
































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































pPD71086, 71087 NEe 
AC Test Voltages 

2AV ---"""90,...O,..,..Yo ..... X * =r.VO_H-_O.1 v ___ VOZ +0.1 V 
Test Point 1.5 V 

OAV 10% 't;;;..... _________ ---J '-____ ..:=:J VOL +0.1 V VOZ -O.1 V 

83YL·7002B 

Timing Waveforms 

BUFRIw 

tHCTRW 

Input 

Output ----------....(1 
83ML·615OB 
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NEG Electronics Inc. 

Description 

The p.PD710SS is a CMOS system bus controller for a 
p.PD7010S (V20@) or p.PD70116 (V30@) microprocessor 
system. It controls the memory or I/O system bus. 

Features 

o CMOS technology 

o Bus controller for microcomputer system expansion 

o Command outputs for system bus control 

o Control outputs for I/O peripheral bus control 

o High drive capability for command and control 
outputs (IOl = 12 mA) 

o Three-state outputs for command outputs 

o Advanced I/O and memory write command outputs 

o p.PD7010S, p.PD70116 compatible 

o +5-volt ± 10% single power supply 

o 20-pin plastic DIP (300 mil) or SOP package 

o Industrial temperature range: -40 to +S5°C 

Ordering Information 
Part Number Clock (MHz) 

,uPD710aac-a a 
C-10 10 

G-a a 

Pin Configurations 

20-Pin Plastic DIP 

Package Type 

20-pin plastic DIP 

20-pin plastic SOP 

Voo 
BSO 

BS2 

ICE/PBEN 

OBEN 

CEN 

iNTAK 
lORD 

AIOWR 

10WR 

83-004181 A 

V20 and V30 are registered trademarks of NEC Corporation. 

50151 

pPD71088 
System Bus Controller 

20-Pin Plastic SOP 

lOB Voo 
ClK BSO 

BS1 BS2 

BUFR/W ICE/PBEN 

ASTB DBEN 

AEN CEN 

MRD iiii'fAi( 

AMWR lORD 

MWR AIOWR 

Vss 10WR 

83-004058A 

Pin Identification 
Symbol Function 

lOB Input/output bus mode input 

ClK Clock input 

BS1 Bus status input 1 

BUFR/W Buffer read/write output 

ASTB Address strobe output 

Address enable input 

Memory read output 

Advanced memory write output 

Memory write command output 

Vss Ground 

I/O write command output 

Advanced I/O write command output 

I/O read command output 

Interrupt acknowledge output 

CE N Command enable input 

DBEN 

ICE/PBEN 

BS2 

BSO 

Voo 

Data buffer enable output 

Interrupt cascade enable/Peripheral data bus 
enable output 

Bus status input 2 

Bus status input 0 

Power supply 
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PIN FUNCTIONS 

BSO-BS2 (BuS Status Inputs '0, 1, 2) 

The BSO-BS2 inputs are connected to the encoded .cPU 
status outputs. The I'PD71088 decodes these status 
outputs into command and 'control outputs for timing 
control. See table 1 f~r an explanation of. these inputs. 

ClK (Clock) 

The ClK input is connected to the same Clock output 
that drives the CPU ciock, usually the ClK output of a 
I'PD71084 or a I'PD71011. It is the internal system clock 
of the I'PD71088. 

AEN (Address Enable) 

The AEN input controls the command output buffers. 
When lOB is low, a low-level AEN causes the command 
buffers to output command output signals. A high-level 
AEN makes'all command lines go to high impedance. 
When lOB is high, the I'PD71088 is in I/O bus mode, and 
the command lines are not affected by AEN . 

CEN (Command Enable) 

The CEN input controls DBEN, PBEN and all command 
outputs. When CEN is high, all these outputs are active. 
When CEN is low, they are inactive. 

lOB (I/O Bus Mode) 

When the lOB· input is high, the bus control mode is I/O 
bus mode. When lOB is low, the bus control mode is 
system bus mode. 

MRD (Memory Rea~ Command) 

The MRD output is the signa:! to read data from a memory 
device. MRD is three-state, active low. 

MWR (Memory Write Command) 

The MWR output is the Signal to write data to a memory 
device. MWR is three-state, active low. 

AMWR (AdvanCed Memory Write Command) 

This command output is the same as MWR, except that 
it is generated one state (clock cycle) earlier than MWR. 

lORD (I/O Read Command) 

The lORD output is the signal to read data from an I/O 
device. lORD is three-state, active low. 
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10WR (I/O Write Command) 

The 10WR output is the signal to write data to an I/O 
device. 10WR is three-state, active low. 

AIOWR (Advanced I/O Write Command) 

This,command output is the same as 10WR~ exceptthat 
it is generated one state (clock cycle) earlier than 10WR. 

INTAK (Interrupt Acknowledge) 

The INTAK output acknowledges interrupt requests. Re­
questing devices output an interrupt vector address in 
response to INTAK. INTAK is three-state, activ~ low. 

ASTB (Address Strobe) 

The ASTB output control signal. latches the address 
outputs from the CPU into an external address latch, 
such as a I'PD71082 or I'PD71083. Address data should 
be strobed with the trailing edge (high to low) of ASTB. 

DBEN (Data Buffer Enable) 

The DBEN output activates a data bus buffer/driver such 
as a I'PD71086 or I'PD71087 to input or output data 
between the CPU local bus and the memory or I/O 
system bus. . 

BUFR/W (Buffer Read/Write) 

The BUFR/W output controls the direction in which data 
moves' through a transceiver between the CpU and the 
memory or I/O peripherals. When BUFR/W is high, data 
is transferred from the CPU local bus to the memory or 
I/O system bus. When BUFR/W is low, data is transferred 
from the memory or I/O system bus to the CP.U local bus. 

ICE/PBEN (Interrupt Cascade Enable/Peripheral 
Data Bus Enable) 

The meaning of this output signal depends on lOB. If lOB 
is low (system bus" mode), it is the ICE output. ICE 
controls the cascade address transfer from a master 
priority interrupt controller to slave priority interrupt 
controllers. The slave reads the add ress from the master 
when ICE goes high. , 

When lOB is high, it becomes PBEN. PBEN controls the 
I/O bus the same way that DBEN controls the system 
bus. In this case, however, the output is active low. 
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Block Diagram 

BS2 ~{ Input BS1 

BSO 

ClK 

~-{ AEN 
Signal 
Input CEN 

lOB 

Absolute Maximum Ratings 
TA = 25°C; Vss = OV 

Power supply voltage, VOO 

Input voltage, VI 

Output voltage, Vo 

Operating temperature, T OPT 

Storage temperature, T STG 

Power dissipation, Po (DIP) 

Power dissipation, PD (SO) 

Status 
Decoder 

-0.5 to +7.0 V 

-1.0 to Voo + 1.0 V 

-0.5 to Voo + 0.5 V 

-40 to +85°C 

-65 to +150°C 

500mW 

200mW 

Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause permanent 
damage. 

DC Characteristics 
TA -40°C to +85°C; Voo = 5 V ±10% 

Parameter Symbol Min 

Input voltage, high VIH 2.2 

Input voltage, low VIL 

Output voltage, high VOH VOD -0.8 

Output voltage, low VOL 

Input current leakage IlL -1.0 

Leakage current at high impedance IOFF -10 

Power supply current (static) 100 

Power supply current (dynamic) loodyn 

pPD71088 

MRD 

MWR 

AMWR 

Command lORD 
Command 

Process Output 

IOWR 

AIOWR 

INTAK 

BUFR/W 

Control DBEN }e,_, 
Process 

ICE/PBEN 
Output 

ASTB 

49-0003668 

Capacitance 
TA = 25°C; Voo = +5 V 

Parameter Symbol Min Max Units Conditions 

Input capacitance 

Max Unit 

V 

0.8.- V 

V 

0.45 V 

1.0 p.A 

10 p.A 

80 p.A 

20 mA 

12 pF f = 1 MHz 

Conditions 

Controls: 
IOH = -8 mA @ 10 MHz, -4 mA @ 8 MHz 

Commands: 
IOL = 24 mA @ 10 MHz, 12 mA @ 8 MHz 
Controls: 
IOL = 8 mA@ 10 MHz, 4 mA@8 MHz 

fin = 10 MHz 
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AC Characteristics 
TA = -40 to +85°C; voo = 5 V ±10% 

I'PD71 088 I'PD71088C-10 

Parameter Symbol Min Max Min Max Units Conditions 

ClK cycle period tcVCK 125 100 ns 

ClK pulse width, high tpWCKH 40 41 ns 

ClK pulse width, low tPWCKL 60 49 ns 

Setup time for bus status active to CLK l' tSBSV 40 35 ns 

Hold time for bus status inactive from CLK ~ tHBSV 10 10 ns 

Setup time for bus status inactive to CLK .j. tSBSIV 35 35 ns 

Hold time for bus status inactive from ClK i tHBSIV 10 10 ns 

Command active delay from ClK ~ toCML 10 40 10 35 ns 

Command inactive delay from ClK ~ toCMH 10 ·40 10 35 ns 

Command output on delay from AE N .j. toAECM 40 40 ns 

Command active output delay from AE N .j. toAECML 100 295 115 200 ns 

Command disable delay from AE N i tFAECM 50 20 ns 

Command active delay from CE N l' toCECM tOCML tOCML ns IOL = 4 mA 

ASTB active delay from CLK ~ toCKSTH 30 20 ns IOH = -4 mA 
CL = 100 pF 

ASTB active delay from BS2, 1, 0 toBSST 25 20 ns 

ASTB inactive delay from ClK i toCKSTL 7 25 7 25 ns 

DBEN, PBEN active delay from ClK ~ toCTV 10 50 10 35 ns 

DBEN, PBEN inactive delay from ClK i toCT 10 50 10 35 ns 

DBEN, PBEN active delay from AEN ~ to A ECT 30 30 ns 

DBEN, PBEN active delay toCECT 30 30 ns 

BUFR/W i delay from CLK i tOCKWR 40 40 ns 

BUFRIW ~ delay from ClK i toCKRo 60 40 ns 

ICE active delay from ClK ~ toCKIC 30 30 ns 

ICE active delay from BS2, 1,0 toBSIC 25 20 ns 

ICE inactive delay from CLK ~ tolCL 10 50 10 40 ns 

Input rise time tRI 20 20 ns 0.8Vto 2.0V 

Output rise time tRO 20 20 ns 

Input fall time tFI 12 12 ns 2.0 Vto 0.8 V 

Output fall time tFO 12 12 ns 
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Timing Waveforms 

General 

ClK 

BSO, BS1, BS2 

tOCML_ 

tOCML-

ASTB 

BUFIi/W 

�+------Write Mode--------t----<~I 

DBEN 

tOCTV 

tOCK1)C . 
tOBSIC 

------. 
ICE 

Note: The rising edges of ASTB and ICE are determined by the last event: ClKI or bus status 
going active. 

#,PD71088 

83-0040568 
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Timing Waveforms (cent) 

DBEN, PBEN, and Command Output 

lOB / 
_---J 

\t-

CEN }r-

tOAECT 

DBEN ;'-
tOCECT--

~, 
I~ -tOCECM_ 

Command Outputs +- \ 

.. tOAECML ~ 

AC Test Input 

2.2 V Test Points 2.2 V 2.4 V =x )C 
0.45 V ... 0;,;;.8..;V ___________ ... O.;,;;8 ..... V. 

83-004055A 

AC Test Output 

Test Points =x 2.2 V 2.2V)C 
_0~.8~V~ _____________ ... 0;,;;.8~V 

83-004D47A 
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}~ 

~. 

-'r-

tOCECT---
}"-

tOCECM _I _I 
-- tFAECM ---

-T 

Output Test Loads 

Voo 

4700 

-::- 820 0 I 200 pF 

Voo 

1.2 kO 

-::- 1 kO r100 pF 

Notes: 
[1] For co~d outputs MRD. lORD. 

MWR, IOWR, INTAK, AMWR, and 
AIOWR. 

[2] For other outputs. 

83-0040576 

83-004182A 
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FUNCTIONAL DESCRIPTION Table 1. Command Logic 

Command Logic ~PD71088 

BS2 BS1 BSO CPU Status Command Output 

The PD71088 decodes the CPU bus status outputs into Low Low Low Interrupt INTAK 

command outputs. The bus status outputs (BSO-BS2) acknowled ge 

and their decoded commands are shown in table 1. Low Low High I/O read mode lORD 

Low High Low I/O write mode IOWR,AIOWR 
Bus Control Mode 

Low High High Halt mode None 

The CEN, lOB, and AEN signals control the bus control- High Low Low Instruction MRD 

ler mode as shown in table 2. fetch mode 

High Low High Memory read MRD 
mode 

High High Low Memory write MWR,AMWR 
mode 

High High High No bus cycle None 
mode 

Table 2. Bus Control Mode 
Control Input Command Output Control Output 

Memory I/O 

CEN lOB AEN MRD, MWR, AMWR IOWR, AIOWR, lORD, INTAK ICE/PBEN ASTB, BUFRrw, DBEN 

H H H High impedance Outputs enabled (NC) PBEN (NC) Outputs enabled (NC) 
(110 bus mode) 

L Outputs enabled II H L H High impedance High impedance ICE (NC) Outputs enabled (NC) 
(System bus 

L Outpus enabled Outputs enabled mode) 

L x x H H PBEN = H Outputs enabled 
(Command (DBE N = L:ASTB, 
disable mode) BUFR/W are NC) 

Note: 
x = Don't care, NC = No change, H = High, L = Low 

7 
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NEG Electronics Inc. 

Description 

The pPD71641 is an LSI cache controller chip offering 
advanced features, unequaled flexibility, and built-in 
reliability to system designers. The pPD71641 makes it 
practical and economical to use sophisticated caches 
in microprocessor-based systems. 

The implementation of pPD71641 is transparent to the 
application program. The pPD71641 is configurable 
from direct-mapped to 4-way set-associative mapping. 
The pPD71641 allows up to 128K bytes of cache mem­
ory. Cache updating is made efficient with sub-block 
partition and burst mode features. 

The pPD71641 can be easily used with many general­
purpose, high-performance 32-bit or 16-bit micropro­
cessors. Its architecture is suitable for multiprocessors 
and multi master environments. Cache data consis­
tency is ensured by bus monitoring and dual compar­
ator techniques. The pPD71641 uses a write-through 
strategy to update main memory, which guarantees 
the best cache consistency in a multiprocessor and 
multimaster system. External data storage is flexible in 
size and organization. The pPD71641 will work with any 
word width. 

The pPD71641 is unique in offering features to imple­
ment a highly reliable cache memory subsystem. The 
pPD71641 provides built-in reliability checks, such as 
address tag parity check, multiple hit detection, and 
self-diagnosis for directory faults. Upon detection of an 
erroneous condition, the pPD71641 can either be dis­
abled, or continue to operate in a functionally de­
graded mode. 

50135-1 

pPD71641 
Cache Memory Controller 

Features 

o General-purpose interface supports high­
performance microprocessors 

o Transparent to application programs 

o Flexible placement algorithm: direct 2-, 4-way set­
associative 

o Large tag memory configuration: 
- 1024 sets x 1 way x 2 sub-blocks 
-512 sets x 2 ways x 2 sub-blocks 
- 256 sets x 4 ways x 2 sub-blocks 

o Programmable sub-block size up to 64 bytes 

o Bus replacement cycle variable from 1 to 16 words 

o Supports large cache memory up to 128K bytes 

o Supports up to 4G bytes of main memory 

o LRU replacement algorithm 

o Write-through strategy 

o Data consistency check by bus monitoring 

o External PURGE input to flush tag store 

o Increased reliability through internal error 
detection 
- Parity check on tag store 
-Incorrect match check 
- Multiple hit check 
- LRU output check 

o Unique level degradation feature to maximize 
cache system up time 

o 16- and 20-MHz operation 

o 132-pin PGA package 

Ordering Information 

Part Number 

pPD71641R 

Max Clockout 
Frequency 

25 MHz 

Package 

132-pin Ceramic PGA 
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Pin Configuration 

132-Pln Ceramic PGA 
Pin Symbol Pin . Symbol 

01 MAg K14 ~1 

PNML KJ HGFE DCBA 02 MAs l1 MA25 
14 o 0 0,0 0 0 '0 0 0 0 0 0 0 0 14 
13 00000000000000 13 

03 MAa l2 MA28 

12 00000000000000 12 012 GNO l3 MAa1 
11 0 0 0, o 00 11 
10 000 o 00 10 013 As l12 Aao 
9 000 o 00 9. 
8 000 o 00 8 

014 Ag l13 A27 

7 000 pPD71641 o 00 7 E1 MA12 l14 A24 
6 000 o 00 6 
5 000 o 00 5 E2 MA10 M1 MA26 

4 000 e 0 00 4 
3 o 0 0 000 0 00 0 0 0 0 0 3 

E3 MA7 M2 MAao 

200000Qoooooooo 2 E12 A7 M3 GNO 
10000000000000.1 

P N M L K J H G FED C BA 
E13 A10 M4 BOY 

Bottom Vie';'; 
E14 A12 M5 OPAR 

F1 MA14 M6 GNO 

e Orientation Pin F2 MA13 M7 VOO 

• Index Mark F3 MA11 M8 GNO 
83-004660A 

F12 A11 M9 msg 

Pin Identification Pin Identification 
F13 A13 M10 10 

Pin Symbol Pin Symbol 
F14 GNO M11 VDO 

A1 lffim B9 10 
G1 MA16 M12 GND 

G2 MA15 
A2 0 1 

M13 'Az3 

A3 mR Pin Symbol 
G3 GNO M14 A25 

A4 lV\S B10 RBOY G12 A14 N1 MA29 

A5 R02 B11 'OW2O G13 A15 N2 VDO 

A6 RAO B12 CR21 
G14 A16 N3 ~ 

A7 RA2 B13 VOO 
H1 MA17 N4 BYPf 

A8 RA3 B14 k 
H2 MA18 " N5 PURGE 

A9 10 01 MAs 
H3 MA19 N6 FAULT 

A10 l3Ef!fR 02 M~ 
H12 A18 N7 OlK 

A11 AT/BY 03 Voo 
H13 Voo N8 CR3 

A12 m:IDY 04 GNO 
H14 A17 N9 ~ 

A13 CR20 05 02 
J1 MA20 N10 "CW3 

A14 Aa 06 ROO 
J2 MA21 N11 10 

B1 Mk 07 VOO 
J3 MA23 N12 AHIT 

B2 GNO 08 GNO 
J12 A22 N13 GND 

B3 Do 09 BRO 
J13 ~o N14 A28 

B4 03 010 ~ 
J14 A19 P1 RJW 

B5 R01 011 CW21 
K1 MA22 P2 OM) 

B6 R03 012 GNO 
K2 MA24 P3 RESET 

B7 RA1 013 ~ 
K3 MA27 P4 FATAL 

B8 10 014 As 
K12 A26 P5 OlAMP 

K13 A23 P6 'CRO 
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Pin Identification 
(coot) 
Pin Symbol 

P7 CR1 
P8 00 
P9 'CWO 
P10 "CW2 

PIN FUNCTIONS 

CPU Interface 

Pin Symbol 

P11 SYPO 
P12 Ie 
P13 tROY 
P14 Aa1 

A3-A31 (Address Bus). CPU address outputs are con­
nected to these inputs. Depending on cache organiza­
tion, from. 8 to 10 of the low address bits are used to 
select a set of tags. These inputs are latched internally 
once a p.PD71641 cycle begins. 

BCY (Bus Cycle Start). This active-low input is sampled 
on the rising edge of ClK It indicates that a CPU cycle is 
ready to be submitted to the p.PD71641. When BCY is 
detected, the p.PD71641 will begin its cycle. 

CS (Chip Select). This active-low input is sampled on 
the rising edge of ClKlf this pin is not asserted, then the 
cache will not operate. This input is used to separate 
cacheable (e.g., memory access) and non-cacheable 
(e.g., I/O) CPU bus cycles. If this input is not asserted, 
BCY is ignored, but CMD operations can still take place 
and the bus monitor function continues to operate. 

R/W (Read/Wrlte). This input is used to separate CPU 
read cycles from CPU write cycles, since the p.PD71641 
handles each type of cycle differently. If this input is low 
when BCY is sampled, a cache write operation will 
begin. If RiW is high, read operation will begin. This input 
is also used during CMD accesses. 

CMD (Command Mode). This active-low input is sam­
pled on the rising edge of ClK It should be asserted 
when the CPU needs to access one of the p.PD71641's 
internal registers. Inputs RAO-RA3 select which internal 
register will be used. CMD overrides the BCY and CS 
inputs. 

CLAMP (Clamp Address Input). This active-high input 
prevents any problems due to a floating level on any 
p.PD71641 inputs. In the event it becomes necessary to 
float the inputs to the p.PD71641 (e.g., during,DMA), this 
input should be asserted. If this input is used, external 
pullup resistors will not be required. 

BYPI (Bypass In). This active-low input is sampled on 
the rising edge of ClK If this input is asserted when BCY 

pPD71641 

is asserted, the p.PD71641 will treat the cycle as non­
cacheable, and assert BYPO. The cache memory is not 
accessed. 

DPAR (Data Parity). This active-high input signals that 
an error has occurred in the cache data store. When 
these errors are received, the p.PD71641 will disable the 
current level and enter a functionally degraded mode. 
That is, if a parity error occurs in bank 3 of a 4-way 
set-associative cache memory, level 3 will be disabled. 

AHIT (Asynchronous Cache Hit). This active-high 
asynchonous output is. asserted when the current ad­
dress inputs (Aa-A31)' produce a tag match, indicating 
that the data being accessed is mapped into the cache 
data store. 

CRDY (CPU Ready). This active-low output can be used 
to sign~1 the CPU that the bus cycle can be ended. CRDY 
is asserted when the. cycle is a cache hit, when the 
requested data is available at the end of a cache update 
cycle, when a CMD access is completed, or when a 
bypass cycle has completed (actually controlled by 
external logic via the SRDY input). 

MISS (Cache Miss). This active-low output is asserted 
when the p.PD71641 has detected a cache miss on a CPU 
read cycle. It remains asserted throughout the cache 
update operation. MISS is distinct from AHIT because it 
is synchronous to the ClK, while AHIT is not. MISS is 
also asserted when an internal error. forces a cache 
update, or if a cache bypass cycle is aborted by BERR. ~ 

BYPO (Bypass Out). This active-low output indicates to 11:61 
external hardware that the current CPU bus cycle will 
bypass the cache memory. Either the address is not 
cacheable, or the cycle is a memory write. In the case of 
a memory write, the data will be written in parallel to the 
cache memory. External logic must complete the bus 
cycle. This output is asserted whenever the BYPI input is 
~sserted at the start of a cycle, during all cache write-
through cycles, and whenever the p.PD71641 is unable to 
complete a cycle due to an internal error condition. 

FAULT (Fault). This active-high output indicates that the 
p.PD71641 is operating in a functionally degraded mode, 
that is, some portion of the tag store has been disabied 
due to an internal or external error. 

FATAL (Fatal Fault). This active-high output in conjuc­
tion with FAULT indicates the status of the p.PD71641. If 
an unrecoverable internal error occurs, and the 
p.PD71641 removes itself from the system, this output will 
remain asserted. 

RAO-RA3 (Replacement Address). These inputs select 
the internal register for a CMD access. They also supply 
the starting offset for a fetch bypass operation. During 
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normal replacement operations, the replace cycle begins 
at an offset of O. If fetch bypass is enabled, the first bus 
cycle of the replacement will be to the address deter­
mined by these inputs, so that the data requested by the 
CPU will be available as soon as possible. 

00-03 (Data Bus). These bidirectional pins form the 
4-bit data bus used to access the p.PD71641 internal 
registers. This bus is also used to output tag store 
contents during a cache directory dump operation. 

CRO-CR3 (4-Way Cache Read Strobes). When a 4-way 
set-associative cache organization is selected, these 
four active-low outputs select which of the four banks of 
cache data storage will supply the data on a CPU read 
cycle. They are also asserted during a cache memory 
dump operation. 

CR20-CR21 (2-Way Cache Read' Strobes).When a 2-
way set-associative cache organization is selected, 
these two active-low outputs select which of the two 
banks of cache data storage will supply the data on a 
CPU read cycle. ' 

They are also asserted during a cache memory dump 
operation. These outputs are also used for direct­
mapped caches. CR20 and CR21 must be logically 
ORed with external logiC to produce a single read strobe 
for the one bank of RAM. 

CWO-CW3 (4-Way Cache Write Strobes). When a 4-
way set-associative cache organization is sele,cted, 
these four active-low outputs select which bank of the 
cache data store will be written during a CPU write cycle. 

CW20-CW21 (2-Way Cache Write Strobes). When a 
2-way . set-associative cache organization is selected, 
these two active-low outputs select which bank of the 
cache data store will be written during a CPU write cycle. 
These outputs are also used for direct-mapped caches. 
CW20 and CW21 must be logically ORed with external 
logic to produce a single write strobe for the one bank of 
RAM. 

Bus Monitor Interface 

MAS (Bus Monitor Address Strobe). This active-low 
input is sampled on the riSing edge of ClK. When it is 
sampled low, the p.PD71641 will begin a cache invalidate 
cycle on the address presented on inputs MAs-MAs1. 
Each' check-and-invalidate operation takes two clocks. 

MA3-MA31 (Bus Monitor Address). These inputs. are 
sampled when MAS is sampled low. The system bus 
address lines should be logically connected to these 
inputs. 
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A write cycle to global memory could change a memory 
location that has been cached. If this happens, the data 
in the local cache is no . longer consistent with global 
memory. To ensure cache data consistency, the 
p.PD71641 provides bus monitoring. When an address is 
presented on these MA inputs, the p.PD71641 will per­
form a tag search on that address. If a high is detected, 
the indicated sub-block will be invalidated. This tag 
search operation is completely independent from the 
CPU address tag search, since the p.PD71641 tag store is 
fully dual-ported with two sets of comparators. 

MAa-MAa1 become outputs during cache' dump opera­
tions, supplying the upper address bits for the dump. 

System Bus Interface 

RREQ (Replacement Request). This active-low output 
is asserted when the p.PD71641 wants to use the global 
bus for· a cache data replacement cycle or for a cache 
directory or data dump operation. 

