transmitted the data is right justified 

to the LSB. Bit 0 of a data word is always the first serial data bit transmitted. This is a Write only register. 

DLAB: 0 Address: 1 d000300 

Bits Field name Function Initial Value 

0-7 TranData Transmitted data 
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UART Interrupt Enable-R3740 only 
This register is used to independently enable the four serial channel interrupt sources that set the UARTlnt bit in 

the interrupt cause register. A logic one enables the interrupt and a logic zero will disable the interrupt. Master Reset 
will disable all interrupts and reset the all bits in this register to zero. 

DLAB: 0 Address: 1d000304 

Bits Field name Function Initial Value 

0 RcvDataAv Enable received data available. 

1 TrHldEmpty Enable transmitter holding empty 

2 RcvLineStat Enable receiver line status interrupts 

3 ModStat Enable modem status interrupt 

4-7 IntEn[4:7] Always 0 

UART Interrupt Information-R3740 only 
This register contains an interrupt code that denotes the priority and the source of the interrupt that is pending. 

This is a Read only register. 

DLAB: x Address: 1 d000308 

Bits Field name 

0-2 Intlnf[0:2] 

3-7 Intlnf[3:7] 

Function 

Five recognizable codes are implemented: 

xx1 - No interrupt pending 

110 - First Priority; Receiver Line Status interrupt 
caused by OE, FE, PE, or BI. Cleared by reading the 
Line Status register. 

100 - Second Priority; Received Data interrupt­
caused by Received Data Available. Cleared by read­
ing the Receiver Buffer register. 

010 - Third Priority; Transmitter Holding interrupt -
caused by Transmitter Holding Register empty. 
Cleared by reading the Interrupt Information register 
or writing to the Transmitter Holding Register. 

000 - Fourth Priority; Modem Status interrupt - caused 
by DSR, RI, DCD. Cleared by reading the Modem 
Status register. 

Always O. 

6.2 

Initial Value 
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UART FIFO Control-R3740 only 
This register is used to enable and clear the FIFOs, set the trigger level of the receiver FIFO, and select the type of 

DMA signaling. This is a Write only register. 

Bits 

o 

2 

3 

4-5 

6-7 

DLAB: x Address: 1 d000308 

Field name 

FIFOEn 

RcvClear 

TrClear 

IntDMAMode 

Reserved 

RcvTrigLev 

Function 

When HIGH, enables both the transmit and receiver 
FIFOs. All bytes in both FIFOs can be cleared by 
resetting this bit. Data is cleared automatically from 
the FIFOs when changing from FIFO mode (FIFOEn 
=1) to non-FIFO mode (FIFOEn =0) and vice versa. 
Programming of other FIFO bits is enabled by setting 
FIFOEn HIGH. 

When HIGH, clears all bytes in the receiver FIFOs 
and reset the counter logic to o. This does not clear 
the shift register. 

When HIGH, clears all bytes in the transmit FIFOs 
and resets the counter logic to o. This does not clear 
the shift register. 

When HIGH, will change the RxRdylnt and TxRdylnt 
interrupts from DMA mode 0 to DMA mode 1 if 
FIFOEn = 0 

Controls the trigger level for the receiver FIFO inter­
rupt and follows the 16550 convention: 

00 - 1 
01 - 4 
10 - 8 
11 - 14 

6.2 

Initial Value 
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UART Line Control-R3740 only 
This register controls the format of the data character. It is cleared by Master Reset to a state of 00 Hex. 

Bits 

0-1 

2 

3 

4 

5 

6 

7 

DLAB: x Address: 1d00030c 

Field name 

CharLeng 

StopBitSel 

ParEn 

ParSel 

StickPar 

BrkCtrl 

DLAB 

Function 

Defines the data character word length. 

00 - character length is 5 bits 

01 - character length is 6 bits 

10 - character length is 7 bits 

11 - character length is 8 bits 

Stop Bit Select - When zero, there is one stopbit. 
When one, the number of stop bits is determined by 
the word length. If the word length is 5 and stop bit 
select is HIGH there are 1.5 stop bits. Else if stop bit 
select is HIGH there are 2 stop bits. 

Parity Enable - When HIGH and parity is enabled, a 
parity bit is placed and checked between the last data 
character and the stop bits. 

Parity Select - When HIGH and parity is enabled, 
EVEN parity is selected. When LOW and parity is 
enabled ODD parity is selected. 

Stick Parity - When HIGH and parity is enabled, it 
causes the transmission and reception of a parity bit 
in the opposite state from the value of bit 4 of the Line 
Control register. 

Break Control - When HIGH, the serial output TXD is 
set to zero, but does not affect the transmitter logic. 
When returned to LOW, TXD is released from the 
LOW state. 

Divisor Latch Access Bit. 

6.2 

Initial Value 
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UART Modem Control-R3740 only 
This register controls the interface with a modem. 

Bits 

o 

1-3 

4 

5-7 

DLAB: x Address: 1d000310 

Field name 

DTROut 

ModCont[1 :3] 

LoopBack 

ModCont[5:7] 

Function 

When this bit is set HIGH the DTR output is forced 
LOW. When this bit is set LOW the DTR output is set 
HIGH. 

Not used. 

When set HIGH, a localloopback mode for diagnostic 
testing is activated. The TXD pin is set inactive and 
internally connected directly to the RXD pin. All exter­
nal input on the RXD pin is ignored. The three 
modem control inputs (DSR, DCD,and RI) are dis­
connected. The modem control output (DTR) is inter­
nally connected to the modem control input and 
externally set inactive. 

Always o. 

6.2 
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UART Line Status-R3740 only 
This register provides status indications on the receiver and transmitter operations of this part. 

Bits 

o 

2 

3 

4 

5 

6 

7 

DLAB: x Address: 1d000314 

Field name 

DataRdy 

OvrErr 

ParErr 

FraErr 

Brklnt 

TrHldEmpty 

TrEmpty 

LineStat7 

Function 

Data Ready - a HIGH value indicates that the receiver 
has data that is ready to be read from the Read Buffer 
register. This bit is reset when such register is read. 

Overrun Error - a HIGH value indicates that the data 
in the Read Buffer register has been overwritten by 
the receiver before it was read. This bit is reset when 
the Line Status register is read. 

Parity Error - is set HIGH when the received character 
does not have the correct even or odd parity. This bit 
is reset when the Line Status register is read. 

Framing Error - a HIGH value indicates that the 
received character did not have a valid stop bit. This 
bit is reset when the Line Status register is read. 

Break Interrupt - is set HIGH when RXD is held LOW 
for longer than one data character. This bit is reset 
when the Line Status register is read. 

Transmitter Holding Register Empty - is set HIGH 
when the transmitter is ready to receive another word 
to transmit in the Transmitter Holding register. This bit 
is reset LOW when a character is transferred to the 
Transmitter Shift register, and remains LOW until the 
character is transferred to the Transmitter Shift regis­
ter. 

Transmitter Empty - is set HIGH when the Transmitter 
Holding register and the Transmitter Shift register are 
both empty. This is reset LOW when a character is 
transferred to the Transmitter Holding register and 
remains LOW until all characters have been trans­
ferred to TXD. 

Always O. 

6.2 

Initial Value 
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UART Modem Status-R3740 only 
This register provides status information about the modem input lines. 

Bits 

o 

2 

3 

4 

5 

6 

7 

DLAB: x Address: 1 d000318 

Field name 

ModStato 

DelDSR 

TraEdRI 

DelCO 

ModStat4 

DSR 

RI 

DCD 

Function 

Always O. 

Delta Data Set Ready - when HIGH indicates a 
change in state of the DSR input pin. This bit is 
cleared when the Modem Status register is read. 

Trailing Edge Ring Indicator - when HIGH, it indicates 
a LOW to HIGH transition has occurred on the RI 
input pin. This bit is clear when the Modem Status 
register is read. 

Delta Data Carrier Detect - when HIGH, it indicates a 
change of state on the DCD input pin. This bit is 
cleared when the Modem Status register is read. 

Not used. 

Data Set Ready - indicates the state of the DSR pin. 

Ring Indicator - indicates the state of the RI pin. 

Data Carrier Detect - indicates the state of the DCD 
pin. 

UART Scratch Pad-R3740 only 

ADVANCE INFORMATION 

Initial Value 

This register has no effect on the operation of the IDT79R3740. The user can store any information in this 8-bit 
register. 

DLAB: x Address: 1 d00031 c 

Bits Field name Function Initial Value 

0-7 ScrPad User defined 

UART Divisor Latch LSB-R3740 only 
This register contains the lower 8 bits of the baud rate divisor. In combination with the corresponding MSB, the 16-

bit baud rate divisor allows for baud rates of UARTCLK (SYSCLK divided by the number in the SYSCLK Divisor 
register), divided by any number from 1 to 216_1. 

DLAB: 1 Address: 1d000300 

Bits Field name Function Initial Value 

0-7 DivLatLSB Baud rate divisor lower 8 bits. 
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UART Divisor Latch MSB-R3740 only 
This register contains the upper 8 bits of the baud rate divisor. In combination with the corresponding LSB, the 16-

bit baud rate divisor allows for baud rates of UARTCLK (SYSCLK divided by the number in the SYSCLK Divisor 
register), divided by any number from 1 to 216_1. 

DLAB: 1 Address: 1 d000304 

Bits Field name Function Initial Value 

0-7 DivLatMSB Baud rate divisor upper 8 bits. 

UART SYSCLK Divisor-R3740 only 
This register contains 4 bits of the SYSCLK rate divisor. SYSCLK will be divided by any number from 1 to 16. 

DLAB: x Address: 1 d000700 

Bits Field name Function Initial Value 

0-3 SysClkDiv SYSCLK rate divisor. 
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EXTERNAL ADDRESS SPACE 
The address space allocated to the different 

resources in the system is shown in Table 1. Bits 29-31 
are not decoded so that physical aliases of 512 Mbyte are 
created. This enables the software to access the same 
system resource using different attributes (i.e cached 
space vs. uncached space, kernel vs. user). 

Description Size Physical Address Range 1 

DRAM 40M OXOOOOOOOO:Ox027FFFFF 

ROMCS[2]*. 4M Ox1FCOOOOO:Ox1FFFFFFF 

ROMCS[1]* 8M Ox1F400000:0x1FBFFFFF 

ROMCS[O]* 8M Ox1ECOOOOO:Ox1F3FFFFF 

10 channel 0 16M Ox08000000:0x08FFFFFF 

10 channel 1 16M Ox09000000:0x09FFFFFF 

10 channel 2 16M OxOBOOOOOO:OxOBFFFFFF 

10 channel 3 256M OxOCOOOOOO:Ox1BFFFFFF 

Centronics External 1M OxOAOOOOOO:OxOAOFFFFF 
register 

Engine Control 1M OxOA800000:0xOA8FFFFF 

Typhoon address 16M Ox1COOOOOO:Ox1CFFFFFF 
space 

Internal registers 16M Ox1DOOOOOO:Ox1DFFFFFF 
Note: 
1 This table specifies maximum range. 

Table 4.1: External Address Space 

6.2 
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IMPLEMENTATION EXAMPLES 
Full Implementation 

A possible implementation of a fully featured system 
is shown in Figure 5.1. This system includes a 2-way 
interleaved ROM array, and uses external multiplexers 
(FCT257x8) that are controlled by MUX_ADDR[2] to 
choose one bank or the other. The R3710 or R3740 
directly provides the output enable signal to these mUlti­
plexers (ROMOE*), as well as the chip select signal to the 
ROM banks (ROMCS*[2:0]). 

The control to the DRAM banks is provided directly by 
signals coming out of the R3710 or R3740. These signals 
can directly control up to 3 banks of DRAM and 40MB. 

This implementation supports Adobe's· Typhoon 
rasterizing coprocessor and thus an extra set of 
latches and transceivers are used to accommodate it. 
All control signals necessary to provide DMA master 
and slave operations to the Typhoon are provided. 
Multiplexing between the Typhoon and CPU is done 
via BUSGNT*. 

The R3710 or R3740's video/engine interface 
processes line and page synchronization signals from 
the engine and provides it with a serial video data 
stream. 

The R3710 or R3740 also generates the control 
signals necessary to transfer parallel byte or word data 
to and from the printer's engine (EOE* and 
ESTROBE*). 

LATCH_ADDR .. ROM ~F1r- ROMCS*[2:0] .. 
~---' 

MUX ADDR[2] =-_~~OMOE* 
MUX_ADDR[3,2] / 

: [~DR[1 0:0] 
~ -~[ ~~] 

... J~ TADDR[3:2] 

DRAM 

.~ Video 

IH ~ 
OSC 

CPU ~163j73X2 I ~U;OEMA~* 
-- ADDRr3:21 -IDT - .. --R3051 -- ALE . VDATA .. ... 

DATAEN* 
. __ LlNESYNC* -- ... Video ... 

NDr31:01 
... ~ PAGESYNC* & 

--- ... ... 
ESTROBE* Engine 

--- BUSREQ* 
~ 

~ 
Connector - BUSGNT* ... 

" , ~ 

TATOE* 
~ 

~'::TADOE. ~E. 373x1 R3710/R3740 
l~ 244 - I 

... TADDIR* ... 
--. 

~ DAL[31:0(-, 374 - ... 
CST ROBE* Centronics ... TAS* 

~ 

~ TDS* ~ - 1244 I~ Connector ... 
TYPHOON ... TDTACK*" C** 

~ ~ TCS* C** COPROCESSOR 
~ TBGNT* ... -- ... 

SYSCLK, .. TBREQ*'" ~ODATA[15:0] Expansion 
INTERRUPTS, ... TAACK* ... 

""-10 Control 
... Connector 

ETC. ... ... 
LATCH ADDRI29:2] .. 

NOTE: C***=Centronics Control Signals 

Figure 5.1 Full Implementation With Interleaved ROM 
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A full complement of signals is provided by the R3710 
or R3740 to implement an I EEE1284 bi-directional 
Centronics interface. 

The 80186-style I/O bus interfaces to a connector that 
can be used to expand features by adding standard 
industry peripherals like SCSI, PCMCIA cards, UARTs, 
Ethernet, etc. 

Minimal Implementation 
Figure 5.2 shows a minimal implementation. In this 

case, we show the lower end CPU in the R3051 Family, 
the R3041. 

A simple non-interleaved ROM subsystem is used in 
this case, with only 1 bank - the boot bank ROMCS[2]*. 

The DRAM system contains only 1 bank and as we 
mentioned before, the R3710 or R3740 directly provides 
all the necessary signals. 

CPU 

IDT 
R3041 

NOTE: C···=Centronics Control Signals 

Since a coprocessor is not used in this case, the 
interface to the AD bus is very simple. 

The balance of the features shown is the same, but 
this could conceivably include simpler implementations 
of each, like less peripherals via the 10DATA bus, or a 
lower video rate that could be associated with an 
engine with less dots per inch or less pages per 
minute. 

Both the full and the minimal implementations 
shown demonstrate the flexibility of the R3710 or 
R3740 as a common block that enables modular 
designs or designs that can be upgraded in the field. 

ROMCS[2]* 

DRAM 

79R3710 

CS 

C·· 
C·· 

ODATA[15:0] 
10 Control 

Video 
& 

Engine 
Connector 

Expansion 
Connector 

Figure 5.2 Minimal Implementation 
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Example of Video Controller Setup 
(R3710 only) 

Working with the Video Controller should be viewed 
as working with 2 independent state machines that work 
in parallel and are synchronized by the 4-entry deep video 
FIFO (Figure 5.3). One state machine is the DMA, that 
brings data from the frame buffer in the DRAM into the 
video FIFO. The second state machine is the Video 
Controller itself, which takes the data from the FIFO into a 
shift register and shifts it out to the printer's engine. 

In addition, the Video Controller is responsible for the 
synchronization with the printer's engine (PAGESYNC* 
and LlNESYNC* signals), including the horizontal and 
vertical margin generation. 

DMA Shadow Registers I 

, Address' I 
Count 

Address Counter 

Word Counter 

I 
I 

, Band Counter' 

Line Counter' 

__ 32-r~~~it_-l1 V

1

ideO(1 ~ I 
DMA I Video 
Side Side 

I 

Figure 5.3 Video Block Diagram 

6.2 

Setup Procedure Example (R371 0 only) 
The following is an example of a simple procedure for 
using the Video Controller for the R3710. We will be 
using one DMA per band, and n bands per page: 

1. At the initialization sequence, set the PLL field to 
either 1 for using the on-board PLL or 0 to bypass 
it. 

2. Initialize the Band and Line counters 
(BandLineCnt, LineWordCnt), remembering that a 
value of n-1 is needed to count to n. It is recom­
mended that Line and Band size change on page 
boundaries only. 

3. Initialize the Vertical and Horizontal margin param­
eters (VerSkip, HorSkip, VSE, HSE fields). 

4. Choose the desired values for the Inverse Video 
(InvVideo) and Video Direction(VidDir) fields. 

5. Set the LastBand field to a value of 0 and the 
BlankBand field to a value of 1. 

6. Set the video DMA address (DmaAddress). Notice 
that it is a 24-bit word address with the R3710 
ignoring the 2 least significant bits. For instance, if 
the current DMA should start from physical 
address hex 0234, a value of Ox 00000234 should 
be written to the address register (no shifting by 2-
bits is required). 

7. Set the Video DMA Word counter (DmaCnt) to n-1 
when nx32 pixels need to be transferred into the 
video FIFO for printing. 

8. Set the address count direction (CntDir) to either 
up or down. 

9. Write 1 to the DMAEn field. 
10. Write the address and count registers for the next 

band. 
11. Write the next address and count registers on the 

occurrence of the EngDMAlnt interrupt. 
12. Continue step 11 on each EngDMAlnt. 
13. On the n-1 EngDMAlnt, write 0 to the DMAEn 

field. 
14. On the next Bandlnt interrupt, write 1 to the Last­

Band field. 
Repeat steps 2 through 14 of this procedure for every 
page. 
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PINOUTTABLE 

Pin # Signal Name Pin # Signal Name Pin# Signal Name Pin# Signal Name 

1 AD(14) 41 TAS* . 81 IOBE(1)* 121 RAS"[O] 

2 AD(13) 42 TCS" 82 IOBE(O)* 122 RAS(1)" 

3 AD(12) 43 TAACK* 83 IOGPCS[1]* 123 RAS(2)* 

4 AD(11) 44 PIO(O) 84 IOGPCS[O]* 124 CAS(O)* 

5 AD(10) 45 PIO(1) 85 IOCS(1)* 125 CAS(1)" 

6 VDD 46 PIO(2) 86 IOCS(O)* 126 CAS(2)" 

7 VSS 47 PIO(3) 87 DMAREO(O) 127 CAS(3)* 

8 AD(9) 48 R3710: PIO(4) 88 DMAREO(1) 128 DWR" 
R3740: PIO(4)/RI 

9 AD(8) 49 R3710: PIO(5) 89 IODATA(15) 129 ROMCS(2)" 
R3740: DCD (PIO(5)) 

10 AD(7) 50 CSELECTIN* 90 IODATA(14) 130 VDD 

11 AD(6) 51 CINIT* 91 IODATA(13) 131 VSS 

12 AD(5) 52 CSTROBE* 92 IODATA(12) 132 ROMCS(1)" 

13 AD(4) 53 CRSTROBE 93 IODATA(11) 133 ROMCS(O)* 

14 AD(3) 54 CBUSY 94 IODATA(10) 134 ROMOE" 

15 AD(2) 55 VDD 95 IODATA(9) 135 LlNESYNC* 

16 AD(1) 56 SYSCLK 96 IODATA(8) 136 PAGESYNC" 

17 AD(O) 57 VSS 97 IODATA(7) 137 VCLKIN 

18 VDD 58 CWSTROBE 98 IODATA(6) 138 V DATA 

19 VSS 59 CROE* 99 IODATA(5) 139 AD(31) 

20 VSS 60 VDD 100 IODATA(4) 140 AD(30) 

21 BURST* 61 CAUTOFD* 101 VDD 141 AD(29) 

22 ADDR(3) 62 CPERROR 102 VDD 142 AD(28) 

23 ADDR(2) 63 CSELECT 103 VSS 143 VSS 

24 ALE 64 CWOE* 104 IODATA(3) 144 AD(27) 

25 RD* 65 CACK" 105 IODATA(2) 145 AD(26) 

26 WR* 66 CFAULT* 106 IODATA(1) 146 AD(25) 

27 DATAEN* 67 EOE* 107 IODATA(O) 147 AD(24) 

28 BUSGNT* 68 ESTROBE* 108 DADR(10) 148 AD(23) 

29 RESET* 69 R3710: N.C. 109 DADR(9) 149 AD(22) 
R3740: TXD 

30 ACK* 70 R3710: N.C. 110 DADR(8) 150 VDD 
R3740: RXD 

31 RDCEN* 71 R3710: N.C. 111 DADR(7) 151 VSS 
R3740: DSR 

32 BUSREO* 72 R3710: N.C. 112 VDD 152 AD(21) 
R3740: DTR 

33 INT* 73 VDD 113 VSS 153 AD(20) 

34 TADOE* 74 VSS 114 DADR(6) 154 AD(19) 

35 TADDIR" 75 IOWAIT" 115 DADR(5) 155 AD(18) 

36 TATDE* 76 DMAACK(1)* 116 DADR(4) 156 AD(17) 

37 TDTACK" 77 DMAACK(O)* 117 DADR(3) 157 AD(16) 

38 TDS" 78 IOWR" 118 DADR(2) 158 AD(15) 

39 TBREO" 79 lORD" 119 DADR(1) 159 OEMAD" 

40 TBGNT* 80 IOA1 120 DADR(O) 160 TEST 
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TIMING DIAGRAMS 
This section contains timing diagrams for the R3710 and R3740 signals. Diagrams that apply to only one controller 

are identified as either "R371 0" or "R3740." 
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SYSCLK 
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SYSCLK: 
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SYSCLK 
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PACKAGE 
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Figure 10.1: 160-Pin Quad Flat Package 
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160 - Pin Quad Flat Package-Expanded View (QFP, EIAJ) 
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t L Seating Plane 
0.1 

Figure 10.2: Expanded View 
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ORDERING INFORMATION 

IDT79 yy xxxx 999 A A 
Operating Device Speed Package Temp Rangel 
Voltage Type Process 

I .. ~Blaok 
LIP 

~ ____________ ~25 

33 

I-__________________ ~ R3710 

R3740 

R 

Figure 11.1: Ordering Information 

6.2 

Commercial 
(O°C to +85°C Case) 

160-Pin PQFP 

25 MHz R3710 
33 MHz R3740 

Laser Printer Controllers 

5.0+1-5% 

ADVANCE INFORMATION 
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R4761 ORION 
Family Memory 
and 1/0 Controller 

ORtoN 

Integrated Device Technology. Inc. 