RACK (Replacement Acknowledge). This active-low 
input is asserted by the system bus interface when 
access to the shared memory for a replacement or a 
dump cycle has been granted. Once begun, replacement 
or dump cycles can be suspended by desserting this 
input. The p.PD71641 will interrupt the miss cycle, 
thereby releasing the global bus to a higher priority bus 
master, and will resume the interrupted operation when 
RACK is asserted again. Bus monitoring is disabled while 
the replacement or dump cycle is suspended. 

RAE (Replacement Address Enable). This active-low 
output indicates that the p.PD71641 has begun a cache 
data replacement cycle to service a cache read miss. 
This output should be used to control the multiplexing 
between the RC outputs and CPU address. Also, any 
other logic that changes during a replacement cycle 
should use the RAE signal. 

RCO-RC3 (Replacement Count). Sub-blocks can be 
up to 16 words in length. During a replacement cycle, the 
RC outputs provide the offset address in the sub-block. 
Depending on the size of the sub-block, not all these pins 
will be used. 

RBCY (Replacement Bus Cycle Start).This active-low 
output signals the start of a replacement bus cycle or a 
dump cycle. 

SRDY (System Ready). This active-low input is asserted 
by the system bus interface or shared memory control 
logic when the bus operation that the p.PD71641 re­
quested has been completed. The p.PD71641 will pass 
this signal through to the CPU via its CRDY output. 
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BRC (Burst Replacement Cycle). This active-high in­
put determines on a cycle-by-cycle basis if the replace­
ment cycle is to use a burst data transfer. 

BERR (Bus Error). This active-low input signals a sys­
tem bus error. If the current cycle is a replacement 
operation, RT/BY can be used to either abort the cycle or 
try it again. If the current cycle is a cache bypass (such 
as a CPU data write cycle), the ~PD71641 will assert its 
MISS output to let the CPU know that the operation did 
not complete. 

RT/BY (Retry/Bypass). When BERR has been detected, 
the p.PD71641 uses the state of this input pin to decide 
whether to abort the cycle (RT/BY = 0) or to retry the 
cycle (RT/BY = 1). 

This input is also used to implement external write 
buffering, or a "posted write" system write perfor­
mance. Normally, during a CPU data write cycle, boththe 
CPU and the p.PD71641 are suspended waiting for the 
write cycle to end. However, if the RT/BY input is high, the 
p.PD71641 will not wait for SRDY. It will immediately end 
its internal cycle and go into the Ti state, allowing the 
p.PD71641 to begin processing the next CPU bus cycle if 
one is available. External logic can finish the write cycle. 

Block Diagram 

elK 

RESET 

A 31-A3 

DPAR 

FAULT 

FATAL 

BCY 
AHIT 

CADY 

pPD71641 

Other Signals 

RESET (Reset). This active-high input will reset the 
~PD71641. All tag stores will be invalidated, all preset 
commands will be cleared, and all status bits will be 
cleared. The cache will be disabled until enabled by the 
software command. RESET must be asserted for at least 
10 clock pulses. 

PURGE (Purge). This active-high input will purge all the 
tag stores when it is asserted. An identical software­
generated PU RG E operation is also available. 

PU RGE may be used to invalidate the cache tag store in 
the event the bus monitoring function is unable to keep 
up with external bus activity. 

The PURGE input must be asserted until the purge 
operation is complete. This takes a maximum of 5 clocks, 
so PURGE must be asserted for at least 5 clocks. 

CLK (Clock). This is the p.PD71641 clock and should be 
sychronized to the CPU clock. 

IC. Internally connected; leave disconnected. 

VDD. Supply pins for +5 V power supply. 

GND. Supply pins for power ground. 

L---------o PURGE 

L-_____________ ~ ~S 
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Figure 1. lIemery Size Expansion ' 

Cache Access Address A 

Figure 2. TypICllI System Configuration 
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INTERNAL BLOCK FUNCTIONS 

Dual-Port Address Tag Memory 

Dual-port address tag memory is dual-port memory that 
decodes the index field input Independently from the 
CPU side and monitor side and outputs the contents of 
the memory (block entry) as address tag. When a mis-hit 
occurs during CPU access, a new block address is 
registered. 

Valid Bit Memory 

Valid bit memory is a group of flags that indicate whether 
each block entry Is valid or Invalid. These flags are set 
each time the replacement of a sub-block Is completed, 
and reset upon a monitor hit. 

Comparators 

Two comparators are provided. One is for the CPU side 
and the other Is for the monitor side. The comparator on" 
the CPU side is used to check if the address tag regis­
tered In the directory coincides with the address used to 
access the system bus. 

Parity Generator 

The parity generator generates the parity for the address 
tag associated with CPU accessing, and compares it 
with the address parity registered in the directory. This 
compare operation Is performed simultaneously with the 
CPU address comparison. When a mis-hit occurs, the 
generated parity is registered together with the new 
address. 

Status Register 

The status register indicates reduction data related to 
parity errors or mUlti-hit errors. In addition, it also indi­
cates whether or not the "PD71641 is in the fatal state. 

LRU and LRU Memory 

LRU and LRU memory manage the CPU block accessing 
order and perform LRU calculations based on valid bit, 
error status, number of associative units, etc. 

Main Sequencer 

The m~ sequencer decodes the bus cycle signals (BCY, 
CS, R/W, BYPI, CMD, etc.) generated by the CPU, and 
generates the timing for the basic cache memory oper­
ation cycle. The main sequencer determines whether the 
accessing is a cache memory access, a cache memory 
bypass access, or a cache command access. The main 
sequencer enters the standby state when the replace 
sequencer is in operation. 

IIPD71641 

CPU Interface Controller 

The CPU interface controller generates a normal/not­
normal response (data acknowledge, bus error, fatal 
error, etc.). 

Replace Sequencer 

The replace sequencer regenerates the replace timing 
and replace count value when a mis-hit occurs. 

Bus Interface Control Block 

The bus Interface control block generates the read/write 
strobe signal to the external cache data memory. 

Table 1 describes each of the bus states. Figure 3 Is a 
state diagram for the bus interface. 

Ts6/. 1. Sua Int.rlse. SIs'. 
Bu. State o..crlptlon 

TI Idle state. waiting for BeY and ~ to be asserted. 

T2 

Tc 

Tm 

RTI 

Rn 

RT2 

RT3 

RT4 

RT5 

First state of any cacheable CPU cycle or 10 cycle to 
"PD71641 registers. T2 Is the dispatch state that 
decides what the "PD71641 will do. If there Is a cache hit 
or a 2-clock cycle request, T21s also the last active state. 
If there Is a miss, Tm Is entered. If this Is a cache write 
cycle, Tb Is entered. Tc Is entered If It Is a "PD71641 
command cycle. 

Command Mode state. If this Is a I'PD71641 command 
cycle, the Tc Is entered following T2, then repeated 
before returning to the Idle state. ~ 
Miss state. Entered If there Is cache read miss. The .. 
system bus Is requested, and the RTistate Is entered. If 
RACK Is already asserted, the AT state sequence Is 
entered. 

Replacement Transfer Idle state. walts for the system 
bus to be granted via RACK, then transitions to AT1. 

First Replacement Transfer state. While RACK Is on, 
proceeds directly to RT2. 

Second replacement transfer state. walts for SRl5Y to be 
asserted, Indicating the system bus memory Is ready to 
begin the transfer, the goes to RT3. 

Third RT state. The read data Is written to the cache data 
store, and If the sub-block transfer Is complete or the 
transfer Is aborted, the RTw state Is entered. If not 
complete, and burst transfers are not requested, a 
return Is made to RT1 to begin another single-word 
transfer. If In burst mode, RT41s enered to get the rest of 
the sub-block. If a retry Is requested, RTr Is entered. 

Fourth RT state. Used only for burst transfers, which 
take two clocks each. Until replacement Is complete, the 
state machine ping-pongs between RT4 and RT5. The 
data Is written at RT5. 

Last RT state. Accepts data from burst transfers. If the 
transfer Is over, RTw Is entered. On a retry request, RTr 
Is entered. 

7 
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Tabl. 1. Bus In'erface St., .. (conI) 
Bus State Description 

RTr m retry state. nansltlons directly to Rn, which begins 
the cycle again. 

RTw RT recovery state. During this state, If the replacement 
was successful, the "PD71641 tag store Is updated. and 
the data thatthe CPU requested Is made avallable.lfthe 
cycle was aborted, the bypass state Is entered. 

Tb Bypass state. The bypass cycle was started by T2 soTb 
walts for the system memory to respond with SRDY, then 
returns to TI. 

Tf Fatal error state. If during Tm an unrecoverable error 
occurs. Tf Is entered to record the error. then a bypass 
cycle Is entered by going to Tb. 

Flgur.3. SIM Sta'. DIagram 

NEe 
Diagnosis Sequencer· 

The dlagnosis sequencer consists of the direetory trace 
sequencer and the internal diagnosis sequencer. The 
directory trace sequencer performs cache self­
diagnostics and dump processing. The internal diagno.­
sis sequencer sequentially generates the memory diag­
nostics data for the issuance of internal diagnostics 
commands. and the collects the data. 

Always 

Not Burst Mode' Replacement Not Completed 

8 

Fatal Internal Error 

Repeat Once 

SRDY# 
Asserted 

SRDY# 
Asserted 

Replacement Completed 
+ (BERR# Asserted, RT/BY# = 0) 

Replacement 
Bus Error Abort 

Replacement Completed 
(BERR# Asserted; RT/BY# = 0) 

Replacement 
Completed 
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ELECTRICAL SPECI FICATIONS AC Characteristics (cont) 
Parameter Symbol Min Max Unit Condition 

Absolute Maximum Ratings ClK low-level width ~KL 20 ns VIL2 = 1.7V 
TA = 25°C 

Supply voltage,Voo -0.5 to + 7.0 V 
ClK rise time tRK 3 ns 1.7 to 3.0 V 

Input voltage 
ClKfall time tFK 3 ns 3.0 to 1.7V 

Other than ClK, VI1 -0.5 to Voo +0.3 V Reset, Purge 

ClKVI2 -0.5 to Voo +1.0 V Number of reset tCYKRS 10 tCYK CL = 100 pF 
clock 

Output voltage, Vo -0.5 to Voo +0.3 V 
RESET setup time tSRSK 7 ns 

Operating temperature range, TOPT -10to +70°C (vs. ClK.!.) 

Storage temperature range, TSTG -SO to + 15O"C RESET retention tHKRS 8 ns 

Exposure to Absolute Maximum Ratings for extended periods may 
time (vs. ClK .!.) 

affect device reliability; exceeding the ratings could cause permanent Number of purge tCYKPG 3 tCYK 
damage. clock 

PURGE setup time tSPGK 7 ns 

Capacitance (vs. ClK.!.) 

TA = +25°C; Voo = GND = 0 V PURGE retention tHKPG 8 ns 
Parameter Symbol Min Max Unit Condition time (vs. ClK .!.) 

Input capacitance CI 15 pF f = 1 MHz; CPU Input 

Output capacitance Co 15 pF 
unmeasured 

Address setup time tSAK 5 ns CL = 100 pF pins returned 
Input/output CIO 15 pF to OV (vs. ClK 1) 

capacitance Address retention tHKA 15 ns 
time (vs. ClK 1) 

DC Characteristics ~setuptime tSBCK 7 ns 
TA = -10 to +70°C; Voo = +5.0V::I:10% (VS. ClK 1) 

Parameter Symbol Min Max Unit Condition ~ retention time tHKBC 8 ns 

Input voltage, VIH1 2.2 Voo + 0.3 V Other than ClK (vs. ClK1) 

high 
V1H2 4.0 Voo + 0.3 V ClK CS' setup time tSCSK 7 ns 

(vs. ClK 1) 
Input voltage, VIL1 -0.5 0.8 V Other than ClK CS' retention time tHKCS 8 low 

ns 
VIL2 -0.5 0.6 V ClK (vs. ClK 1) 

Output voltage, VOH 2.4 V 10H = -400 p.A 'CMi5 setup time tSCMK 7 ns 
high (vs. ClK 1) 

Output voltage, VOL 0.45 V 10L = 3.2mA CMD retention tHKCM 8 ns 
low time (vs. ClK 1) 

Input leakage III ::1:10 p.A lWPi setup time tSBIK 7 ns 
current (vs. ClK 1) 

Output leakage ILO ::1:10 p.A 1WPi retention time tHKBI 8 ns 
current (vs. ClK 1) 

Operating 100 250 mA fiN = 20 MHz RJW setup time tSRWK 7 ns 
current (VS. ClK 1) 

RJW retention time tHKRW 8 ns 
AC Characteristics (vs. ClK 1) 
TA = -10 to +70°C; Voo = +5 V ::1:5% 

CLAMP setup time tSCPK 25 ns 
Parameter Symbol Min Max Unit Condition (vs. ClK 1) 

Clock CLAMP retention tHKCP 0 ns 

Clock frequency tCYK 50 125 ns 
time (vs. ClK 1) 

RT/BY setup time tSRTK 7 ns 
ClK high-level ~KH 20 ns VIH2 = 3.0V (vs. ClK.!.) 
width 

9 
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AC Characteristics (cont) Replace/Bypass Timing Specifications 
Parameter Symbol Min Max Unit Condition Parameter Symbol Min Max Unit Conditions 

RT/BY retention tHKRT 8 ns CL = 100 pF BRC setup time tSBRK 7 ns CL = 100 pF 
time (vs. ClK J.) (ClKJ.) 

OPAR setup time tSOPK 7 ns BRC hold time tHKBR 8 ns 
(vs. ClKJ.) (ClKJ.) 

OPAR retention tHKDP 8 ns ClKt-lmEO tOKRRQ 25 ns 
time (vs. ClK .1.) valid delay 

mR setup time tSRKK 7 ns 
CPU-Side Output Timing Specifications (ClK.1.) 

Parameter Symbol Max Unit Condition mRholdtlme tHKRK 8 ns 

Add valid - AHIT delay tOAAH 50 ns CL = 25pF 
(ClKJ.) 

ClK .1. - 'OFIDV valid delay tOKCRY 25 CL = 100pF ClK J. - AAE valid tOKRAE 25 ns 
ns delay 

ClK J. - ~ valid delay tOKMS 25 ns 
ClK t - 'FfBOY tOKRB 25 ns 

ClK t - BYJ50 valid delay tOKBO 25 ns valid delay 

ClK t - CRO - 'OR3 J. delay tOKCRL 25 ns ClK t - RC valid tOKRC 25 ns 

ClK J. - CRO - 'OR3 t delay tOKCRH 25 ns 
delay 

ClK J. - 'CWO -mv3 valid delay tOKCW 25 ns ClK t - RC float tFKRC ns 
delay 

ClK t - ~ - CR21 J. delay tOKCR2L 25 ns SRD'Y setup time tSSRYK 7 ns 
ClK J. - ~ - 'Ci121 t delay tOKCR2H 25 ns (ClKJ.) 

ClK J. - 'CW2O- 'OW21 delay tOKCW2 25 ns SRI5Y hold time tHKSRY 8 ns 

ClK t - FATAL valid delay tOKFT 25 ns 
(ClKJ.) 

ClK t - FAULT valid delay tOKFL 25 
§Ei1R setup time tSBEK 7 ns 

ns (ClKJ.) 

Command Access/Bus Monitor Timing ~holdtlme tHKBE 8 ns 

Specifications (ClKJ.) 

Parameter Symbol Min Max Unit Conditions DUMP Timing Specifications 
RAO-RA3 set·up time (ClK 1) tSRAK 10 ns CL = 100 pF Parameter Symbol Min Max Unit Conditions 
RAO-RA3 hold time (ClK 1) tHKRA 10 ns 

ClK J. - M~·MAa1 tOKMA 25 ns CL = 100 pF 
00-03 setup time (ClK 1) tSOK 15 ns delay 

00-03 hold time (ClK 1) tHKD 8 ns ClK J. - MAa·~A31 tFKMA ns 

00-03 valid delay tOKD 25 ns 
floating 

00-03 float delay tFKD ns 

MA hold time (ClK J.) tHKMA 8 ns 

MA setup time (ClK J.) tSMAK 15 ns 

MAS' hold time (ClK.1.) tHKMS 10 ns 

MAS' setup time (ClK J.) tSMSK 10 ns 

10 
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Timing Waveforms 

AC Test IlIIOutput (except CLK) Resel/PU'1Ie Timing 

2.4 V --y. 2.2 V 2.2 V V-
0.45V ~...;0.;.;..8....;.V ______ ..;.;0.~8~VA-

elK 

83YL-6151A 

AC Test IlIIOutput (CLK) 

4.0 V --y. 3.0 V 3.0 V V-
0.6 V ~_1_.7_V ______ ....;.1 . ....;.7 __ V A-

RESET 

83YL-6152A 

Clock Timing elK 

elK 
PURGE 

83YL-6154A 
83YL-6153A 
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CPUlnpuf 

T1 T2 

DPAR ~ _______ :C 
83YL-6155B 
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CPU Output 

T1 T2 

ClK 

A31-A3 ~ 
tDAAH I 

I ~~~ __ ~ ______ _ 
AHIT 

~--------~~--------

_t:DKCRYh~1 '-----
CRDY =x 
_lbK+?-~1 '-----

MISS =x 
I I 

tDKCRl 

y 
___ b_tDKFT 

__ 

FATAL =x 
_]tDKFL 

FAULT 

-----------
83VL-6156A 
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Command Access Timing 

T2 TC TC TI 

ClK 

RA3- RAO 

D3-DO 

83YL·6159B 

Bus Monitor Timing 

ClK 

'MA31 - MA3 

83YL-616OA 
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ReplBee Timing 

Tm RT1 RT1 

ClK 

BRC 

tOKRRC \4----+1 

tOKRB 14-------.1 

tOKRC 

RC3-RCO --------------------------------------------------~ 

Bypsss Timing 

RT2 RT3 

Dump Timing 

RT1 RT2 

ClK \ 1\1 
IDKMAF ~:.. 

MA31-MA3~ 

pPD71641 

tOKRAE t+---~ 

83YL-6157B 

RT1 Tc Ti 
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Development Tools 

Section 6 
Development Tools 
CC7011S Sa 
V-Series C Compiler 

DDK-70320 Sb 
Evaluation Board for V25 Microcomputer 

DDK-70330 Sc 
Evaluation Board for V35 Microcomputer 

IE-70136 Sd 
In-Circuit Emulator for p.PD70136 (V33) 
Microprocessor 

IE-70136-PC Se 
In-Circuit Emulator for p.PD70136 (V33) 
Microprocessor 

IE-70208, IE-70216 Sf 
In-Circuit Emulators for p.PD70208 (V40) and 
p.PD70216 (V50) Microprocessors 

IE-70320 S9 
In-Circuit Emulator for p.PD70320/70322 (V25) 
Microcomputers 

IE-70330 6h 
In-Circuit Emulator for p.PD70330/70332 (V35) 
Microcomputers 

RA70116 6i 
Relocatable Assembler Package for V20-V50 
Microprocessors 

RA70136 6j 
Relocatable Assembler Package for V33 
Microprocessor 

RA70320, Sk 
Relocatable Assembler Package for V25N35 
Microcomputers 

V25N35 MINI-IE Plus 61 
In-Circuit Emulator 

V40N50 MINI-IE 6m 
In-Circuit Emulator 

6-2 
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NEC Electronics Inc. 

Description 

The CC70116 C Compiler package converts standard C 
source code into relocatable object modules for the NEC 
V20® (~PD70108), V30® ~PD70116), V40™ ~PD70208), 
and V50™ ~PD70216) microprocessors and the V25™ 
~PD70320) and V35 ™ ~PD70330) single-chip micro­
computers. These modules are compatible with those 
produced by the RA70116 V20-V50 Relocatable Assem­
bler package and the RA70320 V25N35 Relocatable As­
sembler package and may be linked with other modules 
using the appropriate linker provided with the assembler 
package. 

Features 

o Standard Kernighan and Ritchie C 
- Defined in UNIX System III 

o Supports small and large memory models 

o NEC enhancements 
- Enumeration data type support 
- Assignment of all members by a structure name 
- Ability to use identical names in identifiers of 

different types in different structures 
- Addition of a void type to declare functions with 

no return val ue 
- Addition of char as a data type for which 

unsigned can be specified 
- Ability to initialize structures with bit fields 

o CC70116 library conforms to UNIX System III 
specifications 
- MS-DOS® and CP/M-86® dependent functions 

included 

o C macros for sorting and converting ASCII code 
characters 

o User-selectable object code optimizer 

V20 and V30 are registered trademarks of NEC Corporation. 
V25, V35, V40 and V50 are trademarks of NEC Corporation. 
UNIX is a trademark of AT&T. 

CC70116 
V-Series C Compi ler 

o Runs under a variety of operating systems 
-MS .. DOS 
-VAXNMS® 
- VAX/UNIXTM 4.2 BSD or Ultrix® 

Ordering Information 
Part Number 

CC70116-D52 

CC70116-WT1 

CC70116-VXT1 

Description 

MS-DOS, 5" double-density floppy diskette 

VAX/VMS, 9-track 1600BPI magnetic tape 

VAX/UNIX 4.2 BSD or Ultrix, 9-track 1600BPI 
magnetic tape 

Extensions to Standard C 

Enumeration data type: Similarto the enumerated type in 
Pascal, this allows the definition of a limited set of 
[mnemonic] values for a variable, thus preventing as­
signment of invalid values to the variable. 

Assignment of all members by a structure name: Allows 
assignment of all the members of a structure from 
another structure of the same type simply by using the 
names of the structures. 

Ability to use identical names for identifiers of different 
types in different structures: Allows the same member 
name in two different structures to have a different name 
in each. 

Addition of a void type: Prevents the use of functions ~ 
which return no value in expressions where a return ~ 
value is required. 

Addition of char as a data type for which unsigned can 
be specified: Allows the full 8 bits of the char data type to 
be used as a value, rather than only the low-order 7 bits. 

Ability to initialize structures with bit fields: Allows 
structure with bit-field members to be initialized via the 
C construct. 

Compiler Options 

The CC70116 C Compiler supports the following options 
during compilation. 

CP/M-86 is a registered trademark of Digital Research Corporation. A Generates assembly language listing 

Specifies drive for compiler phases 
MS-DOS is a registered trademark of Microsoft Corporation. B 
VAX, VMS, and Ultrix are registered trademarks of Digital Equipment 
Corporation. C Leaves comments in C source image file (used 

with P) 

D Defines a name 

50222 
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Outputs C source image to a standard output 
device after only compiler control line 
processing 
Generates an object module for the interrupt 
handling section of RX116 (realtime operating 
system) 
Specifies drive for include files 
Suppresses symbol table information in object 
module 
Selects optimization 
Outputs C source image to a file after only 
compiler control line processing 
Limits· compiler phases to be input from drive 
selected by B option 

U Nullifies the initial definition of the name 
defined by 0 option 

X Generates object code for the large model 

Memory Models 

The CC70116 supports the small and . large memory 
models. With the small model, a total of 128K bytes of 
memory can be accessed: 64K bytes for data and 64K 
bytes for code.· With the large model, up to 1 M byte of 
memory can be accessed for code and data. In addition, 
data constants can be permanently encoded into the 
ROM space. Programs using the small memory model 
are more efficient in terms of space utilization and 
execution speed and are recommended when your pro­
gram can fit into one data and one code segment. 

CC70116 Library Functions 

The CC70116 C Compiler library conforms to the UNIX 
System III library specifications. Some library routines 
are operating system dependent and may only be used 
to create programs that run under MS-DOS or CP/M-86; 
other functions do not call the operating system, and 
may be used in any program. 

In the list below, the asterisk (*) means user system, 
MS-DOS, or CP/M-86 dependent. 

abort* fread MSDOS1* srand 
abs freopen MSDOS2* sscanf 
access* fscanf MSDOS3* strcat 
atoi fseek open* strchr 
atol ftell perror strcmp 
close* fwrite .printf strcpy 
creat* getchar putchar strlen 
exit* gets puts strncat 
fclose getw putw strncmp 
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fdopen 
fflush 
fgetc 
fgets 
fopen 
fprintf 
fputc 
fputs 

C Macros 

lseek* 
mktemp 
mpm1* 
mpm2* 
mpm3* 
mpm4* 
mpm5* 
mpm6* 

qsort 
rand 
read* 
rewind 
sbrk* 
scanf 
setbuf 
sprintf 

NEe 
strncpy 
swab 
ungetc 
unlink* 
write* 

Included with the C compiler are C macros for sorting 
and converting ASC II code characters. These macros 
are listed below. 

_to lower getchar isgraph isxdigit 
_toupper salnum islower putc 
feof isalpha isprint putchar 
ferror isascii ispunct toascii 
fileno iscntrl isspace 
getc isdigit isupper 

Start-Up Modules 

Six small and large start-up modules are included in the 
CC70116 C Compiler package to initialize programs 
generated by the compiler: modules for embedded sys­
tems; modules for executing programs under the MS­
DOS operating system; modules for executing programs 
under the CP/M-86 operating system. 

Operating Environment 

The CC70116 package can be supplied to run under a 
variety of operating systems. One version is available for 
an MS-DOS system with one or more disk drives and at 
least 128K bytes of system memory. Other versions are 
available to run on a Digital Equipment Corporation VAX 
computer with UNIX 4.2 BSD or Ultrix or VMS (Version 
4.1 or later) operating systems. 

To produce executable programs, a linker (LK70116 or 
LK70320) and a hexadecimal object code converter 
(OC70116 or OC70320) program are required and the 
librarian (LB70116 or LB70320) program is useful. These 
programs are available separately from NEC Electronics 
Inc. as part of the RA70116 V20-V50Relocatable Assem­
bler package or the RA70320 V25N35 Relocatable As­
sembler package. 

The linker produces an absolute load module containing 
both symbol and source code line number information 
and the absolute object code. This module may be 
loaded directly into the appropriate NEC in-circuit emu­
lator for execution with full symbolic debug capabilities. 
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The hexadecimal object code converter produces an 
extended hexadecimal format object code file that may 
be loaded into a PROM programmer. 

Documentation 

For further information on source program format, com­
piler operation, and actual program examples, the fol­
lowing documentation is furnished with the CC70116 
compiler package. Additional copies may be obtained 
from NEC Electronics Inc. 

• CC70116, V-Series C Compiler Operation Manual 
(MS-DOS) 

• CC70116, V-Series C Compiler Operation Manual 
(VMS) 

• CC70116, V-Series C Compiler Operation Manual 
(UNIX) 

License Agreement 

CC70116 is sold under terms of a license agreement that 
must be completed and returned to NEC Electronics 
before the C compiler is shipped. A copy of this license 
agreement may be obtained from any NEC Electronics 
Sales Office. Software updates are provided to regis­
tered users. 

CC70116 
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NEG Electronics Inc. 

Description 

The DDK-70320 is an evaluation board for NEC's 
~PD70320 (V25 TM) 16-bit, single-chip microcomputer. 
The DDK-70320 gives you maximum flexibility when 
evaluating and designing with the ~PD70320. It features 
a ~PD70320 with 32K bytes of EPROM, 32K bytes of 
RAM, two RS-232C communication ports, and a power­
ful monitor program. The DDK-70320 is on an IBM PC 
compatible card and includes a prototyping area for 
building your application-specific hardware. 

A copy of RA70320, the V25N35™ Family Relocatable 
Assembler package for use on an IBM PC, PCf)(T®, PC 
AT®, or compatible host computer, is shipped with each 
DDK-70320 to allow you to develop code for evaluation 
purposes. Also included with the DDK-70320 is an emu­
lator controller program for the IBM PC, a variety of 
V-Series software utilities, a small demonstration pro­
gram, and a complete set of documentation. This total 
package provides you with a fast, efficient means for 
evaluating the capabilities of the ~PD70320 for your 
application. 

Features 

o ~PD70320 (V25) Evaluation Board with power supply 

o On-board memory 
- 32K-byte EPROM (user expandable to 64K bytes) 
- 32K-byte RAM (user expandable to 64K bytes) 

o Powerful on-board debug monitor 
- Real-time and single-step operation 
- Display/change memory and internal registers 
- Display/change special-function registers 
- Line assembler and disassembler 
- Multiple software breakpoints 
-Input/output from I/O ports 
- User program downioad capability 

o Two RS-232C serial interfaces 
- One for a terminal or host computer 
- One for auser application 

o Prototyping area for user circuitry 

o IBM PC card form factor 

o RA 70320 V25N35 Relocatable Assembler package 

o Host control software for IBM PC, PC/XT, PC AT, or 
compatibles 

o V-Series software uti lities and demonstration 
programs 
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Ordering Information 
Part Number Description 

DDK-70320 ~PD70320 Evaluation Board 

V25 and V35 are trademarks of NEC Corporation. 
PCJ)(T and PC AT are registered trademarks of International Business 
Machines Corporation. 

DDK-70320 Evaluation Board 

Hardware 

The DDK-70320 (figure 1) features 64K bytes of on-board 
memory: 32K bytes of EPROM and 32K bytes of RAM. 
The EPROM area, which is dedicated to a powerful 
monitor program, can be expanded up 64K bytes. The 
RAM area can also be expanded to 64K bytes and ~ 
contains the interrupt vector space, the monitor work 1:6:1 
area, and a user area for program downloading. 

A ~PD71051 serial communications controller is con­
nected through an RS-232C driver/receiver to a DB25 pin 
connector. The monitor uses this serial interface to 
communicate with an external terminal or host com­
puter. A second RS-232C channel is connected to serial 
port 0 of the V25 for user applications. 

A RESET switch returns the DDK-70320 to the power-up 
state with or without losing the contents of the external 
RAM. An NMI switch returns control to the monitor from 
a user program while saving the user's state. 

An ac/dc converter supplies power to the DDK-70320 in 
the stand-alone mode. The DDK-70320 can also receive 
its power directly from the IBM PC bus. 
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Software 

The DDK-70320 comes with a powerful interactive mon­
itor to facilitate software design using the p.PD70320. A 
user program can be downloaded into user' RAM and 
executed, in real-time with or without breakpoints, or it 
can be executed one instruction at a time. During 
single-stepping{ the registers, program counter, and the 
next instruction to be executed are displayed. 

Figure 1. DDK-703~O Block Diagram 
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Address/Control Bus 
) Buffers 

-----V25 

r---

;, Data Bus 
' " 

Buffers 

" " 

'----

Table 1. DDK-70320 Command Us, 
Command Description 

A A(ssemble) a line of source ,code 

D D(ump) memory 

E E(nter) memory 

F F(ill) memory 

G G(o) with optional breakpoints 

H H,(elp) menu 

I(nput) a byte from an I/O port 

L L(oad) a HEX file onto the DDK-70320 

M M(ove) a block of memory 

o O(utput) a byte to an I/O port 

R R(egister) display/alter R[reg] 

S S(pecial) function register display/alter 

T T(race) execution 

U(nassemble) a block of rr\emory 

? H(elp) menu 
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... 

The DDK-70320 has 10 address breakpoints, which are 
set in the GO command line. The monitor sets a break­
point by substituting a BRK 3 instruction (opcode CCH) 
for an instruction in the user's program. 

Additional commands are available to display, fill~ 
change,or move memory; display or change the general­
purpose' and special-funbtion registers; input from or 
output to an 1/0 port; disassemble memory; assemble a 
line of source code; and display the command list. Table 
1 lists all of the DDK-70320 monitor commands. 

! EPROM I 
" I I 1 SRAM 

V25 
System Bus 

l' " I 
UART I -1 

.-
A ") Expansion 
... Connector 

RA70320 Relocatable Assembler 
Package' 

83YL·6696B 

The RA70320 Relocatable Assembler package converts 
symbolic source code for NEC's V25N35 family of mi­
crocomputers into executable absolute address object 
code. A copy of RA70320 is included with the DDK-70320 
for use on an IBM PC; PC/XT, PC AT, or compatibles. With 
this software, you can easily write evaluation programs 
for the p.PD70320., 

Emulator Controller Program 

Absolute address object files produced by the RA70320 
Relocatable Assembler package can be downloaded to 
the DDK-70320 using the NEC Emulator Con,troller pro­
gram supplied with the ODK-70320. This controller pro­
gram allows you to download files from your IBM PC or 
compatible to the DDK-70320board.'The program pro­
vides the following additional capabilities. 

• Complete DDK-70320 control from host 'console 

• On-line help facilities 

• Host system directory and file display 

• Storage of debug session on disk' 
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Documentation 

For further information, refer to the DDK-70320 User's 
Manual supplied with the evaluation board. Additional 
copies may be obtained from NEC Electronics Inc. 

License Agreement 

RA 70320 is provided under the terms of a license agree­
ment included with the DDK-70320 board. The accom­
panying card must be completed and returned to NEC 
Electronics Inc. to register the license. Software updates 
are provided to registered users. 

DDK·70320 
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Description 

The DDK-70330 is an evaluation board for NEC's 
~PD70330 (V35™) 16-bit, single-chip microcomputer. 
The DDK-70330 gives you the maximum flexibility when 
evaluating and designing with the ~PD70330. It features 
a ~PD70330 with 128K bytes of EPROM, 128K bytes of 
RAM, two RS-232C communication ports, and a power­
ful monitor prog'ram. The DDK-70330 board includes a 
prototyping area for building your application specific 
hardware. 

A copy of RA70320, the V25 ™ N35 ™ Family Relocatable 
Assembler package for use on an IBM PC, PCIXT@, PC 
AT@, or compatible host C?omputer, is shipped with each 
DDK-70330 to allow you to develop code for evaluation 
purposes. Also included with the DDK-70330 is an emu­
lator controller program for the IBM PC, a variety of 
V-Series software utilities, a small demonstration pro­
gram, and a complete set of documentation. This total 
package provides you with a fast, efficient means for 
eval uating the capabilities of the ~PD70330 for your 
application. 

Features 

o ~PD70330 (V35) Evaluation Board with power supply 

o On-board memory 
- 128K-byte EPROM 
-128K-byte RAM (user expandable to 512K bytes) 

o Powerful on-board debug monitor 
- Real-time and single-step operation 
- Display/change memory and internal registers 
- Display/change special-function registers 
- Line assembler and disassembler 
- Multiple software breakpoints 
- Input/output from I/O ports 
- User program download capability 

o Two RS-232C serial interfaces 
- One for a terminal or host computer 
- One for a user application 

o Prototyping area for user circuitry 

o RA 70320 V25N35 Relocatable Assembler package 

V25 and V35 are trademarks of NEC Corporation. 
PC/XT and PC AT are registered trademarks of International Business 
Machines CorporatIon. 
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o Host control software for IBM PC, PCIXT, PC AT, or 
compatibles 

o V-Series software utilities and demonstration 
programs 

Ordering Information 
Part Number Description 

DDK·70330 ~PD70330 Evaluation Board 

Hardware 

The DDK-70330 (figure 1) features 256K bytes of on­
board memory: 128K bytes of EPROM and 128K bytes of 
RAM. The EPROM area includes a powerful monitor 
program and a user area. The RAM area can be ex­
panded to 512K bytes by replacing the 64K x 4 dynamic 
RAMS with 256K x 4 dynamic RAMS. This RAM space 
contains the interrupt vectors, the monitor work area, 
and a user area for program downloading. 

A ~PD72001 multiprotocal serial communications con­
troller is connected through an RS-232C driver/receiver 
to a DB25 pin connector. The monitor uses this serial 
interface to communicate with an external terminal or 
host computer. A second RS-232C channel is available 
for connection to the second channel oft he ~PD72001 or 
one of the serial ports of the ~PD70330 for user applica­
tions. DMA interface circuitry between the ~PD72001 
and the V35 is provided to allow the you to evaluate the ~ 
DMA capabilities of both devices. I:i:I 
A RESET switch returns the DDK-70330 to the power-up 
state with or without lOSing the contents of the external 
RAM. An NMI switch returns control to the monitor from 
a user program while saving the user's state. An ac/dc 
converter supplies power to the DDK-70330. 
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Figure 1. DDK-70330 Block Diagram 
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Software 

The DDK-70330 comes with a powerful interactive mon­
itor to facilitate software design using the p.PD70330. A 
user program can be downloaded into user RAM and 
executed in real-time with or without breakpoints, or it 
can be executed one instruction at a time. During 
single-stepping, the registers, program counter, and the 
next instruction to be executed are displayed. 

The DDK-70330 has 10 address breakpoints, which are 
set in the GO command line. The monitor sets a break­
point by substituting a BRK 3 instruction (opcode CCH) 
for an instruction in the user's program. 

Additional commands are available to display, fill, 
change, or move memory; display or change the general­
purpose and special-function registers; input from or 
output to an I/O port; disassemble memory; assemble a 
line of source code; and display the command list. Table 
1 lists all of the DDK-70330 monitor commands. 

Table 1. DDK-70330 Command Us, 
Command Description 

A A(ssemble) a line of source code 

D D(ump) memory 

E E(nter) memory 

F F(ill) memory 

G G(o) with optional breakpoints 

H H(elp) menu 

I (nput) a byte from an I/O port 

L L(oad) a HEX file onto the DDK-70330 

M M (ove) a block of memory 

0 O(utput) a byte to an I/O port 

R R(egister) display/alter R[reg] 

S S(pecial) function register display/alter 

T T(race) execution 

U U(nassemble) a block of memory 

? H(elp) menu 

DDK·70330 

RA 70320 Relocatable Assembler Package 

The RA 70320 Relocatable Assembler package converts 
symbolic source code for NEC's V25N35 family of mi­
crocomputers into executable absolute address object 
code. A copy of RA70320 is included with the DDK-70330 
for use on an IBM PC, PC/XT, PC AT, or compatibles. With 
this software, you can easily write evaluation programs 
for the p.PD70330. 

Emulator Controller Program 

Absolute address object files produced by the RA70320 
Relocatable Assembler package can be downloaded to 
the DDK-70330 using the NEC Emulator Controller pro­
gram supplied with the DDK-70330. This controller pro­
gram allows you to download files from your IBM PC or 
compatible to the DDK-70330 board. The program pro­
vides the following additional capabilities. 

• Complete DDK-70330 control from host console 
• On-line help facilities 
• Host system directory and file display 
• Storage of debug session on disk 

Documentation 

For further information, refer to the DDK-70330 User's 
Manual supplied with the evaluation board. Additional 
copies may be obtained from NEC Electronics Inc. 

License Agreement 

RA 70320 is provided under the terms of a license agree- II 
ment included with the DDK-70330 board. The accom-
panying card must be completed and returned to NEC • 
Electronics Inc. to register the license. Software updates 
are provided to registered users. 

3 



DDK·70330 ~EC 

4 



NEe 
NEC Electronics Inc. 

Description 

The IE-70136 is a portable, stand-alone, in-circuit emu­
lator that provides hardware emulation and softwa:re 
debug capabilities for the ItP070136 (V33 TM) 16-bit mi­
croprocessor. 

Real-time and single-step emulation-coupled with soft­
ware performance analysis, sophisticated memory map­
ping, symbolic debugging, macrofile command facili­
ties, user-programmable breakpoints and trace 
qualifiers-create a powerful development environment. 

Command entry is simplified by eight dynamically re­
programmed function keys, called softkeys, that visually 
prompt a user with the next level of commands. User 
programs can be uploaded/downloaded from a variety of 
host systems by a serial link or they can be loaded 
directly from an MS-OOS® disk. 

Features 

o Portable, stand-alone, in-circuit emulator 
- 9.5-inch amber CRT display 
- Two 5-inch, 640K-byte floppy-disk drives 
- ASCII keyboard with eight function keys 
- EPROM programmer: 2732, 2764, 27128, 27256, 

27512 
- Supports NEC's V20®, V30®, V25 TM, V35 TM, V40 ™ , 

V50 TM, V53 ™ , and V60 ™ microprocessors 

o Precise real-time and single-step emulation 
- Selectable internal clock: 8 MHz or 16 MHz 
- Up to 16-MHz external TTL clock 

o Emulation memory bus size selection 

o 256K bytes of memory for prototype memory 
emulation; mappable into 16M-byte address space in 
4K-byte units 

o Automatic break with disconnected target I/O 
access 

o Six user-programmable hardware breakpoints 
- Real-time break on address, data, CPU status, or 

external input 
- Selectable as execution or nonexecution 

o 256 user-programmable software breakpoints 

V20 and V30 are registered trademarks of NEC Corporation. 
V25, V33, V35, V40, V50, V53, and V60 are trademarks 
of NEC Corporation. 
MS-DOS is a registered trademark of Microsoft Corporation. 
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o Trace buffer: disassemble, frame, and code trace 
display 
- 8192 frames by 64 bits 
- Programmable enable/disable points 

o Performance modes avai lable for software 
performance evaluation: time interval, module 
activity, and count modes 

o Full symbolic debug capabilities 

o Symbolic line assembler and disassembler 

o Macrofile command capability 

o Dual window display in emulation mode 

o Softkey and menu-driven user input 

o System commands are available while in emulation 
mode 

Ordering Information 
Part Number Description 

IE-70136-A016 In-circuit emulator for p.PD70136 (V33) 

EP-70136L-A 68-pin PLCC/PGA emulation probe/socket 

EP-70136GJ-A 74-pin plastic QFP emulation probe 

HARDWARE DESCRIPTION 

The IE-70136 (figure 1) consists of a system chassis with 
a detachable ASCII keyboard and an emulation pod unit. 
The chassis houses a 9.5-inch amber CRT, two 5-1/4 
inch, 640K-byte floppy-disk drives, an EPROM program­
mer, a card cage, a power supply, and three control 
boards. T, he boards are main CPU, expansion system .., 
memory, and emulation pod interface. ~ 

The main CPU board contains a supervising CPU, 512K 
bytes of system memory, and the peripheral interfaces. 
The expansion system memory board provides an addi-
tional 512K bytes of system memory. 

The em41ation pod interface contains the clock selection 
logic, emulation bus sizing switch, and enabling of the 
ROY and 8S8/8S16 signals from the target to emulator 
memory. The emulation pod contains the V33 EVACHIP, 
external event input, trigger out, and target interface. 
This' unit connects to the target system by the EP-
70136L-A emulation probe forthe 68-pin PLCC/PGA For 
the 74-pin plastic QFP, an EP-70136GJ-A probe adapter 
is also needed. 
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The IE-70136 supports the following external interfaces: 
two RS-232C serial ports, one Centronics parallel printer 
port, and one RG B video output. 

The emulator can be converted to support NEC's V20, 
V25, V30, V35, V40, V50, V53, and V60 CMOS micropro­
cessors by exchanging the appropriate control boards 
and the emulation pod unit. 

Figure 1. IE-70136 System Configuration 

Memory and I/O Mapping Capabilities 

The IE-70136 contains 256K bytes of zero wait-state 
emulation memory; 252K bytes are available for emulat­
ing target RAM (read/write) or ROM (read only) and the 
remaining 4K bytes are reserved for use by the system 
monitor. 

The complete 16M-byte memory space of the #,PD70136 
must be mapped into one of the following categories. 

Target 

ROM 

RAM 

Locked 

Memory resident in target system (read/ 
write) 
External ROM emulation memory (read 
only) 
External RAM emulation memory (read/ 
write) 
Access inhibited memory (remaining 
unmapped addresses) 

All memory mapping is executed in 4K-byte blocks using 
the Configure and Mapping softkey commands. If an 
address mapped as "Iocked" is accessed or a write i.s 
attempted to ROM, a break in the emulation will occur. 

The I/O space of the #,PD70136 is always mapped to the 
target. If the probe is not connected to a target system, a 
break will occur in emulation when any target I/O is 
accessed. 
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The target NMI and INT signals may be enabled or 
disabled by the Configure command. 

Emulation 

The IE-70136 executes #,PD70136 user programs in real 
time in three different modes: break, trace, and perfor­
mance. In break emulation mode, 'the program is run in 
real time or in single-step mode until a breakpoint is 
encountered. In trace emulation mode, the program is 
executed in real time while filling the trace buffer with 
bus information. 

In performance emulation mode, the emulator. can: 

(1) Measure the execution time between enable and 
disable points 

(2) Measure the accumulated execution time in three 
areas of memory and then display the ratio of time 
spent within each area in both absolute and rela­
tive terms 

(3) Count the number of times a particular trigger 
point is satisfied between enable and disable 
points. 

Once emulation is stopped in either break or trace mode, 
the trace automatically displays one screen of data, 
ending on the laslinstruction executed. In performance 
mode, time is shown in a table and in a bar graph. At this 
point, it is possible to display the contents of memory, 
the general-purpose and special registers, the symbol 
tables, directories, and other information. All can be 
displayed individually or in split screen with the trace 
display. The windows may be scrolled independently. 

Break Capabilities 

The IE-70136 has six hardware breakpoints. Five can be 
set to occur in· response to a real-ti me event with the 
BCond command. The remaining one is reserved for 
setting a real-time address (execution only) breakpoint 
with the GO command. 

You can use the BCond command to set breakpoints to 
occur on an address, a data value, or a CPU state. 
Hardware breakpoints can be either an execution or 
nonexecution type. An execution break occurs when an 
instruction is clocked into the execution unit of the V33. 
A nonexecution break occurs when the bus condition is 
satisfied regardless of the status of the instruction 
queue. 

An enable and disable point can also be specified to 
indicate when detection of hardware break and trace is 
to start and stop. If not specified, trace and break 
detection is enabled when the GO command is exe-
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cuted. The external channel can also be used to create 
a breakpoint. Either the rising or falling edge can be 
selected. ' 

Up to 256 software breakpoints can be set plus an 
additional one in the GO command. To set a software 
breakpoint, the emulator replaces an instruction in the 
user's program with a BRK 0 instruction. A break will 
occur when this instruction is executed, and the user's 
program will be restored. This capability is not available 
for program code executing out of ROM. A Check com­
mand is provided to verify that the breakpoint can 
actually be set. 

Trace Capabilities 

The trace buffer is 8192 frames by 64 bits wide and 
sampling is done on every machine cycle. The buffer is 
filled in round-robin fashion. The emulator traces the 
external address and data buses, the CPU and queue 
status, and control signals. 

The IE-70136 has five trace trigger pOints. When the 
trigger condition is true, a positive logic pulse is output 
on the TRIGGER OUT pin of the emulator pod. Separate 
ENABLE and DISABLE points can be set to restrict 
tracing pr trigger detection to a particular section of 
program code. If not used, tracing and trigger detection 
will be enabled when the GO command is issued. An 
address point can be set with the GO command to 
record the trace after, about, or before the condition is 
true. The external input can also be used as a trigger 
point. Either a positive or negative edge can be speci­
fied. 

The trace data may be displayed in one of three modes: 
disassembly, frame, or code. In disassembly mode, fetch 
and execution cycles are displayed separately, and bus 
cycles are rearranged so that a fetch cycle and its 
associated execution cycle are displayed next to each 
other. In frame mode, the CPU bus cycle conditions are 
displayed as traced. In code mode, only the executed 
fetch cycles are displayed. In disassembly and code 
modes, the fetch cycle is displayed bright, the execution 
cycle is dim, and a trigger point is indicated by reverse 
video. 

SOFTWARE DESCRIPTION 

Software Performance Analysis 

Using the IE-70136, software performance can be eval­
uated in real-time in anyone of three different modes: 
run-time interval mode, module activity mode, and count 
mode. Improvements in software performance can be 
statistically measured. 

IE·70136 

Run-Time Interval Mode. Execution time from the en­
able point to the disable point is repeatedly measured, 
and the mean value, the maximum value, the minimum 
value, and the distributed values are stored. The mea­
sured distribution values, from a maximum of six time 
intervals, can be displayed graphically. 

Module Activity. The accumulated execution time for 
three areas of code (from enable to disable points) can 
be measured. The ratio of time spent in each one 
compared to the total measured time (ABS) and the ratio 
of time spent in each one compared to the time spent in 
all three areas (REL) can be displayed. If the overall 
processing speed does not satisfy the desired speed, 
the portion of the code taking more time can be deter­
mined and improved. This mode can be very effective for 
increasing total throughput. 

Count Mode. The number of times a trigger point is 
satisfied within an area of code (from enable to disable 
points) can be counted. Up to four trigger points can be 
set and the ratio of the number of times each trigger 
point is satisfied to the total number of all triggers is 
displayed. 

Address Specification 

An address can be specified as either a 24-bit absolute 
address (beginning with a ;) or as a segment:offset 
address. Segment:offset addresses can be either physi­
cal, addressing only the base 1 M byte, or logical. Logical 
addresses are converted to 24-bit physical addresses by 
the emulator according to the address extension table 
(EXPAND TABLE) specified by the SEText command. 

There are two types of expand tables. One uses the MMU 
(Memory Management Unit) in the CPU. However, con-
version is done only during a break if the XA flag is set. .., 
Otherwise, no conversion is performed. A user-defined 1:6:.1 
expand table is independent of the MMU. This table is 
defined by loading the extended linker locator output file 
(EL70136), by definition in the program stage, or by 
copying the contents of the MMU. With the user-defined 
table,:conversion is performed regardless of the status of 
the XA flag. 

If the user-defined expand table is selected, conversion 
back to logical address is performed according to this 
table when displaying trace results in disassembly mode. 

System Software 

The IE-70136 is controlled by the MIOS/U proprietary 
operating system. Command input is simplified by eight 
function keys, providing a choice of up to 24 softkeys 
within any menu level. The dynamically reprogrammed 
softkeys visually prompt with the next valid set of com-
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mands. The softkeys are at the bottom of the display 
screen and correspond to the eight function keys on the 
keyboard. To select a command, press a softkey. The 
softkeys are automatically relabeled with the next set of 
commands. 

All system functions can be used in emulator mode. The 
IE-70136 system software uses an overlay method so 
that a necessary program is loaded when a command is 
input and then executed. File handling, communica­
tions, and PROM writing can be performed during emu­
lation, reducing development time. 

Table 1 shows some of the utility programs provided with 
the emulator. 

Table 1. IE-70136 Utility Programs 

Utility Function 

EMUV35 IE-70136 emulator software 

KERMIT Communication program for file transfer 

FI LESEFW File management for system disks 

EDITOR Full screen editor 

FORMAT Floppy-disk formatter 

PROM Built-in EPROM programmer control program 

TERMINAL Terminal utility program for file transfer between 
emulator and another intelligent device 

SYMBOL Symbol table converter; converts non-SROC symbol 
formats to SROC format 

o BJCONV Object fi Ie converter: converts object files to and from 
the Motorola SROC format 

TIMESET Internal battery backed-up clock and calendar setting 

DE FINE Soft key definition 

MDEVICE Disk format specification 

Connecting to Host Systems 

Host systems may be connected to the IE-70136 using 
the RS-232C connectors at the rear of the machine. 
Parameters such as baud rates, character length, parity, 
and number of stop bits are software programmable to 
suit the system being attached. The KERMIT communi­
cations program is supplied with the emulator and can 
be used for uploading and downloading files. NEC cur­
rently provides KERMIT for the VAX® under VMS® and 
UNIXTM 4.2BSD or Ultrix™, the IBM PC, IBM PC/XT®, IBM 
PC/AT®, or compatibles under PC-DOS® or MS-DOS. 

Files may also be transferred to the emulator via the 
RS-232C ports using the TERMINAL utility. The emulator 
acts as a terminal for data transfer. 

Another means of loading files into the IE-70136 is 
available with the Multiple File Handler utility, a program 
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that runs in the emulator itself and is supplied as part of 
the IE-70136 package. The Multiple File Handler allows 
the emulator to read MS-DOS disks, among others. 

Symbolic Debug and Line Assembly! 
Disassembly 

The IE-70136 supports complete symbolic debugging of 
programs produced by NEC's RA70136 Relocatable As­
sembler Package and various third-party software pack­
ages, including those from Intel and Microsoft. The 
symbols can be used as address and data constants in 
break, trace, and emulation control commands and are 
displayed during disassembly. A symbolic line assembler 
is also available to make modifications to existing pro­
grams or to enter code from the keyboard. 

SPECIFICATIONS 

Table 2 gives the electrical, environmental, and physical 
specifications of the equipment. 