FEATURES: 
• Direct interface to IDT ORION R4600/R4700/R4650 RiSe 

processors 
- 64-Bit interface support for R4600/R4700/R4650 
- 32-Bit interface support for R4650 

• 50 MHz bus frequency 
• 1 Gbyte address space 

- Flexible DRAM interface 
- Direct interface to 512 Mbytes 
- Available two-way interleaving 
- Transparent refresh 
- Supports 16 Mbit DRAMs 
- Individually programmable timing parameters,bank sizes 

• RS-232 serial port (16450 UART) 
• Flexible ROM/SRAM interface 

- Direct interface to 64 Mbytes 
- Available two-way interleaving 
- Each bank can be ROM, SRAM, or Flash ROM 
- Individually programmable timing parameters and bank sizes 

Memory 
R47001 Interface 

CPU 
ORION 

R46001 Interface 
Address 

R4650 Map 
Control 

DMA 
Interrupt 

Prioritizer Control 

IDT79R4761™ 

Product Brief 

• Serial EEPROM interface 
- Reads 256 configuration bits at power-on 
- Reads 8- and 16-bit random values 

• Peripheral interface 
- Four ports total 
- Three ports configurable as DMA 
- "Smart" DMA support 
- External intelligent agent (e.g. R4762) 

interface support 
- Single and demand DMA protocol 
- Two "queued" DMA channels 
- Programmable timing parameters 

• Memory-to-memory DMA channel 
• Interrupt controller/prioritizer 

- Eight interrupt levels 
- Fixed or rotating prioritization 

• Packaged in 208 PQFP 

Peripheral 
Interface 

DRAM 

ROM 
SRAM 
FLASH ROM 

SERIAL EEPROM 

R4762 
"SMART" DMA 
GENERIC DMA 
USER 1/0 

FIGURE 1: 4761 BLOCK DIAGRAM 

The IDT logo is a registered trademark and Orion, R4650, R4600, R4700,R3081, R3052, R3051, R3041, RISControlier, and RISCore are trademarksof Integrated Device Technology, Inc 

COMMERCIAL TEMPERATURE RANGE 

© 1995 Integrated Device Technology. Inc. 6.3 
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DESCRIPTION: 
The IDT79R4761 is a high performance memory/peripheral 

controller for the IDT R4600, R4700, and R4650 RISC micropro­
cessors. The on-chip functions include: an OrionlR4650 interface, 
an R4762 interface, a serial EEPROM controller, a DRAM 
controller, a ROM/SRAM controller, a peripheral interface with 
DMA capability, an interrupt controller/prioritizer, and a serial 
interface (UART). 

CPU Interface 
The CPU interface connects directly to the Orion R4600/R4700 

and R4650 processors. The 32-bit bus mode of the R4650 is 
supported. R4000 compatible write mode and write re-issue 
modes are supported. All bus arbitration functions for the system 
are managed by R4761, including those involving the SX-12 
device. A single interrupt to the CPU is provided from the interrupt 
prioritizer. Boot-mode initialization from the EEPROM is handled 
totally by R4761 , in conjunction with an external low-cost PAL, 
and can be expanded for future CPU versions. 

R4762 Interface 
The R4762 interface connects directly to the R4762 PCI Bridge 

device. CPU access of R4762/PCI address space and R4762 
access of system DRAM are supported. R4762 DMA transfers to 
DRAM up to 64 bytes are supported. 

Serial EEPROM Interface 
The serial EEPROM interface reads the 256-bit initialization 

stream from a standard 2K-byte serial EEPROM at system power­
on and cold resets. An external PAL assists in the sequence, 
allowing the R4761 to buffer only the first 16 bits. Once initial­
ization is complete, the CPU can read 8- or 16-bit values from the 
EEPROM. 

Memory Controllers 
The memory controllers in the R4761 are flexible and efficient. 

The DRAM controller directly interfaces to four noninterleaved 
banks or two interleaved banks, up to a maximum of 512 MBytes. 
DRAM word depths up to 16M are supported, and each bank can 
have a different word depth. Programmable timing parameters 
control the RAS-CAS and refresh timing. Both concurrent and 
staggered CAS-before-RAS refresh are supported. Sustained 
zero-wait state transfers are possible with interleaving, while 
non interleaved configurations use at least 1 wait state. 

ROM/SRAM Controller 
The ROM/SRAM controller also controls four non interleaved 

banks or two interleaved banks, up to a maximum of 64 MBytes. 
Word depths from 16K to 2M are allowed. Each bank can be 
read-only ROM, Flash ROM, or SRAM, and each has its own 
word depth and timing parameters. Interleaved banks can be 
intermixed with noninterleaved banks. Interleaving allows zero­
wait state sustained transfers. 

Peripheral Interface 
A flexible peripheral interface provides four mUlti-function ports 

for external devices using synchronous signal protocols. All ports 
can be configured as user I/O, with edge- or level-sensitive 
interrupt capability on inputs. PortO can support the R4762 device. 
Three of the ports can be configured for direct memory access 
(DMA), including one "smart" peripheral that can use either Intel 
and Motorola bus arbitration. An internal memory-to-memory 
DMA channel is also included. DMA devices can transfer to/from 

6.3 

COMMERaALTEMPERATURERANGE 

DRAM or ROM/SRAM at the full memory transfer rate (one 
doubleword per clock for interleaved configurations), and can be 
selected for single-transfer or demand-transfer mode. Two of the 
DMA channels have an alternate address pOinter, allowing 
queued buffer applications. The R4761 performs DMA arbitration 
using fixed or rotating priority. 

Serial Interface 
A serial interface compatible with a 16450 UART is included. 

The baud rate input clock can be selectively prescaled by 16, 
allowing flexibility in fine-tuning the exact frequencies desired. 
Baud rates from 50 to 38.5K bits per second are possible. 

Interrupt Controller 
An eight-level interrupt controller is also contained in the 

R4761. Each of the four peripheral ports, plus the memory-to­
memory DMA channel, UART, and internal R4761 exceptions 
make up the eight levels. Two prioritization methods are available: 
fixed and rotating. A single interrupt signal is provided to the 
CPU. 
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~ r;J 
Pel-to-Orion Bus Bridge 

ORtoN 

Integrated Device Technology. Inc. 

FEATURES 

• Glue-less bridge between Orion family, including 
R4600, R4700, R4650, and 32-bit PCI 

• Extensive use of internal buffering de-couples PCI and 
local-bus latencies 
- 64-byte CPU write to PCI FIFO 
- 32-byte CPU read from PCI FIFO 
- 128-byte local memory access FIFO 
- 32-byte DMA FIFO 

• Simple interface to external Orion family local-bus 
memory controller 

• Supports 32-bit (e.g. R4650) or 64-bit CPU bus modes 
to 50MHz 

• Supports 32-bit PCI to 33 MHz 
• Functions for host or adapter-card PCI bridges 

DMA 
Channel 

CPU SysAd. SysCMD, ctrl 

Orion Family 
CPU Interface 
32· or 64·bit 

CPU 
Transmit 

FIFO 
(64 bytes) 

CPU 
Receive 

FIFO 
(32 bytes) 

Byte Swapper 

PCI 
Address/Data 

PCI 
Receive 

FIFO 
(64 bytes) 

IDT79R4762 
Product Brief 

• Interrupt generation capability 
• On-chip DMA controller 
• Programmable memory mapping 
• Host arbiter functions on chip: 

- 5 master arbitration 
- Programmable fixed or round-robin priority scheme 
- Host bridge parking, when there is no bus owner 
- Configuration support 
- Moves data between PCI and local memory 
- Supports both chaining and non-chaining operation 
- Scatter-gather support 

• Optional byte-swap per function between PCI and local 
bus 

• Packaged in 208-pin QFP 

Local Bus 
Controller 
Interface 

PCI 
Transmit 

FIFO 
(64 bytes) 

PCI 
Control 

Mailbox 
Registers 

Configuration 
Registers 

DMA request/acknowledge 
Transfer request/acknowledge 

Functions 

Config. clrl, 
Bus Arbiter 

FIGURE 1: R4762 BLOCK DIAGRAM 

The IDT logo is a registered trademark and Orion, R4600. R4650, R4700.R3081,R3052,R3051.R3041.RISController, and RISCore are trademarks oflntegrated Device Technology, Inc. 

COMMERCIAL TEMPERATURE RANGE SEPTEMBER 1995 

© 1995 Integrated Dovico Technology. Inc. 6.4 
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DESCRIPTION: 
The IDT79R4762 is designed to provide a simple low­

cost bridge between an Orion family CPU, its local mem­
ory resources, and the PCI bus. The R4762 can be used 
in systems implementing an Orion family CPU on a PCI 
add-in adapter card, or in systems implementing an 
Orion CPU as the host off a PC I-based system. 

The R4762 is designed to mate the PCI bus effectively 
with an Orion family CPU. Although PCI offers high band­
width and relatively low latency, the Orion family offers 
significantly higher bandwidth. The R4762 has been 
designed to de-couple the speeds of the two buses and 
incorporates a significant amount of FIFO logic to mate 
the bandwidth and latency requirements of the two bus­
ses. 

This product brief is intended to provide an overview of 
capabilities on the R4762 PCI bridge. A block diagram of 
the R4762 is included on page 1. 

PCllnterface Features 

The R4762 is a fairly high-performance PCI interface 
chip, consistent with the class of CPU being bridged to 
PCI. It also supports the generation of back-to-back 
cycles, to maximize PCI bandwidth. The R4762 does not 
perform "address stepping" as a bus master, but the 
R4762 does respond to PCI bus requests with "medium 
speed DEVSEL" timing. 

The R4762 PCI interface implements a pair of "mail 
box" registers: one for local bus to PCI and the other for 
PCI to local bus, when an agent on one side writes to the 
appropriate mail box and interrupt is signalled to the 
other side. 

In addition, the R4762 implements a "latency timer" for 
the PCI bus. If the transaction is not completed within 
the time-out period, the R4762 will signal a PCI discon­
nect, causing the transaction to be re-tried later. After an 
appropriate number of re-tries has been attempted and 
the transaction remains uncompleted, an error condition 
is signalled and the transaction aborted. 

Since the MIPS architecture is purely memory based 
(rather than memory and I/O spaces), the R4762 divides 
a portion of the memory address space into the following 
SUb-sections: PCI-memory, PCI-I/O, PCI-configuration, 
and Internal R4762 register space. Burst accesses are 
supported only to memory. 

PCI Master Mode Operation 

As a PCI master, the R4762 can generate memory,I/O, 
or configuration cycles for direct local to PCI bus 
accesses. Memory read, memory write, memory read 
multiple, and memory read line cycles are supported. 

6.4 

PCI-TO-ORION BUS BRIDGE 

If the local bus address maps to the PCI I/O space, as 
a PCI master, the R4762 generates a PCI I/O cycle. Sim­
ilarly, accesses mapped to the PCI bus configuration 
space will generate configuration cycles. 

PCI Target Mode Operation 

As a PCI target, the R4762 allows access to its internal 
registers and to the Orion local bus, with the following 
commands: I/O read, I/O write, memory read, memory 
write, memory read multiple, memory read line, memory 
write, and invalidate. The R4762 supports read or write 
access of byte, word, or long-word size. Using an 
address generated from an internal I/O base register, for 
PCI I/O accesses, the R4762 will generate local bus 
memory cycles. The R4762 can also perform target initi­
ated terminations such as retry, disconnects, and target­
abort. 

PCI Configuration Support 

The R4762 includes an internal configuration space, 
which meets the requirements for a host bridge. In "host 
mode," the R4762 is configurable by the Orion-family 
processor. In addition, the R4762 can generate configu­
ration cycles; it supports both "type 0" and "type 1" con­
figuration cycles, using mechanism #1. In "target mode," 
the R4762 is configurable from the PCI bus. 

Local Bus Writes to PCI 

The master transmit buffer provides a write buffer for 
host writes to the CPU. This allows the CPU to issue the 
write command, address, and data at maximum speed, 
even though the PCI latency can be longer. The transmit 
buffer is 2 cache lines deep; therefore, up to two CPU 
write commands can be buffered without incurring CPU 
stalls. Errors that may occur during PCI writes are 
reported back to the CPU using a general interrupt. 

Local Bus Reads from PCI 

The R4762 implements a number of features to insure 
memory coherency and to avoid deadlocks on the PCI 
bus. To insure memory coherency, the R4762 processes 
all pending PCI writes before processing a host read to 
the PCI bus. To avoid deadlocks, if the CPU is awaiting a 
read transaction across the PCI bus, the R4762 signals a 
RETRY back to other PCI masters attempting to read the 
CPU local memory. 
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Various factors dictate the architecture of the master 
receive FIFO buffer of the R4762: 

• The Orion family processes cache misses using sub­
block (burst order), while not all memory systems support 
this sequence. Thus, the R4762 processes cache fill 
requests as a sequential read of 8 words and picks the 
data out in the correct order to return it to the CPU. 

• Since the PCI bus allows mUlti-word transfers to be 
broken off by the target, the R4762 implements a local 
memory bi-directional FIFO capable of buffering an entire 
cache line. Thus, a processor request such as a burst read 
can be processed as multiple PCI reads. 

PCI Write to Local Bus 

The R4762 target write buffer is designed to buffer more 
than one PCI write transaction, allowing the bus to be freed 
while the actual write occurs on the CPU local bus. 

To insure memory coherency, target writes are com­
pleted before PCI reads of the local bus are processed. To 
insure bus efficiency, a retry is signaled to the PCI bus, in 
this case, to allow the bus to be freed for other uses until 
the target writes are retired. 

PCI Read from Local Bus 

If the local bus is free, the R4762 will pre-fetch up to one 
cache line from the local bus memory and save this data in 
the local memory FIFO. This data is immediately provided 
to the PCI bus; meanwhile, the R4762 will pre-fetch an 
additional cache line and save this in the FIFO. Thus, burst 
transfers larger than the cache line size (e.g. ATM cells of 
48 bytes) can occur at true PCI speeds. If the read termi­
nates before the data in the FIFO is exhausted, the data is 
flushed from the FIFO. 

Note that the R4762 assumes that the local bus memory 
will process DMA requests using a sequential data ordering 
algorithm. Although the R4762 will issue the same cache 
line read command as an Orion CPU will for a cache line, 
the R4762 expects data to be returned starting with the 
word requested and then sequentially until the end of the 
line. This is done to minimize PCI latency. Sub-block order­
ing would cause the R4762 to await data from the local 
memory controller which the PCI bus can never use. 

DMA Controller 

In addition to providing data buffering between the local 
bus and the PCI bus, the R4762 includes an on-chip DMA 
controller to facilitate data movement between the buses. 
The R4762 DMA controller is a single-channel controller 
that can perform chaining or non-chaining. Scatter-gather 
capability is supported. 
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The R4762 is programmed with the command location in 
memory. When DMA is started, the R4762 DMAs the con­
trol block from memory, which causes the appropriate 
transfers to begin. When this control block is processed, 
the R4762 will DMA the next control block from memory 
(the location of this next control block is a parameter in the 
first block). This will continue until it completes a control 
block with an "end-of-chain" flag set. The DMA controller 
has its own FIFO. 

To share the local and PCI bus resources with the rest of 
the system, the R4762 implements a set of rules to allow 
other agents to access these busses during DMA transfer. 

Local Bus Controller Interface 

The R4762 uses a simple interface to the Orion local bus 
memory controller. Figure 1 shows a typical system imple­
mentation of an R4762-based adapter card. For a host­
based application, the processor sub-system would look 
similar. 

IDT R4762 
PCI Bridge 

IDT Orion 
Family 
CPU 

(R4600, R4700, 
R4650) 

Local Bus 
Memory 

Controller 
(e.g.IDTR4761) 

Figure 2: PCI Adapter Card built with R4762 
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~ g RISC DEVELOPMENT 
SUPPORT PRODUCTS 

Integrated Device Technology. Inc. 

INTRODUCTION 
For engineers developing software and hardware products 

around the IDT79R3000 and IDT79R4000 Instruction Set 
Architecture (ISA), which includes the IDT79R30xx families of 
RISControliers and the R4000 Orion Family. IDT offers three 
software products and several prototyping and evaluation 
systems. This catalog primarily focuses on products 
manufactured and sold directly by Integrated Device 
Technology. 

SOFTWARE PRODUCTS 
IOT/c-IDT's optimizing ANSI C-compiler. This compiler, 

which uses the GNU C front end, includes full ANSI C 
compatibility and highly efficient floating point emulation li­
braries for IDT79R30xx-based systems (without hardware 
floating point) and IDT79R4650-based systems. A unique 
debug control scripting language makes it easy to locate 
hardware problems that occur only under rare conditions. IDTI 
c includes the compiler, optimizer, assembler, linker, librarian, 
C libraries, Floating Point Libraries, and symbolic debugger. 

IOT/sim-IDT/sim is IDT's System Integration Manager, 
used to bring up new hardware and to support the symbolic 
debug in both the MIPS and IDT C compilers. IDT/sim is a 
ROMabie debug kernal with extensive diagnostics built-in. It 
is supplied in EPROM on all IDT prototyping boards, and is 
available in source code for use with either the MIPS or IDT C 
Compilers. 

IOT/kit-IDT/kit, the Kernel Integration ToolKit, contains 
source code and compiled versions of a complete set of 
routines for initializing systems, servicing interrupts, handling 
floating point exceptions, and so forth. Also included is source 
code for ANSI libraries, for the Floating Point Emulation 
Libraries and for transcendental functions. 

7.0 

PROTOTYPING SYSTEMS 
Completely assembled and tested hardware systems are 

available for prototyping and initial software porting. All sys­
tems include a CPU, serial 110, EPROM containing the IDTI 
sim monitor, and some amount of RAM. These systems have 
provision for simple addition of user-defined hardware. Units 
are available which support the I DT79R30xx and I DT79 R4xxx 
families. 

For laser printer controllers, the IDT79S389A Reference 
Platform provides a ready prototyping target for R30xx Family 
laser printer controllers using PostScript Level 2 software from 
Adobe. 

THIRD PARTY DEVELOPMENT TOOLS 
The increasing popularity of IDT's RISC microprocessors 

has resulted in a dramatic increase in the number of third party 
tools available. For information on these products, contact 
your 10caiiDT sales representative. 
• Real-Time Operating Systems from Lynx, Wind River, 

Accelerated Technology and Integrated Systems, Inc. 
• Compilers from MIPS, Green Hills, BSO Tasking, Cygnus 

Support and Embedded Performance, Inc. 
• VME Boards from CES, RISQ Modular Systems, 

Omnibyte, Densan, Heurikon 
• Device Simulation Models from Zycad, HDL, CAE 

Technology and Synopsys 
• Peripheral Support Circuits from Chrysalis Research, 

DeskStation Technology, Galileo Technology, and 
Mentor ARC, Inc. 

• Page Description Language interpreters from Adobe 
Systems, PCPI, Phoenix Technology, Inc. Pipeline 
Associates, Inc and Rastek, Inc. 

• In-Circuit Emulators from Embedded Performance, Inc. 
and Topmax, Inc. 

• Logic Analyzer support from Hewlett-Packard and 
Tektronix 

• I 
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~ g THIRD-PARTY DEVELOPMENT TOOLS AND 
APPLICATIONS SOFTWARE FOR IDT Rise 
PROCESSORS 

Integrated Device Technology. Inc. 

OVERVIEW As the MIPS architecture is increasingly popular and suc-
The MIPS/IDT RISC Microprocessorfamily is supported by cessful, many new tools are constantly being announced. IDT 

a wide variety of third-party development tools and applica- encourages our customers to work closely with their local 
tions software. Many of these tools are software products, sales representative for a current list of third party support. 
useful across the entire line of processors; others of these are This listing is current as of the date of this document. 
hardware development tools, appropriate for one or two 
members of the family. 