Table 2. IE-70136 Specifications 

AC power 

Temperature 

Relative humidity 
(noncondensing) 

Weight 

90 to 132 V, 50/60 Hz, 400 W maximum 

Operating: +5 to +40°C 

Storage: -20 to +50°C 

Operating: 20 to 80% 

Storage: 10 to 90% 

Main chassis: 40 pounds 

Pod and cables: 4-3/4 pounds 

Dimensions (L x W x H) 19.7 x 16.7 x 8.7 inches 

DOCUMENTATION 

The following manuals are supplied with the in-circuit 
emulator. Additional copies may be obtained from NEC 
Electronics Inc. 

• IE-70136 In-Circuit Emulator User's Manual 
• IE-70XXX-A Hardware User's Manual 
• IE-70XXX-A Software Utilities User's Manual 

VAX and VMS are registered trademarks of Digital Equipment 
Corporation. 
Ultrix is a trademark of Digital Equipment Corporation. 
UNIX is a trademark of AT&T. 
PC/XT, PC AT, and PC-DOS are registered trademarks of International 
Business Machines Corporation. 
MS-DOS is a registered trademark of Microsoft Corporation. 



t\'EC 
NEG Electronics Inc. 

Description 

The IE-70136-PC is a low-cost in-circuit emulator that 
provides hardware emulation and software debug capa­
bilities for the NEC ILPD70136 (V33™) 16-bit micropro­
cessor. It is designed to be used with an IBM PC, PC/XT®, 
PC AT®, or compatible machine under PC-DOS® or 
MS-DOS®. 

Features 

o Interfaces to host PC via a parallel interface 
- PC interface card and cable included 

o Real-time and single-step emulation 
-16-MHz internal clock 
- 2- to 16-MHz external clock 
- 65,535 instructions can be stepped in single 

command 

DOne 64K-byte block of emulation memory 

o Four user-programmable breakpoints 
- Real-time break on address during instruction 

fetch, data memory read/write, or I/O read/write 

V33 is a trademark of NEC Corporation. 
IBM PC, PC/XT, PC AT, and PC-DOS are registered'trademarks of 
International Business Machines Corporation. 
MS-DOS is a registered trademark of Microsoft Corporation. 

Figure 1. IE-70136-PC System Configuration 
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IE-70136-PC 
In-Ci rcuit Emulator 

for pPD70136 (V33) Microprocessor 

o User-programmable software breakpoints 
- 100 logical/physical address breakpoints 

maximum 
- Forced break possible 

o Memory display/fill/move capability in byte or word 
format 
- Access to normal or extended memory 
- Disassembler 

o Macro/batch processing capabilities 

o Direct access to PC-DOS and MS-DOS system 
commands 

o LED displays for CPU status: RUN, NOREADY, 
HOLD, HALT 

o Load/Save programs using Extended CO F F, NEC 
LN K, Intel Extended HEX, and Motorola SROC 
formats 

Ordering Information 
Part Number Description 

IE-70136-PC In-circuit emulator for ~PD70136/70332 

EP-70136L-PC 68-pin PLCC/PGA emulation probe/socket 



IE· 70i36·PC 
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NEC Electronics Inc. 

IE· 70208, IE-70216 
In-Circuit Emulators 

for pPD70208 (V40) and pPD70216 (V50) 
Microprocessors 

Description 

The IE-70208 and.IE-70216 are portable, stand-alone, 
in-circuit emulators providing both hardware emulation 
and software debug capabilities for the NEC p.PD70208 
(V40TM) and p.PD70216 (V50™) 16-bit microprocessors. 

Real-time and single-step emulation in both native and 
8080 emulation modes-coupled with sophisticated 
memory mapping, user-programmable breakpoints and 
trace qualifiers, symbolic debug, and macrofile com­
mand facilities-create a powerful development environ­
ment. 

Command entry is simplified by eight dynamically re­
programmed function keys, called softkeys, that visually 
prompt the user with the next level of commands. User 
programs can be uploaded/downloaded from a variety of 
host systems by a serial link or loaded directly from an 
MS-DOS® disk. 

Features 

o Portable, stand-alone, in-circuit emulator 
- 9.5-inch amber CRT display 
- Two 5-inch, 640K-byte floppy-disk drives 
- ASCII keyboard with eight function keys 
- EPROM programmer: 2732, 2764, 27128, 27256, 

27512 
- Supports NEC's V20®, V25 TM, V30®, V33 ™ , V35 ™ , 

V53 ™ , and V60 ™ microprocessors 

o Precise real-time and single-step emulation 
- Programmable internal clock: 2 to 10 MHz in 

1-kHz steps 
- External clock: 2 to 10 MHz 

o Memory and I/O space mappable in 1 K-byte blocks 

o 256K bytes of memory for prototype memory 
emulation; expandable to 768K bytes 

o Eight user-programmable hardware breakpoints 
- Real-time break on address, data, CPU status, or 

external probes 
- Break on pass count and register, memory, or I/O 

values 
- Selectable as execution or code fetch break 

o 16 user-programmable software breakpoints 

V20 and V30 are registered trademarks of NEC Corporation 
V25. V33. V40. V50, V53. and V60 are trademarks of NEC Corporation 
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o Trace buffer: machine cycle, mnemonic, and jump 
trace display 
-1024 frames by 64 bits 
- Programmable trigger point and trace qualifiers 

o Eight optional probes for tracing target system 
signals 

o Full symbolic debug capabilities 

o Symbolic line assembler and disassembler 

o Macrofile command capability 

o Dual window display in emulation mode 

o Softkey and menu driven user input 

Ordering Information 
Part Number 

IE-70208-A010 

IE-70216-A010 

IE-70000-2958 

IE-70000 -2959 

IE-70208-2010 

IE-70216-2010 

IE-70000-2954 

IE-70000-2957 

Package 

In-circuit emulator for ~PD70208 (with V40 pod) 

In-circuit emulator for #,PD70216 (with V50 pod) 

68-pin PLCC package emulation probe 

68-pin PGA package emulation probe 

Optional pod unit for ~PD70208 emulation 

Optional pod unit for ",PD70216 emulation 

Optional external logic probe. 

Optional 512K-byte expansion emulation 
memory 

HARDWARE DESCRIPTION 

The IE-70208/216 (figure 1) consists of a system chassis 
with a detachable ASCII keyboard and an emulation pod ftI 
unit. The chassis houses a 9.5-inch amber CRT, two 5-1/4 a:.I 
inch 640K-byte floppy disk drives, an EPROM program-
mer, card cage, power supply, and three control boards. 
The boards are main CPU, emulation control, and trace­
emulation memory. 

The main CPU board contains the supervising CPU, 
512K bytes of system memory, and the peripheral inter­
faces. The emulation control board controls the memory 
mapping, event detection, and the break and emulation 
CPU status circuitry. The trace-emulation board con­
tains a trace buffer and 256K bytes of external emulation 
memory. The optional IE-70000-2957, a 512K-byte ex­
panSion emulation memory board, may be installed to 
increase the external emulation memory to 768K bytes. 
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The external emulation pod unit houses the emulation 
CPU, high-speed buffers, and clock selection logic. The 
emulation pod unit can be connected to the target 
system with one oftwo emulation probes: IE-70000-29S8 
supports the 68-pin PLCC package and the IE-70000-
29S9 supports the 68-pin PGA package. These probes 
are ordered separately. 

The IE-70208/216 supports the following external inter­
faces: two RS-232C serial ports, one Centronics parallel 
printer port, an RG B video output, and eight optional 
external logic probes. These probes (IE-70000-29S4) can 
be used for tracing and/or breaking on signals from the 
target system. 

Ease of migration within the V-Series family 91. emulators 
is provided in the system design. To alternate between 
V40 and VSO emulation simply requires changing the 
emulation pod unit. The emulator can also be converted 
to support the V20, V2S, V30, V33, V3S, VS3, and· V60 
CMOS microprocessors by exchanging the appropriate 
control boards and the emulation pod unit. 

Figure 1. IE-70208/216 System Configuration 
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Memory and I/O Mapping Capabilities 

The IE-70208/216 contains 256K bytes (expandable to 
768K bytes) of emulation RAM (0 wait states) for emu­
lating external RAM or ROM. The complete 1 M-byte 
memory space of the #tPD70208/70216 must be mapped 
into one of the following categorie~ of memory: 

Target Memory resident in target system 
(read/write) 

ROM External ROM emulation memory 
(read only) 

RAM External RAM emulation memory 
(read/write) 

Locked Access inhibited memory 
(remaining unmapped addresses) 

All memory mapping is done in 1 K-byte blocks using the 
Configure and Memory softkey commands. If an address 
mapped as "Iocked" is accessed, a break in the emulation 
will occur. 

The complete 64K-byte I/O space ofthe #tPD70208/70216 
must be mapped in 1 K-byte blocks to the emulation 
memory, the target system, or as "Iocked" memory. 

Emulation 

The IE-70208/216 executes #tPD70208 and #tPD70216 
user programs in real~time in four different modes: break, 
trace, count, and time. 

(1) In break emulation mode, the user's program is 
executed in real-time or in single-step until a break­
point is encountered. 

(2) In trace emulation mode, the user's program is 
executed until the trace buffer is filled. 

(3) During the count emulation mode, the emulator 
counts the number of times a particular trigger 
point is reached within a given set of conditions. 

(4) In time emulation mode, the emulator measures 
execution time between the specified enable and 
disable points. The measurable time range is from 0 
to 72 minutes (in microseconds). 
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Once emulation is stopped in either break ortrace mode, 
the trace automatically displays one screen of data, 
ending on the last instruction executed. In count or time 
mode, the current count or elapsed time is displayed. At 
this point, it is possible to display the contents of 
memory, the general-purpose and· special registers, the 
symbol tables, directories, and other information. All can 
be displayed individually or by split screen with the trace 
display. The windows may be scrolled independently. 

Prior to the start of emulation, the user can specify 
whether an external or internal clock will be used for 
~mulation, whether the internal or external ready sigDal 
IS used, and whether the NMI signal from the target 
system should be enabled or disabled. If the internal 
clock is used, it can be set from 2 to 10 MHz in 1-kHz 
steps. 

Break Capabilities 

The IE-70208/216 has eight hardware breakpoints. Seven 
can be set to occur on a real-time event or a non­
real-time condition. The remaining one is reserved for 
setting a real-time address breakpoint in the GO 
command. 

A real-time breakpoint can be set to occur on an address, 
a data value, a CPU state, or the external probe status. 
A non-real-time breakpoint can be set to occur after 
satisfying an address/condition setting a certain number 
of times (maximum 4096). 

Conditions pertaining to the general-purpose registers, 
memory locations, I/O locations or the external probes 
can be defined. For non-real-time breakpoints, the user 
program is executed in real time until it reaches the 
address, then emulation pauses while the conditions are 
checked. If the conditions are not satisfied, emulation 
will continue in this manner until they are met. 

To distinguish between the condition occurring at an 
op-code fetch or at the execution of an instruction, each 
breakpoint can be tagged with either a nonexecution or 
execution flag. 

Up to 16 software breakpoints can be set plus an 
additional one in the GO command. To set a software 
breakpoint, the emulator replaces an instruction in the 
user's program with a BRK 0 instruction. A break will 
occur when this instruction is executed, and the user's 
program will be restored. This capability is not available 
for program code executing out of ROM. 

IE· 70208, IE· 70216 

Trace Capabilities 

The trace buffer is 1024 frames by 64 bits wide and 
sampling is done on every machine cycle. The buffer is 
filled in a round-robin fashion. The emulator traces the 
external address and data buses, the CPU and queue 
status, and the eight external logic probes. 

The IE-70208/216 has eight trace specification points. 
One of these is reserved for setting a trigger point in the 
GO command. The other seven can be specified as trace 
trigger,enable, disable, qualify, or check points. Check 
points are used to display register, memory, or I/O 
contents each time a certain event or address occurs. 
The trace buffer can be split into a maximum of 64 
partitions to allow tracing of particular segments of the 
user program (Le., subroutines). 

The trace data may be displayed in one of three modes: 
machine, disassembly, or jump. In machine display 
mode, all bus activity is displayed in machine code. In 
disassembly mode, all instructions are disassembled. In 
jump mode, only instructions that alter program flow are 
displayed. 

SOFTWARE DESCRIPTION 

System Software 

The IE-70208/216 is controlled by the MIOS/U propri­
etary operating system. Command input is simplified by 
eight function keys (providing a choice of up to 24 
softkeys within any menu level). The dynamically repro­
grammed soft keys visually prompt with the next valid set 
of commands. The softkeys are at the bottom of the 
display screen and correspond to one of the eight 
function keys on the keyboard. To select a command, 
press a softkey. The softkeys are automatically relabeled ftt 
with the next set of commands. UI 
Table 1 lists the utility programs provided with the 
emulator. 
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Table 1. IE-7020B/216 Utility Programs 

Utilities 

EMUV4050 

KERMIT 

FILESEFN 

EDITOR 

FORMAT 

PROM 

TERMINAL 

SYMBOL 

OBJCONV 

TIMESET 

DEFINE 

MDEVICE 

Function 

IE-70208/216 emulator software 

Communication program for file transfer 

File management for system disks 

Full screen editor 

Floppy-disk formatter 

Built-In EPROM programmer control program 

Terminal utility program for file transfer between 
emulator and another intelligent device 

Symbol table converter; converts non-SROC 
symbol formats to SROC format. 

Object file converter; converts object files to 
and from the Motorola SROC format. 

Internal battery backed-up clock and calendar 
setting 

Softkey definition 

Disk format specification 

Connecting to Host Systems 

Host systems may be connected to the IE-70208/216 via 
the RS-232C connectors at the rear of the machine. 
Parameters such as baud rates, character length, parity, 
and number of stop bits are software programmable to 
suit the system being attached. The KERMIT communi­
cations program supplied with the emulator can be used 
for uploading and downloading files. Currently, NEC 
provides KERMIT for the VAX® under VMS® and UNIXTM 
4.2 BSD or Ultrix™, and the IBM PC, PC/XT®, PC AT®, or 
compatibles under PC-DOSTM or MS-DOS®. 

Files may also be transferred to the emulator via the 
RS-232C ports by using the TERMINAL utility. The em­
ulator acts as a terminal for data transfer: 

Another means of loading files into the IE-70208/216 is 
available with the Multiple File Handler utility, a program 
that runs in the emulator itself and is supplied as part of 
the IE-70208/216 package. The Multiple File Handler 
allows the emulator to read MS-DOS disks, among 
others. 

VAX and VMS are registered trademarks of Digital Equipment 
Corporation. 
Ultrix is a trademark of Digital Equipment Corporation. 
UNIX is a trademark of AT&T. 
PCIXT, PC AT, and PC-DOS are registered trademarks of International 
Business Machines Corporation. 
MS-DOS is a registered trademark of Microsoft Corporation. 
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Symbolic Debug and Line Assembly/ 
Disassembly 

The IE-70208/216 supports complete symbolic debug­
ging of programs produced by NEC's RA70116 Relocat­
able Assembler Package and various other third-party 
software packages, including those from Intel and Mi­
crosoft. The symbols can be used as address and data 
constants in break, trace, and emulation control com­
mands and are displayed during disassembly. A sym­
bolic line assembler is also available to make modifica­
tions to existing programs or to enter code from the 
keyboard. 

SPEC IFICATIONS 

Table 2 gives the electrical, environmental, and physical 
specifications of the equipment. 

Table 2. IE-7020B/216 Specifications 

AC power 

Temperature 

Relative humidity 
(noncondensing) 

Weight 

90 to 132 V, 50/60 Hz, 400 W maximum 

Operating: +5 to +40°C 

Storage: -20 to +50°C 

Operating: 20 to 80% 

Storage: 10 to 90% 

Main chassis: 40 pounds 

Pod and cables: 4-3/4 pounds, 

Dimensions (L x W x H) 19.7 x 16.7 x 8.7 inches 

DOCUMENTATION 

The following manuals are supplied with the in-circuit 
emulator. Additional copies may be obtained from NEC 
Electronics Inc. 

• IE-70208/216 In-Circuit Emulator User's Manual 
• IE-70XXX-A Hardware User's Manual 
• IE-70XXX-A Software Utilities User's Manual 
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IE-70320 
In-Ci rcuit Emulator 

for pPD70320/70322 (V2S) Microcomputers 

Description 

The IE-70320 is a portable, stand-alone, in-circuit emu­
lator that provides hardware emulation and software 
debug capabilities for the NEC jtPD70320/70322 0125 TM) 

16-bit, single-chip microcomputers. 

Real-time and single-step emulation, coupled with so­
phisticated memory mapping, symbolic debugging, 
macrofile command facilities, and user-programmable 
breakpoints and trace qualifiers create a powerful devel­
opment environment. 

Command entry is simplified by eight dynamically re­
programmed function keys, called softkeys, that visually 
prompt a user with the next level of commands. User 
programs can be uploaded/downloaded from a variety of 
host systems by a serial link or they can be loaded 
directly from an MS-DOS® disk. 

Features 

o Portable stand-alone in-circuit emulator: 
- 9.5-inch amber CRT display 
- Two 5-inch, 640K-byte floppy-disk drives 
- ASCII keyboard with eight function keys 
- EPROM programmer: 2732, 2764, 27128, 27256, 

27512 
- Can be converted to support NEC's V20®, V30®, 

V33 TM, V35 TM, V40 TM, V50 TM, V53 ™ , and V60 ™ 

o 16 user-programmable software breakpoints 

o Trace buffer: machine cycle, mnemonic, and jump 
trace display 
- 2047 frames by 108 bits 
- Programmable trigger point and trace qualifiers 

o Eight optional probes for tracing of target systems 
signals 

o Full symbolic debug capabilities 

o Symbolic line assembler and disassembler 

o Macrofile command capability 

o Dual window display in emulation mode 

o Soft key and menu-driven user input 

Ordering Information 
Part Number 

I E-70320 -AOOS 

IE-7032'b-RTOS 

EP-70320L 

I E-70000 -2957 

IE-70000 -2954 

EP-70320GJ 

Package 

In-circuit emulator for MPD70320/70322 

MPD79011 RTOS System Software for IE-70320 

MPD70320/70322 84-pln PLCC emulation probe 

Optional 512K-byte expansion emulation 
memory 

Optional external logic probes 

Optional 94-pln plastic QFP package probe 
adapter for use with EP-70320L 

microprocessors Hardware ~ 
~ o Precise real-time and single-step emulation 

- Programmable internal clock: 1 to 16 MHz in 
1- kHz steps 

- Up'to 16 MHz external TTL clock 

o Memory and I/O space mappable in 4K-byte blocks 

o 32K bytes of memory for-internal ROM emulation 

o 124K bytes of memory for prototype memory 
emulation; expandable to 636K bytes 

o Eight user-programmable hardware breakpOints 
- Real~time break on address, data, CPU status, or 

external probes 
- Break on pass count and register, memory, or I/O 

values 
- Selectable as execution or nonexecution 

V20 and V30 are registered trademarks of NEC Corporation. 
V25, V33, V35, V40, V50, V53, and V60 are trademarks of 
NEC Corporation. 
MS-DOS is a registered trademark of Microsoft Corporation. 
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The IE-70320 (figure 1) consists of a system chassis with 
a detachable ASCII keyboard and an emulation pod unit. 
The chassis houses a 9.5-inch amber CRT, two 5-1/4 inch 
640K-byte floppy-disk drives, an· EPROM programmer, 
card cage, power supply, and five control boards. The 
boards are main CPU, expansion system memory, emu­
lation control I and II, and trace emulation memory. 

The main CPU board contains a supervising CPU, 512K 
bytes of system memory, and the peripheral interfaces. 
The expansion system memory board provides an addi­
tional 512K bytes of system memory. 

The two emulation control boards control memory map­
ping, event detection, and the break and emulation CPU 
status circuitry. The trace emulation board contains a 
trace buffer and 124K bytes of external emulation mem­
ory. The optionaIIE-70000-2957, a 512K-byte expansion 
emulation memory board, may be installed to increase 
the external emulation memory to 636K bytes. 
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The emulation pod unit houses the I!-PD70329 EVACHIP 
used to emulate the I!-PD70320 or I!-PD70322, the internal 
ROM emulation memory, the high-speed buffers, and the 
clock selection logic. This unit can be connected to the 
target system by the EP-70320L, an emulation probe for 
the 84-pin PLCC. For the 94-pin plastic QFP package, an 
EP-70320GJ probe adapter is also needed. 

The IE-70320 supports the following external interfaces: 
two RS-232C serial ports, one Centronics parallel printer 
port, and one RG B video output. 

An optional external logic probe unit (lE-70000-2954) is 
also available . The eight probes contained in the unit 
allow signals on the target system to be used in the 
break and trace functions. 

The emulator can be converted to support NEC's V20, 
V30, V33, V35, V40, V50, V53, or V60 CMOS microproces­
sors by exchanging the appropriate control boards and 
the emulation pod unit. . 

Figure 1. IE-70320 System Configuration 

Memory and I/O Mapping Capabilities 

The IE-70320 contains two kinds of emulation memory: 
32K bytes of high-speed RAM that can be accessed in 
one clock cycle per byte for emulating the internal ROM 
of the I-l-PD70322, and 124K bytes (expandable to 636K 
bytes) of two-cycle RAM (0 wait states) for emulating 
external RAM or ROM. 

The complete 1 M-byte memory space of the I!-PD70320/ 
I!-PD70322 must be mapped into one of the following 
categories: 
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INTROM Internal I!-PD70322 ROM emulation memory 

(0, 8, 16, or 32K bytes selectable) 
ROM External ROM emulation memory 

(read only) 
RAM External RAM emulation memory 

(read/write) 
Target Memory resident in target system 

(read/write) 
Locked Access inhibited memory 

(remaining unmapped addresses) 

All memory mapping except INtrom is executed in 4K .. 
byte blocks using the CONFIGure and MEMory softkey 
commands. If an address that has been mapped as 
"locked" is accessed, a break in emulation will occur. 

The complete 64K-byte input/output space of the 
I!-PD70320 or I!-PD70322 must be mapped in 4K-byte 
blocks eitherto the RAM emulation memory, to the target 
system, or as "locked" memory. 

Emulation 

The IE-70320 executes I!-PD70320 and I!-PD70322 user 
programs in real time in four different modes: break, 
trace, count, and time. 

(1) In break emulation mode, the program is runin real 
ti~e or in single step until a breakpoint is encoun­
tered. 

(2) In trace emulation mode, the program is executed 
until the trace buffer is filled. 

(3) In count emulation mode, the emulator counts the 
number of times a particular trigger pOint is 
reached within a given set of conditions. 

(4) In time emulation mode, the emulator times execu­
tion between the specified enable and disable 
points. The measurable time range is from 0 to 72 
minutes (in microseconds). 

Once emulation is stopped in either break or trace mode, 
the trace automatically displays one screen of data, 
ending on the last instruction executed. In count or time 
mode, the current count or elapsed time is displayed. At 
this point, it is possible to display the. contents of 
memory, the general-purpose and special registers, the 
symbol tables, directories, and other infqrmation. All can 
be displayed individually or by split screen with the trace 
display. The windows may be scrolled independently. 
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Prior to the start of emulation, the user can specify the 
internal ROM size (if any), whether an external or inter­
nal clock will be used for emulation, and whether the 
NMI, READY, and HOLD signals from the target system 
should be enabled or disabled. If the internal clock is 
used, it can be set from 1 to 16 MHz in 1-kHz steps. 

Break Capabilities 

The IE-70320 has eight hardware breakpoints. Seven can 
be set to occur on a real-time event or a non-real-time 
condition. The remaining one is reserved for setting a 
real-time address breakpoint in the GO command. 

A real-time breakpoint can be set to occur on an address, 
a data value, a CPU state and an external probe status. 
A non-real-time breakpoint can be set to occur after an 
address/condition setting has been satisfied for a cer­
tain number of times (maximum 4096). 

Conditions pertaining to the general-purpose registers, 
memory locations, input/output locations, or external 
probes can be defined. For non-real-time breakpoints, 
the user program is executed in real time until it reaches 
the break address. Emulation stops while the conditions 
are checked. If the conditions are not satisfied, emula­
tion will continue in this manner until they are met. 

To distinguish b~tween an address condition occurring 
at any memory read/write access or the execution of an 
instruction, each breakpoint can be tagged with either a 
nonexecution or execution flag. 

Up to 16 software breakpoints can be set plus an 
additional one in the GO command. To set a software 
breakpoint, the emulator replaces an instruction in the 
user's program with a BRK 0 instruction. A break will 
occur when this instruction is executed, and the user's 
program will be restored. This capability is not available 
for program code executing out of ROM. 

Trace Capabilities 

The trace buffer is 2047 frames by 108 bits wide and 
sampling is done on every machine cycle. The buffer is 
filled in a round-robin fashion. The emulator traces the 
external address and data buses, the internal ROM 
address and data buses, the CPU and queue status, the 
DMMKO/DMMK1 pins, and the eight external logic 
probes. 

The IE-70320 has eight trace specification points. One of 
these is reserved for setting a trigger point in the GO 
command. The other seven can be specified as trace 
trigger, enable, disable, qualify, or check points. Check 
points are used to display the register, memory, or 
input/output contents each time a certain event or ad-

IE·70320 

dress occurs. The trace buffer can be split into a maxi­
mum of 128 partitions to allow tracing of particular 
segments of the user program (i.e., subroutines). 

The trace data may be displayed in one of three modes: 
machine, disassembly, or jump. In machine display 
mode, all bus activity is displayed in machine code. In 
disassembly mode, all instructions are disassembled. In 
jump mode, only instructions that alter program flow are 
displayed. 

IE-70320 -RTOS System Software 

The optionaIIE-70320-RTOS system software allows the 
IE-70320 to be used for hardware emulation and soft­
ware debugging for the ~PD79011, a V25 16-bit, single­
chip microcomputer with an on-board real-time operat­
ing system (RTOS). When using the IE-70320-RTOS 
system software, the RTOS object code is loaded into 
the 16K bytes of internal ROM emulation memory when­
everthe IE-70320 is powered uporthe CAncel command 
is executed. 

In addition, the IE-70320-RTOS system software adds 
the following commands to the IE-70320. 

Mem/reg SYstime 

Display TStat 

Display MAil box 

Display SEmaph 4 

Display TMap 

Sets system time of the RTOS. 

Displays system time, task 
status, number of unused 
memory blocks, segment val ue 
of all messages queued in the 
TC B, start address of the 
initialization routine, and 
interrupt return address in the 
TC B for a specified task. 

Displays status of specified 
mailbox. 

Displays number of tasks 
waiting for specified 
semaphore and remaining 
number of free resources. 

Displays a list of all tasks 
currently being managed by 
RTOS and their state. 

3 
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System Software 

The IE-70320 is controlled by the MIOS/U proprietary 
operating system. Command input is simplified by eight 
function keys (providing a choice of up to 24 softkeys 
within any menu level). The dynamically reprogrammed 
softkeys visually prompt the user with the next valid set 
of commands. The softkeys are at the bottom of the 
display and correspond to the eight function keys. To 
select a command, the desired softkey is entered, and 
the softkeys are automatically relabeled with the next set 
of commands. 

Table 1 shows some of the utility programs provided with 
the emulator. 

Table 1. IE-70320 Utility Programs 
Utility 

EMUV25 

KERMIT 

FILESEFW 

EDITOR 

FORMAT 

PROM 

TERMINAL 

SYMBOL 

OBJCONV 

TIMESET 

DEFINE 

MDEVICE 

Function 

IE-70320 emulator software 

Communication program for file transfer 

File management for system di sks 

Full !lcreen editor 

Floppy-disk formatter 

Built-In EPROM programmer control program 

Terminal utility program for file transfer between 
emulator and another intelligent device 

Symbol Table Converter: converts non-SROC 
symbol formats to SROC format. 

Object File Converter: converts object files to 
and from the Motorola SROC format. 

Internal battery backed-up clock and calendar 
setting 

Softkey definition 

Disk format specification 

Connecting to Host Systems 

Host systems may be connected to the IE-70320 by the 
RS-232C connectors at the rear of the machine. Param­
eters such as baud rates, character length, parity, and 
number of stop bits are software programmable to suit 
the system being attached. The KERMIT communica­
tions program is supplied with the emulator and can be 
used for uploading and downloading files. NEC currently 
provides KERMIT for the VAX.® under VMS® and UNIXTM 
4.2 BSD or Ultrix®, the IBM PC, PC/XT®, IBM PC AT®, or 
compatibles under PC-DOS® or MS-DOS. 

VAX, VMS, and Ultrix are registered trademarks of Digital Equipment 
Corporation. 
UNIX is a trademark of AT&T Bell Laboratories 
PCJ)(T, PC AT, and PC-DOS are registered trademarks of International 
Business Machines Corporation. 
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Files may also be transferred to the emulator via the 
RS-232C ports by using the TERMINAL utility. The em­
ulator acts as a terminal for data transfer. 

Another means of loading files into the IE-70320 is 
available with the Multiple File Handler utility, a program 
that runs in the emulator itself and which is also supplied 
as part of the IE-70320 package. The Multiple File Han­
dier allows the emulator to read MS-DOS disks, among 
others. 

Symbolic Debug and Line Assembly/ 
Disassembly 

The IE-70320 supports complete symbolic debugging of 
programs produced by NEC's RA70320 Relocatable As­
sembler package and various other third-party software 
packages, including those of Intel and Microsoft. The 
symbols can be used as address and data constants in 
break, trace, and emulation control commands and are 
displayed during disassembly. A symbolic line assembler 
is also available to make modifications to existing pro­
gr~ms or to enter code from the keyboard. 

Specifications 

Table 2 gives the electrical, environmental, and physical 
specifications of the equipment. 

Table 2. IE-70320 Specifications 
Ac power 

Temperature 

Relative humidity 
(noncondensing) .. 

Weight 

90 to 132 V, 50/60 Hz, 400 W maximum 

Operating: +5 to +40°C 

Storage: -20 to +50°C 

Operating: 20 to 80% 

Storage: 10 to 90% 

Main chassis: 40 pounds 

Pod and cables: 4-3/4 pounds 

Dimensions (L x W x H) 19.7 x 16.7 x 8.7 inches 

Documentation 

The following manuals are supplied with the in-circuit 
emulator.. Additional copies may be obtained from NEC 
Electronics Inc. 

• IE-70320 In-Circuit Emulator User's Manual 
• IE-70XXX-A Hardware User's Manual 
• IE-70XXX-A Software Utilities User's Manual 
• IE-70320-RTOS I-t-PD79011 RTOS System Software 

User's Manual 
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IE-70330 
In-Ci rcuit Emulator 

for pPD70330/70332 (V3S) Microcomputers 

Description 

The IE-70330 is a portable, stand-alone, in-circuit emu­
lator that provides hardware emulation and software 
debug capabilities for the /tPD70330/70332 (V35 TM) 16-
bit, single-chip microcomputers. 

Real-time and single-step emulation, coupled with so­
phisticated memory mapping, symbolic debugging, 
macrofile command facilities, and user-programmable 
breakpoints and trace qualifiers, create a powerful de­
velopment environment. 

Command entry is simplified by eight dynamically re­
programmed function keys, called softkeys, that visually 
prompt a user with the next level of commands. User 
programs can be uploaded/downloaded from a variety of 
host systems by a serial link, or they can be loaded 
directly from an MS-DOS® disk. 

Features 

o Portable, stand-alone, in-circuit emulator 
- 9.5-inch amber CRT display 
- Two 5-inch, 640K-byte floppy-disk drives 
- ASCII keyboard with eight function keys 
- EPROM programmer: 2732, 2764, 27128, 27256, 

27512 
- Supports NEC's V20®, V30®, V33 ™ , V25 ™ , V40 ™ , 

V50 TM, V53 ™ , and V60 ™ microprocessors 

o Precise real-time and single-step emulation 
- Programmable internal clock: 1 to 16 MHz in 

1-kHz steps 
- Up to 16-MHz external TTL clock 

o Memory and I/O space mappable in 4K-byte blocks 

o 32K bytes of memory for internal ROM emulation 

o 124K bytes of memory for prototype memory 
emulation; expandable to 636K bytes 

o Eight user-programmable hardware breakpoints 
- Real-time break on address, data, CPU status, or 

external probes 
- Break on pass count and register, memory, or I/O 

values 
- Selectable as execution or nonexecution 

V20 and V30 are registered trademarks of NEC Corporation. 
V25, V33, V3S, V40, V50, V53, and V60 are trademarks 
of NEC Corporation. 
MS-DOS is a registered trademark of Microsoft Corporation. 
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o 16 user-programmable software breakpoints 

o Trace buffer: machine cycle, mnemonic, and jump 
trace display 
- 2047 frames by 108 bits 
- Programmable trigger point and trace qualifiers 

o Eight optional probes for tracing target system 
signals 

o Full symbolic debug capabilities 

o Symbolic line assembler and disassembler 

o Macrofile command capability 

o Dual window display in emulation mode 

o Soft key and menu-driven user input 

Ordering Information 
Part Number 

IE-70330 -AQ08 

IE-70330-RTOS 

EP-70320L 

IE-70000 -2957 

IE-70000 -2954 

EP-70320GJ 

Hardware 

Description 

In-circuit emulator for ~PD70330/70332 (V35) 

~PD79021 RTOS system software for 
I E-70330-A008 

~PD70320/70322 84-pln PLCC emulation probe 

Optional 512K-byte expansion emulation 
memory 

Optional external logic probes 

Optional 94-pin plastic QFP package probe 
adapter for use with EP-70320L 

The IE-70330 (figure 1) consists of a system chassis with 
a detachable ASCII keyboard and an emulation pod unit. ~ 
The chassis houses a 9.5-inch amber CRT, two 5-1/4 inch I:11III 
640K-byte floppy-disk drives, an EPROM programmer, 
card cage, power supply, and five control boards. The 
boards are main CPU, expansion system memory, emu-
lation controll.and II, and trace emulation memory. 

The main CPU board contains a supervising CPU, 512K 
bytes of system memory, and the peripheral interfaces. 
The expansion system memory board provides an addi­
tional 512K bytes of system memory. 
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The two emulation control boards control memory map­
ping, event detection, and the break and emulation CPU 
status circuitry. The trace emulation board contains a 
trace buffer and 124K bytes of external emulation mem­
ory. The optionaIIE-70000-2957, a 512K-byte expansion 
emulator memory board, may be installed to increase 
the external emulator memory to 636K bytes. 

The emulation pod unit houses the p.PD70339 EVACHIP 
used to emulate the p.PD70330 or p.PD70332, the internal 
ROM emulation memory, the high-speed buffers, and the 
clock selection logic. This unit can be connected to the 
target system by the EP-70320L, an emulation probe for 
the 84-pin PLCC. For the 94-pin plastic QFP, an EP-
70320GJ probe adapter is also needed. 

The IE-70330 supports the following external interfaces: 
two RS-232C serial ports, one Centronics parallel printer 
port, and one RG B video output. 

An optional external logic probe unit (IE-70000-2954) is 
also available. The eight probes contained in the unit 
allow signals on the target system to be used in the 
break and trace functions. 

The emulator can be converted to support NEC's V20, 
V25, V30, V33, V40, V50, V53, and V60 CMOS micropro­
cessors by exchanging the appropriate control boards 
and the emulation pod unit. 

Figure 1. IE-70330 System Configuration 

Memory and I/O Mapping Capabilities 

The IE-70330 contains two kinds of emulation memory: 
32K bytes of high-speed RAM that can be accessed in 
one clock cycle per byte for emulating the internal ROM 
of the p.PD70332, and 124K bytes (expandable to 636K 
bytes) of two-cycle RAM (0 wait states) for emulating 
external RAM or ROM. 
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The complete 1 M-byte memory space of the p.PD70330/ 
70332 must be mapped into one of the following cate­
gories: 

INTROM Internal p.PD70332 ROM emulation memory 
(0, 8, 16, 32K bytes selectable) 

ROM External ROM emulation memory 
(read only) 

RAM External RAM emulation memory 
(read/write) 

Target Memory resident in target system 
(read/write) 

Locked Access inhibited memory 
(remaining unmapped addresses) 

All memory mapping except INTROM is executed in 
4K-byte blocks using the Configure and Memory softkey 
commands. If an address that has been mapped as 
"Iocked" is accessed, a break in emulation will occur. 

The complete 64K-byte input/output space of the 
p.PD70330 or p.PD70332 must be mapped in 4K-byte 
blocks either to the RAM emulation memory, to the target 
system, or as "locked" memory. 

Emulation 

The IE-70330 executes p.PD70330 and p.PD70332 user 
programs in real time in four different modes: break, 
trace, count, and time. 

(1) In break emulation mode, the program is run in real 
time or in single step until a breakpoint is encoun­
tered. 

(2) In trace emulation mode, the program is executed 
until the trace buffer is filled. 

(3) In count emulation mode, the emulator counts the 
number of times a particular trigger point is 
reached within a given set of conditions. 

(4) In time emulation mode, the emulator times execu­
tion between the specified enable and disable 
points. The measurable time range is from 0 to 72 
minutes (in microseconds). 

Once emulation is stopped in either break or trace mode, 
the trace automatically displays one screen of data, 
ending on the last instruction executed. In count or time 
mode, the current count or elapsed time is displayed. At 
this pOint, it is possible to display the contents of 
memory, the general-purpose and special registers, the 
symbol tables, directories, and other information. All can 
be displayed individually or by split screen with the trace 
display. The windows may be scrolled independently. 
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Prior to the start of emulation, the user can specify the 
internal ROM size (if any), whether an external or inter­
nal clock will be used for emulation, and whether the 
NMI, READY, and HOLD signals from the target system 
should be enabled or disabled. If the internal clock is 
used, it can be set from 1 to 16 MHz in 1-KHz steps. 

Break Capabilities 

The IE-70330 has eight hardware breakpoints. Seven can 
be set to occur on a real-time event or a non-real-time 
condition. The remaining one is reserved for setting a 
real-time address breakpoint in the GO command. 

A real-time breakpoint can be set to occur on an address, 
a data val ue, a CPU state, or an external probe status. A 
non-real-time breakpoint can be set to occur after an 
address/condition setting has been satisfied for a cer­
tain number of times (maximum 4096). 

Conditions pertaining to the general-purpose registers, 
memory locations, input/output locations, or external 
probes can be defined. For non-real-time breakpoints, 
the user program is executed in real time until it reaches 
the break address. Emulation stops while the conditions 
are checked. If the conditions are not satisfied, emula­
tion will continue in this manner until they are met. 

To distinguish between an address condition occurring 
at any memory read/write access or the execution of an 
instruction, each breakpoint can be tagged with either a 
nonexecution or execution flag. 

Up to 16. software breakpoints can be set plus an 
additional one in the GO command. To set a software 
breakpoint, the emulator replaces an instruction in the 
user's program with a BRK 0 instruction. A break will 
occur when this instruction is executed, and the user's 
program will be restored. This capability is not available 
for program code executing out of ROM. 

Trace Capabilities 

The trace buffer is 2047 frames by 108 bits wide and 
sampling is done on every machine cycle. The buffer is 
filled in a round-robin fashion. The emulator traces the 
external address and data buses, the internal ROM 
address and data buses, the CPU and queue status, the 
DMAAKO/1 pins, and the eight external logic probes. 
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The IE-70330 has eight trace specification points. One of 
these is reserved for setting a trigger point in the GO 
command. The other seven can be specified as trace 
trigger, enable, disable, qualify, or check points. Check 
points are used to display the register, memory, or 
input/output contents each time a certain event or ad­
dress occurs. The trace buffer can be split into a maxi­
mum of 128 partitions to allow tracing of particular 
segments of the user program (i.e., subroutines). 

The trace data may be displayed in one of three modes: 
machine, disassembly, or jump. In machine display 
mode, all bus activity is displayed in machine code. In 
disassembly mode, all instructions are disassembled. In 
jump mode, only instructions that alter program flow are 
displayed. 

System Software 

The IE-70330 is controlled by the MIOS/U proprietary 
operating system. Command input is simplified by eight 
function keys (providing a choice of up to 24 softkeys 
within any menu level). The dynamically reprogrammed 
softkeys visually prompt the user with the next valid set 
of commands. The softkeys are at the bottom of the 
display screen and correspond to the eight function keys 
on the keyboard. To select a command, the desired 
softkey is entered, and the. softkeys are automatically 
relabeled with the next set of commands. 

Table 1 lists some of the utility programs provided with 
the emulator. 

IE-70330-RTOS System Software 

The optionaIIE-70330-RTOS system software allows the 
IE-70330 to be used for hardware emulation and soft-
ware debugging for the p.PD79021, a V35 16-bit single-~ 
chip microcomputer with an on-board real-time operat- l:.1li 
ing system (RTOS). The RTOS object code is loaded into 
the 16K bytes of internal ROM emulation memory when-
ever the IE-70330 is powered uporthe CAncel command 
is executed. 

In addition, the IE-70330-RTOS system software adds 
the commands in table 2 to the IE-70330. 
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Table 1. IE-70330 Utility Programs 

Utility Function 

EMUV35 IE-70330 emulator software 

KERMIT Communication program for file transfer 

FILESE~ File management for system disks 

EDITOR Full screen editor 

FORMAT Floppy-disk formatter 

PROM Built-in EPROM programmer control program 

TERMINAL Terminal utility program for file transfer between 
emulator and another intelligent device 

SYMBOL Symbol table converter; converts non-SROC symbol 
formats to SROC format 

OBJCONV Object file converter; converts object files to and from 
the Motorola SROC format 

TIMESET Internal battery backed-up clock and calendar setting 

DEFINE Softkey definition 

MDEVICE Disk format specification 

Table 2. IE-70330-RTOS Commands 
Command Description 

Mem/reg SYstime Sets RTOS system time. 

Display TStat Displays system time, task status, number of 
unused memory blocks, segment value of all 
messages queued in the TCB, start address of 
initialization routine, and interrupt return 
address in the TCB for a specified task. 

Display MAilbox Displays status of specified mailbo~. 

Display SEmaph Displays number of tasks waiting for specified 
semaphore and remaining number of free 
resources. 

Display TMap Displays a list of all tasks currently being 
managed by RTOS and their current state. 

Connecting to Host Systems 

Host systems may be connected to the IE-70330 through 
RS-232C connectors at the rear of the machine. Param­
eters such as baud rates, character length, parity, and 
number of stop bits are software programmable to suit 
the system being attached. The KERMIT communica­
tions program is supplied with the emulator and can be 
used for uploading and downloading files. NEC currently 
provides KERMIT for the VAX® under VMS® and UNIXTM 
4.2BSD or Ultrix®, the IBM PC, PC/XT®, IBM PC AT®, or 
compatibles under PC-DOS® or MS-DOS. 

VAX, VMS, and Ultrix are registered trademarks of Digital Equipment 
Corporation. 
UNIX is a trademark of AT&T Bell Laboratories. 
PC/XT, PC AT, and PC-DOS are registered trademarks of International 
Business Machines Corporation. 
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Files may also be transferred to the emulator via the 
RS-232C ports by using the TERMINAL utility. The em­
ulator acts as a terminal for data transfer. 

Another means of loading files into the IE-70330 is 
available with the Multiple File Handler utility, a program 
that runs in the emulator itself and is supplied as part of 
the IE-70330 package. The Multiple ,File Handler allows 
the emulator to read MS-DOS disks, among others. 

Symbolic Debug and Line Assembly! 
Disassembly 

The IE-70330 supports complete symbolic debugging of 
programs produced by NEC's RA70320 RelocatableAs­
sembler package and various other third-party software 
packages, incl uding those of Intel and Microsoft. The 
symbols can be used as address and data constants in 
break, trace, and emulation control commands and are 
displayed during disassembly. A symbolic line assembler 
is also available to make modifications to existing pro­
grams or to enter ~ode from the keyboard. 

Specifications 

Table 3 gives the electrical,environmental, and physical 
specifications of the equipment. 

Table 3. IE-70330 Specifications 

Ac power 

Temperature 

Relative humidity 
(noncondensing) 

Weight 

90 tQ 132 V, 50/60 Hz, 400 W maximum 

Operating: +5 to +40°C 

Storage:-20 to +50°C 

Operating: 20 to 80% 

Storage: 10 to 90% 

Main chassis: 40 pounds 

Pod and cables: 4-3/4 pounds . 

Dimensions (L x W x H) 19.7 x 16.7 x 8.7 inches 

Documentation 

The following manuals are supplied with the in-circuit 
emulator. Additional copies may be obtained from NEC 
Electronics Inc. 

• IE-70330 In-Circuit Emulator User's Manual 
• IE-70XXX-A Hardware User's Manual 
• IE-70XXX-A Software Utilities User's Manual 
• IE-70330-RTOS, Il-PD79021 RTOS System Software 

User's Manual 
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Description 

The RA70116 Relocatable Assembler package converts 
symbolic source code for the ~PD70108 (V20®) , 
jA-PD70116 (V30®) , ~PD70208 (V40™), and jA-PD70216 
(V50™) microprocessors into executable absolute ad­
dress object code. The package consists offour separate 
programs: an assembler (RA70116), a linker (LK70116), a 
hexadecimal format object code converter (OC70116), 
and a librarian (LB70116). 

RA70116 translates a symbolic source module into a 
relocatable object module. This symbolic source module 
can contain both V20-V50 microprocessor instructions 
and Intel 8087 Floating-Point Arithmetic Coprocessor 
instructions. The assembler verifies that each instruc­
tion assembled is valid and produces a listing file and a 
relocatable object module. 

LK70116 combines relocatable object modules and ab­
solute load modules and converts them into an absolute 
load module. OC70116 converts an absolute object mod­
ule or an absolute load module to an expanded hexadec­
imal (7-bit ASCII) object file. 

LB 70116 allows commonly used relocatable object mod­
ules to be stored in one file and linked into multiple 
programs, greatly increasing programming efficiency. 
When the input of the linker contains a library file, the 
linker first extracts only those modules required to re­
solve external references from the file and relocates and 
links them. 

Features 

o Absolute address object code output 

o Macro and code macro capability 

o User-selectable and directable output files 

o Extensive error reporting 

o Powerful Librarian 

o Runs under the following operating systems: 
- MS-DOS® 
- VAXNMS® and VAX/UNIX® 4.2BSD or Ultrix® 

V20 and V30 are registered trademarks of NEC Corporation. 
V40 and V50 are trademarks of NEC Corporation. 
MS-DOS is a registered trademark of Microsoft Corporation. 
VAX., VMS, and Ultrix are registered trademarks of Digital Equipment 
Corporation. 
UNIX is a trademark of AT&T Bell Laboratories. 
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RA70116 
Relocatable Assembler Package 

for V20 -V50 Microprocessors 

Ordering Information 
Part Number 

RA70116-D52 

RA70116-WT1 

RA70116-VXT1 

Package 

MS-DOS, 5-1/4" double-density floppy-diskette 

VAX/VMS, 9-track 1600-BPI magnetic tape 

VAX/UNIX 4.2BSD or Ultrix, 9-track 1600-BPI 
magnetic tape 

SOFTWARE DESCRIPTION 

Program Syntax 

An RA70116 source module consists of a series of code, 
data, or stack segments. Each segment consists of 
statements composed of up to four fields: symbol, mne­
monic, operand, and comment. 

The symbol field may contain a label whose value is the 
instruction or data address, or a name that represents an 
instruction address, data address, or constant. The mne­
monic field may contain an instruction or assembler 
directive. The operand field contains the data or expres­
sion for the specified instruction or directive. Explana­
tions of statements may be inserted in the comment 
field. 

Character constants are translated into 7-bit ASCII 
codes. Numeric constants may be specified as binary, 
octal, decimal, or hexadecimal. Arithmetic expressions 
may include the operators +, -, *, I, MOD, OR, AND, m 
NOT, XOR, EO, NE, LT, LE, GT, GE, SHR, SHL, LOW, • 
HIGH, PTR, SHORT, THIS, SEG, OFFSET, SMSIZE, 
GRSIZE, SMOFFSET, GROFFSET, TYPE, LENGTH, 
SIZE, MASK, WIDTH, (), [ ], period (.), colon (:), < >. 

Macro and Code Macro Capability 

RA70116 allows the definition of macrocode sequences 
with parameters, LOCAL symbols, and special repeated 
code sequences. The macrocode sequence is different 
from a subroutine call. That is, the invocation of a macro 
in the source code results in the direct replacement of a 
macro call with the defined code sequence. 

RA70116 also allows the definition of code macros to 
give the user the capability of defining a new instruction 
(mnemonic). Although an instruction definition could 
also be defined using the ordinary macro facility, code 
macros specify the allowable operand types for the new 
instructions whereasordinary macros cannot. 
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Assembler Directives 

Assembler directives give instructions to the assembler 
but are not translated into machine code during assem­
bly. Basic assembler directives include those for storage 
definition and allocation (DB, Ow, DO, DBS, DWS, DDS, 
STRUC/ENDS, RECORD); symbol control (EQU, LABEL, 
PURGE); and location counter control (ORG, EVEN, 
ALIGN). 

Program control directives include those for segment 
definition and control (SEGMENT/ENDS, PROC/END P, 
ASSUME, GROUP, END); linkage (NAME, PUBLIC, EX­
TRN); and PARITY. 

The relocation types for SEGMENT/ENDS directives are 
specified in the operand column and include BYTE, 
WORD, PARA, PAGE, and INPAGE. The combination 
types of PUBLIC, COMMON, AT, STACK, and MEMORY, 
which are also specified in the operand column, define 
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Figure 1. Relocatable Assembler Functional 

Diagram 
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the means of linking segments and groups of the same Linker 
name. 

Assembler Controls 

Two types of assembler controls are available for the 
RA70116. 

• Basic controls (specified in the assembler command 
line) 
- File specification 
- Output file selection 
'- Output file destination 
- Listing format controls 
- Debug information output selection 
- Symbol case selection 
- Macro processing selection 

• General controls (speCified in the source program) 
- Inclusion of other source files 
- Page eject 
- Generation/suppression of listing 
- Generation/suppression of macro listings 
- Listing titles 

A list file may contain the complete assembly listing, or 
it may contain only lines with errors and a symbol or 
cross-reference table. The symbol table lists all defined 
symbols in alphabetical order and also shows their 
types, attributes, and the values initially assigned to 
them. The cross-reference table contains all defined 
symbols as well as the numbers of all statements refer­
ring to them. 

The object file contains the relocatable object module. 
The format of this module is an NEC proprietary relocat­
able object module format. Figure 1 is a functional 
diagram of the assembler. 
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The LK70116 linker combines relocatable object modules 
and absolute load modules and produces one absolute 
load module. See figure 2. The controls for LK70116 may 
be specified in either the command line or in a parameter 
file. In addition to being able to specify the module name 
and the starting address and order for code/data/stack 
segments, you can also protect areas of memory from 
being .assigned. Furthermore, you can instruct the pro­
gram to create a list file containing a link map, a local 
symbol table, or a pUQlic symbol table. The absolute load 
module contains symbol information for the symbolic 
debugger and absolute object code. 
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Figure 2. Unker Functional Diagram 
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Hexadecimal Object Code Converter 

The OC70116 object code converter translates an abso­
lute load module file into an expanded hexadecimal 
format (7-bit ASCII) file that may be downloaded to a 
PROM programmer. Addresses may be specified as 
being output in the order in which they were input or in 
ascending order. Figure 3 is a functional diagram of the 
hexadecimal object code converter. 
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Figure 3. Hexadecimal Object Code Converter 
Functional Diagram 
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The LB70116 librarian creates and maintains files con­
taining relocatable object modules. The program re­
duces the number of files that need to be linked together 
by allowing several modules to be kept in a single file. It 
also provides an easy way to link frequently used. mod­
ules into programs. Modules may be added to, deleted 
from, or replaced within a library file. 

Operating Environment 

The RA70116 package can be supplied to run under II 
several different operating systems. One version is for an • 
MS-DOS system with one or more disk drives and at 
least 512K bytes of system memory. Other versions run 
on a Digital Equipment Corporation VAX computer with 
UNIX 4.2 BSD or Ultrix, or VMS (Version 4.1 or later) 
operating systems. 

3 
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Downloading Files Into the Emulator 

Absolute load modules produced by the RA70116 pack­
age for the V40 and V50 can be debugged using the NEC 
IE-70208 (V40) or IE-70216 (V50) stand-alone in-circuit 
emulator. Communication between these emulators and 
the host system is through an RS-232C serial line using 
the KERMIT communication protocol developed at Co­
lumbia University. With the appropriate version of the 
KERMIT Communication Program running on both the 
emulator and host system, absol ute load modules or 
hexadecimal object code files may be transferred be­
tween machines. 