Product Name Vendor Phone FAX 
Software Development Tools 

Nucleus:DBUG/DBUG+, PC Accelerated Technology 334-661-5770 334-661-5788 
XoftWare-System Software AGE Logic, Inc. 619-755-1000 619-755-3998 
SDE-MIPS Algorithmics, Ltd. 011-44-171-700-3301 011-44-171-700-3400 
R3000 Cross-Development Package BSO/Tasking, Inc. 617-320-9400 617-320-9212 
UDB-Universal Source DB CaseTools, Inc. 408-685-0336 408-685-0312 
Compilers, Cross Development Sys. Cygnus Support 415~903-1400 415-903-0122 
Model CCE3K-SW Tools Embedded Performance 408-434-2210 408-435-7800 
Compilers, Development SW Green Hills Software, Inc. 617-862-2002 617-862-2427 
IDT/c, IDT/sim lOT 408-492-8208 408-492-8469 
R3000/R4000 Compilers MIPS Technologies, Inc. 415-390-4170 415-390-6170 
StethoScoEe, WINDVIEW Wind River S~stems, Inc. 510-748-4100 510-814-2011 

Software Libraries 
Nucleus FILE, Nucleus Net Accelerated Technology 334-661-5770 334-661-5788 

lOT/kit (IDT79S909) IDT 408-492-8208 408-492-8469 

VDS Kit-Video Library Performance Computing, Inc. 503-641-1221 503-641-3344 

USFiles, USNet U.S. Software 503-641-8446 503-644-2413 

Ada Development Tools 

DACS MIPS Ada CC System DOC-I 602-275-7172 602-275-7502 
ADA Compiler Green Hills Software 617-862-2002 617-862-2427 

VADS-Ada System Rational Corporation 408-496-3600 408-496-3636 
RISCADA Development System Thompson Software Prod. 619-457-2700 619-452-2117 

Real-Time Operating Systems 
Nucleus Plus, Nucleus RTX Accelerated Technology 334-661-5770 334-661-5788 

QUITOS Advanced Real Time Systems 011-33-1-64589090 011-33-1-64589149 

CHORUS CLASSIX Chorus Systems 408-879-4100 408-879-4102 
MULTI Debug Servers Green Hills Software, Inc. 617-862-2002 617-862-2427 
pSOSystem/MIPS Integrated Systems, Inc.-lSI 408-980-1500 408-980-0400 
C-Executive, PSX JMI Software System, Inc. 215-628-0840 215-628-0353 
AMX3000 Kadak Products Ltd. 604-734-2796 604-734-8114 

LynxOS Lynx Real-Time Systems 408-354-7770 408-354-7085 
MultiTask U.S. Software 503-641-8446 503-644-2413 
UniPlus + Unisoft Corp. 415-794-2666 415-794-2668 
VxWorks 5.1 RTOS Wind River Systems, Inc. 510-748-4100 510-814-2011 

SEPTEMBER 1995 
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THIRD PARTY DEVELOPMENT TOOLS AND APPLICATIONS SOFTWARE 

Product Name Vendor Phone FAX 
Logic Analyzers 

ML-4400 Logic Analyzer American Arium 714-731-1661 714-731-6344 
CLAS 4000 Logic Analyzer Biomation 408-434-2210 408-435-7970 

PIXXXX Logic Analyzer PP Corelis 31 0-926-6727 31 0-404-6196 

HP-16500 Logic Analysis System Hewlett-Packard Co. 800-452-4844 

DAS9200, Model 32GPX Tektronix, Inc. 800-426-2200 413-448-8003 

In-Circuit Emulators 
ICEMAN 3041, SYS-R3051 Embedded Performance, Inc. 408-434-2210 408-435-7970 

TMax 5501-30xx Emulator Topmax 602-730-2530 602-730-2550 

NetROM ROM Emulator XLNT Designs, Inc. 619-487-9320 619-487-9768 

Evaluation Boards 
P-4000i Algorithmics Ltd. 011-44-71-700-3301 011-44-71-700-3400 
CMA Universal Development Systems Cogent Engineering 508-632-2020 508-632-1211 

VME Boards Creative Electronics (CES) 011-41-022-7925745 011-41-022-7925748 

Evaluation Kits IDT 408-492-8208 408-492-8469 

Prometheus 4600 Integrated Real-Time Systems 408-241-4950 

PULSAR 3000 VME board Omnibyte Corporation 708-231-6880 708-231-7042 

RISOengine Computer Boards RISO Modular Systems 510-490-0732 510-490-7225 

Nitro-VLB Booster ShaBLAMM! Computer, Inc. 408-730-9696 408-730-4940 

RISC 4XOO CPU Boards Siemens Nixdorf (SNI) 011-33-1-34819227 011-33-1-34819667 

SLOTSAVER 3000 Vigilant Technologies, Inc. 305-680-6759 305-434-9048 

Simulation Tools/Models 
Verilog Models for R4XXX CAE Technology, Inc. 408-526-9207 408-526-9308 

VHDL models for R30XX Chrysalis Research Corp. 617-371-9115 617-371-9175 

SOFT-RISC Verilog Models HDL Systems Corp. 408-522-2600 408-522-2626 

Logic Modeling Synopsys Logic Modeling 503-690-6900 503-690-6906 

Model Bank Z;tcad Coreoration 201-347-7900 201-347-8525 

II Support Components 
IDT R3715, R3740 IDT 800-345-7015 408-492-8674 

RXI--RXD Chipset Chrysalis 617-271-0943 617-275-4461 

LogiCore Chipset DeskStation Technology 913-599-1900 913-599-4024 

Galileo-2, Galileo-3, ... Galileo Technology, Inc. 408-451-1400 408-451-1404 
WINset-PCI RxOO, VL R4xOO Mentor ARC, Inc. 510-656-0100 510-656-3246 

Consulting/Design Services 
Design Services Chrysalis Research Corp. 508-371-9115 508-371-9175 

Software Development Class Embedded Performance, Inc. 408-434-2210 408-435-7970 

Training Class IDT 408-492-8208 408-492-8469 
Design, Development Mfg. IDT RISC Subsystems Div. 408-492-5668 408-988-5600 
Hardware/Software Design RISO Modular Systems, Inc. 510-490-0732 510-490-7225 

Consulting/Design Services Topmax 602-730-2530 602-730-2550 

Page Description Languages 
Adobe Postscript Software Adobe Systems, Inc. 415-961-4400 415-961-3769 
IDT79S389 Reference PIt. lOT 408-492-8208 408-492-8469 
Postscript Porting Services PCPI 619-485-8411 619-487 -5809 
Peerless Page Peerless Systems Corp. 310-536-0908 310-297 -3264 
Phoenix Page Phoenix Technologies, Ltd. 617-551-5030 617-661-4802 
PowerPage Level 2, PCL 5x Pipeline Associates 201-267 -3840 201-267-3715 
Mirroc5E-PCL Emulation Rastek Corporation 205-882-0882 205-882-0238 
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~ g TRAINING CLASS-
Applications Development with the IDT R3041 , R3051, R3052, 
R3071, R3081 RISControliers and R4600, R4700 and R4650 

Integrated Device Technology. Inc. Orion Family 

OVERVIEW 

lOT ofters a training class intended to provide in-depth 
knowledge on the use and capabilities of the 32-bit R30xx 
RISControliers and the 64-bit R4xxx Processors. The class 
is intended to provide an accurate basis fordevice evaluation, 
as well as to provide a design engineer with the ability to 
rapidly bring an application based on lOT parts to production. 

The class is intended for engineers who are designing with 
the lOT processor family, and who wish to minimize time to 
market. It is also appropriate for customers performing a 
detailed processor survey priorto device selection. The class 
covers both hardware as well as software issues. 

COURSE CONTENTS 

The course provides a detailed discussion, including hands­
on workshops, on both the hardware and software consider­
ations appropriate to applications which are either new devel­
opment projects or porting projects from another architecture 
to lOT's RISC architecture. While the course does assume 
basic familiarity with hardware and software development, 
the course does not assume previous RISC training or 
experience. 

©1995 Integrated Device Technology, Inc. 

The course prepares the participant to create designs around 
a RISControlier from the R30xx family as well as around the 
R4xxx (Orion) family, through detailed lectures and hands-on 
workshops and laboratory sessions. The programming envi­
ronment is reviewed, as are various hardware price-perfor­
mance trade-ofts. 

Major topics covered are CPU overview, pipeline scheduling, 
co-processor overview, floating point accelerator overvie~, 
64-bit vs. 32-bit considerations, error checking, cache archi­
tecture, memory management unit, exception processing, 
compatibility issues, timing, I OTic compiler tool-chain, source 
level debugger and utilities. 

COURSE LOCATION AND SCHEDULE 

The course is held on three consecutive days at the lOT facility 
in Santa Clara, California. Directions, accommodations, and 
schedule information is available from your local sales repre­
sentative. 

SEPTEMBER 1995 
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TRAINING CLASS 

DAY 1 
MIPS Architecture Overview 
• CPU Integer Unit 
• Floating Point Accelerator 
• System Control Co-Processor 
• On-chip Caches 
• System Interface 
• Lab 

Cache Architecture 
• Cache Architecture 
• Operation 
• Flushing 
• Performance 
• Lab 

Memory Management 
• Overview 
• Virtual to Physical Address Translation 
• TLB Operation 
• Lab 

Exception Handling 
• Precise Exception Model 
• Exception Processing 
• Software Techniques 
• Exception Latency 
• Special Techniques 

DAY 3 
IDT Tool Chains 
• lOT Compiler & Libraries 
• Important Compiler Options & Utilities 
• High Level Language to Assembly Interface 
• Getting a Prototype Running 
• lOT Startup Module 
• How to Service External Interrupt 
• Floating Point Emulation 

Software Lab 
• Real/Emulation mode Floating Point 
• Cached/Uncached Execution 
• Debugging Exercises 
• Unaligned Data Handling Exercises 
• Inlining Assembly in C program 
• Using Cache Ops to Speed Up Program 

7.2 

DAY 2 
R30xx System Interface 
• Operations Priority 
• Read Interface 
• Write Interface 
• DMA Interface 

System Design Topics 
• Input Clock Considerations 
• System Clock State Machines 
• Bus Turn Around 
• Using Ack and RdCEn 
• Lab 

R4xxx System Interface 
• Clock Generation 
• Read Interface 
• Write Interface 
• DMA Interface 
• System Design Topics 
• Lab 

fI 
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CENTAURUS 

~ g LASER PRINTER CONTROLLER IDT79S389 

R3051'" FAMILY REFERENCE PLATFORM FOR 
Integrated Device Technology. Inc. PostScript" Level 2 SOFTWARE FROM ADOBE® 

FEATURES 
• Software-ready laser printer controller suitable for Adobe 

OEMs developing PostScript Level 2 products 
• IDT/Adobe demonstration platform for PostScript Level 2 

software running on IDT's R3051 RISController™ family 
I DT/OEM R3041 ™ /R3051 /R3081 ™ based prototyping 
target and reference design (25M Hz) 

• Uses IDT79R3721 DRAM Controller and IDT73720 Bus 
Exchangers 

• Options for two-way interleaved or non-interleaved 
(jumpers) DRAM memory system 

Up to 16MB DRAM (four 72-pin sockets; 1 MB or 4MB 
SIMMs) 

- 4 non-interleaved banks or 2 two-way interleaved 
banks 

• Options for two-way interleaved or non-interleaved 
EPROM/ROM memory system 
- Up to 4MB ROM (8 32-pin sockets; 1, 2 or 4Mb 

EPROM/ROMs) 
2 non-interleaved banks or 1 two-way interleaved 
bank 

• 512 bytes serial EEROM 

SCSI 
Parallel -

Interface R3041 

• Programmable DUART (85C30) with RS232C and Apple­
Talk® ports 

• SCSI Controller (53C80) with one SCSI port (2 connector 
locations) 

• Centronics parallel input port 
• Adobe reference front panel interface (based on Canon 

LBP-8 MARKIIIR 6-button/LCD/LED front panel) 
IDT FIFO-based Canon video interface to LBP-SXlRX 
engines 

• Clock, reset and interrupt generation logic 
• Expansion bus connector for: 

- Custom engine interfaces (600dpi, color, etc.) 
- Additional I/O (Ethernet, Adobe FAX, etc.) 
- Additional font ROM space 

• Shipped with IDT/simTM initializatior. and monitor debug 
software (PostScript EPROMs available from Adobe) 

• Executes various Adobe software (provided only under 
license from Adobe Systems Incorporated), including: 
- Adobe's high-level and low-level monitors 
- Adobe Print Architecture 
- Adobe's PostScript Level 2 Interpreter 

R3051/52 

or 

R3081 Video Output 
to 

.....-- LBP-RX 

- Appletalk 
Print 

Serial I---
Engine 

Interface 

Centronics I I .. Parallel I--
Interface Adobe 

Front 
f- Panel 

Interface 
2MB 2MB 
TO TO 

4MB 16MB 
ROMI DRAM 

RS232C EPROM (SIMMs) .. • Serial I---
Interface 

I Expansion Connector 

. . Figure 1. IOT79S389 Block Diagram 290B drw01 

~:~~~:;~;~i~n~er;r~:~~r~~~;~~~~~~~~,~~~~,~~, IDT/sim. Orion. REALB. R3041. R3051. R3052. R30Bl. R3721. R4600. RISCompiler. RISConlrolier. RISCore. RiSe Subsyslem. and RiSe Windows are 

AppleTalk is a reqislered trademark of Apple Computer. Inc.; PostScript is a registered trademark of Adobe Systems 
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IOT79S389 R3051 Family Laser Printer Controller Reference Platform 

INTRODUCTION 
The IDT79S389 provides an R3051 family laser printer 

controller reference platform for rapid adaptation into OEM 
differentiated products using PostScript Level 2 software from 
Adobe. "Reference platform" means that IDT and Adobe 
engineers have jointly developed both hardware and software 
modules for the specified configuration. This provides a 
baseline hardware and software design to accelerate time-to­
market where changes can be limited to one or two areas 
(form factor, engine interlace or I/O options), without having to 
start at the beginning. 

Since the IDT R3051 family includes pin-compatible mem­
bers with and without floating point accelerator hardware on 
chip, Adobe software licensees will be able to obtain "core 
PostScript" binaries in two versions: one compiled with the 
MIPS C-compiler assuming the presence of the FPA (for 
IDT79R3081), and another version based on IDT's floating 
point emulation libraries (for IDT79R3041 , R3051 and R3052). 

The I DT79S389 is completely self contained, and is intended 
for use either on the desktop, or installed inside a variety of 
Canon print engines; e.g. Canon OEM engines LBP-SX and 
LBP-RX, Canon LBP-8 MARKIlIR and HP LaserJet III. The 
IDT79S389 fits into any of the above engine mounting loca­
tions, including the standard power supply and video interlace 
connections. For evaluation on the desktop, a PC-style 4-pin 
power supply connector is also provided. Figure 1 illustrates 
the simplified block diagram of the IDT79S389 Reference 
Platform. 

The IDT79S389 Reference Platform is designed around 
the R3051 RISControlier family, including the IDT79R3081 
and the R3041. All devices in the R3051 family are pin- and 
software-compatible. As a consequence, R3041 , R3051 E, 
R3052, R3052E, R3081 and R3081 E can be substituted for 
the R3051 throughout this manual. For details on the R3051 
family refer to the data sheets and hardware user manuals. 

SYSTEM OVERVIEW 
Figure 2 illustrates a high-level schematic of the data paths 

and various subsystems of the board. The user's manual that 
ships with the board provides extensive detail on the board, 
including complete schematics, PAL equations, and theory of 
operation. 

Address and Data Path 
The R3051 family uses a time multiplexed address and 

data bus. The IDT79S389 demultiplexes this bus into an 
address bus and two data buses. The use of two data buses 
both minimizes the loading of the buses, and allows either or 
both of the EPROM and DRAM subsystems to be interleaved. 

The address path is constructed using IDT 74FCT162373 
16-bit wide transparent latches, and is de-multiplexed off the 
ND bus using the processor supplied ALE output signal. 

The data paths are provided by a pair of IDT 73720 Bus 
Exchangers. The 73720 in general is a 3-port, 16-bit wide 
transceiver, used to multiplex a common CPU port between 
two data ports (typically found in two way interleaved sys-

R3041 
R3051/52 

or 
R3081 

CPU AID BUS 

X PORT 

BUS EXCHANGER 

ZPORT YPORT 

EVEN DATA BUS 

Figure 2. 10T79S389 High Level Schematics 
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IDT795389 R3051 Family Laser Printer Controller Reference Platform 

1MB SIMM 1MB SIMM 4MB SIMM 4MB SIMM 
non-interleaved interleaved non-interleaved interleaved 

Bank 0 OX0080_0000-> Ox0080_0000-> OX0080_0000-> OX0080_0000 -> 
Ox008F FFFF Ox009F FFFF (even) OxOOBF FFFF OxOOFF FFFF (even) 

Bank 1 Ox0090_0000-> Ox0080_0000 -> OXOOCO_OOOO -> Ox0080_0000-> 
Ox009F FFFF Ox009F FFFF(odd) OxOOFF FFFF OxOOFF FFFF (odd) 

Bank 2 OxOOAO_OOOO-> OxOOAO_OOOO -> Ox0100_0000-> Ox0100_0000-> 
OxOOAF FFFF OxOOAF FFFF (even) Ox013F FFFF Ox017F FFFF (even) 

Bank 3 OxOOBO_OOOO -> OxOOAO_OOOO-> Ox0140_0000-> Ox0100_0000-> 
OxOOBF FFFF OxOOAF FFFF (odd) Ox017F FFFF Ox017F FFFF (odd) 

Table 1. DRAM Memory Map 

tems). The control of the 73720 Bus Exchangers is performed 
by a dedicated PAL, which directs transfers between the CPU 
and the appropriate data bus, and insures that bus conflicts 
are avoided. 

State Machines 

The IDT79S389 uses a distributed state machine structure 
to implement control of the various peripheral subsystems. In 
this structure, each peripheral subsystem has dedicated control 
PALs associated with it. These PALs monitor the start of a 
transaction, and either ignore the transaction (if intended for 
other subsystems), or provide the appropriate control 
responses back to the processor at the appropriate times, 
according to the latency of the targeted subsystem. A master 
PAL generates a common "Cycle End" indicator to all state 
machines, indicating that they can await another transaction. 

The advantage of this distributed state machine structure is 
that memory subsystems can be independently added, 
removed, ormodified, without impacting the rest of the system. 
This simplifies end user customizing and system debug. 

The disadvantage of this structure is that the number of 
PALs required is larger than if the state machines were 
centralized. It is expected that customers using this as a 
reference design would customize and/or cost reduce the 
state machines and I/O subsystems, using interface ASICs, 
ASSPs, or condensed PALs. 

In addition to the distributed state machines, the IDT79S389 
contains a number of PALs providing common functions to all 
state machines. These functions include address decoding, 
Cycle End generation, data path steering logic, bus timeout, 
and CPU inpu~response synchronization. 

CPU Subsystem 

The IDT79S389 board incorporates the standard R3051 
family PLCC footprint. It is targeted to run at 25MHz, although 
its frequency may be scaled up or down, as appropriate. Note 
that when scaling frequency, the user should reprogram the 
wait states associated with the various memory and peripheral 
subsystems, and may need or choose to use faster or slower 
control and memory devices. The board and software do not 
require the use of a TLB. 

DRAM Subsystem 

The DRAM subsystem of the IDT79S389 board supports 
the use of 256K x 32 or 1 M x 32 72-pin SIMM memories. Up 
to 4 SIMMs may be used, for a maximum of 16MB of DRAM 
memory. The memory can be interleaved or non-interleaved, 
according to a set of DIP switches. 

The DRAM system is controlled by the IDT79R3721 DRAM 
controller. This device features an R3051 family bus interface, 
and implements direct control of the DRAM devices. The 
timing and configuration of the DRAMs is programmable in the 
R3721 , according to the settings of an internal mode register. 

To maximize user flexibility without requiring PROM 
changes, the IDT79S389 memory maps a set of DIP switches, 
called the MSEL switches. At system startup, the value of 
these switches is read by the CPU and then written to the 
IDT79R3721 DRAM controller, to configure the system timing 
model. Thus, in order to change the memory configuration or 
timing, the user merely needs to set the DIP switches and 
reset the board. 

The DRAM memory is memory mapped to the address 
space Ox0080_0000 to Ox017F _FFFF, depending on the size 
of SIMM, number of SIMMs, and interleaving chosen. Table 
1 illustrates the address map, depending on configuration. 
Table 2 illustrates the read and write latency (measured in 
clock cycles) of the various memory configurations, assuming 
80ns SIMMs and a 25M Hz system. 

7.3 

Interleaved Non-Interleaved 

First Word of Read 5 5 

Adjacent words 1 2 

Non-page Write 4 4 

Page Write 3 3 

Table 2. Number of Clock Cycles for Various DRAM Transfers 

The IDT79S389 board is shipped with two 1 MB 80ns 
SIMMs in a non-interleaved configuration. Additional SIMMs 
can be added by the user, and interleaving can easily be 
selected. 
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IDT79S389 R3051 Family Laser Printer Controller Reference Platform 

1Mb EPROM 2Mb EPROM 4Mb EPROM 

BankO Ox1 FCO_OOOO -> Ox1 FCO_OOOO -> Ox1 FCO_OOOO -> 

(non-Interleaved) Ox1 FC7 _FFFF Ox1 FCF _FFFF Ox1 FDF _FFFF 

Bank 1 Ox1 FC8_0000 -> ox1 FDO_OOOO -> Ox1 FEO_OOOO -> 

(non-interleaved) Ox1 FCF _FFFF Ox1 FDF _FFFF Ox1 FFF _FFFF 

Bank ° Ox1 FCO_OOOO -> Ox1 FCO_OOOO -> Ox1 FCO_OOOO -> 

(Interleaved) Ox1 FCF FFFF (even) Ox1 FDF FFFF (even) Ox1 FFF FFFF (even) 

Bank 1 Ox1 FCO_OOOO -> Ox1 FCO_OOOO -> Ox1 FCO_OOOO -> 

(interleaved) Ox1 FCF FFFF (odd) Ox1FDF FFFF (odd) Ox1FFF FFFF(odd) 

Table 3. EPROM Address Map 

EPROM Subsystem 
The EPROM subsystem contains 8 sockets, capable of 

accepting 1 Mb, 2Mb, or 4Mb devices. The sockets accept 8-
bit wide EPROMs in the OIP package. 

The board can be used with either 4 or 8 EPROM devices; 
if 8 devices are used, Interleaved or non-interleaved operation 
can be selected. The density of EPROM, and the interleaving 
factor, are selected via jumpers and PALs for the board. The 
board ships with 512KB of 120ns EPROM installed in a single 
bank; the EPROMs contain the IDT/sim monitor program 
ported to this board. 

The EPROMs reside in the physical address range 
Ox1 FCO_OOOO through Ox1 FFF _FFFF. This address space 
includes the system exception vectors, as well as the bootup 
code, and can be accessed either through or around the on­
chip processor cache, according to the virtual address used. 
Table 3 shows the physical address map for the EPROMs. 
Table 4 shows the memory latency of the EPROM subsystem, 
for 120ns EPROMs and a 25M Hz system. 

SCSI Subsystem 
The IOT79S389 board contains a single SCSI channel, 

implemented using the 53C80 SCSI controller. Although there 
is only one channel, there are two SCSI connectors on the 
board,' to support the differences in the form factor of the 
various laser engines supported. 

The SCSI device resides in the address range Ox0074_0000 
through Ox0074_FFFF. 

Serial Channels Subsystem 
The IOT79S389 board implements two serial channels. 

One is a traditional RS-232 channel, and is accessed by a OB-
25 connector. The other channel supports AppleTalk, and 
uses the standard AppleTalk connector. The board includes 
voltage translators and transceivers to implement the electri­
cal protocols required by these standards. 

Interleaved Non-Interleaved 

First Word of Read 5 5 

Adjacent words 4 1.6 (1-3-1) 

Table 4. Number of Clock Cycles for Various EPROM Transfers 

7.3 

The serial channels are implemented using a single 85C30 
SCC serial controller. The address space forthe serial control­
ler is Ox0073_0000 through OX0073_FFFF. 

EEROM Interface 
The 10T79S389 board includes a 512B EEROM to store 

various configuration data. The EEROM is accessed by the 
65C22 VIA device, which is memory mapped to Ox0071_0000 
through Ox0071_FFFF. 

Centronics Interface 
The board also includes a unidirectional Centronics port. 

Centronics data is read from address space Ox0075_0000 
through Ox0075_FFFF; Centronics status is written in the 
address space Ox0076_0000 through OX0076_FFFF. 

Front Panel Interface 
The front panel interface corresponds to a Canon LBP-8 

Mark IIIR, and uses a series of switches, LEOs, and LCOs to 
implement front panel control. Front panel is accessed by the 
65C22 VIA device, which is memory mapped to Ox0071_0000 
through Ox0071_FFFF. 

Video Interface 
The video interface corresponds to the interface requires 

for the Canon LBP-8 Mark IIIR, based on the Canon LBP-RX 
print engine. The video interface is implemented using discrete 
logic, with status taken from the 65C22. 

Video data is sent to the video interface by performing an 
aliased read of the ORAM memory. If a processor read of the 
16MB region starting at Ox0880_0000 is detected, the access 
will be processed as a ORAM read. However, the read data 
returned from the ORAM will be captured by the video interface, 
and later shifted out to the print engine. This technique 
eliminates overhead by not requiring the processor to explicitly 
write the data to the video channel. 

User Expansion Area 
In addition to the memory systems described above, the 

IOT79S389 board contains a user expansion connector. The 
user expansion connector allows users to add custom features 
to the board for software development. Features which could 
be added might include an Ethernet channel, additional font 
ROM, or a different engine and front panel interface. 

The I 0T79S389 board provides a User Chip Select, mapped 
to address Ox0078_0000 through OX0078_FFFF, for use with 
the expansion connector. 

4 
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Board Form Factor 

The form factor and hole placement of the board allows.it 
to be directly mounted into either a Canon LBP-8 Mark IIIR 
laser printer, the HP LaserJet III, or the Canon OEM print 
engines LBP-SX or LBP-RX engines. The placement of the 
video, front panel, and power connectors, are compatible with 
these form factors. 

In addition, the board can be run on a benchtop using a 
standard PC compatible power supply. If the board is used in 
this fashion to drive an engine, it is recommended that a 
common ground between the board and the engine be provided. 

Summary: Address Map and Interrupt Assignment 
Table 5 is a summary of the address map of the I DT79S389 

board. Table 6 shows the interrupt assignments of the CPU. 

Memory Subsystem Start Address End Address 

VIA OX0071_0000 Ox0071_FFFF 

SCC Ox0073 0000 Ox0073_FFFF 

SCSI OX0074_0000 Ox0074_FFFF 

Centronics Data Ox0075 0000 Ox0075_FFFF 

Centronics Status Ox0076_0000 Ox0076_FFFF 

User Chip Select Ox0078 0000 Ox0078_FFFF 

MSEL Switches OX0079_0000 Ox0079_FFFF 

R3721 Mode Register Ox007A 0000 Ox007A_FFFF 

DRAM OX0080_0000 Ox017F_FFFF 

Aliased Video DRAM Ox0880 0000 Ox097F _FFFF 

EPROM Ox1 FCO_OOOO Ox1 FFF _FFFF 

Table 5. 10T79S389 Memory Map Summary 

Device CPU Interrupt 

Reserved Int(O) 

R3081 Floating Point Int(1) 

VIA Int(2) 

HFullNideo Reset Int(3) 

SCSI Int(4) 

SCC Int(5) 

Table 6. 10T79S389 Interrupt Assignment 

10T79S389 R3051 F=amlly Laser Printer Controller Reference Platform 

SPECIFICATION SUMMARY 
Order Number: IDT79S389 

Maximum on board memory capacity: 
DRAM Four 72-pin SIMM sockets for 

256K x 32 or 1 M x 32 (1 to 16MB) 
EPROM Eight 32-pin sockets for 128K x 8 

to 512K x 8 (to 4MB) 
Serial EEROM One 8-pin socket for serial 

EEROM (512bytes) 

Debug Monitor EPROM: 

Serial Ports: 
Serial 

Appletalk 

Parallel port: 
Centronics 

SCSI port: 

Video: 

Front Panel: 

Expansion: 

Physical: 

IDT/sim Version 4.0 ported to 
IDT79S389 

Controlled by 85C30 DUART. 
CRT terminal connector or for 
downloading J3 (25-pin AMP 
748133-1 ,DB25S, right angle 
female). 
AppleTalk connector J2 (8-pin 
AMP 749179-1, D8 8, right angle 
female). 

36-pin, female, right angle, 
standard Centronics para"el 
connector (R.Nugent RPM­
C36SB-SR-TG). 

Controlled by 53C80 SCSI 
controller. SCSI connector J5 or 
J10 (50-pin, female, right angle, 
(R.Nugent RPM-C50SB-SR-TG). 

Standard 20-pin, male Canon 
LBP-RX video interface 
connector (HIROSE PCN-10-20P 
2.54DSA). 

J7, 34-pin male, right angle 
connector (AMP 1-103149-7). 

Four 40-pin male, four wall 
headers, J11-14 
(MOLEX 39-26-7404). 

Compatible with Canon RX, SX 
engine form factors. 

Operating Temp: Q-50QC. 

Power Supply: 5.0V ± 5%,3 Amps typical 
(estimate). 
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1DT795389 R3051 Family Laser Printer Controller Reference Platform 

PHYSICAL LAYOUT 
The physical layout of the IDT79S389 Reference Platform 

reflects the board's primary objectives: 

1. Software delivery vehicle for PostScript Level 2 
software from Adobe 
- Memory space appropriate for PostScript Level 2 

software typical implementations, 
- Various memory configurations (interleaved 

vs non-interleaved, code running out of DRAM or 
out of ROM) to easily evaluate cost and performance 
alternatives. 

2. Cost-Effective design model for IDT79R3051 
RISController family 

>-
0. 
0.. 
:J 

CfJ 

iii ::: 
o 

0... 
o 
0... 

- NO zero-wait-state memory, 
- Minimum complexity board configuration (6 layers), 
- Fits industry standard Canon LBP-RX print engine. 

SCSI Connector Locations 

3. Advanced hardware starting point for rapid evaluation, 
cost-performance point analysis and development of 
OEM finished products. 

4. Advanced software-ready controller, suitable for 
immediate development with PostScript Level 2 
software from Adobe, and adaptation to other print 
engines and communications ports (Adobe software 
available only under license from Adobe Systems 
Incorporated). 

Front Panel Interface Canon RX Engine Interface Appletalk 

2908 dwg 03 

Figure 3. IDT795389 Board Layout 
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IDT79S389 R3051 Family Laser Printer Controller Reference Platform 

ORDERING INFORMATION 
Each unit is shipped with complete schematics and PAL equations. A user's guide includes instructions on downloading 

code, operating the Software Integration Manager, and providing the correct timing interfaces to additional hardware. Boards 
are shipped with the R3081 CPU plugged in, but samples of the R3052 and R3041 are provided. The R3051 can also be ordered 
to allow user upgrades. 

Evaluation Boards 

R3041 Evaluation Kit 
R3051 Evaluation Kit 
R3081 Evaluation Kit 
R4600 Evaluation Kit 

20 MHz System Board ............................................................................... . 
25 MHz System Board ............................................................................... . 
33 MHz System Board with Ethernet.. ....................................................... . 
50 MHz to 75 MHz System Board with Ethernet ....................................... . 

7.3 

79S341 
79S385A 

79S381 
79S460 

7 



G® R3051™ FAMILY IDT79S385A 

EVALUATION KIT 

Integrated Device Technology, Inc. 

FEATURES: 
• Complete 25MHz RISC System Board 

- Requires only 5V supply and terminal to operate 
- Supports R3041 1M, R3051, R3052™, R3071 'M or 

R3081™ highly integrated RISC CPUs 
- Board contains an IDT79R3052E 
- 1 MB of non-interleaved DRAM, expandable to 4MB 
- 128KB of EPROM, expandable to 2MB 
- Serial and Parallel Ports 
- Connectors provided for easy connection to HP Logic 

Analyzer 
- Wire-wrap area on the board 

• IDT/c™ for IBM PC compatibles included in kit 
- Hardware or software floating point 
- Remote symbolic debug 

• lOT's System Integration Manager (IDT/simTM) included in 
EPROM 
- High capability debug monitor 
- Simplifies software development 

• Complete set of documentation included 
- Supplied with complete set of board schematics 
- PAL equations supplied on IBM PC 3.5" disks 
- User's manuals for R3051 family, IDT/sim, and IDT/c 

• Utility programs also included 
- Program utility disk 
- HP16500A Logic Analyzer disassembly software 

• R3081 sample also included for board upgrade 

DESCRIPTION: 
The IDT79S385A Evaluation Kit is a complete kit for 

evaluating the R3051 hardware and software environment. 
The kit contains a working system, including all schematics 
and theory of operation, an R3081 sample to allow the user 
to upgrade the system capabilities, and a complete software 
development environment, including debug monitor and "G" 
compiler/assembler toolchain. Finally, the kit is comple­
mented by documentation, logic analyzer software, and 
utility programs. 

IDT79S385 Rise System Board. Actual Size 8.5" x 11" 

The lOT logo Is a registered trademark and R3051. R3041. and R30Bl are trademarks of Integrated Device Technology. Inc. 

©1995 Integrated Dovice Technology, Inc. 7.4 

SEPTEMBER 1995 

DSC-9063/S 
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IDT79S385A 
RISC EVALUATION KIT FOR R3051 FAMILY 

COMPLETE SINGLE BOARD COMPUTER 
The 79S385 board is a complete working RISC system 

intended as a complete design example using the R3051 
family of highly integrated RISC CPUs. The board requires 
only a simple CRT terminal and a 5V power supply for 
operation. Figure 2 shows a block diagram of the79S385 
board. 

The board is designed around lOT's R3051 family of 
highly integrated RISC CPUs. An R3052E CPU chip (8KB 1-
cache and 2KB O-cache, with on-chip TLB) is included in a 
socket, but any member of the family can be substituted. 
The 79S385A kit includes a sample of a 25MHz R3081 in a 
PGA pinout, to allow the user to upgrade the system. A large 
wire-wrap area is available on the board for adding addi­
tional hardware. All the schematics and details of the de­
signs are supplied with the board, including all PAL equa­
tions on an IBM format 3.5" disk. 

The 79S385 board is supplied with 1 MB of DRAM in 
socketed 256K x 4 ZIPs; the ZIPs can be replaced with 4MB 
devices to obtain 4MB of DRAM on the board (an applica­
tions brief on upgrading memory is included in the kit). Other 
hardware on board includes a 2681 OUART and an 8254 
counter/timer; both these devices are supported with drivers 
in IOT/sim. A parallel Centronics port is available for higher 
speed download of code into the board. 

The board contains 128KB of EPROM expandable to 
2MB by replacing the EPROMs with higher density devices. 
The EPROMs contain lOT's powerful System Integration 
Manager (IOT/sim), a debugging monitor that supports 
download of code from host systems, execution control 
commands, memory probing, and 1/0. 

There are two serial ports, a free-running programmable 
timer, and a parallel Centronics port for high-speed down-

Signal Name 10rO 

EAOO-EA31 I/O 32-bit buffered address bus 

EDOO-ED31 I/O 32-bit buffered data bus 

PRODUCT BRIEF 

load of software. A set of expansion connectors permits 
external hardware to be connected to the board, and a wire­
wrap area on the board can be used to build additional 
hardware without using a second board. 

The board is designed to be placed on a flat table-top 
surface. Standoffs are provided for physical support. 

The 3051 Bus, along with other control signals, is con­
nected to a set of pins in the center of the board next to the 
wire wrap area. These signals can be used to connect 
additional hardware on either the wire-wrap area or on 
another board via a ribbon cable. OMA control is provided. 
Table 1 shows the signal description for the expansion 
connector. 

IOT/SIM DEBUG MONITOR SOFTWARE 
lOT's System Integration Manager (IOT/sim) is included 

in EPROMs on the board. This software permits download­
ing of code from a host system, execution control with 
breakpoints, in-line assembly and disassembly, and a vari­
ety of commands to control main memory, cache memory, 
and the internal TLB. It provides all the resources needed to 
bring up new hardware and software. 

The evaluation kit also includes a complete set of user 
documentation for the IOTlsim software too/. The capabili­
ties of IOTlsim are described in a separate data sheet. 

IOT/C IICII COMPILER FOR IBM PC COM­
PATIBLES 

In addition, the evaluation kit contains a complete copy of 
the IOTlc software development toolchain, hosted on IBM 
PC compatible computers. I OTic, described in a separate 
data sheet, includes: 

• The ability to generate big- or little-endian code 

Description 

SYSOUT 0 Buffered SYSCLK Clock from CPU; used to synchronize data transfers 

MRES# 0 Copy of the Reset signal to the CPU 

MREQ 0 Memory Request output (handshaking signal for data transfers) 

EXACK# I Acknowledge input (handshaking for data transfers) 

IP4-IP5 I Auxiliary input pin to the 2681 UART 

WEA-WED 0 Write Enables for the four bytes of the data word 

UCS 0 Chip select signal decoded from the high order address bits for external hardware 

INTO:INT5 I Interrupt inputs to the R3052 

RD# 0 Memory Read output signal from the 3052 

WR# 0 Memory Write output signal from the 3052 

BREQ# I Bus Request input to the 3052 

BUSGNT# 0 Bus Grant output from the 3052 

2885 tbl 01 
Table 1. Signals Supplied on Expansion Connector 
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IDT79S385A 
RISC EVALUATION KIT FOR R3051 FAMILY PRODUCT BRIEF 

E d· 

~ Sv 
n lanness / + 

Reset Tristate 

INT[5:0] .. Control Data_Blk_Refill_Size .... 
Logic 

BR· -
BG· 
~ 

TimeUnt -
... UART_lnt. 8 

BE[3:0] .. Interrupt 
~ 

8254 Serial .. Read ""- Control Centronics_lnt Timer Ports Read ... 
Write Logic 21 r-... Write .. Control .. 

I --Ack Logic ~~ 
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~ Timing ~ 
2681 ... 'J 

R3051 4 UART r-... 
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Connectors 

•• These control signals include R3051 and the on-board control logic signals as well. 

Figure 2. IDTI9S385 Board Block Diagram 

Hardware or software floating point support 
"C" library support, including source libraries 
Remote symbolic debug 

LOGIC ANALYZER INTERFACE 
The 79S385A evaluation kit also includes the ability to 

simply use an HP16500A logic analyzer for execution trace 
and software debug. The board includes a set of connectors 
to easily allow connection of the logic analyzer to the board. 
Also included is a disk for the HP16500 containing disas­
sembly software, allowing the analyzer to display a disas­
sembled listing of the software executing on the system. 

KIT SUMMARY 
The IDT 79S385A evaluation kit is a complete low-cost 

package for evaluation of the R3051 family, especially its 
software environment. The kit allows the user to develop 
and execute high-level language programs, to look at a 
software development toolchain for the IDT R3051 family, 
and to evaluate a hardware design around the R3051 family. 

7.4 

KIT CONTENTS 
IDT79S385 RISC Evaluation Board 
IDT/c Multi-Host compiler toolchain 
IDT/sim debug monitor included in board EPROMs. 
User's Manuals for: 

• I DT79S385 board 
• R3051 
• R3081 
• IDT/sim 
• IDT/c 

Applications Guide for R3051 family 
Program Utility Disk 
Disassembler for HP16500 Logic Analyzer 
PAL Equations on IBM PC compatible 3.5" disk format 
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IDT79S385A 
RISC EVALUATION KIT FOR R3051 FAMILY 

BOARD SPECIFICATIONS 

CPU 
25MHz R3052E on board 
25MHz R3081 sample included 

Cache Ram 
8KB I-cache, 2KB D-cache (in 3052 chip) 
16KB I-Cache, 4KB D-Cache configurable to 
8KB I-Cache, 8KB-DCache (in R3081 chip) 

Cacheable Address Space 
4GB 

DMA Support 
Bi-directional tri-stateable buffers can be used to 
write to DRAM from external logic 

Block Refill 
4 word instruction block size 
1 or 4 word data block size programmable via jumper 

Endianness (Byte Ordering) 
User programmable via jumper 

ReadlWrite Buffers 
Both are 4 words deep (inside R3052 chip) 

ORDERING INFORMATION 

PRODUCT BRIEF 

Interrupts 
6 User Interrupts, three synchronized with SYSCLK 

1/0 characteristics 
TTL levels from FCT logic devices, PALs and R3052 

Power Supply 
2 amps (typical) at 5V, 25°C, at rated speed 

Environmental Conditions 
Ambient temperature O°C to +50°C 
Relative Humidity 5% to 95% 

Clock Frequency 
25MHz 

Interconnection 
Five 50-pin connectors, containing Address, Data, and 
Control signals and R3052 signals 
Five 20-pin plugs for use with HP logic analyzer 
Two RS-232 serial ports on DB-25 connectors 
One parallel Centronics port for input 

User Selectable Options 
Endianness, data block refill size 
Tri-State mode of 3052 

Each unit is shipped with complete schematics and PAL equations. A user's manual includes instructions on 
downloading code, operating the Software Integration Manager, and providing the correct timing interfaces to additional 
hardware. Boards are shipped with the R3052E CPU plugged in, but any member of the 3051 family can be used. An 
additional sample of the R3081 is included to allow user upgrades. 

Evaluation Boards 
R3051 Family Evaluation Kit ...................................................................................................................... 795385A 

EPROM Upgrades 
The following part numbers update the evaluation board hardware to the latest version of the IDT/sim 
monitor. 

Evaluation boards ............................................................................................................................... 7R5901 BGP 
Use with 79S385 only 

7.4 4 



(;) R3041™ EVALUATION KIT IDT79S341 

Integrated Device Technology, Inc. 

FEATURES: 
- Complete low-cost 20MHz RISC system 
- Plug-in AT-style card or stand alone mode 
- Supports the R3041 'M highly-integrated, low-cost 

RISController'M CPU 
- DRAM/memory controller logic implemented with a 

single low-cost PLA chip 
- Capability to test different hardware wait-state and 

clocking options 
-128KBytes of boot EPROM expandable to 512KB 
- 1 MByte DRAM expandable to 4MB 
- 8/16/32-bit wide DRAM array 
- Two Serial Ports 
- 16-bit external Counter/Timer 
- PC ISA interface logic 
- Connector provided for easy connection to a logic 

analyzer 

- IDT/c™ for PC included in kit: 
- Software floating point emulation 
- Remote symbolic debug 

FUNCTIONAL BLOCK DIAGRAM 

- lOT's System Integration Manager (IDT/simTM) included in 
EPROM 

- On-board debug monitor 
- Simplifies software development 

-lOT's PCI016 Terminal Emulation Program (IDT/pci016™) 
included in kit 

- Allows communication and downloading between the 
board and PC 

- Complete set of documentation included 
- User's Manual for R3041 Evaluation board 
- Installation and operation guide for standalone 

and PC configurations 
- DeSign and theory of operation documentation 
- Includes complete set of board schematics and PLA 

equations 
- User's Manual for R3041 , IDT/c, and IDT/sim 
- Application Guide for the R3051 Family 

Figure 1. R3041 System Evaluation Board. Actual Size 4.2" x 10.0" 

The IDT logo is a registered trademark and IDT/c,lDTenvY,lDT/sae,lDT/sim,lDT/ux, R3041, R3051, R3052, R3081, R3721, R4600, RISCompiler, RISControlier, RISCore, RISC Subsystem, and 
RISC Windows aro Irademarks of Integrated Device Technology, Inc. 