A version of the KERMIT Communication Program is 
supplied with the IE-70208 and IE-70216. Versions of 
KERMIT run on the IBM PC, PC/XT®, PC AT®, or com­
patibles under MS-DOS, and the DEC VAX under VMS, 
UNIX 4.2BSD or Ultrix. An appropriate version is pro­
vided with each relocatable assembler package at no 
extra charge. Versions of KERMIT for other host systems 
are available directly from Columbia University. 

A second means of loading files into the emulator is also 
available in the Multiple File Handler, a utility program 
that runs in the emulator and is supplied with the 
IE-70208 and IE-70216. The Multiple File Handler allows 
the emulator to read MS-DOS formatted disks, among 
others. . 

PC/XT, PC AT, and PC-DOS are registered trademarks of International 
Business Machines Corporation. 

4 

NEe 
DOCUMENTATION 

For further information on source program formats, 
assembler operation, and actual program examples, 
refer to the following manuals supplied with the 
RA70116. Additional copies may be obtained from NEC 
Electronics Inc. 

• RA70116 V20-V50 Relocatable Assembler Package 
Language Manual 

• .RA70116 V20-V50 Relocatable Assembler Package 
Operation Manual (MS-DOS) 

• RA70116 V20-V50 Relocatable Assembler Package 
Operation Manual (UNIX) 

• RA 70116 V20-V50 Relocatable Assembler Package 
Operation Manual (VMS) 

LICENSE AGREEMENT 

RA70116 is sold under terms of a license agreement 
included with purchased copies of the assembler. The 
accompanying card must be completed and returned to 
NEC Electronics Inc. to register the license. Software 
updates are provided to registered users. 
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Description 

The RA70136 Relocatable Assembler package converts 
symbolic source code for the #-,PD70136 (V33 TN) micro­
processor into executable absolute address object 
code. The package. consists of five separate programs: 
an assembler (RA 70136), a linker (LK70136), an extended 
mode locater (EL70136), a hexadecimal format object 
code converter (OC70136), and a librarian (LB70136). 

RA70136 translates a symbolic source module into a 
relocatable object module. This symbolic source module 
can contain both V33 microprocessor instructions and 
NEC #-,PD71291 Advanced Floating-Point Processor 
(AFPP) instructions. The assembler verifies that each 
instruction assembled is valid and produces a listing file 
and a relocatable object module. 

LK70136 combines relocatable object modules and ab­
solute load modules and converts them into an absolute 
load module. If V33 normal addressing mode is being 
used, OC70136 is used to convert an absolute object 
module or an absolute load module to an expanded 
hexadecimal (7-bit ASCII) object file. If V33 extended 
addressing mode is being used, the EL70136 converts 
load modules produced by LK70136 to an extended load 
module file in extended COFF format. 

LB70136 allows commonly used relocatable object mod­
ules to be· stored in. one file and linked into multiple 
programs, greatly increasing programming efficiency. 
When the input of the linker contains a library file, the 
linker first extracts only those modules required to re­
solve external references from the file and relocates and 
links them. 

Features 

Cl Absolute address object code output 
- In extended hexadecimal format for normal 

addressing mode 
-In extended COFF format for extended 

add ressing mode 
Cl Macro and code macro capability 

Cl User-selectable and directable output files 
Cl Extensive error reporting 

V33 Is a trademark of NEC Corporation. 
MS·DOS Is a registered trademark of Microsoft Corporation. 
VAX, VMS, and Ultrlx are registered trademarks of Digital Equipment 
Corporation. 
UNIX Is a trademark of AT&T. 

RA7.013~ 
Relocatable Assembler Package 

for V33 Microprocessor 

Cl Powerful Librarian 

Cl Runs under the following operating systems 
-MS-DOS® 
- VAXNMS® and VAX/UNIXTM 4.2BSD or Ultrix™ 

Ordering Information 
Part Number 

RA70136·D52 

RA70136·WT1 

RA70136·VXT1 

Description 

MS·DOS, 5-1/4" double-density floppy diskette 

VAX/VMS, 9·track 1600·BPI magnetic tape 

VA:XIUNIX 4.2 BSC or Ultrlx, 9·track 1600·BPI 
magnetic tape 

SOFTWARE DESCRIPTION 

Program Syntax 

An RA70136 source module consists of a series of code, 
data, or stack segments. Each segment consists of 
statements composed of up to four fields: symbol, mne­
monic, operand, ~nd comment. 

The symbol field may contain a label, whose val ue Is the 
instruction or data address, or a name that r~presents an 
instruction address, data address, or constant. The mne­
monic field may contain an instruction or assembler 
directive. The operand field contains the data or expres­
sion for the specified instruction or directive. explana­
tions for statements maybe inserted in the comment 
field. 

Character constants are translated into 7-bit ASCII 
codes. Numeric constants may be specified as binary, m 
octal, decimal, or hexadecimal.. Arithmetic expressions • 
may include the operators +, -, ., I, MOD, OR, AND, 
NOT, XOR, EO, NE, LT, LE, GT, GE, SHR, SHL, LOW, 
HIGH, PTR, SHORT, THIS, SEG, OFFSET, SMSIZE, 
GRSIZE, SMOFFSET, GROFFSET, TYPE, LENGTH, 
SIZE, MASK, WIDTH, (), []i period (.), colon (:), < >. 

Macro and Code Macro Capability 

RA70136 allows the definition of macrocode sequences 
with parameters, LOCAL symbols, and special repeated 
code sequences. The macrocode sequence is different 
from a subroutine call. That is, the invocation of a macro 
in the source code results in the direct replacement of a 
macro call with the defined code sequence. 

RA70136 also allows the definition of code macros to 
give the user the capability of defining anew instruction 
(mnemonic). Although an instruction definition could 
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also be defined using the ordinary macro facility, code 
macros specify the allowable operand types for the new 
instructions whereas ordinary macros cannot. 

Assembler Directives 

Assembler directives give instructions to the assembler 
but are not translated into machine code during assem­
bly. Basic assembler directives include those for storage 
definition and allocation (DB, r:m. DO, DO, OS, Dl, DBS, 
r:J.NS, DDS, DOS, DSS, DlS, STRUC/ENDS, RECORD); 
symbol control (EaU, LABEL, PURGE); and location 
counter control (ORG, EVEN, ALIGN). 

Program control directives Include those for. segment 
definition and control (SEGMENT/ENDS, PROC/ENDP, 
ASSUME, GROUP, END); linkage (NAME, PUBLIC, EX­
TRN); and PARITY. 

The relocation types for SEGMENT/ENDS directives are 
specified in the operand column and include BYTE, 
WORD, PARA, PAGE, and INPAGE. The combination 
types of PUBLIC, COMMON, AT, STACK, and MEMORY, 
whIch are also specified in the operand column, define 
the means of linking segments and groups of the same 
name. 

Assembler Controls 

Two types of assembler controls are available for the 
RA70136. 

• Basic controls (specified in the assembler .command 
line) 
- File specification 
- Output file selection 
- Output file destination 
- Listing format controls 
- Debug information output selection 
- Symbol case selection 
'- Macroprocessing selection 

• General controls (specified in the source program) 
-Inclusion of other source files 
- Page eject 
- Generation/siJppressionof listing 
- Generation/suppression of macro listings 
- Listing titles 

A list file may contain the complete assembly listing, or 
it may contain only lines with errors and a symbol or 
cross-reference table. The symbol table lists all defined 
symbols in alphabetical order and also shows their 
type~, attributes, and the values initially ass,igned to 
them. The cross-reference table contains all defined 
symbols as well as the numbers of all statements refer-
ring to them. ' 
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The object file contains the relocatable object module. 
The format of this module is an NEC proprietary relocat­
able object module format. Figure 1 is a functional 
diagram of the assembler. 

Figure 1. Relocstable Assembler Functional 
Dillgram 
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The lK70136 linker combines relocatable object mod­
ules and absolute load modules and produces one ab­
solute load module. See figure 2. The controls for 
lK70136 may be specified in eitherthe.command line or 
In a parameter file. In addition to being ,able to specify the 
module name and the starting address and order for 
code/data/stack segments, you can also protect areas of 
memory. from being assigned. Furthermore, you can 
instruct the program to create a list file containing a 1i1J~ 
map, a local symbol table, or a public symbol table.' The 
absolute load module contains symbol information for 
the symbolic debugger and absolute object code. 
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Figure 2. Unker FunctlonalDlllIJram 
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Hexadecimal Object Code Converter 

The OC70136 object code converter translates an abso­
lute load module file into an expanded hexadecimal 
format (7-bit ASC II) file that may be downloaded to a 
PROM programmer. This program is used with the V33 in 
normal addressing mode (1 M-byte address space). Ad­
dresses may be specified as being output in the order in 
which they were input or in ascending order. Figure 3 is a 
functional diagram of the hexadecimal object code con­
verter. 

RA70136 

Figure 3. HeXJIdecimalObject Code Converter 
FunctlolllllDi.,am 
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Extended Mode Locater 

The EL70136 extended mode locater converts multiple 
load modules produced by LK70136 Into one extended 
load module file in extended COFF format (figure 4). 
This program is used with the V33 in extended address 
mode (16M-byte address space). Starting addresses for 
each load module are specified in the Locate Information 
file. The name of this file along with the name of the 
extended load module file and any locater options are 
included in the command line when EL70136 is invoked. 
EL70136 can be instructed to create a locate map file 
and to include debugging information in the extended 
load module file. To support debugging with the IE-
70136, EL70136 also sets initial values for the IE-70136 ... 
PGR tables in the extended load module file. ~ 

To simplify the task of using the extended addressing 
mode of the V33, NEC Electronics provides three sub-
routines with the RA70136 package. 

(1) V33_MAP. Maps the #,PD70136 Page Registers 
(PGRs) 

(2) V33-BRK. Branches from the normal address mode 
to the interrupt routine starting address in the ex­
tended address mode. 

(3) V33_RET. Branches from the extended address 
mode to the interrupt routine starting address in the 
normal address mode. 

3 
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Figure 4. Extended Locater Functional Dlllllram 
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The LB70136 librarian creates and maintains files con­
taining relocatable object modules. The program re­
duces the number of files that need to be linked together 
by allowing several modules to be kept in a single file. It 
also provides an easy way to link frequently used mod­
ules into programs. Modules may be added to, deleted 
from, or replaced witl1in a library file. 

Operating Environment 

The RA70136 package can be supplied to run .under 
many different operating systems. One version is for an 
MS-DOS system with one or more disk drives and at 
least 512K bytes of system memory. Other versions run 
on a DEC VAX computer with UNIX 4.28S0 or Ultrix, or 
VMS (Version 4.1 or later) operating systems. 

Downloading Files Into the Emulator 

Absolute load modules and extended load modules 
produced by the RA70136 package for the V33 can be 
debugged by using the NEC IE-70136 stand-alone in­
circuit emulator. Communication between the IE-70136 
and the host system is through an RS-232C serial line 
using the KERMIT communication protocol developed at 
Columbia University. With the appropriate version of the 
KERMIT Communication Program running on both the 
emulator and host system, absolute load modules, ex­
tended load modules, or hexadecimal object code files 
may be transferred between machines. 

A version of the KERMIT Communication Program is 
supplied with the IE-70136 .. Versions of KERMIT run on 
the IBM PC, PC/XT®, PC AT®, or compatibles under 
MS-DOS, and the DEC VAX under VMS, UNIX 4.28SD or 
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Ultrix. An appropriate version is provided with each 
relocatable assembler package at no extra charge. Ver­
sions of KERMIT for other host systems are available 
directly from Columbia University. 

A second means of loading files into the emulator is also 
available in the Multiple File Handler, a utility program 
that runs in the emulator and is supplied with the 
IE-70136. The Multiple File Handler allows the emulator 
to read MS-DOS formatted disks, among others. 

DOCUMENTATION 

For further information on source program formats, 
assembler operation, and actual program examples, 
refer to the following manuals supplied with the 
RA70136. Additional copies may be obtained from NEC 
Electronics Inc. 

RA70136 V33 Relocatable Assembler Package Lan­
guage Manual 

RA 70136 V33 Relocatable Assembler Package Opera­
tion Manual. 

LICENSE AGREEMENT 

RA 70136 is sold under terms of a license agreement 
included with. purchased copies of the assembler. The 
accompanying card must be completed and returned to 
NEC Electronics Inc. to register the license. Software 
updates are provided to registered users. 

PC/XT and PC AT are registered trademarks of International Business 
Machines Corporation. . 
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Description 

The RA 70320 Relocatable Assembler package converts 
symbolic source code for the V25 ™ N35 ™ family of 
microprocessors into executable absolute address ob­
ject code. The package consists of four programs: 
RA70320 assembler, LK70320 linker, OC70320 hexadec­
imal object code converter, and LB70320 librarian. 

The RA70320 assembler translates a symbolic source 
module into a relocatable object module. The LK70320 
linker combines relocatable object modules and abso­
lute load modules and converts them into one absolute 
load module. The OC70320 converts an absolute object 
module or absolute load module to an expanded hexa­
decimal (7-bit ASCII) object file. 

The LB70320 librarian allows commonly used relocat­
able object modules to be stored in one file and linked 
into multiple programs, greatly increasing programming 
efficiency. When the input of the linker contains a library 
file, the linker first extracts only those modules required 
to resolve external references from the file and then 
relocates and links these modules. 

Features 

o Absolute address object code output 

o Macro and code macro capability 

o User-selectable and directable' output files 

o Extensive error reporting 

o Powerful librarian 

o Multisystem compatibility 
-MS-DOS® 
-VAX®NMS® 
- VAX/UNIXTM 4.2BSDor Ultrix® 

V25 and V35 are trademarks of NECCorporation. 
MS-DOS is a registered trademark of Microsoft Corporation. 
VAX., VMS, and Ultrix are registered trademarks of Digital 
Equipment Corp. 
UNIX is a trademark of AT&T. 
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RA70320 
Relocatable Assembler Package 

for V25N35 Microcomputers 

Ordering Information 
Part Number 

RA70320-D52 

WT1 

VXT1 

Assembler 

Description 

MS-DOS; 5-1/4" double-density floppy diskette 

VAX/VMS; 9-track 1600 BPI magnetic tape 

VAX/UNIX 4.2B5D or Ultrix; 9-track 1600 BPI 
magnetic tape 

The RA70320 assembler program translates a symbolic 
source module into a relocatable object module by first 
verifying that each instruction assembled is valid for the' 
target microprocessor and then producing a list file and 
a relocatable object module (figure 1). 

Figure 1. Relocatable Assembler Functional 
Diagram 
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Program Syntax 

An RA 70320 source module consists of a series of code, 
data, or stack segments. Each segment contains lines 
composed of up to four fields: symbol, mnemonic, oper­
and, and comment. 

The symbol field may contain either a label-whose 
value is an instruction or data address-or a name that 
represents an instruction address, data address, or con­
stant. The mnemonic field may contain an instruction or 
assembler directive. The operand field contains the data 
or expression for the specified instruction or directive. 
Explanations forthe statements may be inserted into the 
comment field. 

Character constants are translated into 7-bit ASCII 
codes. Numeric constants may be specified as binary, 
octal, decimal, or hexadecimal. Arithmetic expressions 
may include the operators +, -, *, /, MOD, OR, AND, 
NOT, XOR, EO, NE, LT, LE, .GT, GE, SHR, SHL, LOW, 
HIGH, PTR, SHORT, THIS, SEG, OFFSET, SMSIZE, 
GRSIZE, SMOFFSET, GROFFSET, TYPE, LENGTH, 
SIZE, MASK, WIDTH, (), [], period (.), colon (:), and 
< >. 

Macro and Code Macro Capability 

RA70320 allows the definition of macro code sequences 
with parameters, LOCAL symbols, and special repeated 
code sequences. The macro code sequence is different 
from a subroutine call in that the invocatiqn of a macro in 
the source code results in the direct replacement of a 
macro call with the defined code sequence. 

RA70320 also allows the definition of code macros to 
give the user the capability of defining a new instruction 
(mnemonic). Although an instruction definition could 
also be defined using the ordinary macro facility, code 
macros specify the allowable operand types for the new 
instructions whereas ordinary macros cannot. 

Directives 

Assembler directives give instructions to the program 
but are not translated into machine code during assem­
bly. Basic directives include those for storage definition 
and allocation (DB, Ow, DO, DO, DT, DBS, DWS, DDS, 
DOS, DTS, STRUC/ENDS, RECORD); symbol control 
(EOU, LABEL, PURGE); and program counter control 
(ORG, EVEN, ALIGN). Program control directives in­
clude those for segment definition and control 
(SEGMENT/ENDS, PROC/ENDP, ASSUME, GROUP, 
END); special function registers and internal RAM 
(SETIDB, ASGNSFR); linkage (NAME, PUBLIC, EXTRN); 
and PARITY. 
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The relocation types for SEGMENT/ENDS directives are 
specified in the operand column and include BYTE, 
WORD, PARA, PAGE, and INPAGE. The combination 
types of PUBLIC, COMMON, AT, STACK, and MEMORY, 
which are also specified in the operand column, define 
the means of linking segments and groups of the same 
name. 

Controls 

There are two types of assembler controls for the 
RA70320: 

• Basic (specified in the assembler command line) 
- File specification 
- Output file selection 
- Output file destination 
- Listing format controls 
- Debug information output selection 
- Symbol case selection 
- Macro processing selection 

• General (specified in the source program) 
-Inclusion of other source files 
- Page eject 
- Generation/suppression of listing 
- Listing titles 

A list file may contain the complete assembly listing or it 
may contain only lines with errors and a symbol or 
cross-reference table. The symbol table lists all defined 
symbols in alphabetical order and also shows their 
types, attributes, and the values initially assigned to 
them. The cross-reference table contains all defined 
symbols, as well as the numbers of all statements refer­
ring to them. 

The object file contains the relocatable object module. 
The format of this module conforms to NEC's proprietary 
relocatable object module format. 

Linker 

The LK70320 linker combines relocatable object mod­
ules and absolute load modules and produces one ab­
solute load module (figure 2). The controls for the linker 
may be specified in either the command line or ina 
parameter file. In addition to being able to specify the 
date, the module name, the starting address and the 
order for code/data/stack segments, it is also possible to 
protect areas of memory from being assigned. Further­
more, it is possible to instruct the program to create a 
list file containing a link map, a local symbol table, or a 
public symbol table. The absolute load module contains 
symbol information for the symbolic debugger and the 
absolute object code. 
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Hexadecimal Object Code Converter 

The OC70320 object code converter (figure 3) translates 
an absolute load module file into an expanded hexadec­
imal (7-bit ASC II) file that may be downloaded to a PROM 
programmer. Addresses may be specified as being out­
put in the order in which they were input or in ascending 
order. 

Librarian 

The LB70320 librarian creates and maintains files con­
taining relocatable object modules. The program re­
duces the number of files that need to be linked together 
by allowing several modules to be kept in a single file, 
and also provides an easy way to link frequently used 
modules into programs. Modules may be added, deleted, 
or replaced within a library file. 

Operating Environment 

The RA70320 package has been designed to run under a 
variety of operating systems. One version is available to 
run on an MS-DOS system with one or more disk drives 
and at least 512K of system memory. Other versions are 
available to run on a Digital Equipment Corporation VAX 
computer under the UNIX 4.2BSD, Ultrix, and the VMS 
(Version 4.1 or later) operating systems. 

Downloading Files Into the Emulator 

Absolute load modules produced by the RA70320 Relo­
catable Assembler package can be debugged by using 
the NEC IE-70320 (V25) or IE-70330 (V35) stand-alone 
in-circuit emulator. Communication between these emu­
lators and the host system is handled through an RS-
232C serial line that uses the KERMIT communications 
protocol developed at Columbia University. With the 
appropriate version of KERMIT running on both the 
emulator and host system, absolute load modules or 
hexadecimal object code files may be transferred be­
tween machines. 

A version of the KERMIT Communication Program is 
supplied with each NEC emulator. NEC supplies versions 
of KERMIT to run on the IBM PC, PC/XPM, PC ApM, or 
compatibles under MS-DOS operating systems, and the 
Digital Equipment VAX under VMS, UNIX 4.2BSD, or 
Ultrix. An appropriate version is provided with each 
relocatable assembler package at no extra charge. Ver­
sions of KERMIT for other host systems are available 
directly from Columbia University 

A second means of loading files into the emulator is also 
available in the Multiple File Handler, a utility program 
that runs in the emulator and is supplied as part of the 

RA70320 

IE-70320 and IE-70330 packages. The Multiple File Han­
dier allows the emulator to read MS-DOS formatted 
disks, among others. 

Figure 2. Unker Functlona'DI.am 
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PC/XT and PC AT are trademarks of International Business Machines 
Corp. 
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Documentation. 

For further information on source program formats, 
assembler operation, and actual program examples, 
refer to the following manuals $upplied with the 
RA70320. Additional copies may be obtained from NEC 
Electronics Inc . 

• RA70320 V25N35 Relocatable Assembler Package 
Language Manual 

• RA 70320 V25N35 Relocatable Assembler Package 
Operation Manual. 

License Agreement 

RA 70320 is sold under terms of a license agreement 
included with purchased copies of the assembler. The 
accompanying card'musfbe completed and returned to 
NEC Electronics Inc. to register the license. Software 
updates are provided to registered users. 
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Description 

The V25 MINI-IE Plus and V35 MINI-IE Plus are low-cost 
In-Circuit Emulators for'· the JlPD70320 (V25™), 
JlPD70325 (V25 Plus), JlPD70330 (V35™), and JlPD70335 
(V35 Plus) microcomputers from NEC Electronics. Low 
cost is achieved by using an IBM PCJ)(T®, PC AT®, IBM 
PS/2™, or compatible machine. 

The control software for the MINI-IE Plus is AdVICE 
(Advance V-Series In~Circuit Emulator), which acts as 
both a monitor and debugger. Debugging with break­
point and non-real-time tr,acing of executing programs 
are accomplished in software using a V25N35 micro­
computer located on the MINI-IE Plus board. An op­
tional real-time trace (RTT) board is avai lable for those 
who need this additional tool. 

The AdVICE software is designed to provide a very 
user~friendly operating-debugging interface using a 
custom multiwindow display. User code developed 
with standard PC software development tools can be 
directly loaded (.EXE and .MAP files) into the MINI-IE­
PluS. The AdVICE control program can even be left in 
PC memory as a background TSR while code modifica­
tion is performed .. 

Features 

o Emulates JlPD70320/70330 at up to 8 MHz. 

o Emulates JlPD70325/70335 at up to 10 MHz 

o Jumper selectable internal or external (target) 
clock. 

o Parallel interface with host PC; interface card and 
cable included 

o Connects to target system via flexible PLCC socket 
adapter 
- Emulation memory may be mapped to MINI-IE 

Plus or target system 
- Supports two 64K-byte mappable user 

emulation RAM areas 

o Software break and trace capabilities 
- Up to eight conditional breakpoints plus 'one in 

command line 
-Additional breakpoints can be given in the 

command line 
- Various actions can be programmed to take 

place on a break 
- Error checking of break entry conditions 

150231-1 

V25!V35 MINI-IE Plus 
In-Ci rcuit Emulator 

o Optional real-time trace (RTl) board 
- 8K frames by 48-bit trace buffer·· 
- Two hardware breakpoints with don't care 

features 
- Eight external data inputs 
- Hardware trigger output 
- Qualifier controlled recording 
-32-bit timer with 250~ns resolution 

o Executes NEC .LNK absolute files and Microsoft 
.COM and .EXE files 
- Files can be downloaded to and uploaded from 

the MINI-IE Plus 
- Supports real-time and single-step emulation 
- User programmable public symbol buffer size 

o Controlled by powerful AdVICE monitor and . 
debugging program 
-Symbolic full screen debugger 
- Displays six window areas with second-level 

break setup window 
- Updates display information as program single-

steps 
- On-line assembler 
- Programmable trace and symbol buffer sizes 
-On-line help menus 
- Keyboard macros speed up repetitive operations 
- User definable commands 
- Resident operation with hot key activation 
- Message exchange capabilities between PC and 

emulator 

o Sample batch file contains demonstration 
program 

Ordering Information 
Part Number Description 

EB-V25MI NI-IE-P pPD70320/70325 MINI-IE Plus package 

EB-V35MINI-IE-P pPD70330/70335 MINI-IE Plus package 

EB-V25/35-RTT V25/V35 MINI-IE Plus real-time trace option 

IBM PC/XT, IBM PC AT, and IBM PS/2 are registered trademarks of 
International Business Machines Corporation. 
V25 and V35 are trademarks of NEC Corporation. 
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HARDWARE 

The V25N35 MINI-IE Plus package consists of five 
components. 

e V25N35 MINI-IE Plus box with target adapter 
e Modified printer adapter card 
e Interface cable 
e Dc power plug 
e AdVICE software and user's manual 

The MINI-IE Plus contains two 64K-byte blocks of static 
RAM that is allocated by software to any 64K-byte 
boundary within the 1 M-byte address range of the 
V25/35. ROM simulation is performed by write protect­
ing this memory. An additional64K bytes of RAM and a 
12S-byte I/O block are used by the internal monitor and 
can be relocated by command to ~void conflicts with 
external addressing needs. 

Typical memory mapping allocates one block at the 
beginning of the addressspace (OOOOOH) and the other 
at address OFOOOOH. This may represent the final hard­
ware configuration. The upper block would contain 
program code and be write protected. Any writes to 
this area would stop the program execution and allow 
the user to analyze the program. This feature allows 
debug when the program tries to write to ROM. Execu­
tion of the reset procedure is done by activating the 
target's RESET pin. Emulator hardware/software will 
not be reset by this action. 

Figure 1. MINI-IE Plus Front Panel 
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An optional real-time trace (RTl) board can be plugged 
on top of the emulator card to provide a 4S-bit by SK 
deep trace buffer. Eight external logic pins can be 
monitored along with the V25N35 bus sigl1als. 

Command control of the EA pin of the V25N35 allows 
use of ROM-bas;ed devices~ After initialization, EA is 
forced low to access external memory, but can be 
forced high by command or may be controlled by the 
target hardware. 