COMMERCIAL TEMPERATURE RANGE 

©1995lnlegraled Dovlco Technology, Inc. 7.5 

SEPTEMBER 1995 

DSC-907611 
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IDT79S34FM EVALUATION KIT 

DESCRIPTION 
The I DT79S341 Evaluation Kit is a complete kit for evalu­

ating the R3041 hardware and software environment. The kit 
contains a working system, including a User's Manual with 
installation guide, schematics, PLA equations, theory of op­
eration, and design notes. A complete software development 
environment, including debug monitor and "C" compiler/as­
sembler toolchain for the PC is included. The kit also includes 
the R3041 User's Manual and the R3051 Family Applications 
Guide. 

COMPLETE SINGLE BOARD COMPUTER 
The 79S341 Evaluation Board is an example of a complete 

working MIPS R3000-based RISC System. The board is a 
low-cost and parts-count design example using the highly 
integrated R3041 RISControlier CPU. Primary uses of the 
board include: 

1. Evaluating the R3041 architecture. 
2. Prototyping and running software. 
The board is highly configurable and contains hardware 

options for state machine experiments as well as for setting 
different DRAM sizes, speeds and 32/16/8-bit memory widths. 

The 79S341 Evaluation Board is designed around the 
IDi79R3041 RISControlier. The R3041 is a highly integrated 
low-cost version of the R3051 family of RISControliers and 
includes 2KB of on chip instruction and 512B of on chip data 
cache. The R3041 also contains memory controller support 
circuitry including programmable bus width, a refresh timer, 
read and write strobes, and address multiplexer controls. 
Thus on the S341 board, the DRAM controller, memory 
controller, and I/O controller are implemented externally within 
a single low-cost 24-pin PLA. 

Although the R3041 can run in an R3051 family bus­
compatible mode, on the 79S341 Evaluation Board, specific 
superset bus features of the R3041 are taken advantage of; 
for instance the 8-bit boot PROM capability, to reduce chip 
count and cost. Other boards, such as the IDT79S385A 
R3051 evaluation board kit, as described in a separate data 
sheet, can be used to demonstrate the R3041 using its R3051 
bus-compatible mode. 

The 79S341 Evaluation Board can be operated in one of 
two ways. In the default configuration as a standalone board, 
the 79S341 board requires only a standard RS232-C CRT 
video terminal and a 5V power supply for operation. The board 
can be placed on a flat table-top surface by using the remov-

COMMERCIAL TEMPERATURE RANGES 

able standoffs which are provided for physical support. The 
standoffs can be removed for the alternate configuration as a 
PC/AT ISA backplane add-in board. In this second configura­
tion, the 79S341 Board only requires a PC/AT compatible 
personal computer. Using the IDT/pci016 PC/AT software 
program included in the kit provides a terminal emulator and 
downloader directly over the PC/AT backplane. 

The 79S341 board contains a single 128K x 8 EPROM and 
can be upgraded to a user supplied 256K x 8 or 512K x 8 
EPROM. Main memory consists of eight 256K x 4 (1 Mb) 
DRAM ZIPs. There are two serial ports, one external timer in 
addition to the internal timer on the R3041 , and a PC/AT 
backplane 16-bit I/O interface for downloading software. A 
logic analyzer connector permits external observation and 
evaluation of key CPU signals. 

The boot EPROM contains IDT's System Integration Man­
ager (IDT/sim), a debug monitor kernel that supports down­
load of code from host systems, remote debug interface, 
execution control commands including single stepping and 
instruction tracing, memory probing, register probing, line­
based assembly, and disassembly of code. 

The board supports the use of 32/16/8-bitwide DRAM array 
configurations through the use of hardware jumper options. 
The board can be populated with either the default 1 Mb DRAM 
ZIPs or with user supplied 4Mb DRAM ZIPs. Thus the board 
supports anywhere from 256KB to 4MB of main memory. 

7.5 

An IDT MacStation, SPARCstation, (or PC/AT) can be 
connected to the 79S341 via one of the serial ports and user 
developed code (generated using a cross-compiler such -as 
GNU-C, MIPS-C, or the IDT/c compiler) can be downloaded 
to the board. In the add-in board mode, the 79S341 can be 
installed on the backplane of a PC/AT personal computer. 
Development can done completely from the PC/AT or down­
loads can be transferred from a workstation to the PC (via user 
supplied ethernet) and then through the PC/AT backplane of 
the 79S341. When used on the PC/AT backplane, additional 
server software which runs under MS-DOS is included, which 
allows CRT video emUlation and program downloading via the 
PC/AT ISA backplane. 

In addition, a logic analyzer connector is provided allowing 
additional hardware observability. 

The 79S341 is constructed using through-hole devices on 
a 4-layer 4.2" x 10.0" PC/AT form factor compatible epoxy 
laminate board with standoffs and is intended either as a 
standalone bench top device or as a backplane add-in card. 
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IDT79S341'M EVALUATION KIT COMMERCIAL TEMPERATURE RANGES 
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Figure 2. 795341 Board Block Diagram 

IDTIC MULTI-HOSTED C-COMPILER 
The evaluation kit contains a complete copy of the 10T/c 

software development toolchain, hosted on IBM PC-386/486 
compatible computers and SUN SparcStation. I OTic, de­
scribed in a separate data sheet, includes: 

• ANSI-C optimizing compiler, assembler, linker, and 
librarian 

• ANSI-C library support (source libraries available 
separately) 

• Supports multiple memory segments for embedded 
system code 

• Software floating pOint support 
• Remote symbolic debug 

IDTISIM DEBUG MONITOR SOFTWARE 
lOT's System Integration Manager (IOT/sim) is included in 

an EPROM on the board. This software permits downloading 
of code from a host system, execution control with breakpoints, 
in-line assembly and disassembly, and a variety of commands 
to control registers, cache memory, and main memory. lOTI 
sim provides all the resources needed to bring up new 
hardware and software. 

The evaluation kit also includes a complete set of user 
documentation forthe 10T/sim software tool. The capabilities 
of 10T/sim are described in a separate data sheet. 

IDT/PCI016 TERMINAL EMULATION AND 
DOWNLOAD UTILITY SOFTWARE 

lOT's PC 16-bit 1/0 Terminal Emulation and Oownload 
Utility Software (lOT/pci016) is included on an IBM PC com­
patible disk for use with an IBM PC AT-Bus compatible (ISA) 
machine. IDT/pci016 allows the evaluation board to be oper­
ated from the PCIAT ISA backplane. The PCIAT acts as a 
video screen and keyboard terminal for the board by commu­
nicating through the backplane. IOT/pci016 also includes 
download utilities to move s-record files from the PCI AT to the 
evaluation board. 

7.5 

KIT SUMMARY 
The IOT79S341 evaluation kit is a complete, low-cost 

package for evaluation of the R3041 RISController and its 
software environment. The kit allows users to develop and 
execute high-level language "G" programs, to look at a soft­
ware development toolchain forthe lOT R3051 family, and to 
evaluate a low-cost hardware design using the R3041 
RISController. 

KIT CONTENTS 
• 79S341 RISC Evaluation Board 
• 10T/c Multi-Host compiler toolchain (IBM PC-compatible 

version) 
• 10T/sim debug monitor included in board EPROM User's 

Manuals for: 

- 79S341 board fI 
- R3041 
- 10T/c 
- 10T/sim 
- Applications Guide for R3051 family 

• IOT/pci016 software on IBM PC compatible 3.5" disk 
format 

• 6' cable for serial port from board for connection with 9-
pin male or 25-pin male connector 

BOARD SPECIFICATIONS 
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IDT79S34FM EVALUATION KIT 

CPU 
On-chip 

20MHZ R3041 
2KB I-cache, 512B D-cache 

On-Board Memory Capacity: 
As shipped (Minimum): DRAM - 256K x 32 (1 MB) 

EPROM - 128K x 8 (128KB) 
Maximum: DRAM - 1 M x 32 (4MB) 

EPROM - 512K x 8 (512KB) 
Debug Monitor EPROM: 128K x 8 (128KB) containing 

IDT/sim. 
Serial Ports: Controlled by SCN2681 DUART. 

CRT Terminal connects to J3. 
Software configurable features. 

Default state: 9600 Baud, 8 bits, no parity, 
1 stop bit. 

AUX Download port connects to J4. 

Software configurable features: 
Default state: 9600 Baud,8 bits, no parity, 

1 stop bit. 
Serial Port Connectors: Two DTE DB9s (right angle 

female) connectors. 

Timers: 

Interrupts: 

Expansion Connector: 

1. Programmable counter/timer 
16-bit timer on 2681 DUART. 
2. On-chip R3041 24-bittimer used 
for DRAM refresh timer. 

3 synch ronized, 3 unsynchronized 
(4 used on-board with 2 spares). 

One 96-pin Right angle (male) 
DIN compatible. Connects with 
96-pin reverse DIN (female). Con­
tains R3052 AID bus, control sig 
nals, and Bufferred SysClk. 

COMMERCIAL TEMPERATURE RANGES 

User Selectable Options: 
Standalone vs. PC/AT ISA configuration, PC/AT ISA I/O 

address, interrupt number, DRAM size, 32/16/8 DRAM width, 
Boot PROM size, Endianess, cache vs. debug mode, Data 
Block Refill size 

Physical Dimensions: 
PC/AT ISA Form Factor compatible: 4.2" x 10.0". 
Operating Temperature: ODC to 50 DC 
Relative Humidity: 5% - 95% 
Power Supply: 5.0V ± 5%, 0.75Amps typical 
Power Supply Connection (if used): 

One 4-pin power supply 
connector (4p-pin PC disk drive) 

PC/AT Compatibility (if used): PC/AT 8.33MHz ISA Bus 
backplane slot 

PC/AT System Requirements (if used): 
DOS 3.0 or higher, 640K memory, 
3.5" floppy disk drive 

ORDERING INFORMATION 
Each kit is shipped with an evaluation board, complete 

schematics and PLA equations, as well as a complete soft­
ware development toolchain for "C" language programming. 
User's Manuals include instructions on compiling "C" pro­
grams, downloading code, and operating the Software Inte­
gration Manager. 

Evaluation Board 
R3041 Evaluation Kit ........................................... 79S341 
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G R3081™ EVALUATION KIT IDT79S381 

Integrated Device Technology, Inc. 

FEATURES: 

• Complete 33MHz RISC System Board 
• Supports R3081"', R3052"', R3051"', R3041'" CPUs 
• Includes: 

- R3081 CPU, with R3041, R3051 and R3071 samples 
- 2MB interleaved DRAM, expandable to 4MB, 8MB, 

or 16MB 
- 256KB zero-wait-state SRAM 
- 512KB of EPROM expandable to 1 MB or 2MB 
- 1024-bit serial EEPROM 
- 2 serial ports 
- IEEE 802.3 Ethernet subsystem with 8KB dual-port 

SRAM expandable to 16KB 
- Expansion connector 

FUNCTIONAL BLOCK DIAGRAM 

33MHz 

JLr 

m 
I\) 

-0 
JJ 
o s: 

Dual 
RS232 
Serial 
Ports 

DESCRIPTION: 
lOT's R3081 Evaluation Kit is a complete evaluation and 

development kit for lOT's R3051 family of RISControllers"'. 
Designed to demonstrate the optimal performance of these 
RISControllers, zero-wait state memories allow one to see the 
true performance of lOT's R3041 , R3051/2, and R3081 de­
vices. For those developing large segments of code, the IEEE 
ethernet interface allows for quick downloading of large code 
blocks. The system supports up to 16MBytes of DRAM. On top 
of the system board with an on-board monitor, lOT's System 
Integration Manager (I DT/sim"') , the complete package in­
cludes lOT's IDTlc compiler (IDT/c"'), samples of our R3041 , 
R3051 and R3071 devices, and a complete documentation 
package including a user's guide, board schematics, and PAL 
equations. 

256Kbytes 
o wait state 

SRAM 
2M bytes 
EPROM 

OJ R3081E 
RISControlier r-------~----------~--~--------~--~------~~ CD 

V3 DRAM 
Controller 

OJ So .... ___ ......J 

~ CJ) '-________ ----J 

en 

IEEE 803.2 Ethernet 3041 drw 01 

The lOT logo Is a roglslored trademark and R3041. R3051 , R3052, R3071 , R3081, R4400, R4600, lOT/kit, IDT/slm, RISController, and RISCore are trademarks of Integrated Device Technology, Inc. 

COMMERCIAL TEMPERATURE RANGE 

©1995 Integrated Device TechnOlogy, Inc. 7.6 

SEPTEMBER 1995 
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R3081 EVALUATION KIT 

ORDERING INFORMATION 
Each kit is shipped with an evaluation board, complete 

schematics and PLA equations, as well as a complete software 
development toolchain for "G" language programming, download­
ing code, and operating the Software Integration Manager. 

Evaluation Board 
R3081 Evaluation Kit. .................................. 79S381 

MILITARY AND COMMERCIAL TEMPERATURE RANGES 
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G Orion™ R4600™ EVALUATION and Preliminary 
DEVELOPMENT PLATFORM 795460 

Integrated Device Technology, Inc. 

FEATURES: 
• Complete RISC System Development Board 

- Supports R4600 at speeds of 100, 133 or 150 MHz 
• Uses a12 pin PC-style power connector with +12V, -12V 

and +5V 
• System interface and memory system runs at 50MHz 
• 2MB minimum of non-interleaved DRAM, expandable to 

96MB in 4 SIMMs 
- 2 SIMMs for base memory and 2 SIMMs for expan­
sion memory 
- Tuned for 60ns DRAMs but can use 70 or 80ns 
DRAMs 

• 256KB of EPROM, expandable to 1 MB 
• Ethernet connection (thick net) via the DP83932 SONIC 

Controller 
• Dual serial ports through NEC 72001 DUART 
• Daughter board expansion area 
• Provides for logic analyzer connection 

FUNCTIONAL BLOCK DIAGRAM 

CPU R4000PC Memory Controller 
or R4400PC and On-board Memory 

or R4600 

1/0 Bus Interface 

Ethernet 

• Shipped with IDTlsim™ (System Integration Manager) in 
EPROM 
- High capability debug monitor 
- Simplifies software development 

• Complete set of documentation included 
- Complete set of board schematics 
- Complete PAL sources 
- Board specifications manual 
- Design manual with the theory of operations 
- User's manual for IDT/sim 

DESCRIPTION: 
The 79S460 Evaluation Board is a complete design for 

evaluating the R4600 hardware and software environment. 
The package contains a working system, including schemat­
ics and theory of operations, complete documentation, and a 
debug monitor for software development. 

EPROM 

Expansion 
Connector 

Local 110 
(serial. NVRAM. etc.) 

3035 drw 01 

The IDT logo is a reg,stered trademark and R4600, R4400, Orion, RISController, and IDT/sim are trademarks 01 Integrated Device Technology, Inc. 

SEPTEMBER 1995 
©1995 Integrated Device Technology, Inc. 7.7 DSC·907411 
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PRELIMINARY IDT79S460 
Orion™ R4600™ EVALUATION and DEVELOPMENT PLATFORM 

COMPLETE SINGLE BOARD COMPUTER 
The79S460 is a complete working RISC system intended 

as a design example using the R4600 highly integrated CPU. 
The board requires only a simple CRT terminal and a PC-style 
power supply for operations. While intended to use the R4600, 
the board also supports the pin compatible R4400"'PC. 

The R4600 Evaluation Board is supplied with 2MB of 
DRAM in the base memory SIMM sockets. This can be 
upgraded to 32MB for base memory (4Mx36 SIMMs). The 
expansion memory SIMMs can provide an additional 64MB of 
DRAM. Other hardware on the board includes a NEC 72001 
DUART and a DP83932 SONIC Ethernet Controller; both 
devices are supported with drivers in IDT/sim. The Ethernet 
connection is provided for higher speed download of code to 
the board. 

ORDERING INFORMATION 

The board contains 256KB of EPROM expandable to 1 MB 
by replacing the given EPROM with a higher density device 
and adding the second EPROM. The enclosed EPROM 
contains lOT's powerful System Integration Manager (lOTI 
sim), a debugging monitor that supports download of code 
from host systems, execution control commands, memory 
probing and 1/0. The capabilities of IDTlsim are described in 
a separate data sheet. 

The R4600 Evaluation Board also contains a daughter­
board expansion bus. This is controlled by logic similar to a 
simplified i486 local bus but is expanded to 64-bits and 
operates at 33MHz. Daughter-boards provide slave memory 
or registers accessible to the R4600 CPU and can also be 
DMA masters capable of reading and writing to memory. 

Each unit!s shipped with complete. schematics and PAL ~quations. A user's manual includes instructions on downloading 
code, ?peratl~g the Software Integration Manager, and proViding the correct timing interfaces to additional hardware. Boards 
are shipped with the R4600 CPU plugged-in, but the R4400PC can also be used. The R4400PC can also be ordered to allow 
user upgrades. 

EVALUATION BOARD 
R4600 Evaluation Kit. ................................................................................................................................................ 79S460 

7.7 2 



(;)® ORION TM79S464 EVALUATION KIT IDT79S464 

Integrated Device Technology. Inc. 

FEATURES: 
The major features of the 79S464 R ISController Evaluation 

Board include: 
• Complete 50MHz RISC system 
• Default standalone board configuration for use with 

external terminal 
• Supports the R4600/R4700/R4650 highly integrated 

RISController CPUs 
• 4, 16, or 64MByte DRAM, interleaved, 60nsec for 50MHz 

bus 
• 4MBytes of EPROM, non-interleaved, non-cacheable 
• lOT's System Integration Manager (IDT/sim) included in 

EPROM 
• Two serial RS232 channels (in Cirrus CL-CD1284) 
• Intel 82C54 timer for OS interrupt (UNIX, CExec, NT, 

etc.) 
• Clock, reset, and interrupt generation logic 
• P1284 bidirectional interface using the Cirrus CL-CD1284; 

supports all 5 modes 

DESCRIPTION: 
The 79S464 Evaluation Board is an example of a complete 

working MIPS R4600 RISC System. The board is a low cost 
and parts count design example using the highly integrated 
R4600 RISController CPU. Primary uses of the board 
include: 

1. Evaluating the R4600/R4700/R4650 architecture. 
2. Prototyping and running software. 

The board is highly configurable and contains hardware 
options for setting different DRAM sizes and bus speed. 
Figure 1 shows a block diagram ofthe 79S464 RiSe evaluation 
board. 

The lOT logo is n fOgictored trademark, and IDTlc, IDTlsim, R3041 , R3051, R3052, R3081, R4400, R4600 RISControlier and RISCore are trademarks of Integrated Device Technology, Inc. 

©1995 Integrated Dcvlco IllCllnOlogy 
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IDT 795464 

16260 x 4 

2 x 16501 

SYSAD ADDRESS 
BUFFERS 

PROM ADDRESS 

RAS/CAS 
Address Muxes 

A B PA[31:0] 

PERIPHERAL 
ADDRESS 
BUFFERS 

PROM SIMMs 

Bank 1: Hi 
Bank 1: La 

DRAM SIMMs (32 bit data) 

82C54 Timer 

Command/Status Registers 

EVALUATION BOARD DESCRIPTION 

SYSADDATA 
BUFFERS 

DRAM DATA 
BUFFERS 

PROM DATA 
BUFFERS 

64/32 
BUS 

EXCHANGE 

64 

Figure 1 795464 R4600 Evaluation Board Block Diagram 
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IDT79S464 

EXPLANATION OF FEATURES 
The 79S464 Evaluation Board is configured as astandalone 

board, and requires only a standard RS232-C CRT video 
terminal and a 5 volt power supply for operation. The board 
can be placed on a flattabletop surface by using the removable 
standoffs which are provided for physical support. 

The 79S464 board contains two 512Kx32 PROM SIMMs. 
Main memory consists of 4, 16, or 64 MBytes, using 256Kx32, 
1 Mx32, or 4Mx32 DRAM SIMMs. There are two serial ports 
and one external timer in addition to the internal timer on the 
R4600. 

The boot EPROM contains lOT's System Integration 
Manager (IDT/sim), a debug monitor kernel that supports 
download of code from host systems, remote debug interface, 
execution control commands including single stepping and 
instruction tracing, memory probing, register probing, line­
based assembly, and disassembly of code. 

The board supports the use of 32-bit wide DRAM SIMMs 
through the use of hardware jumper options. The board can 
be populated with up to 4 SIMMs: 256Kx32, 1 Mx32, or 4Mx32 
DRAM SIMMs. Thus, the board supports from 4 to 64MBytes 
of main memory. 

A MIPS workstation, SPARCstation, or PC/AT can be 

Ordering Information: 

EVALUATION BOARD DESCRIPTIONS 

connected to the 79S464 via one of the serial ports and user 
developed code (generated using a cross-compiler such as 
GNUlGCC++, MIPS/C, or the IDT/c compiler) can be 
downloaded to the board. 

The 79S464 is designed around the IDT79R4600 
RISControlier. The R4600 is a highly integrated version of the 
Orion family of RISControliers and includes 16KBytes of on 
chip instruction and 16KBytes of on chip data cache. For 
further details on the R4600 RISController, please refer to the 
R4600lR4700 Hardware User's Manual and the R4600 data 
sheet. 

The 79S464 can be used to evaluate the performance of the 
R4600 orthe R4700. In addition, the 79S461 , when populated 
with the R4650, can be plugged into the R4600 CPU socket. 
This allows the R4650's performance in the system to be 
evaluated as well. 

The 79S464 is constructed using both through-hole devices 
and surface mount on a 13" x 10" PCB rectangular form factor 
laminate board with standoffs, and is intended for use as a 
standalone bench top device. 

Each kit is shipped with an evaluation board, complete schematics, and PAL equations, A user's manual includes instructions 
on downloading code, operating the Software Integration Manager, and providing the corrent timing interfaces to additional 
hardware. Boards are shipped with the R4600 CPU plugged-in. 

Evaulation Board 

R4600 Evaluation Kit ..... ..... ...... ............ ....... ..... ............................ ................................................... ......... 79S464 
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IDTlsim™ IDT79S901 (;) SYSTEM INTEGRATION MANAGER 
ROMABLE DEBUGGING KERNEL 

Integrated Device Technology, Inc. 

FEATURES 
• Complete source code provided 
• Robust debug monitor 
• Supports remote source-level debug 

GOB-IDT/c tool chain 
DBX-MIPS tool chain 

• Remote file access-connects target to remote host file 
system 

• Ethernet and Centronics support for fast download 
• Diagnostic tests for memory, cache, MMU, FPA, and 

system 
• Adaptable to systems with or without hardware floating 

point accelerator 
• Includes a variety of device drivers 
• Easy to add new user interface commands and I/O device 

drivers 

Powerful Tool for Integration of RISControlier 
Based systems 

The IOT79S901 System Integration Manager (IOT/sim) is a 
ROM able debug monitor product that permits convenient 
control and debug of RISC systems built around lOT's R30xx 
RISController™, R4400™, R4600™, R4700™ and R4650™ 
CPUs. Facilities are included to operate the CPU under 
controlled conditions: examining and altering the contents of 
memory, manipulating and controlling R30xx, R4xxx resources 
(such as cache, TLB and coprocessors), loading programs 
from host machines, and controlling the path of execution of 
loaded programs. 

IOT/sim source code includes lOT's MicroMonitor, a very 
simple monitor which requires only a UART and ROM to be 
functional for performing the initial debugging and integration 
of new hardware. 

RS232C CABLE 
(DOWNLOAD & REMOTE DEBUG) 

HOST SYSTEM 
( Sun 4, PC-DOS, or MIPS RISC/os) 

SYSTEM UNDER 
DEVELOPMENT 

TARGET WITH IDT/sim in EPROMs 
System Integration Manager 2867 drw 01 

The IDT logo is a registered trademark. and IDT/c. IDT/sim. R3041. R3051. R3052. R3081. R4400. R4600, RISController, and RISCore are trademarks of Integrated Device Technology, Inc. 

©1995 Integrated Device Technology, Inc. 7.9 
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IDT79S901 
IDT/sim SYSTEM INTEGRATION MANAGER 

IDT/sim Features 

IDT/sim is a software tool to help system designers debug 
hardware designs and port software to systems based on one 
of the R3000 ISA CPUs, R4400, R4600, R4700 and R4650. 
The software is supplied in EPROMs on most IDT RISC 
Development products, and may be purchased in source­
code form so it can be modified, compiled and installed on 
your system. 

IDT/sim provides all the basic functions needed to get a new 
hardware design debugged and to port and debug software on 
it. Typically, the monitor is compiled and burned into EPROMs 
that are plugged into the target system. Approximately 115KB 
of EPROM is needed for the binary code, and 71 KB of RAM 
is needed for storing variables. Once installed, the designer 
communicates with the monitor via a simple terminal con­
nected to an RS-232 port on the target system. Source code 
is included to support a variety of UARTs forthis port. On start­
up, the monitor will determine the cache and main memory 
sizes automatically. 

Diagnostics 

The monitor includes a set of diagnostic routines for testing the 
integrity of the hardware. The diagnostic suite includes: main 
memory tests which exercise all address and data paths; a 
cache memory test which runs memory tests on both caches, 
checks tag memory, and verifies that instructions can be 
executed from cache; a system test which checks the ability 
to read and write full words, half-words, and bytes and checks 
the cache operation for valid, hit/miss, and invalidation; a 
MMU test which checks the operation of the TLB inside the 
CPU; and a Floating Point test which tests the functionality of 
the on-chip FPA, including exception interrupts. 

Download Support 

Object code created on a software development system can 
be downloaded in either ASCII S-records or binary formats to 
the target system's memory. The code can be produced with 
IDT/c, the MIPS RISCross Compiler tools, or several third 
party compiler toolchains. 

The IDT/sim console may also be used as a terminal to a 
software development system accessed through a second 
serial port. On targets which implement ethernet, utilities are 
also available to support ethernet downloads, and remote file 
access. 

Debug Commands 

A variety of commands are included in IDT/sim to support 
software/hardware debug. I DT /sim commands can be grouped 
into several categories, including: Execution Control 
(breakpoint, call, continue, go, gotill, next, step, unbreak); 
Memory Commands (assemble, cache flush, compare, disas­
semble, dump, dump cache, dump registers, fill, fill registers, 
move read/write cache, search and substitute); TLB Com­
mands (dump, flush, map, pid and probe); Remote Debug 

PRODUCT BRIEF 

(source-level debug with gdb on and IDT/c Host or dbx on a 
MIPS RISC/os system; and Communications (remote file 
access, terminal emulator and set baud rate). 

Run-Time Support 

IDT/sim includes over 50 functions that can be called by user's 
programs to perform common I/O and R30xx, R4xxx control 
operations. A complete list of commands is listed later in this 
document. 

Feature Set 

R4650 Orion Support: IDT/sim has been upgraded to sup­
port the latest 64-bit RISController family member, the 
79R4650. This support has been implemented as a series of 
"IFDEF" options to the base 32-bit source tree. This approach 
allows a common set of features across 32 and 64-bit targets 
with a single development environment. 

R3710/15 Support: IDT/sim now supports IDT79R371 0/15 
Laser printer integrated system controller for IDT R30xx 
RISController family. Features supported are: ROM control­
ler, DRAM controller, Centronics, Timer, Printer interface 
diagnostics. 

lOT MicroMonitor: IDT/sim includes IDT's MicroMonitor, a 
very simple monitor for performing the initial debugging of new 
hardware. 

Source-level Debug: Fully integrated with IDT's new com­
piler toolchain (IDT/c Version 5.1) which supports source­
level debug using gdb. IDT/sim supports gdb as a front end 
(with full access to /sim's commands) or use of an ASCII 
terminal in a stand-alone mode. 

Remote File Access: IDT/sim has implemented features to 
allow connection of the target with a remote host file system 
allowing file transfer between target and host at run time. As 
an example, this can be useful for accessing large data 
images residing on a host without linking them with the 
application. Ethernet support is also included. 

Trace Facility: Traces the memory accesses of a user 
program. Provides for tracing the path of execution, reads­
from memory, or writes-to memory. Trace qualifiers allow the 
tracing of a specific instruction or class of instructions or 
references to particular memory ranges. The user may stop 
tracing on the following conditions: trace buffer full, hitting a 
breakpoint, executing a specific instruction, or accessing a 
specific memory range. The trace buffer contents may be 
displayed using standard R30xx, and R4xxx family mnemon­
ics. 
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IDT79S901 
IDT/sim SYSTEM INTEGRATION MANAGER 

KSEG 1 
Unmapped, 
Uncached 

PRODUCT BRIEF 
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Ifffffff.---------------------------------~ bfffffff 
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Figure 2 IDT/sim Memory Map 

Figure 2 shows the memory utilized by IDT/sim. The 
EPROM space starts at virtual address bfcOOOOO, which is the 
R3000's start-up address. The compiled version of IDT/sim 
with all features included occupies about 115KB of EPROM 

7.9 

space, and is normally placed in 128KB of EPROM. IDT/sim 
uses main memory to store interrupt vectors, variables, and a 
stack. Approximately 71 KB of RAM space is reserved for this 
data. 
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IDT79S901 
IDT/sim SYSTEM INTEGRATION MANAGER 

IDT/sim COMMANDS 
asm <addr> examine and change memory interactively 

using standard assembler mnemonics 
benchmarklbm 

Facilitates benchmarking 
brklb [addresslist] 

Set/display breakpoints 
cacheflushlcf [-il-d] 

Flush the I-cache and/or the D-cache 
call1ca <address> [arg1 arg2 ... arg8} 

Call subroutine with up-to 8 arguments 
checksumlcs 

Display the checksums for an address range 
comparelcp [-wl-bl-h] <RANGE> <destination> 

Compare the block of memory specified by RANGE 
to the block of memory that starts at destination 

con tIc 
Continues execution of the client process from 
where it last halted execution. 

dbgint/di [<-el-d DEV>] 
Debug interrupt enable/disable - allows 'break key' 
to generate external interrupt 

debugldb [DEV] 
Enter remote debug mode 

dis <RANGE> 
Disassemble target memory specified by RANGE 

disptagldt [-i] RANGE 
Displays the instruction or data cache tag values and 
data contents 

dr [reg#lname\reg_group] 
Print out the current contents of register(s) 

dt 
Dump the trace buffer 

dumpld [-wl-h] <RANGE> 
Dump the memory specified by RANGE to the 
display 

enable DEVICE 
Connect to remote hosfor file access 

fillIf [-wl-hl-bl-II-r] <RANGE> [value_list.] 
Fills memory specified by range with value_list 

fr [-sl-d] <reg#lname> <value> 
Fill <reg#name> with <value> 

golg [-n] <address> 
Start execution at address <address> 

gotilllgt <address> 
Continue execution until address <address> 

helpl? [commandlist] 
This command will print out a list of the commands 
available in the monitor. If a command list is sup­
plied, only the syntax for the commands in the list is 
displayed 

historylh 
Displays the last 16 commands entered 

idb [DEVICE] Connect to remote host source level 
debugger.initli 

Initialize prom monitor (warm reset) 

7.9 
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loadll [options] DEV 
Download code to target 

movelm [-wl-bl-h] <RANGE> <destination> 
Move the block of memory specified by RANGE to 
the address specified by destination 

nextln [count] 
Step over subroutine calls 

rad [-ol-dl-h] 
Set the default radix to the requested base. 

rc [-i] <-wl-bl-h] <RANGE> 
Isolate and read from cache 

regsellrs [-cl-h] 
Select either the compiler names or the hardware 
names for registers 

searchlsr [-wl-bl-h] <RANGE> <value> [mask] 
Search area of memory for value. 

seg [-OI-11-21-u] 
Set the default segment to the requested k-segment. 

setbaudlsb DEV 
Set the baud rate on a serial channel 

stepls [<count>] 
Single step count times 

sub [-wl-hl-bl-II-r] <address> 
Examine and change memory interactively. 

t {-a/-ol-el-dl-r RANGEI-w RANGEI-c RANGE/-i INSI-m 
MSK} 

Trace command 
te [-e BPNUM] [-d BPNUM] 

Trace conditionally command 
te [DEV] 

Connects the console port straight though to a 
second serial port 

tex[RANGE] 
Exclude tracing calls to RANGE 

tlbdumpltd [RANGE] 
Dumps the contents of the TLB 

tlbflushltf [RANGE] 
Displays the current process identifier ( pid ) 

tlbmapltm [-i index] [-ndgv] <vaddress> <paddress> 
Virtual-to-physical mapping of the TLB 

tlbpidlti [pid] 
Set/display TLB PID 

tlbptovltpltm <physaddr> 
Probe the TLB 

ts [-bl-fl-ol-r RANGEI-w RANGEI-i INS/-m MSK] 
Stop trace command 

unbrklub <bpnumlist> 
Clear breakpoints 

we [-i] [-w/-b/-h] <RANGE> [value_list] 
Isolate and write to I or D cache 

wtfile <filename> [value_list] 
Write file to remote host file system 

4 
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RUN TIME SUPPORT ENTRY POINTS 
exit 

atob 
clear_cache 
cli 
close 
exc_ utlb_ code 
flush_cache 
geCmem_conf 
geCrange 
getchar 
gets 
instalL command 
insta/Ummediate_int 
insta/Lnew_ dev 
insta/LnormaLint 
ioctl 
longjmp 
open 
printf 
putchar 
puts 
rclose 
read 
reinit 
reset 
restart 
rfileinit 
rgets 
rlseek 
ropen 
rprintf 
rread 
rwrite 
seCmem-conf 
setjmp 
showcar 
sprintf 
strcat 
strcmp 
strcpy 
strlen 
tokenize 
timecstart 
timer_stop 
write 

DEVICE DRIVERS (INCLUDED IN SOURCE 
CODE) 

68681/2681 DUART 
8530 SCC 
SCSI 
Centronics Parallel 
8254 Timer/Counter 
8251 UART 

PRODUCT BRIEF 
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ORDERING INFORMATION 
To order an lOT board-level product, see EPROM order codes below. To order 10Tlsim in source code, order the Internal 

Use License AND order the software on the appropriate source media. You may also order binary distribution rights for the 
run-time version of the monitor. Ask your lOT sales office for information. 

LICENSES 
Internal Source License ..................................................................................................................................................... 79S901SL 

Permits purchase of up to six copies of source code (any media combination) and use of source code to develop run-time 
binaries on up to six machines at a time, but does not permit inclusion of the run time code in an end product. Also purchase 
one or more of the Source Media listed below. 

Limited Binary Distribution Rights ............................................................................................................................. 79S901 BDR-L 
Extension to Internal Source License to permit inclusion of binary code into end product. Internal Source License must be 
referenced on order or ordered simultaneously. This license permits up to 100 copies to be distributed royalty-free. For 

additional copies, purchase Unlimited Binary Distribution Rights. 

SOURCE MEDIA 
10Tlsim source code can be compiled with either the MIPS C-compiler, or with IDT/c version 4.1 or later. Earlier versions 

of IDT/c cannot compile this code. The products listed below are media only and must be purchased with license 79S901 SL, 
listed above. 

Source for 386/486PC, MS-DOS .................................................................................................................................... 79S901 DOS 
Compile with IDTIc C-Compiler. Shipped with 1.44MB 3.5" diskettes. 

Source SUN Machines ................................................................................................................................................... 79S901 SUN 
Use with MIPS C-Compiler or with fOTIc. Developmental Use License number must be referenced on order, or must be 

ordered simultaneously. 
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IOT/e™ IOT7S930 tQ Multi-Host GNU C-Compiler System 

Integrated Device Technology. Inc. 

FEATURES: 
• ANSI C-Compliant GNU Compiler, Assembler, Linker, Li­

brarian, and ANSI Libraries 
• Full Oevelopment Environment Including start-up code, 

cache management routines, etc. 
• Efficient Software Floating Point Emulation Library for sys­

tems without hardware FPU. Includes Transcendentals 
• GOB Provides full source and assembly level debug through 

IOT/sim'" interface 
• Sun 4 (SparcT"), PC-OOST", and SGllrix 5.2T" Host Platforms 
• Fully object code compatible with MIPS RISCross Compil-

ersT" 
• Supports entire lOT family of MIPS ISA Processors (R3000/ 

R3500T", R3041'", R3051 T", R3052T., R3071'", R3081 T", 
R4400T", R4600T", R4650T", and R4 700T") 

Host 
DevelopmentSystems 

SUNSPARC 
MIPS RISC/os 

386/486 PC-DOS 

1--1 lOT/kit 
, , , , 
, , , , , , , , , 
, 

CLib 

Math Lib 

:: Cache / 
! " .. :~BSuppo~ .. 
i :.' Exception 
: " ... Handling . 
L ________ ~~~ ____________ : 

<Assembly Cod~" 

OPTIMIZING C·COMPILER SYSTEM: 
IOT/c is a C-compiler system for the lOT RISController'" 

family of embedded microprocessors, It supports develop­
ment for any of the MIPS R3000 and R4000 family of 
microprocessors and their derivatives, including the lOT 
Orion Family. 

The toolchain has been specifically designed for develop­
ing and debugging code that runs on a remote target. The 
compiler system includes the GNU C-compiler, assembler, 
linker, librarian, and source level debugger. The full GNU 
suite of libraries is included and it is supplemented by the 
lOT/kif" libraries in binary form. 

lOT/kit is a complete set of architecture-specific code 
(including start-up code, cache and exception management 
code, etc.) optimized for RISControlier family development. 
A complete assembly language floating point emulation 
library is also included for use in systems without a hardware 
FPU. lOT/kit is also available in source form. 

IOT/c is available for execution on SunOS™, and SGllrix 
5.2 workstations as well as PC-OOS hosts. Other host ports 
are available from 3rd parties. 

New features in release 5.1/6.1 of IOT/c include an 
upgrade to the current release of the GNU compiler suite, 
full implementation of gdb support and an improved floating 
point emulation library. 

The IOTlc Tool Chain 

D D 
I~:!!:~!: !;: !!~!.!..I 

The IDT logo is a registered trademark, and R3041, R3051, R3052, R3081, R4400, R4600, IDT/c, IDT/kit, IDT/sim, RISCore, and RISControlier are trademarks of Integrated Device Technology, Inc, 
Sun-4, Sparc and SunOS are registered trademarks of SUN Microsystems, Inc.; RISCross is a registered trademark of MIPS Computer Systems, Irix 5,2 is a registered trademark of Silicon Graphics, Inc, 

SEPTEMBER 1995 
<01995 Integrated Device Technology, Inc. 7.10 DSC-9061/5 
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OVERVIEW 
The I OTic compiler system is a com­

plete development package for CPUs 
based on the R3000 and R4000 archi­
tecture. It contains an optimizing cross 
compiler, assembler, linker, and down­
load utilities. The 'C'-compiler is com­
pliant with ANSI 'C' standard and gen­
erates optimized code equal in perfor­
mance to the best available C-compil­
ers. The assembler supports the R3000 
machine instructions and architecture 
described in the book MIPS RISe Ar­
chitecture, by Gerry Kane, including 
both native and synthetic instructions. 
The complete IDT/c package runs on a 
variety of host machines and operating 
systems, and is fully compatible with 
other lOT development software, such 
as 10T/sim and 10T/kit. 
Compiler 

The C pre-processor is GNU cpp 
and the compiler itself is the GNU C 
Compiler gcc. All C-preprocessing fea­
tures are supported. The entire 
toolchain included in 10T/c has been 
tested for compliance to the ANSI C 
standard using the Plum Hall test suite. 
The C-compiler performs extensive 
optimization in multiple passes through 
the code. Switches can be used to 
select particular optimizations. 

The output of the compiler is an 
assembly language file. Modules com­
piled by 10T/c can be assembled and 
linked in the MIPS environment with 
modules compiled by the MIPS com­
piler. It is also possible to use I OTic to 
compile, assemble and link modules 
which have been generated for the 
MIPS toolchain. 
Optimizing Assembler 

The I OTic assembler implements the 
MIPS native and synthetic instruction 
set. Both big and little endian versions 
of the compiler are supplied in a stan­
dard 10T/c 5.1/6.1 package. The as­
sembler produces object (".0") files 
which can be linked together with other 
object files or libraries to produce an 
executable file. All object files produced 
by 10T/c are in MIPS ECOFF format 
and are compatibile with the MIPS 
RISCross™ compilers. This allows a 
user to link code generated by 10T/c 
with objects or libraries generated by 
MIPS compilers. This is essential when 
using a real-time operating system or 
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Debug 

i : Symbols 

..................................... n •••••••••••••••••••••••• '" Debugger 

code libraries which are provided in 
binary and have been compiled using 
MIPS' compilers. 
Linker 

The linker combines separately as­
sembled program files into one object 
module. Command line switches or 
script files may be used to define the 
placement in memory of program seg­
ments. 

There are several types of output 
file formats supported, including S­
Records, Intel hex, and binary image. 
The S-Record files are useful in down­
loading to target boards. The hex for­
mat file is useful for EPROM program-

7.10 

Target 
Board 

ming because the code can be divided 
into multiple files under this format. S­
Records can be downloaded to a target 
containing the 10T/sim monitor using a 
supplied download utility. 
Floating Point Library 

10T/c includes a floating point emu­
lation library. A switch in the compiler is 
set at compile time to determine how 
the compiler should handle floating point 
instructions. In the normal mode, it will 
produce R3010 Floating Point Accel­
erator (FPA)-compatible instructions in 
the object code. This mode results in 
the highest performance for targets, 
which include the R3010, or for sys-

2 

II 
I 



IDT7S930 
IDTlc RISControlier C-COMPILER 

tems based on the R3500 or R3081 , which include a R301 0 
compatible hardware floating point accelerator on-chip. If 
the switch is set the other way, the compiler will insert calls 
to the floating point emulation library instead, and the 
floating point emulation library must be available at link time. 
Because the compiler knows about the library during com­
pile time, it can perform optimizations not otherwise pos­
sible and minimize the execution penalty for using software 
instead of hardware. This mode allows systems without a 
R3010 (such as those based on an R3041, R3051 , or 
R3052) to implement efficient floating point arithmetic while 
using a lower cost CPU. 
Librarian 

I OTic supports object code libraries to reduce the number 
of files that must be dealt with explicitly during program 
development. Many compiled routines may be stored in a 
single library file by using the Librarian utility. At link time, the 
linker extracts only the routines actually used. 
Gdb-Remote Source Level Debugger 

Remote debugging differs from the 'conventional' in sev­
eral ways. The control of a target program relies on a 
communication line and debugging agent on the target 
instead of using operating system signals and related ser­
vices. 