The NMI signal is normally used by the MINI-IE Plus to 
stop program execution using interrupt vector 02. Use 
of the target NMI signal in an application is possible by 
assigning an unused interrupt vector in place of the 
normal vector. Any high-to-Iow transitions of the target 
NMI signal will cause the emulator to execute this new 
vector. 

The interface card is a modified printer adapter card 
that allows fast bidirectional communications between 
the host PC and the MINI-IE Plus. This card is not 
needed with an IBM PS/2. The interface cable connects 
the MINI-IE Plus to the interface card onPC/XT/AT or 
compatible or to the printer port of an IBM PS/2. Power 
for the MINI-IE Plus is supplied via the interface card. 
With PS/2, the dc power" plug and a user-supplied 
external + 5-volt power supply power the MINI-IE Plus. 

The flexible target adapter allows direct connection to 
a PLCC socket of the target hardware. The cable is 
approximately 16 cm long and protrudes from the front 
of the MINI-IE Plus box. See figure 1. 

Power 

• 
Clock Selection 

83-6759A 
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SOFTWARE 

The control software (AV35N .EXE or AVRTT35N .EXE) 
uses the PC screen to display program and memory 
data. All information is updated after every command, 
and it keeps the user informed of the current state of 
the emulation. The screen is divided into seven areas. 
These areas display the current contents of the regis­
ters and bottom of stack, the command line, two 
memory dump areas with an additional ASCII dump 
display, the disassembler, and function key assign­
ments. See figure 2. 

Help and other setup screens, such as breakpoint 
menus, overlay some of the windows described above. 
Executing a new command will restore the display to 
the original screen. Figure 3 .shows the AdVICE screen 
with a help window and the command line prompts. 

AdVICE controls all the monitor and debug functions of 
the V25N35 MINI-IE Plus including upload and down­
load of programs, breaking, tracing, program execu­
tion, disassembly, line assembly, and register/memory 
display and manipulation. The cursor can be moved 
anywhere within the window displays for immediate 
change of the memory areas, registers, flags, and 
breakpoi nts. 

Figure 2. AdVICE Main Screen 

V251'l35 MINI-IE Plus 

Emulation 

User programs loaded into emulator RAM can be exe­
cuted in real-time or in single-step mode. Single-step 
mode executes only one instruction, and procedure 
step executes an entire subroutine or software inter­
rupt routine. Real-time execution is command acti­
vated and terminates when a breakpoint is encoun­
tered or the user terminates execution from the 
keyboard. Program execution is also stopped when an 
exception interrupt or an interrupt with an unitialized 
vector occurs. 

Message exchange between the PC and an executing 
application program is provided. See figure 4. An inter­
rupt function similar to the DOS INT21 allows commu­
nication to the application program without a keyboard 
or display attached to the target system. 

AW noo 
Bioi 0000 
CW 3BA8 
OW 0000 

IX 0000 
IY 0000 
BP 0000 
SP OOFE 

PS F800 
DS noo 
ES 0000 
SS 0040 

PC OOOF Stack +0 FfFF PSW F002 IntM:l V25 
RB 7 

1
0m ) 

RESET: 
0000 B8FFFF MOV 
0003 8E08 MOV 
0005 C6060FOOF7 MOV 
OOOA B800F7 MOV 
0000 8E08 MOV 
OOOF C606020FFF MOV 
0014 C606E10FB2 MOV 
0019 C706E80F5555 MOV 

2 0 1 2 3 4 5 
FS:OOOO CC OF 42 6C 04 2F 
FS:0010 47 40 FE FB 5E 2A 
FS 0020 FF FF FF FF FF FF 
FS 0030 FF FF FF FF FF FF 
FS 0040 22 44 CE AE A2 C7 

+2 423E 
HS 0040 +4 23C3 
FS 0040 Resident +6 A352 

1 
OS 0000 
OS 0008 

AW,FFFF OS 0010 
OS,AW OS 0018 
[OOOFj,F7 OS 0020 
AW,F700 OS 0028 
OS,AW OS 0030 
PMCO,FF OS 0038 
RFM,B2 OS 0040 
WTC,5555 OS:0048 

6 7 8 9 A B C 0 E 
EE A2 1F 00 76 FE 98 84 7F 
AC 53 OC 99 FO E7 6F 6B 81 
FF FO FF FF 3F FF FO FF FF 
FF FF FF FF FF FF FF 7F FF 
67 FO B2 09 EF F7 11 05 7F 

V OIR IE S Z AC P CY 
o a a 0 0 a 0 a 

a 1 2 3 4 5 6 7 
FF FF FF FF FF FF FF FF 
FF FF FF FF FF FF FF FF 
FF FF FF FF FF FF FF FF 
FF FF FF FF FF FE' FF FF 
02 00 00 00 00 00 00 00 
00 00 00 00 00 81 00 00 
00 00 00 00 00 00 00 00 
00 00 00 00 00 00 00 00 
FF FF FF FF FF FF FF FF 
FF FF FF FF FF FF FF Ff 

F 
FO ~. B1 \0/ £6 .. v·Y= 
FB GM.r"'~S .0 1 "coki.ll 
FF 1 7 1 

FF 
73 "Of«6f-g3 I·n::::.s 

1 Step 2ProcStep 3Retrieve 4Help ON 5BRK Menu 6 DOS 7 up 8 dn 9 Ie 10 ri 
83-6760A 
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Figure 3. AdVICE Screen With He*, Menu.andCommand Une Prompts 

AW F700 IX 0000 PS F800 PC OOOF Stack +0 FFFF PSW F002 IntM:l 
BW 0000 IY 0000 DS F7'OO +2 423E RB 7 
CW 3UA8 BP 0000 ES 0000 liS 0040 +4 23C3 V DIR IE S Z AC P 
DW 0000 SP OOFE SS 0040 FS 0040 Resident +6 A352 0 O. a a a a 0 

D or DEF or DIR 
IC~D >D 1 0 1 2 3 4 5 6 

FFB8- OS:OOOO FF FF FF FF FF FF FF 
00E7 8BOF MOV BW,IY OS:0008 FF FF FF FF FF FF FF 
.00E9 2EFFl5 CALL .PS: [IY] 08:0010 FF FF FF FF FF FF FF 
OOEe EBC6 BR V40--,CLI OS:0018 FF FF FF FF FF FF Ff 

VECTOR_TABLE: D8:0020 02 00 00 00 00 00 00 
OOEE 56 PUSH IX OS:0028 00 00 00 00 00 81 00 
OOEF 029802FO ADD BL, [F002+BW+IX] ~'S: 0030 00 00 00 00 00 00 00 
OOF3 0450 ADD AL,50 ;OS: 0038 00 00 00 00 00 00 00 
00F5 03B40328 ADD· IX, [2803+IX] OS:0040 FF FF FF FF FF FF FF 
00F9 024805 ADD eL, [B\HIX+05] OS:0048 FF FF FF FF FF FF FF 

o (/~ ON I OFF) addr 
Display - code at the specified address. With '0 1<' or 'Ctrl-Enter' the 
address of the current instruction will b~ used~ If a memoiy location is 
accessed by the actual instruction its value is shown on the screen. Use 
to optional /M parameter to control the display of this memory data. 
Standard segment PS: 

V25 

CY 
0 

"7 
FF 
FF 
FF 
FF 
00 
00 
00 
00 
FF 
FF 

~ ________________________________ W'ith PgUp/PgDn text can be paged ______________ ~ 

1 Step 2ProcStep 3Retrieve 4l1elp OFF SBRK Menu 6 DOS 7 up 8 dn 9 Ie 10 ri 

8U761 A 

Figure 4. Executing Program ""ith MeSSllge Exchange 

AW F700 IX 0000 PS 0065 PC 0000 stack +0 FFFF PSW F002 IntM:l V25 
Bioi 0000 IY 0000 OS F700 +2 340C RB 7 
CW 00B2 BP 0000 ES 0000 liS 0060 +4 0012 V OIR IE S Z !l.C P CY 
DW 0000 SP OlFE S8 0040 FS 0040 Resident +6 5400 0 0 0 0 0 0 0 0 

or GC 
1 a 1 2 3 4 5 6 7 
08:0000 FF FF FF FF FF FF FF FF 

2 , > 1<1<1< E X E C U T I N G I< 1< 1< Analyze 08:0008 FF FF FF FF FF FF FF FF 

Emulator Messages < from emulator ) to emulator 
<The V35/25 timer was started 
<Wait for the break condition to become true 

83-6762A 
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Break Capabilities 

The breakpoint entry menu is a second-level menu and 
can be entered by F5 key of the PC keyboard. The menu 
contai ns six fields: breakpoint number, breakpoi nt con­
ditions, a count, number of occurrences,and action to 
be taken. 

Up to eight address breakpoints can be defined in the 
menu. They can be tagged with conditions and a count 
value (maximum of 65,535) for the number of times the 
breakpoint is satisfied. Up to eight conditions may be 
entered for each breakpoint, including satisfying other 
breakpoints and comparisons of register and memory 
contents (direct or indirect addressing modes) with 
those of other registers, memory locations, and imme­
diate values. See figure 5. 

The action field defines an operation or operations to 
be done when a breakpoint occurs. Such actions are 
trace on/off, analyze on/off, restart the breakpoint, 
browse through a file, turn on/off the snap feature, and 
jump to a different section of code. 

To set up the analyze mode, an address field in the 
breakpoint menu is left empty but conditions are 
placed in the condition field. Then, on enabling the 
analyze mode, the program is run in single-step mode 
while the conditions are checked. In the snap mode, the 
instruction and the register values are put in the trace 
buffer when conditions for a breakpoint are met. 

Actions to be performed are taken when the occur­
rence counter is equal to a specified count. This occur­
rence counter is incremented only when all specified 
conditions are true. When emulation is to resume after 
a breakpoint, an option can be used in the GO com­
mand that will not reset the occur field and the trace 
mode. 

Trace Capabil ities 

The MINI-IE Plus traces program execution in single­
step mode. This software method allows the AdVICE 
monitor program to record the current register con­
tents and the top four words of the stack. In order to 
start filling the trace buffer, the trace on action must be 
given at an address breakpoint. The buffer, which can 
be displayed from the main screen or from the menu 
screen, is filled in a round-robin fashion. See figure 6 

V25N35 MINI·IE Plus 

The trace buffer is located in the MINI-IE monitor RAM. 
The default size of 37K bytes allows for 1000 records to 
be stored. A trace record consists of the V25N35 
instruction and associated register and stack con~ 
tents. The buffer can be varied in size from 1 k to 38k by 
means of a startup invocation switch. 

The real-time trace option is available when require­
ments do not allow the single step of the user program 
for software tracing. The RTTwil1 record the dataon the 
bus in real time and the RTT software allows the user to 
view the data in disassembled format when the execu­
tion is stopped. See figure 7. 

The RTT buffer is 8191 frames by 48 bits. A qualifier can 
be specified to restrict recording to specific condi­
tions. Two hardware breakpoints-made from address, 
data, bus cycle type, and external logic inputs-allow 
multiple actions to be executed (such as RTrace on/off, 
break, timer on/off). 

CONNECTION TO IBM PC 

The V25N35 MINI-IE Plus can be used with IBM PC/ 
XT/AT or full compatibles, and on IBM PS/2. A mono­
chrome, CGA, Hercules® color graphics, or EGA 
adapter and corresponding monitor is required. With 
IBM PC/XT/AT, at least one expansion slot must be 
available for use with the parallel interface adapter 
included with the MINI-IE Plus. 

At least one printer port address should also be avail­
able. IBM PS/2 models will use the system printer port 
and will require a user-provided + 5-volt dc power 
supply to power the MINI-IE Plus. A minimum of 88K 
bytes of free memory is needed to run AdVICE. A hard .. 
disk is not required but is recommended. .:.I 
The parallel board of the MINI-IE Plus is hardwired for 
address 0278H of the PC I/O space. A provision on the 
parallel board allows you to change the I/O address to 
a different value, and a command line switch tells 
AdVICE where the parallel board is located. 

With the MINI-IE Plus board connected to the parallel 
board via the 25-line cable, running the AdVICE pro­
gram will initiate communications with the MINI-IE Plus 
and/or the target system. 

5 
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FigureS. Example of Breakpoint Entry Menu With Help 

BR# 
1 
2 
3 
4 
5 
6 
7 
8 

EV1 
EV2 
QUA 

Can be used to define a condition that must be true when the breakpoint 
is hit. Up to 8 conditions can be specified for each breakpoint. If all 
conditions are true the 'Occur'-counter is incremented until it is equal 
to 'Count' and the 'Action' is performed. 
Example: BR3 AW>=123 OS:[IX]= /W ES:32B4 CY=l 
For more details refer to the user's manual. 

Break AOR Condition Count Occur 'Action 
HAIN20 ........................................................................ 1 1 trace ON 
MAIN60 .............. ........................................................ .. 1 1 TR OFF A ON 

SWTIH >= 0100 ........................ " .................. 1 1 br 
- ........................................................................ 0 0 
- ........................................................................ 0 0 
- ........................................................................ 0 0 
- ........................................................................ 0 0 
- ........................................................................ 0 0 
Address AddrH Type Oir Oat OaM ExO ExM P2 P2M Action 
TIMER FFFFF H R 0 00 0 0 0 00 RT ON TI ON 
0 FFFFF H R 0 00 0 0 0 00 
0 000 X X 0 0 RTT Mode: C 

IView Trace 3Read Setup 4 Help OFF 5 CMO line 7Save Setup 9Clear BRIOClear" OCC 
8H763A 

Figure 6. Soft Trace Buffer Oi$play 

T R A C E B U F F E R 0 I S P LAY 
Buffer Offset 0 

1<1<1< Begin of TRACE buffer 1<1< 

HAIN20: AW=FFOO IX=0004 PS=0065 8tack+0 E80] 
0027 CALL INIT_TIMER BW=OOOO IY=0074 OS=0060 +2 340C 
>8tarted by BRI V OIR IE 8 Z AC P CY CW=00B2 BP=OOOO ES=FFOO +4 0012 

0 0 0 0 1 0 1 0 OW=1388 SP=OIFE S8=0040 +6 5400 
INIT_TIMER: AW=FFOO IX=0004 PS=0065 Stack+O 002A 

003E MOV ES:TMCO,CO BW=OOOO IY=OO74 OS=0060 +2 E80] 
V OIR IE S Z AC P CY CW=00B2 BP=OOOO ES=FFOO +4 140C 
0 0 0 0 1 0 1 0 OW=1388 8P=01FC 8S=0040 +6 5400 

0044 MOV ES:MOO,0140 AW=FFOO IX=0004 PS=0065 Stack+O 002A 
BW=OOOO IY=0074 OS=0060 ' +2 E803 

V OIR IE S Z AC P CY CW=00B2 BP=OOOO ES=FFOO +4 340C 
0 0 0 0 1 0 1 0 OW=1388 SP=OlFC SS=0040 +6 5400 

004B HOV ES:TMICO,07 AW=FFOO IX=0004 PS=0065 Stack+O 002A 
BW=OOOO IY=0074 OS=0060 +2 E803 

V OIR IE S Z AC P CY CW=00B2 BP=OOOO ES=FFOO +4 340C 
0 0 0 0 1 0 1 0 DW=1388 SP=01FC SS=0040 +5 5400 

0051 RET AW=FFOO IX=0004 PS=0065 'Stack+O 002A 
BW=OOOO IY=0074 OS=0060 +2 E803 

VOIR IE S Z AC P CY CW=00B2 BP=OOOO ES=FFOO +4 340C 
0 0 0 0 1 0 1 0 DW=1388 8P=01FC SS=0040 +6 5400 

Use cursor keys to scroll data up and down F1 or '---1' to return 

83-6764A 
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Figure 7. Real-Time Trace Buffer Display 

R e a 1 - T i m e T r a c e D a t a 
Addr Ctl Data External P2 Record : 1 of 2271 

00B02 M R fA ff=l1111111 ff astart: 
FA DI 

00B03 M R B8 FF-=l1111111 FF B82103 MOV AW,0321 
00B04 M R 21 FF=11111111 FF vdgroupqJ: 
00B05 M R 03 fF=11111111 ff 
00B06 M R BB ff= 11111111 fF BB2103 MOV nW,0321 
00B07 M R 21 FF=11111111 fF 
00B08 M R 03 fF=11111111 fF 
00B09 M R 89 Ff=l1l11111 FF B98003 MOV CW,03BO 
OOBOA M R BO Ff=11111111 FF 
OOBOB M R 03 FF=11111111 FF 
OOBOC M R B9 FF=11111111 FF 891202 MOV CW,0212 
OOBOD M R 12 fF=1111l111 fF 
OOBOE M R 02 FF=l1l1l111 FF 
OOBOF M R FC FF= 11111111 FF FC CLR1 DIR 
00B10 M R 8E FF=11111111 FF 8EDB MOV DS,BW 
OOB11 M R DB FF=1l111111 FF 
00B12 M R BA FF=l111l111 FF BAFFFF MOV DW,FFFF 
OOB13 M R FF FF=lll11111 FF 
OOB14 M R FF FF=11111111 FF 
00B15 M R 8E FF=l1l11l11 FF 8EC2 MOV ES,DW 
00B16 M R C2 FF=11111111 FF 

lShow MK1 2Show MK2 3Set MKl 4Set MK2 Ctl-PgDn/Up:+/- 100 Ctl-End/Home:+/-10OO 

V25 PLUS AND V35 PLUS EMULATION 

The V25 MINI-IE Plus oan emulate both the standard 
V25 and the V25 Plus. This is accomplished by simply 
switching the V25 in the emulator with the V25 Plus 
chip. The emulator can be upgraded to support the V25 
Plus at 10 MHz, either by changing the 16-MHz crystal 
in the emulator with a 20-MHz crystal or by· using an 
external 20-MHz frequency source. (Do not use an 
external crystal as a frequency source because the 
crystal may not oscillate due to probe cable effects.) In 
addition to changing the emulator CPU, 10-MHz oper­
ation requires replacement of memory devices in the 
emulator. The V25 MINI-IE Plus requires 70-ns access 
time (or faster) and 32K-byte by a-bit static memory 
chips when run at zero wait states and 10 MHz. 

8J.e7e&A 

The V35 MINI-IE Plus can emulate the V35 in the same 
manner as described above. Note that 10-MHz opera­
tion also requires the faster SRAMS. The V25 MINI-IE 
Plus cannot be used to emulate either the V35 or V35 
Plus devices; the V35 MINI-IE Plus cannot be used to 
emulate either the V25 or V25 Plus devices. 

The control program of the V25 MINI-IE Plus and V35 
MINI-IE Plus will automatically sense the CPU in the 
emulator upon power-up and adjust the internal Spe-
cial Function Registers to support the installed CPU. EI 

7 
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NEC Electronics Inc. 

Description 

The V40 MINI-IE and VSO MINI-IE are low-cost in-circuit 
emulators for the JJPD70208 (V40TM) and JJPD70216 
(VSOTM) microcomputers. The MINI-IE is designed to be 
used with an IBM PCIXT®, PC AT®, IBM PS/2.<il>, or com­
patible machine. The control software for the MINI-IE is 
AFD-Sym (Advanced Full-Screen Debug with Symbols), 
which acts as both a monitor and debugger. Debugging 
with breakpoints and non-real-time tracing of execut­
ing programs are accomplished in software using a 
V40NSO microprocessor located on theMINI-IE board. 

Features 

o Emulates JJPD70208/70216 at 8 MHz 

o Parallel interface with host PC; interface card and 
cable included 

o Connects to target system via PGA or PLCC probe 

o MINI-IE hardware 
- 64K bytes of static RAM starting at address 

0000:0 
- MINI-IE reserved PROM at address F800:0 

through FFFF:F 
- MINI-IE memory may be disabled to use target 

memories 
- 32 bytes of MINI-IE I/O starting at address 

8000:0 

o Software break and trace capabilities 
- Up to eight conditional breakpoints in break 

definition mode 
- Additional breakpoints can be given in the 

command line 
- Various actions can be programmed to take 

place on a break 
- Error checking of break entry conditions 

o Executes NEC .LNK absolute files and Microsoft 
.COM and .EXE files 
- Files can be downloaded to and uploaded from 

the MINI-IE 
- Supports real-time and single-step emulation 
- User-programmable public symbol buffer size 

IBM PC/XT, IBM PC AT, and IBM PS/2 are registered trademarks of 
International Business Machines Corporation. 
Hercules is a registered trademark of Hercules Computer 
Technology Inc. 
V40 and V50 are trademarks of NEC Corporation. 

60232-1 

V40N50 MINI-IE 
In-Circuit Emulator 

o Controlled by powerful AFD-Sym monitor and 
debugging program 
- Symbolic full-screen debugger 
- Uses function keys as well as direct command 

entry 
- Displays six window areas with second-level 

break setup window 
- Updates disp1ay information as program single 

steps 
- On-line assembler 
-Evaluates and displays arithmetic expressions 
- Displays color on color systems 
- Programmable trace and symbol buffer sizes 
-On-line help menus 
- Macro command capability 

o Sample batch file contains demonstration 
program 

Ordering Information 
Part Number Description 

EB-V40MINI-IE pPD70208 (V40) PC-based MINI-IE with 
adapter 

EB-V50MINI-IE pPD70216 (V50) PC-based. MINI-IE with 
adapter 

ADAPT68PGA68PLCC Adapter for 68-pin PLCC socket 
(shipped with MINI-IE) 

HARDWARE ~ 

The MINI-IE (figure 1) consists of a parallel interface ~ 
board providing bidirectional data communication and 
a JJPD70208 or JJPD70216 emulation board (or MINI-IE 
board). The parallel board fits into a free slot in the PC 
and is hardwired for address 0278H within the PC I/O 
space. 

The MINI-IE board consists of aJJPD70208 or JJPD70216, 
32K bytes of EPROM, 64K bytes of static RAM, decod­
ing logic, and a parallel interface. It can receive power 
from the PC, the target system, or an external supply. 
The MINI-IE board connects to the parallel board in the 
PC by a 2S-line cable. 

The MINI-IE can be connected directly into a 68-pin 
PGA socket on the target system or into a 68-pin PLCC 
socket on the target system through· adapter 
ADAPT68P~68- PLCC. In this. configuration, the 
MINI-IE RAM and EPROM can be disabled via jumpers 
so that target memory is accessed, or a combination of 
MINI-IE and target memories can be used. 



V40/y50 MINI·IE 

Figure 1. V40/V50 MINI-IE Board (Component Side) 
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Figure 2. AFD-Sym Main Screen 

A'i'l 0207 IX OCOO PS 0221 PC 0000 Stack 
SW 0000 IY 018.4 DS 0220 
CW 0089 BP 0000 ES 0000 HS 0220 
DW FFFD SP OlFE SS 0200 FS 01BB 
r---G !'Gm >G 

or GC 

2 > 1<*1< E X E C U T I N G *** Analyze 
~lAIN : 

0000 682002 MOV A\oj',0220 
0003 8ED3 MOV DS, A~~ 
0005 90 NOP 
0006 FA DI 
0007 33CO XOR AW,AW 
0009 8Eeo MOV ·ES,AW 
OOOB 90 NOP 

2 3 4 5 .6 7 8 9' A B C D E 
HS 0003 00 00 00 00 00 00 00 00 00 00 00 00 
HS 0013 8E D8 90 FA 33 CO 8E CO 90 FC BF 80 
HS 0023 AB 8C C8 AB E8 O~ 00 33 CO FB 40 90 
HS 0033 FC FF BO 00 EE BA FA FF BO 60 EE BA 
HS 0043 EE BA FO FF BO 01 EE BA FD FF B8 02 

1 
IlNE! 

71155 o 
.8;!-6766A 

+0 FFFF PSW F002 IntM:1 V40 
+2 340C 
+4 0012 V DIR IE S Z AC P CY 
+6 0000 0 0 0 o· 0 0 0 0 

1 0 1 2 3 4 5 6 7 
DS:OOOO OC 34 12 00 00 00 00.00 
DS:0008 00 00 00 00 00 00 00 00 
DS:0010 B8 20 02 8E D8 90 FA: 33 
DS:0018 CO 8E ,CO 90 FC BF ~O 01 
DS:0020 B8 65 00 AB 8C C8 AB E'8 
DS:0028 08 00 33 CO FB 40 90 EB 
DS:0030 FC CC BA FC FF BO 00 EE 
DS:0038 BA FA FF BO 60 EE BA F9 
DS :.0040 FF BO 50 EE BA FO FF BO 
Ds:0048 01 EE BA FD FF B8 02 00 

F 0 1 2 
00 B8 20 02 ........ , . , " " , 

01 B8 65 00 ;tti03LAL £l1~<;:"e. 
EB FC CC BA Y.a ~,,3 !~~ E i~'\~! F9 FF BO 50 ~ I W 0 i~i'; I 00 EE BO 13 '2' , , , E tll, 

1 Step 2ProcStep 3Retrieve 4Help ON 5BRK Menu 6 7 up 8 dn 9 Ie 10 r1 

83-6767A 
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SOFTWARE 

The control software, AFD-Sym, provides six windows 
on the main screen display (figure 2). 

• p.PD70208/70216 registers and flags and the top four 
words of the stack 

• Command entry line 
• Offset addresses, opcodes, and disassembly of eight 

lines of the program load area 

• 80-byte memory dump area 
• Second 80-byte memory dump area 
• ASCII equivalent of the second 80M-byte memory 

area 

AFD-Sym controls all the monitor and debug functions of 
the MINI-IE including uploading and downloading pro­
grams, program execution with or without breakpoints, 
recording of trace history, dlsassembly, in-line code 
assembly, and register/memory display and manipula­
tion. The cursor may be moved anywhere within the 
window displays for immediate change of the memory 
areas, registers, flags, and breakpoints. 

AFD-Sym software running on a PC requires 75K to 147K 
bytes of system memory depending on the options 
required. It may be copied to a hard disk or run directly 
from the floppy diskette. 

Emulation RAM area starting at address 0000:0 is partly 
used by the AFD-Sym monitor and the interrupt vectors. 
The lowest available user memory is indicated by the 
segment registers after reset and depends on the trace 
buffer size allocated. The AFD-Sym code in EPROM is 
located at F800:0 and the following 32K bytes are re­
served for this purpose. 