Gdb has been enhanced to work with IOTlsim to provide 
full control of the target program. The distinguishing fea­
tures are: a program mode in which gdb executes scripts 
that contain debugging and flow control commands; and 
host file services which provide the target program with full 
access to the host file system. The required physical link 
between host and target is a single RS232 line, though lOTI 
sim can be modified to use whatever interface is available in 
hardware. 

It is also possible to use direct 10w-levellOT/sim debug­
ging commands from a gdb session. 
Remote file services 

lOB supports file open, close, read, write, seek; printf; and 
gets commands in the standard C library format. 

FLOATING POINT EMULATION MODE 
When floating point and double length variables are used 

in C programs, compilers usually produce assembly instruc­
tions that directly operate on floating point arguments and 
use adesignated register set to hold floating point operands. 
The C-compiler is aware of underlying hardware and at­
tempts to produce optimal code by using all available re­
sources. 

The R3000 architecture has the floating point coproces­
sor in separate chip (R3010). There are numerous floating 
point instructions that operate on the 32 floating point 
registers inside the R301 O. When floating point hardware is 
not present-for example, an R3000 without the R301 0, or 
a R3041, R3051 or R3052 controller chip-executing pro­
grams that use floating point arithmetic requires software 
that can compensate for the missing hardware. There are 
two basic solutions to this problem: trapping on the floating 
point instructions at execution time and relying on the trap 
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handler simulating the FPU in software; or modifying the 
compiler so that it does not produce any instructions for the 
FPU in its output. 

Using the operating environment to trap all attempts to 
execute instructions on (non-existent) floating point hard­
ware offers the advantage of using a single object code 
version of the application whether hardware FPU is present 
or not. The disadvantage is that the complete FPU state 
machine must be emulated since the code produced by the 
C-compiler assumes the real hardware is present. The code 
that must be executed for each FP instruction is substantial: 
the trapping overhead for each FP instruction, the mainte­
nance of the FP state machine, and the instructions to 
execute the required FP operation on integer hardware. 

For example, the sequence below requires 3 traps, each 
of which involves saving all the registers used in the particu­
lar trap routine, maintaining the state of the 'virtual' FP 
register set somewhere in memory, performing the actual 
FP arithmetic (double addition), and updating the 'virtual' 
FPU status register bits. 

Iwc1 $f14, ($9) 
Iwc1 
add.d 

$f15, 4{$9) 
$f8, $f14, $f6 

The solution implemented in IOTlc is to switch the com­
piler to a different mode for the two environments. In emu­
lation mode, the compiler does not assume presence of any 
additional hardware, so only R3000 instructions are pro­
duced, and FP operations are performed by calls to special 
routines. The calls are compiler-generated and there is 
absolutely no difference on the C source level. The same C 
program that generated the example above would generate 
the following code in IOTlc emulation mode. 

Iw $4, ($9) 
Iw $5, 4{$9) 
jal __ adddf3 

The only overhead is that of performing FP operations on 
the R3000 integer hardware. On floating point intensive 
applications, IOTlc typically yields execution times four to 
five times slower than R3010 execution times, but eight to 
twelve time faster than the trap-based hardware floating 
point emulation method described above. 

IDTIC PERFORMANCE 
IOT/c Version 5.1/6.1 was developed with the goal of 

improving several aspects of the usefulness of the toolchain, 
and to provide a solid base upon which to build further 
performance improvements and feature enhancements. 
The main areas of interest were reliability, maintainability, 
debugger functionality, and floating point emulation perfor­
mance. 

7.10 3 



IDT7RS930 
IDT/c R3000 C-COMPILER PRODUCT BRIEF 

ORDERING INFORMATION 

The 10TIc C-Compiler is an efficient C-compiler system based on the popular GNU C and hosted on a variety of 
computers. The 10T/c system includes the compiler, assembler and linker, as well as the full GNU library suite and the lOTI 
kit libraries. All versions of the software are shipped on a single CD-ROM, readable by DOS and SUN systems. A single 
user license is included with the product. Contact your lOT sales office for multiple user licensing. 

IDTlc Cross Compiler Package and Embedded Development Libraries 
The I OTic package listed below includes the GNU C Cross Compiler for MIPS and the entire lOT/kit library suite in binary 

form, including the lOT software floating point emulation library. For developers who wish to customize the code to fit their 
hardware environment, the source to 10T/sim and lOT/kit is available, as is a binary distribution license for each product. 

IOTlc Cross Compiler Package 
Single User Binary, 386/486 machine, MS-DOS or SUN SunOS 4.x on a multi-format CD-ROM ................................................. 79S930 
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IDT/kifM IDT79S909 G KERNEL INTEGRATION TOOLKIT 

Integrated Device Technology, Inc. 

FEATURES: 
• Source code and object code versions of commonly used 

routines for R3000 and R4000 ISA CPUs 
• Start-Up Code to initialize CPU, MMU, and C runtime 

environment 
• Cache control code to size, initialize, flush, and clear for 

OMA 
• Re-entrant Exception Handler 
• Floating Point Emulation Library and Transcendental Math 

Functions 
• ANSI Standard C Library 
• Time Support Functions 
• MicroMonitor for initial hardware debug 
• Interface Library to IOT/sim'M monitor 

lOT/kit 

\ 
~ \ 

IDT/sim 
High-Level I FPU Exception Debug 

Monitor Exception Handler Handler 

ESSENTIAL CODE FOR R30XX SYSTEMS 
lOT/kit (Kernal Integration Toolkit) consists of libraries 

and routines for important system software operations for 
R3000-based and R4000-based CPUs. Modules are pro­
vided for initializing systems, handling interrupts, servicing 
floating point exceptions, and many other other common 
operations. Libraries are included for floating point emula­
tion, transcendental arithmetic routines, and ANSI standard 
C functions. All lOT/kit libraries are supplied in source code 
(C and assembly) and in object modules compiled for both 
little- and big-endian systems and for both hardware and 
software emulation floating point. 

lOT's MicroMonitor is also included in the lOT/kit pack­
age. The MicroMonitor is a very simple monitor for initial 
debug of new hardware. It requires only that the CPU, 
EPROM, and a serial port be operational. The MicroMonitor 
can be an invaluable aid for detecting state machine prob­
lems in first article hardware. 

Application Code 

I Transcendental 
Math Library Cache clib Start-Up 

control Library Code 

General Exception 
Floating Point 

Emulation 
Handler (optional) 

MMU 
II 

CPO I FPU Cache 

R3000 ISA CPU 

3018 drw01 

Figure 1. Schematic Representation of the modules in lOT/kit, showing how they control parts of the R3000 or R4000 CPU 
and connect to IDT/sim, JOT's debug monitor. 

The lOT logo is a registered trademark and RISController, IDT/c, lOT/kit and IDT/sim are trademarks of Integrated Device Technology, Inc. 

©1995 Integrated Device Technology, Inc. 7.11 
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IDT/KlrM FEATURES 
The lOT Kernel Integration Toolkit (lOT/kit) consists of a 

set of libraries ready to be linked with user developed code. 
lOT/kit contains functions that would normally be furnished 
by an operating system like UNIX but without the overhead. 
Functions are provided for initializing the system, memory 
management, exception handling and time support; an 
ANSI standard 'C' library and a math library with transcen­
dental functions are supplied. 

This environment can be compiled with IDT/c or MIPS 
compilers, Big or Little Endian, Cached or Uncached and 
with an optional Emulation Mode if no Floating Point Accel­
erator is installed. With lOT/kit, floating point emulation 
support is transparent to the user application. 

lOT/kit typically would co-exist with IDT/sim and become 
part of a total development and debug environment. On a 
system where IDT/sim is installed, all the commands, entry 
points and debugging facilities of IDT/sim are available to 
the Kernel Integration Toolkit. When using IDT/sim, lOT/kit 
filters exceptions first. If lOT/kit does not handle an excep­
tion, then it is passed to IDT/sim. 

Default exception handlers intercept exceptions, save 
the environment, preserve the Exception Registers for later 
analysis, restore the environment and return to continue 
program execution. The default handlers can easily be 
replaced or extended with more robust handlers written by 
the user. 

lOT/kit relieves the application from the low-level tweak­
ing necessary to get started, but leaves easy hooks into the 
system for expansion and polishing as the development 
progresses. All code is supplied in source code (C and 
assembly), to allow easy access for modifications needed to 
tailor the system to specific needs. This allows the program­
mer to shorten the project development time by easing the 
development of hardware-specific resources like cache, 
MMU and exception handling. 

lOT/kit includes lOT's MicroMonitor, a very simple moni­
tor for performing the initial debugging of new hardware. 
The only hardware which must be functioning to run the 
MicroMonitor is the CPU, EPROM and a serial port function. 
This allows for immediate debugging of hardware even 
when the DRAM memory is not functioning. 

lOT/KIT COMPONENTS 

1. MICROMONITOR: 
A small assembly language monitor to aid in debugging 

the hardware design. The MicroMonitor requires only that 
three hardware resources are functional: the CPU can 
execute instructions, the EPROM can provide instructions 
and the UART can send and receive characters. 

PRODUCT BRIEF 

2. IDT_CSU.S, THE START UP MODULE 
Supplies the initialization and set up code necessary for 

operation of the system. 

• initialize the Status Register 
a) clear parity error bit 
b) set Coprocessor 1 usable bit correctly 
c) clear all IntMasks enabled 
d) set kernel/user mode 

• set Cause Register 
a) clear software Interrupts Pending 

• clear bss area 
• establish temporary uncached user stack 
• determine memory and cache sizes 
• establish permanent stack at Top of Memory 
• flush I and D-Caches 
• if there is a Translation Lookaside Buffer invalidate it 
• initialize library if lOT's standard C Library is used 
• initialize exception handlers 
• jmp to users' mainO 

3. L1BIKIL.A, KERNEL INTEGRATION LIBRARY: 
The lOT Kernel Integration Library (libikil.a) is a library 

which can be linked to user programs to supply functions 
required to support the environment of the R3000 ISA 
family. This library is divided into four sections: Memory 
Handling, General Exception Handling, Floating Point Ex­
ception Handling and Time Support Functions. 

a. memory handling - the full range of functions 
necessary to manage main memory, cached 
memory and the Translate Lookaside Buffers 

b. general exception handling - the functions used in 
enabling and handling any interrupt exceptions, 
hardware or software, asserted by the CPU II 

c. floating point exception handling - provides the 
support for the Floating Point Unit, the R3010, or for 
Emulation Software for floating point arithmetic, 
"strongly recommended" by the IEEE Standard 754-
1985. It is transparent to the application code calling 
this interface whether hardware or software emula­
tion is being employed. 

d. Time support functions using the 8254 timer as a 
prototype 

4. L1BILNK.A, THE IDT/SIM INTERFACE LIBRARY: 
The IDT/sim linking module which interfaces with all the 

functions available with IDT/sim not defined with lOT/kit or 
by the user 

5. L1BIC.A, ANSI STANDARD C LIBRARY: 
The lOT Standard C Library (Iibic.a) is a standard archive 

library which, when linked with the users' filename.o files, 
provides the functions defined by the ANSI standard includ­
ing standard I/O, String and Character functions, Utility 
functions, and memory allocation functions. 
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6. L1BIMATH.A, MATHEMATICS LIBRARY: 
The lOT Math Library (libimath.a) is a standard archive 

library which, when linked with the users' filename.o files, 
provides the transcendental functions required for standard 
math processing. Whether hardware floating point or soft­
ware emulation is be used is transparent to the application 
code calling this library. 

HOW lOT/KIT IS USED 
lOT's Kernel Integration Toolkit includes a robust set of 

tools for the embedded controller developer. They are 
"packaged" in accessible, modular containers, the lOT/kit 
libraries. The four libraries, arranged by function, supply 
most of the routines required by RiSe applications. Only 
those libraries needed to resolve function calls must be 
entered on the link command line; the others are never 
accessed which establishes a fully modular environment. 

lOT/kit serves as an envelope for the installation's appli­
cation code. The source module, idt_csu.S, is linked first, 
then the development code and, finally, any kit libraries 
required to support function calls. This allows the developer 
to concentrate on the application and not waste resources 
re-developing the support routines. Although the libraries 
are provided complete and ready to link, source code for all 
the functions is also distributed to allow easy examination 
for information or as a template for additional routines. All 
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the necessary Make/Batch files are included to facilitate any 
changes, additions or corrections. Some examples: 

strcpy (or any of the e library routines) - perhaps your 
installation has developed a super-algorithm. It isn't 
quite ANSI Standard, but does your job better. 
Simply edit the source in the clib subdirectory (or 
replace the one that is there), execute the makefile 
for your configuration (IOT/c or MIPS, Big or Little 
Endian, REAL or Emulation Mode) and the library, 
libic.a, now contains your code. Your module could 
also be placed on the system Link line before the 
corresponding library and the call would be resolved 
before the library is searched. 

Interrupt Handling - you want the default interrupt 
handler (it's already there), but you need an addi­
tional flag set. Edit the routine in the killib 
subdirectory, run the Make/batch file for your 
configuration (lOT/c or MIPS, Big or Little Endian, 
REAL or Emulation Mode) and the library, libikil.a, 
now contains "your "default interrupt handler. 

These kinds of simple modifications allow the lOT/kit 
routines to be tailored for a specific system without expend­
ing the time to investigate and understand all the routines; 
only the section applicable to the application need be 
tweaked and the Make/Batch files provide easy guidelines 
for doing it. 
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lOT/kit FUNCTION LIST 

CSU IDT.S: START UP MODULE 
startO -------------------- Startup routine 

L1BIKIL.A: KERNEL INTEGRATION LIBRARY 

Programmable interval timer driver 
install_timer_driverO install timer driver 
i8254initO --------------timer driver init 
i82540penO -----------opens the device 
i8254ioctl() -------------i/o control function 

Assembly level exception handling 
disable_intO -----------c1ear selected interrupts 
enable_intO ------------ set selected interrupts 
exc_norm_codeO ----general exception code 
exc_utlb_codeO ------UTLB Miss code 
exceptionO -------------general exception code 
iniCerc_vecsO -------- init vector code 
10ngjmpO ---------------go to setjmpO point 
other _excpO ----------- handles other exception 
setjmpO ----------------- set setjmpO state 

High level exception handling 
add_exUnt_funcO --set default exc handler 
c1r_excepCptrO ------c1ears setjmp pointer 
config_memoryO -----size of main memory 
extern_intO ------------ external interrupt code 
exceptionO ------------- general exception code 
geCexcept_ptrO -----get execption pointer 
iniUlbO -----------------initializes TLB 
mem_exc_hdlrO ------ memory exception code 
sae_errmsgO ----------prints msg & exits 
seCexcept_ptrO ------ sets setjmp pointer 
spurious_intO --------- unexpected ext interrupt 

FPU interface module 
fp_defaultHdlrO ------- default handler 
fp_disableTrapO -----clears trap bits in fpcsr 
fp_enableTrapO ------sets trap bits in fpcsr 
fp_initO ----------------- init floating Point 
fp_intO ------------------ FP interrupt dispatcher 
fp_signalO -------------user exception handler 
fpclr_stickybitsO ------c1ear sticky bits in fpcsr 
fpget_excregsO ------get Exc Regs 
fpgeUpcsrO ----------- get FP Control/Status 
fpgeCRMO-------------get rounding mode fpcsr 
fpgeCstickyBitsO ---- get sticky bits fpcsr 
fpseUpcsrO ----------- set FP Control/Status 
fpset_RMO ------------- sets rounding mode 
fpset_stickyBitsO ----sets sticky bits in fpcsr 
fpseCexcregsO ------- set Exc Register buffer 

Assembly language FPU access 
clr_CAUSEO ----------c1ears SW bits in CAUSE 
get_CAUSEO --------- returns contents of CAUSE 
geUpcsrO ------------- returns FPU csr 
get_cpOepcO ---------- gets epc 
get_ST ATUSO -------- status register contents 
set_CAUSEO ---------sets CAUSE Register 
seUpcsrO -------------sets FPU csr 

Functions affecting 110 Caches 
clear_DcacheO -------invalidate portion of Dcache 
cleaUcache() -------- invalidate portion of Icache 
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config_DcacheO -----size of Data cache 
config_lcacheO -------size Instruction cache 
f1ush_DcacheO -------invalidates entire Data cache 
f1ush_lcacheO -------- invalidates entire Inst cache 
get _mem_confO-----gets memory configuration 
size_cacheO ----------finds size of cache 

Assembly language TLB access 
resettlbO ---------------- invalidates tlb entry 
reUlbloO ---------------returns tlb entry 10 reg 
reUlbhiO ---------------returns tlb entry hi reg 
reUlbpidO -------------returns tlb process 10 field 
seUlbpidO-------------sets current tlb pid 
tlbprobeO ---------------probes tlb 
tlbmappingO -----------maps tlb entry 

Time support module 
time_cmd_initO -------starts clock 
time_initO --------------init timer drvr 
timeUnt ----------------c1ock interrupt routine 
timeO -------------------- returns timer tics 
time_itO -----------------times the selected function 

Assm language Write Buff Routine 
wbflushO ---------------f1ushes the write buffer 

L1BILNK: IDT/SIM LINK LIBRARY 

Cache Routines 
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c1eaccacheO ---------clears portion of I and 0 
flush_cacheO ---------flushes entire I and 0 

Character Routines 
getcharO ---------------- inputs a character 
putcharO ---------------- outputs a character 
showcharO ------------- makes character visible 

Command Line Interpreter 
cliO -----------------------Command Line Interpreter 
get_rangeO ------------parses the range spec 
tokenizeO --------------parses the command line 

Exit and Reenter Routines 
3xitO -------------------exit & return to monitor 
promexitO --------------exit & return to monitor 
reinitO ------------------- reinitializes monitor 
resetO ------------------- resets prom monitor 
restartO ----------------- restarts the debug monitor 

Help Screen Routine 
helpO -------------------- prints Help Screen 

ROUTINES TO EXTEND IDT/SIM 

install_commandsO -adds user commands 
instalUmmediate_intnstalls user interrupt 
install_new_devO ----installs new device 
install_normaUntO --installs user interrupt 

Routines for low level 110 
closeO ------------------- closes an open device 
openO -------------------opens a device 
readO -------------------- reads data from device 
writeO -------------------writes data to an device 

110 Control Function 
ioctiO -------------------- sets I/O flags / calls drivers 
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Routines to save Irestore context 
10ngjmpO --------------- restores setjmp context 
setjmpO -----------------saves the current context 

Memory configuration routines 
get_mem_confO -----returns mem configuration 
set_mem_confO ------sets the mem configuration 

Formatting print routine 
printfO -------------------formatting print routine 

Dummy routines for Iibic 
_iniUileO --------------dummy file routine 
_init_sbrkO -------------dummy sbrk routine 

String routines 
atobO --------------------Ascii string convert 
getsO -------------------- gets string function 
putsO --------------------outputs string to I/O 
strcatO ------------------concatenates two strings 
strcmpO -----------------compares two strings 
strcpyO ------------------copies one string to another 
strlenO ------------------ returns length of string 

LlBIC.A: ANSI STANDARD C LIBRARY 
absO --------------------- absolute value of integer 
atofO ---------------------fp value of an Ascii string 
atoiO --------------------- integer value of Ascii str 
atolO ---------------------Iong value of Ascii str 
bsearchO ---------------binary search of a array 
divO ---------------------- rem & quot of int division 
ferrorO ------------------error during a file operation? 
atexitO ------------------ routines called at exit time 
exitO --------------------- Terminate with status 
fopenO ------------------open file/ret file stream ptr. 
fcioseO ------------------close a file 
fdopenO ---------------- open stream 
labsO --------------------absolute value of long arg 
IdivO --------------------- rem & quotient of division 
freeO --------------------- free allocated memory 
maliocO -----------------memory allocation 
reallocO ----------------- reallocation of memory 
fscanfO ------------------ read data from a file 
printfO -------------------display data on the std I/O 
qsortO -------------------quick sort routine 
randO --------------------generates random number 
srandO ------------------seed for random num genr 
sbrkO -------------------- mem allocation bp routine 
scanfO ------------------read data from standard input 
sprintfO -----------------output data into a string 
sscanfO -----------------read data from a string 
memcmpO -------------compare two memory arrays 
memcpyO -------------- memory array copy 
memmove() ------------ memory array move 
memchrO ---------------ret ptr to first matched char 
memsetO ---------------place a char in memory array 
strlenO ------------------ return string length 
strcmpO ----------------- strings are identical? 
strcpyO ------------------copy string 
strncpyO ----------------copy n characters of a string 
strchrO ------------------ret ptr to first match of a char 
strchrO ------------------ret ptr to last match of a char 
strcatO ------------------concatenate a strings 
strncatO -----------------concatenate strings 

strspn() -----------------Ien of prefix of str 
strcspnO ----------------Ien of prefix of str 

PRODUCT BRIEF 

strpbrkO ----------------ptr to first occur of any char 
strstrO -------------------string a occurs in string b? 
strtokO ------------------ return tokens 
strtodO ------------------convert string to a double 
strtolO -------------------convert string to long int 

LlBIMATH.A: TRANSCENDENTAL MATH LIBRARY 
acoshO ------------------ inv hyperbolic cosine of x 
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acosO -------------------cos -1 (x) 
asinO --------------------sin -1 (x) 
asinhO ------------------inverse hyperbolic sine of x 
atanO --------------------tan -1 (x) 
atan20 ------------------tan -1 (x/y) 
atan20 ------------------tan -1 (x/y) 
atanhO ------------------inv hyperbolic tangent of x 
cabsO -------------------complex absolute value 
expO ---------------------exponential function el\x 
hypotO ------------------ sqrt (x*x + y*y) 
z_absO ------------------double-complex absolute 
cbrtO ---------------------cube root of x 
coshO ------------------- hyperbolic cosine of x 
expO ---------------------exponential function el\x 
expm1 0 -----------------exponent (x - 1) 
ceilO ---------------------smallest int not < x, double 
floorO --------------------Iargest int not> x, double 
rintO----------------------nearest x in dir of round 
fmodO -------------------fp remof x/y, sign of x 
atanO --------------------tan -1 (x) 
cosO ---------------------cos of x 
expO --------------------- exponential function el\x 
logO ----------------------naturallogarithm In(x), x>o 
log100 ------------------base 10 logarithm, x>o 
sinO ----------------------sine of x 
sqrtO ---------------------square root of x, x>= 0 
tanO ----------------------tan of x 
xtoiO --------------------- raises x to integer power, i 
sim_fpintO -------------simulate IEEE standard trap 
sim unint ---------------sim FP Unimplemented Op 
log() ----------------------naturallogarithm In(x), x>O 
log100 ------------------base 10 logarithm, x>O 
log1 pO ------------------Iog (1 + x) 
log_LO-----------------og(1 + x) -2s/s 
powO -------------------- xl\y 
cosO ---------------------cos of x 
sinO ----------------------sine of x 
sinhO -------------------- hyperbolic sine of x 
copysignO -------------- returns x with sign of y 
dremO -------------------x - n*y, integer nearest n 
finiteO -------------------1 = real x; 0 = INF or NAN x 
10gbO --------------------exponent of xl\n 
scalbO -------------------x * (2**n) computed for n 
sqrtO ---------------------square root of x, x>= 0 
tanO ----------------------tan of x 
expm1 0 ----------------- exponent (x - 1) 
tanhO -------------------- hyperbolic tangent of x 
fabsO --------------------absolute value of number 
frexpO ------------------- returns mantissa;exp in *ptr 
isnanO ------------------tests for floating point NaN 
IdexpO ------------------ returns quantity *2l\exp 
powO -------------------- xl\y 
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ORDERING INFORMATION 
To order the IDT/kit Developer's Package, order the Internal Source License and order the software on the appropriate 

source media. The License Agreement is available from your local IDT sales office and is also published in IDT's 
development tools catalog. 

LICENSES 
Internal Source License ......................................................................................................... 79S909SL 

Permits purchase of up to six copies of source code (any media combination) and use of source code 
to develop run-time binaries on up to six machines at a time, but does not permit inclusion of the run 
time code in an end product. 

Limited Binary Distribution Rights ................................................................................. 79S909BDR-L 
Extension to Internal Source License to permit inclusion of binary code into end product. Source 
License must be referenced on order or ordered simultaneously. This license permits up to 100 copies 
to be distributed royalty-free. Additional copies are subject to the royalty. 

SOURCE MEDIA 
IDT/kit source code can be compiled with either the MIPS C compiler or with IDT/c version 3.5 or later. 
Earlier versions of IDT/c cannot compile this code. The products listed below are media only and 
must be purchased with license 79S909SL above. 

Source for 386, MS-DOS ..................................................................................................... 79S909DOS 
Compile with !OTic C-Compiler. Shipped with 1.44 MB 3.5" diskettes. 

Source for SPARe machine ............................................................................................... 79S909SUN 
Compile with !OTic C-Compiler. Shipped with 1.44 MB 3.5" diskettes. 
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One 800# does it all! 
Dial 1-800-345-7015 to contact either your local sales office or corporate headquarters. 
Dial the 800 number above, then dial "1" for corporate headquarters where an operator will 
assist you in contacting technical support or customer service OR dial "2" to be routed to 
your local sales office. 

DOMESTIC SALES REPRESENTATIVES 
ALABAMA Dynasty Components lOT Rush & West Associates MINNESOTA 

1 Terrence Matthews 18167 U.S. 19 North 4537 Brady Street 
lOT Cresent Suite 455 Davenport, IA 52807 lOT 
555 Sparkman Or.,# 1238 Kanata, Ontario K2M 2G3 Clearwater, FL 34624 (N. Cen. Regional Office) 

Huntsville, AL 35816 KANSAS 
1650 W. 82nd St. #1040 

Dynasty Components lOT Minneapolis, MN 55431 

ALASKA 1870 Sources Boulevard 1500 N. W. 49th St. # 500 Rush & West Associates 

Suite 202 Ft. Lauderdale, FL 33309 333 E. Poplar Street OHMS Technology Inc. 
Thorson Co. Northwest Pointe Claire, Quebec Olathe, KS 66061 5780 Lincoln Dr. # 400 
12340 NE 8th St., #201 Canada H9R 5N4 GEORGIA 

Edina, MN 55436 

Bellevue, WA 98005 KENTUCKY 
CANADA (WEST) 

lOT Norm Case Associates MISSISSIPPI 
ARIZONA (SE Regional Office) 303 Uhl Road Dynasty Components 3091 Governors Lake Dr. lOT 

Western High Tech Mktg. 2 Mountain River Estates Building 100, Suite 500 
Melbourne, KY 41059 555 Sparkman Dr. # 1238 

9414 E. San Salvador, #102 RP #2, P.O. Box 14, #17 Norcross, GA 30071 Huntsville, AL 35816 

Scottsdale, AZ 85258 Calgary, Alberta LOUISIANA 
Canada T2P 2G5 HAWAII lOT MISSOURI 

ARKANSAS 
Thorson Pacific lOT 

(S. Cen. Regional Office) Rush & West Associates 

lOT 4170 Still Creek Dr. # 200 (Western Headquarters) 
14285 Midway Rd., #100 2170 Mason Road 

(S. Cen. Regional Office) Burnaby, British Columbia 2975 Stender Way 
Dallas, TX 75244 St. Louis, MO 63131 

14285 Midway Rd.,Ste.100 Canada V5C 6C6 Santa Clara, CA 95052 
MAINE Dallas, TX 75244 MONTANA 

COLORADO IDAHO lOT Thorson Rocky Mountain 
CALIFORNIA 

lOT (NORTHERN) (NE Headquarters) 7108 "0" S. Alton Wy, # A 
#2 Westboro Business Pk. Englewood, CO 80112 lOT (NW Regional Office) Anderson Associates 200 Friberg PkWay, 

(Corporate Headquarters) 5299 OTC Blvd., Ste. 350 270 S. Main st. Ste. 108 Suite 4002 
2975 Stender Way Englewood, CO 80111 Bountiful, UT 84010 Westboro, MA 01581 

NEBRASKA 
P.O. Box 58015 Rush & West Associates 
Santa Clara, CA 95052 Thorson Rocky Mountain IDAHO MARYLAND 333 E. Poplar St., Ste.C-3 

7108 "0" S. Alton Way, #A 
(SOUTHERN) Olathe, KS 66061 

lOT Englewood, CO 80112 lOT 
(Western Headquarters) Thorson Rocky Mountain (SE Regional Office) NEVADA 2590 North First Street CONNECTICUT 1831 E. Fort Union Blvd. Horn Point Harbor 
San Jose, CA 95131 Suite 103 105 Eastern Ave., # 201 (NORTHERN) 

SJ New England Salt Lake City, UT 84121 Annapolis, MO 21403 lOT 
lOT 10 Copper Ridge Circle 

(SW Regional Office) Guilford, CT 06437 ILLINOIS 
(Western Headquarters) 

MASSACHUSETTS 2975 Stender Way 
6 Jenner Dr., Suite 100 

lOT Santa Clara, CA 95052 
Irvine, CA 92718 DELAWARE lOT 

(Central Regional Office) (NE Headquarters) 
lOT lOT 1375 E. Woodfield Road. #2 Westboro Business Pk. NEVADA 
(SW Regional Office) 

(SE Regional Office) Suite 380 200 Friberg PkWay, (SOUTHERN) 
17609 Ventura Blvd., # 100 

Horn Point Harbor Schaurnburg,IL 60173 Suite 4002 
Encino, CA 91316 

105 Eastern Ave., # 201 Westboro, MA 01581 
Western High Tech Mktg. 

Annapolis, MO 21403 Teq Sales 9414 E. San Salvador 

Quest-Rep 820 Davis Road, Ste. 304 SJ New England 
Suite 206 

6494 Weathers PI.,Ste. 200 
S-J Mid Atlantic, Inc. Elgin, IL 60123 11 Waterman Street 

Scottsdale, AZ 85258 

San Diego, CA 92121 
131-0 Gaither Drive Worchester, MA 01603 
Mt. Laurel, NJ 08054 INDIANA NEW HAMPSHIRE 

CANADA (EAST.) FLORIDA Arete Sales MICHIGAN lOT 

Dynasty Components 2250 Lake Ave. Suite 255 Bergin-Milan Group, Ltd. 
(NE Headquarters) 

lOT Ft. Wayne, IN 46805 #2 Westboro Business Pk. 
1140 Morrison Dr., Unit 110 

(SE Headquarters) 
33900 W. Eight Mile Rd. 

200 Friberg PkWay, 
Ottawa, Ontario Suite 181 
Canada K2H 8S9 1413 S. Patrick Dr., Ste.10 IOWA Farmington Hills, MI 

Suite 4002 
Indian Harbor Beach, FL 48335 

Westboro, .MA 01581 

Dynasty Components 32937 Rep Associates 
4905 Lakeside Dr. N.E. 

2339 Otani Trail Suite 107 
Mississauga, Ontario Cedar Rapids, IA 52402 
Canada L5H 3N2 



NEW JERSEY Quality Components OKLAHOMA SOUTH CAROLINA VERMONT 
/DT 

500 Helendale Road 
Suite 125 lOT Tingen Technical Sales /DT 

(SE Regional Office) Rochester, NY 14609 (S. Cen. Regional Office) 304A W. Millbrook Road (NE Headquarters) 
One Greentree Centre, 14285 Midway Road Raleigh, NC 27609 #2 Westboro Business Pk. 
Suite 202 SJ Associates Suite 100 200 Friberg PkWay, 
Marlton, NJ 08053 265 Sunrise HWay, #20 Dallas, TX 75244 SOUTH DAKOTA Suite 4002 

Rockville Centre, NY OHMS Technology Inc. Westboro, MA 01581 
SJ Mid-Atlantic, Inc. 11570 OREGON 5780 Lincoln Drive 
131-D Gaither Drive Suite 400 VIRGINIA 
Mt. Laurel, NJ 08054 lOT 

NORTH CAROLINA (NW RegionalOffice) 
Edina, MN 55436 

/DT 

NEW JERSEY lOT 15455 NW Greenbriar (SE Regional Office) 

(SE Area Sales) PkWay TENNESSEE Horn Point Harbor 
(NORTHERN) 

213 Townsend Court Suite 210 /DT 105 Eastern Avenue 

SJ Associates Cary, NC 27511 Beaverton, OR 97006 555 Sparkman Drive Suite201 

265 Sunrise HWay, #20 Suite 1200-0 Annapolis, MD 21403 

Rockville Centre, NY /DT Thorson Pacific Huntsville, AL 35816 
11570 6001 Rambling Hills Drive 9600 S.w. Oak Street WASHINGTON 

Morrisville, NC 27560 Suite 320 TEXAS 
NEW MEXICO Portland, OR 97223 Thorson Pacific, Inc. 

Tingen Technical Sales lOT 14575 Bel-Red Road 

Western High Tech Mktg. 304A W. Millbrook Road PENNSYLVANIA (S. Cen. Regional Office) Suite 102 

9414 E. San Salvador Raleigh, NC 27609 (WESTERN) 15851 Dallas Parkway Bellevue, WA 98007 

SUite 206 Suite 1100 
Scottsdale, AZ 85258 

NORTH DAKOTA 
Norm Case Associates Dallas, TX 75248 WEST VIRGINIA 
21010 Center Ridge Road Norm Case Associates 

NEW YORK OHMS Technology Inc. Rocky River, OH 44116 lOT 21010 Center Ridge Road 
5780 Lincoln Drive 9430 Research Blvd. Rocky River, OH 44116 

/DT Suite 400 PENNSYLVANIA Ste 0400, Echelon IV 
(NE Regional Office) Edina, MN 55436 (EASTERN) Austin, TX 78759 WISCONSIN 1160 Pittsford Victor Rd. 
Bldg. E S-J Mid-Atlantic UTAH 

TEQ Sales 

Pittsford, NY 14534 OHIO 
131-D Gaither Drive 

20720 W. Watertown 

Norm Case Associates Mt. Laurel, NJ 08054 Anderson Associates Road, Suite 201 

Quality Components 21010 Center Ridge Road 270 S. Main Street Waukesha, WI 53186 
3343 Harlem Road Rocky River, OH 44116 RHODE ISLAND Suite 108 
Buffalo, NY 14225 Bountiful, UT 84010 WYOMING 

lOT 
Quality Components (NE Headquarters) Thorson Rocky Mountain Thorson Rocky Mountain 

116 E. Fayette Street #2 Westboro Business Pk. 5505 South 900 East 7108 "D" S. Alton Way 

Manlius, NY 13104 200 Friberg PkWay, Suite 140 Suite A 

Suite 4002 Salt Lake City, UT 84117 Englewood, CO 80112 

Westboro, MA 01581 

INTERNATIONAL SALES REPRESENTATIVES 
AVNET EMG 

AFRICA CHINA AVNET Nortec NS A2M Chantillon, France 

Prime Source (PTY) Ltd. Lestina International, Ltd. 
Herlev, Denmark Buc, France Tel.: 33-149-652-2750 
Tel.: 45-44-92-15-52 Tel.: 33-1-39-56-8181 

Johanesburg, So. Africa Beijing, China, P.R.C. 
AVNETEMG Tel.: 444-7237 Tel.: 8610-849-9430 FINLAND A2M 

Cesson-Sevigne, France Rognes, France 

AUSTRALIA Lestina International, Ltd. AVNET Nortec OY Tel.: 33-1-99-63-3232 Tel.: 33-42-50-1805 

GEC Electronics Division 
Guangzhou, China, P.R.C Helsinki, Finland 

AVNETEMG 
Tel.: 8620-380-7307 Tel.: 358-068-21819 A2M 

Rydalmere, NSW Cedex, France Saint-Etienne, France 

Australia Lestina International, Ltd. FRANCE Tel.: 33-1-46-23-79-50 Tel.: 33-77-79-7970 

Tel.: 612-638-1999/1888 Nanjing, China, P.R.C. 
Tel.: 8625-449-1384 lOT A2M AVNETEMG 

AUSTRIA (So. Europe Reg. Office) Merignac, France Schweiller, France 

Lestina International, Ltd. 15 Rue du Buisson aux Tel.: 33-1-56-34-1 097 Tel.: 33-88-82-5514 
Elbatex GmbH 

Chongqing, China, P.R.C. Fraises 
Vienna, Austria 91300 Massy, France 

COMPRESS GERMANY 
Tel.: 43-186-32110 

Tel.: 8681-531-5258 Rungis Cedex, France Tel.: 33-1-69-30-89-00 
Tel.: 331-4687-8020 /DT 

BELGIUM DENMARK A2M (Cen. Europe Reg. Office) 

ARROW-EXACTEC Bron, France AVNETEMG Gottfried-Von-Cramm-
ACALN.V. Skovlunde, Denmark Tel.: 33-1-72-37-0414 Cesson-Sevigne, France Str. 1, 85375 Neufahrn, 
Betea Components Tel.: 45-44-927-000 Tel.: 33-99-83-9898 Germany 
Zaventem, Belgium Tel.: 49-8165-5024 
Tel.: 322-725-1080 
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lOT Scantec GmbH AVNET de Mico Tachibana Tectron Co., SWITZERLAND 
c/o Kornblumenstr. 6 Planegg, Germany Milano, Italy Ltd. 
74232 Abstatt, Germany Tel.: 49·859·8021 Tel.: 2·95·34·36·00 Tokyo, Japan ElbatexAG 
Tel.: 49·7062·90620 Tel.: 813·3793·1171 

Wettingen, Switzerland 
Scantec GmbH AVNET de Mico Tel.: 011·41·56275·777 

lOT Kirchheim·Teck, Germany Torino, Italy KOREA Eggeweg 128 Tel.: 49·70·215·4027 Tel.: 31·81·481 TAIWAN 
33617 Bielefeld, Germany 

Scantec GmbH 
Uniquest 

IDT, Asia Tel.: 49·521·914110 AVNET de Mico Seoul, Korea 
Ruckersdorf, Germany Roma, Italy Tel.: 822·562·8805 

1 OF·1, 508, Sect. 5 

AVNET E2000 Tel.: 49·91·157·9529 Tel.: 6·33·32·283 
Chung·Hsaio E. Road 

Munchen, Germany Taipei, Taiwan, R.O.C. 

Tel.: 89·45110·01 Topas Electronic GmbH 
AVNET de Mico 

NETHERLANDS Tel.: 8862·726·7255 
Hannover, Germany 

Bologna, Italy ACAL Auriema 
AVNET E2000 Tel.: 49·51·113·1217 Johnson Trading Co. 
Berlin, Germany 

Tel.: 51·55·56·14 Eindhoven, Netherlands 
Taipei, Taiwan 

Topas Electronic GmbH Tel.: 040·502·602 
Tel.: 30·2110761 Tel.: 886·273·31211 

Quickborn, Germany AVNET de Mico 

AVNET E2000 
Tel.: 49·4106·73097 Rubano·Padova, Italy NO. IRELAND World Peace Industrial 

Erkath Dusseldorf, 
Tel.: 49·63·35·55 

Bloomer Electronics, Ltd. 
Co., Ltd. 

Germany GREECE Craigavon, Co. Armagh, N. 
Nankang, Taipei, Taiwan 

AVNET de Mico Tel: 886·2788·5200 
Tel.: 211·92003·0 Digital Electronics Campi Bisenzio, Italy Ireland 

Athens, Greece Tel.: 55·89·41·05 Tel.: 762·339818 
TURKEY AVNET E2000 Tel.: 30·1·576·5754 

Frankfurt, Germany Lasi Electronica NORWAY Elektro 
Tel.: 69·973804·0 HONG KONG Bologna, Italy Istanbul, Turkey 

Tel.: (3951) 353815/ AVNET Nortec AS 
AVNET E2000 lOT ASIA L TO. 374556 Hvalstad, Norway UNITED KINGDOM Hamburg, Germany Unit 1003 Tel.: 47·66·84·62·10 
Tel.: 40·645570 China Hong Kong City Lasi Electronica lOT 

Tower 6, 33 Canton Road Firenze, Italy PORTUGAL (European Headquarters/ 
AVNET E2000 Hong Kong Tel.: (3955) 582627 No. Europe Reg. Office) 
Nurnberg, Germany Tel.: 852·2736·0122 ANATRONIC, SA Prime House 
Tel.: 911·995161·0 Lasi Electronica Odivelas, Portugal Barnett Wood Lane 

Lestina International Ltd. Milano, Italy Tel.: 351·19376267 Leatherhead 
AVNET E2000 Kowloon, Hong Kong Tel.: (39) 266·101370 Surrey, UK KT22 70G 
Gerlingen, Germany Tel.: 852·2735·1736 SINGAPOREI Tel.: 44·1372·363339 
Tel.: 71·56·356·0 Lasi Electronica 

INDIA Roma, Italy FAR EAST Avnet Access, Ltd. 

Jermyn GmbH Tel.: (19396) 5405301/ Serial System PTE LTD Letchworth, Herfordshire, 

Limburg, Germany 
Techno Trends 5409614 11 Jalan Mesin 06·00 UK 

Tel.: 49·6431/508·0 
San Jose, CA 

Singapore 1336 Tel.: 0462·480888 
Tel.: (408) 294·2833 Lasi Electronica 

Tel.: 65·280·0200 
Jermyn GmbH Torino, Italy MicroCall, Ltd. 
Pinneberg, Germany Sritech Information Tel.: (3911) 328588/ Thame Oxon, UK 
Tel.: 49·40/5282041 Technology, Inc 359277 SPAIN Tel.: 44·844·261·939 

Javanagar, Bangalore Anatronic, SA 
Jermyn GmbH 0812·643608 JAPAN Madrid, Spain M.M.D. Ltd. 
Hermsdorf, Germany 10TKK Tel.: 34·1·542·5566 Reading, Berkshire, UK 
Tel.: 49·3660142374 ISRAEL (Japan Headquarters) Tel.: 44·734·313232 

Vectronics, Ltd. Sumitomo Fudosan SWEDEN 
Jermyn GmbH 

Herzlia, Israel Sanbacho Bldg. lOT Berlin, Germany 
Tel.: 972·9·55·60·70 6·26 Sanbacho (lOT AB) Tel.: 49·30/2142056 Chiyoda·Ku Veddestavagen 13 

Jermyn GmbH ITALY Tokyo 102, Japan S·175 62 Jarfalla, Sweden 
Tel.: 813·3221·9821 Tel. :468·761-1130 Dusseldorf, Germany lOT 

Tel.: 49·211/25001·0 (lOT Italia S.r.L.) Dia Semicon Systems 
Central Oirezionale Yokohama, Japan AVNET Nortec AB 

Jermyn GmbH 
Colleoni Tel.: 045·476·7410 Solna, Sweden 

Heimstetten, Germany 
Palazzo Astrolabio Tel.: 468·705·1800 

49·89/909903·0 
Via Cardano 2 

Jermyn GmbH 20041 Agrate Brianza,ltaly 

Herrenberg, Germany 
Tel.: 49·7032/203·01 
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