Emulation 

User programs loaded into emulator RAM or EPROM can 
be executed in real-time or in single-step mode. Single­
step mode executes only one instruction; procedure 
step executes an entire subroutine or software interrupt 
routine. It is possible to Single-step a hardware interrupt 
handler when the associated interrupt mode is selected. 
Real-time execution is command activated and termi­
nates when a breakpoint is encountered or the user 
terminates execution from the keyboard. Program exe­
cution is also stopped when an exception interrupt or an 
interrupt with an uninitialized vector occurs. 

V40N50 MINI·IE 

Programs generated using NEC's RA 70320 Relocatable 
Assembler package allow symbols to be loaded directly 
with the program code. Programs produced with devel­
opment tools that generate .EXE or .COM files can be 
loaded into the MINI-IE, but symbols must be loaded 
separately. Several symbol files can be loaded into the 
internal symbol table. The buffer used for symbol stor­
age is allocated in the PC and can be varied in size from 
1 K to 64K bytes. Symbols can be added, deleted, and 
renamed interactively. 

Break Capabilities 

Two types of breakpoints are available. Immediate break­
points are entered directly with the execution command 
and stop execution when the instruction at the specified 
location is to be executed. The second type of break­
point is specified in a separate breakpoint menu. 

The breakpoint entry menu (figure 3) is a. second-level 
menu and can be entered by F 5 key of the PC keyboard. 
The menu contains six fields: breakpoint number, break­
point conditions, a count, number of occurrences, and 
action to be taken. 

Up to eight address breakpoints can be defined in the 
menu. They can be tagged with conditions and a count 
value (up to 65,535) for the number of times the break­
point is satisfied. Up to eight conditions may be entered 
for each breakpoint, including satisfying other break­
points and comparisons of register and memory con­
tents (direct or indirect addressing modes) with those of 
other registers, memory locations, and immediate 
values. JI!!!III!!II!I 

The action field defines an operation or operations to be ~ 
done when a breakpoint occurs. Such actions include 
trace on/off, analyze on/off, restart the breakpoint, 
browse through a file, turn on/off the snap feature, and 
jump to a different section of code. 

To set up the analyze mode, an address field in the 
breakpoint menu is left empty but conditions are placed 
in the condition field. Then, on enabling the analyze 
mode, the program is run in single-step mode while the 
conditions are checked. In the snap mode, the instruc­
tion and the register values are put in the trace buffer 
when conditions for a breakpoint are met. 

Actions are performed when the occurrence counter is 
equal to a specified count. This occurrence counter is 
incremented only when all specified conditions are true. 
When emulation is to resume after a breakpoint, an 
option can be used in the GO command that will not 
reset the occur field and the trace mode. 

3 



V40N50 "MINI·IE 

Trace' Capabil ities 

The MINI-IE trace is handled in software by the' AFD­
Sym. When, trace is active, the current register pontents 
and the top four words of the stack are saved to the traoe 
buffer, along with the instruction that is to be executed 
in single-step mode.' Program execution is .not in real 
time when trace or analyze modes are enabled. Interrupt 
routines are, however, executed in real time and 'are' not 
recorded in the trace buffer (unless the user selects 
interrupt step mode of the MINI-IE). 

The trace buffer resides in the emulation mel110ry and its 
size can be set from 1 K to 64K bytes by the user. The 
default size of 4Kbytes allows 100 records to be stored: 
Trace data, which can be displayed from the main SQreen 
or from the menu screen, can be shown with register 
contents or instructions only. See figure 4. Records can 
be print~d or saved to a file. If symbols are lOaded, they 
will be shown in the trace records. 

, ' 

Figure 3. BreakpointEntry,Menu 

AW 02AO 
BW 0000 
CW 0089 
OW FFFO 

IX 0000 
IY 0184 
BP 0000 
SP 01FE 

PS 0221 
OS 0220 
ES 0000 
SS 0200 

PC OOIE 

HS 0~20 

FS 01BB 

NEe 
CONNECTION TO IBM PC 

The V40 or V50 MINI-IE. can be ,used with IBM PC/XT/AT 
or full compatibles, and on IBM PS/2. A monochrome, 
CGA, Hercules@ color graphics or EGA adapter and 
corresponding monitor is·'required. With IBM PC/XT/AT, 
at least one expansion slot must be available for use with 
the parallel interface adapter included with the MINI-IE. 

At least one printer port address should' also be, avail­
able. IBM PS/2 models will use the system printer port 
and will require a user-provided + 5-volt dc power supply 
to power the MINI-IE. A minimum of 75K bytes of free 
memory is, needed to run AFD-Sym. A hard disk is not 
required but is recommended. 

The parallel board of the MINI-IE is hardwired for address 
0278H of the PC I/O space. A provision on the parallel 
board allows you to change the I/O address to a different 
value, and a command line switch tells AFD-Sym where 
the parallel board is located. 

With the MINI-IE board conne~ted to the parallel board 
via the 25-line cable,. running the AFD-Sym program 
initiates communications with the MINI-IE and/or the 
target system. 

Stack +0 FFFF 
+2 340C 
+4 0012 
+6 0001 

PSW,F216 IntH:I V40 

V OIR IE S Z AC P CY 
o 0 1 0 0 1 1 0 

Defines the address of a breakpoint. With - as the first character 
the breakpoint is inactive. A breakpoint with an empty address field 
will be checked on ~very break if count>O and an action is specified 
for this breakpoint. With 'Alt'+n (n=1..8) the address of the actual 
instruction will be stored to the corresponding breakpoint. 
~tandard,segment PS: 

4 

BR# Break ADR 
. 1 MAIN20 

2 MAIN60 
3 
4 -

.5 -
6 -
7 -
8 -

, 

Condition 

SWTIM > = 0100 ............... ~ . ; ... . 

. . ,. . . . . . . . . -: . . . . . . . . ,. . ~ . . . . . . ." . .- .'. . . 

•••••••••••••••••••••••••••••••• !II ••• . . . 

Count 
1 
1 
1 
o 
o 
o 
o 
o 

Occur 
1 
1 
1 
o 
o 
o ' 
o 
o 

Action 
trace ON 
TR OFF A,ON 
br 

IView TraCe 3Read Setup 4 Help OFF 5 CHD line 7-Save Setup 9Clea'r BRIOClear OCC 

83-6768A 



NEe V40N50 MINI·IE 

Figure 4. Trace Buffer Display 

T R A C E B U F F E R 0 I S P LAY 
Buffer Offset 0 

1< 1< -A Begin of TRACE buffer I< 1< 

MAIN20: .~W=0221 IX=OOOO PS=0221 Stack+O fFFf 
0017 CALL INITV40 BW=OOOO IY=0184 OS=0220 ... 2 340C 
>Started by BR1 V OIR IE S Z AC P CY CW=0089 BP=OOOO ES=OOOO ... 4 0012 

0 0 0 0 1 0 1 0 DW=FFFD SP=OlFE SS=0200 +6 0000 
INITV40: AW=0221 IX=OOOO PS=0221 Stack+O 001.\ 

0022 MOV DW,FFFC BW=OOOO IY=0184 OS=0220 +2 fFFF 
V OIR IE S Z AC P CY CW=0089 l3P=OOOO ES=OOOO +4 340C 
0 0 0 0 1 0 1 0 DW=FFFD SP=OlFC SS=0200 +6 0000 

0025 MOV AL,OO AW=0221 IX=OOOO PS=0221 Stack+O 001.~ 
BW=OOOO IY=0184 OS=0220 +2 FFFF 

V OIR IE S Z AC P CY CW=0089 BP=OOOO ES=OOOO +4 340C 
0 0 0 0 1 0 1 0 DW=FFFC SP=OlFC SS=0200 ... 6 0000 

0027 OUT DW,AL AW=0200 IX=OOOO PS=0221 Stack+O 00lA 
BW=OOOO IY=0184 DS=0220 +2 FFFF 

V DIR IE S Z AC P CY CW=0089 BP=OOOO ES=OOOO +4 340C 
0 0 0 0 1 0 1 0 DW=FFFC SP=OlFC SS=0200 +6 0000 

0028 MOV DW,FFFA AW=0200 IX=OOOO PS=0221 Stack+O 001A 
BW=OOOO IY=0184 DS=0220 +2 ffFF 

V OIR IE S Z AC P CY CW=0089 BP=OOOO ES=OOOO +4 J40C 
0 0 0 0 1 0 1 0 DW=FFFC SP=OlFC SS=0200 ... 6 0000 

Use cursor keys to scroll data up and down F1 or '~' to return 
US1aOA 
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Package Drawings NEe 
Section 7 
Package Drawings 

Package/Device Cross-Reference 7-3 

18-Pin Plastic DIP 7-5 

20-Pin Plastic DIP (300 mil) 7-5 

20-Pin Plastic SOP (300 mil) 7-6 

24-Pin Plastic DIP (600 mil) 7-6 

28-Pin Plastic DIP (600 mil) 7-7 

28-Pin PLCC 7-8 

40-Pin Plastic DIP (600 mil) 7-8 

44-Pin Plastic QFP (P44G-80-22) 7-9 

44-Pin Plastic QFP (P44G 6-80-364) 7-9 

44-Pin PLCC 7-10 

48-Pin Plastic DIP 7-11 

52-Pin Plastic QFP 7-12 

52-Pin PLCC 7-13 

68-Pin PLCC 7-14 

68-Pin Ceramic PGA 7-15 

74-Pin Plastic QFP 7-16 

80-Pin Plastic QFP 7-17 

84-Pin PLCC 7-18 

84-Pin Ceramic LCC 7-19 

94-Pin Plastic QFP 7-20 

120-Pin Plastic QFP 7-21 

132-Pin Ceramic PGA 7-22 

7-2 



NEe P~ckage Drawings 

Package/Device Cross-Reference 
Package Device, "PO Package Device, "PO 

lS-Pin Plastic DIP 7l0llC-S 44-Pin Plastic QFP 71037GB-l0 
7l011C-l0 (P44G B-SO-3B4); 7l051GB-S 
7l0S4C-S 2.70 mm thick 71051 GB-l0 
710S4C-10 71054GB-S 

20-Pin Plastic DIP (300 mil) 710S2C 71054GB-10 
710S3C 71055GB-S 
710S6C 71055GB-10 
710S7C 71059GB-S 
710SSC-S 71059GB-10 
710SSC-10 44-Pin PLCC 7010SL-S 

20-Pin Plastic SOP (300 mil) 71011G-S 7010SL-10 

710S2G 70116L-S 
710S3G 70116L-10 

710S4G-S 71037LM-10 
710S6G 71055L-S 
710S7G 71055L-10 
710SSG-S 4S-Pin Pla$tic DIP 71071 C-10 

24-Pin Plastic DIP (600 mil) 71054C-S 52-Pin Plastic QFP 7010SGC-S 
71054C-10 7010SGC-10 

2S-Pin Plastic DIP (600 mil) 71051C-S 70116GC-S 
71051 C-10 70116GC-10 
71059C-S 
71059C-10 

52-Pin PLCC 71071 L-10 

6S-Pin PLCC 70136L-12 
2S-Pin PLCC 71051 L-S 70136L-16 

71051 L-10 
7020SL-S 

71054L-S 7020SL-10 
71054L-10 

70216L-S 
71059L-S 70216L-10 
71059L-10 

6S-Pin Ceramic PGA 70136Fl-12 
40-Pin Plastic DIP (600 mil) 7010SC-S 70136R-16 

IB 7010SC-10 
7020SR-S 

70116C-S 7020SR-10 
70116C-10 

71037CZ-10 
70216R-S 
70216R-10 

71055C-S 74-Pin Plastic ·QFP 70136GJ-12 
71055C-10 70136GJ-16 

44-Pin Plastic QFP 71054G-S SO-Pin Plastic QFP 7020SGF-8 
(P44G-80-22); 1.45 mm thick 71055G-S 7020SGF-10 

71059G-S 70216GF-S 
70216GF-10 

7-3 



Package Drawings 

Package/Device Cross-Reference (cont) 
Package 

84-Pin PLCC 

84-Pin Ceramic LCC 

94-Pin Plastic QFP 

120-Pin Plastic QFP 

132-Pin Ceramic PGA 

7-4 

Device, "PD 

70320L 
70320L-8 

70322L-xxx 
70322L-8-xxx 

70325L-8 
70325L-10 

70327L-8-xxx 
70330L-8 
70332L-8-xxx 

70335L-8 
70335L-10 

70337L-8-xxx 
79011L-8 
79021L-8 

70P322KE-8 

70320GJ 
70320GJ-8 

70322GJ-xxx 
7022GJ-8-xxx 

70325GJ-8 
70325GJ-10 

70327GJ-8-xxx 
70330GJ-8 
70332GJ-8 -xxx 

70335GJ-8 
70335GJ-10 

70337GJ-8-xxx 
79011GJ-8 
79021GJ-8 

70236GD-10 
70236GD-12 
70236GD-16 

70236R-10 
70236R-12 
70236R-16 

71641R 

NEe 



NEe 
18-Pin Plastic DIP 

Item Millimeters Inches 

A 22.86 max .900 max 

B 1.27 max .050 max 

C 2.54 (TP) .100 (TP) 

D 0.50 ±0.10 .020 ~:gg~ 
F 1.2 min .047 min 

G 3.5 ±0.3 .138 ±.012 

H 0.51 min .020 min 

4.31 max .170 max 

5.08 max .200 max 

K* 7.62 (TP) .300 (TP) 

6.4 .252 

M 0.25 ~g:6g .010 ~ :gg~ 
N 0.25 .010 

P 1.0 min .039 min 

* Item K to center of leads 
when formed parallel. 

P18C·l OO·300A. C 

20-Pin Plastic DIP (300 mil) 

Item Millimeters Inches 

A 25.40 max 1.000 max 

B 1.27 max .050 max 

C 2.54 (TP) .100 (TP) 

D 0.50 ±0.10 .020 ~ :gg~ 
F 1.1 min .043 min 

G 3.5 ±0.3 .138±.012 

H 0.51 min .020 min 

4.31 max .170 max 

5.08 max .200 max 

K* 7.62 (TP) .300 (TP) 

L 6.4 .252 

M 0.25 ~g:6g .010 ~:gg~ 
N 0.25 .010 

P 0.9 min .035 min 

* Item K to center of leads 
when formed parallel. 

P20C·l 00-300A. C 

~ : : : ~ : : : ;.1 
A 

20 11 

F : : : 0-: : : : ;.1 
A 

Package Drawings 

49NR·506B 
(4/89) 

49NR·624B (11/89) 
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Package Drawings NEe 
20-Pin Plastic SOP (300 mil) 

Item Millimeters Inches 

A 13.00 max .512 max 

B 0.78 max .031 max 

C 1.27 (TP) .050 (TP) 

0 0.40 ~&6~ .016 ~:gg~ 
E 0.1 ±0.1 .004 ±.004 

F 1.8 max .071 max 

G 1.55 .061 

20 11 

R 
A 

H 7.7 ±0.3 .303 ± .012 

I 5.6 .220 

1.1 .043 

K 0.20 ~g:6~ .008 ~:gg~ 

0.6 ±0.2 .024 ~:gg~ 
6~!i~ 

M 0.12 .005 [TI I$l M @i 
P20GM·SO·300B. c 49NR·S94B (9189) 

24-Pin Plastic DIP (600 mil) 

hem Millimeters Inches 

A 33.02 max 1.300 max 24 13 
B 2.54 max .100 max 

C 2.54 (TP) .100 (TP) 

0 0.50 ±0.10 .020 ~:gg: 
F 1.2 min .047 min 

G 3.5 ±0.3 .138 ±.012 

H 0.51 min .020 min 

I 4.31 max .170 max 

5.72 max .226 max 

K* 15.24 (TP) .600 (TP) 

L 13.2 .520 

M 0.2S ~g:6~ .010 ~:gg~ 
N 0.25 .010 A 

12 J 
* Item K to center of leads 

when formed parallel. 

IT] 
L 

[TI I$l N @i 
P24C-1oo·600 49NR·S92B (9/89) 
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ttiEC 
2B-Pin Plastic DIP (600 mil) 

Item Millimeters Inches 

A 38.10 max 1.500 max 

B 2.54 max .100 max 

C 2.54 (TP) .100 (TP) 

D 0.50 ±0.10 .020 :::gg~ 
F 1.2 min .047 min 

G 3.6 ±0.3 .142 ± .012 

H 0.51 min .020 min 

4.31 max .170 max 

5.72 max .226 max 

K* 15.24 (TP) .600 (TP) 

L 13.2 .520 

M 0.25 ::g:6~ .010 :::gg~ 
N 0.25 .010 

* Item K to center of leads 
when formed parallel. 

0 
L 

M 0-15° 

P2SC-100·600A1 

1 ~ 
A 

[£J f$l N @I 

Package Drawings 

14 .1 

49NR·514B 
(5/89) 
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Package Drawings 

28-PinPLCC 

Item MlIIlmeters 

A 12.45 ±0.2 

B 11.50 

C 11.50 

0 12.45 ±0.2 

E 1.94 ±0.15 

F 0.6 

G 4.4 ±0.2 

H 2.8 ±0.2 

0.9 min 

3.4 

K 1.27 (TP) 

M 0.40 ±0.10 

N 0.12 

P 10.42 ±0.20 

Q 0.15 

T 0.8 rad 

U 0.20 ~g:~~ 

P28L·50Al 

4O-Pin Plllstlc DIP (600 mil) . 

7-8 

Item Millimeters Inches 

A 53.34 max 2.100 max 

B 2.54 max .100 max 

C 2.54 (TP) .100 (TP) 

0 0.50 ±0.10 .020 ~:gg: 
F 1.2mln .047 min 

G 3.6 ±D.3 .142 ±.012 

H 0.51 min .020 min 

4.31 max .170 max 

J 5.72 max .226 max 

K* 15.24 (!P) .600 (TP) 

L 13.2 .520 

M 0.25 ~:6~ .010 ~:gg~ 
N 0.25 .010 

• Item K to center of leads when 
formed parallel 

P4OC·I00-600A 

Inches 

.490 ±.008 

.453 

.453 

.490 ±.008 

.076 ~:gg~ 

.024 

173 + .00ll 
. -.008 

.110 ~:gg~ 

.035 min 

.134 

.050 (TP) 

.016 ~:gg: 

.005 
G 

.410 ~:gg~ 

.006 

.031 rad 

.008 ~ :gg~ 

t\'EC 

28 

~~-~~~~~~~u ,r 
I 

lf~T 
1.0~ N @I.I 

P 49NR·52SB 
(5/89) 

83.o·6140B (1/90) 



NEe 
44-Pin Plastic QFP (p44G-80-22); 1.45 mm thick 

Item Millimeters Inches A 

A 13.6 ±0.4 .535 ~:g~~ 
B 

B 10.0 ±0.2 .394 ~ :ggg 
c 10.0 ±0.2 .394 ~ :gg~ 

D 13.6 ±0.4 .535 ~:g~~ 
C D 

F 1.0 .039 

G 1.0 .039 

H 0.35 ~g:~g .014 ~:gg~ 
0.15 .006 

0.8 (TP) .031 (TP) 

K 1.8 ±0.2 .071 ~ :ggg 
L 1.0 ±0.2 .039 ~ :gg~ 

M 0.15 ~g:6~ .006 ~:gg~ 
I$l I @I OJ 

N 0.15 .006 

P 1.45 ±0.1 .057 ~:gg~ 
Q 0.0 ±0.1 .000 ±.004 

S 1.65 max .065 max 

P44G-SO·22 

44-Pin Plastic QFP (P44GB-BO-3B4); 2.70 mm thick 

Item Millimeters 

A 13.6 ±0.4 

B 10.0 ±0.2 

C 10.0 ±0.2 

D 13.6 ±0.4 

F 1.0 

G 1.0 

H 0.35 ±0.10 

0.15 

0.8 (TP) 

K 1.8 ±0.2 

0.8 ±0.2 

M 0.15 ~g:6~ 
N 0.15 

P 2.7 

Q 0.1 ±0.1 

R 0.1 ±0.1 

S 3.0 max 

P44GB--60·3B4·1 

Inches 

.535 ~:g~~ 

.394 ~ :gg~ 

.394 ~ :ggg 

.535 ~:g~~ 

.039 

.039 

.014 ~:gg~ 

.006 

.031 (TP) 

.071 ~:ggg 

.031 ~:gg~ 

.006 ~:gg~ 

.006 

.106 

.004 ±.004 

.004 ±.004 

.119 max 

C D 

I$l I @I OJ 

K 

AUlliDwlDJlD[D~ ---.l M 

~~~l 

Package Drawings 

Enlarged detail of lead end 

Q 

49NR·636B (11/89) 

II 

Enlarged detail of lead end 

~ 
a R 

49NR·556B (1/90) 
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Package Drawings NEe 
44-PinPLCC 

F: 
Item Millimeters Inches 

A 17.5 ±C.2 .689 ±.008 

B 16.58 .653 

C 16.58 .653 

0 17.5 ±C.2 .689 ±.008 

E 1.94 ±C.15 .076 ±.006 44 
F 0.6 .024 1 C 0 
G 4.4 ±C.2 .173 ±.008 

Jll 
H 2.8 ±C.2 .110 ±.008 

0.9 min .035 min 

3.4 .134 

K 1.27 (!P} .050 (TP) 

M 0.40 ±C.10 .016 ±.004 

N 0.12 .005 

P 15.50 ±O.20 .610 ±.008 

a 0.15 .006 

T 0.8 radius .031 radius 
F 

U 0.20 ~:6~ .008 ~:gg: 

G 

T 

.... -----P------.I 
P44L·50A1·1 3190 83VL·58048 

7-10 



NEe Package Drawings 

48-Pin Plastic DIP 

Item Millimeters Inches 

A 63.50 max 2.500 max 

B 15.24 [TP) .600 [TP) 

C 13.8 .543 

0 5.72 max .225 max 25 

E 4.31 max .170 max 

F 3.6±O.3 .142 ±.012 

G 2.54 max .100 max 

H 2.54 [TP) .100 [TP) 

1.1 min .043 min 

J 0.51 min .020 min 

K 0.50±O.10 .02O±.004 

L 0.25 ~:6~ .010 ~:gg~ 
A 

M 0.25 .010 

j 
[[J 

c 

---t~ 
0-15' 

P4SC·l00-600A ~138B(6/89) 

II 
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Package' Drawings: 

52-Pin Plastic QFP 

Item MIllimeters Inches 

A 17.6 ±0.4 .693 ±.016 

B 14.0 ±0.2 .551 ~ :gg: 
c 14.0 ±0.2 .551 ~ :gg: 
D 17.6 ±0.4 .693 ±.016 

F 1.0 .039 

G 1.0 .039 

H 0.40 ±0.10 .016 ~:gg~ C 0 

0.20 .OOS 

1.0 (TP) .039· (TP) 

K 1.S ±0.2 .071 ~:ggg 

O.S ±0.2 .031 ~ :gg: 
M 0.15 ~g:J~ .006 ~:gg~ 
N 0.15 .006 

P 2.7 .106 
Q 0.1' ±0.1 .004 ±.004 

R 0.1 ±0.1 .004 ±.004 

S 3.0 max .119 max 

Enlarged detail of lead end 

~ 
Q R 

'K . 

~c+ 
P52GC·100-386 49NR-493B (5189) 
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NEe Package Drawings 

52-PinPLCC 

F: 
Item M""meters Inches 

A 20.1iO.2 .791 ±.008 

B 19.12 .753 

C 19.12 .753 

0 20.1 iO.2 .791 ±.008 

E 1.94 iO.15 .076 ±.006 

F 0.6 .024 52 
G 4.4 iO.2 .173 ±.008 C 0 
H 2.8 iO.2 .110 ±.008 

0.9 min .035 min 

J 3.4 .134 

K 1.27 (IPl .050 (TPl 

M 0.40 iO.10 .016 ±.004 

N 0.12 .005 

P 18.04 iO.20 .710 ±.008 
Q 0.15 .006 

T 0.8 radius .031 radius 

U 0.20 ~~1~ .008 ~.~~~ 
F 

G 
H 

T 

I+-------P-------+j 
P52L·50A1 83YL·5805B 

II 
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Package Drawings 

68-PinPLCC 

Item MillImeters Inches 

A 25.2±O2 .992±.00S 

B 24.20 .953 

C 24.20 .953 

D 25.2±O.2 .992±.00S 

E 1.94±O.15 .076 ~:gg~ 
F 0.6 .024 

G 4.4±O.2 .173~:gg~ 

H 2.S±O.2 .110~:gg~ 

0.9 min .035 min 

3.4 .134 

K 1.27 (IPI .050 (IPI 

M 0.40 ±O.10 .016~:gg~ 

N 0.12 .005 

P 23.12±O.20 .910 ~:gg~ 
Q 0.15 .006 
T O.S radius .031 radius 

U 0.2O~:~~ .00s~:gg: 

P68L-5OAH 

68 

NEe 

Ii-
A 

B 

DDDDDDDD 

C D 

F 

T 

.... ---....:.:..:...----P--------_ (2/90) 

83YL·5561B 



N'EC Package Drawings 

68-Pin Ceramic PGA 

Item Millimeters Inches 

A 27.94 ± 0.4 

D 27.94 ±0.4 

E 1.27 .050 

F 2.54 (TP) .100 (TP) 

G 2.8 ±0.3 

H 0.5 min .019 min 

2.70 .106 

4.57 max .180 max 

K 1.2 ±0.2 dia 

L 0.46 ± 0.05 dia 

M 0.5 .020 [£J f$l M @I 

Top View 

IE A ~ I Bottom View 

0 0 0 0 0 0 0 0 11 

0 @ 0 0 0 0 0 0 @ 0 10 

0 0 0 0 9 

0 0 8 

0 0 0 0 7 

D 0 0 0 0 6 

0 0 0 0 5 

0 0 0 0 4 

0 0 0 0 3 

0 @ 0 0 0 0 0 0 0 @ 0 2 

0 0 0 0 0 0 0 0 0 

K H G F E D C B A 49NR·528B II ($/89) 
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Package Drawings ttlEC 
74-Pin Plastic QFP 

Item Millimeters Inches A 

.913 :::g~~ 
B 

A 23.2 ±0.4 

B 20.0 ±0.2 .787 :: :gg~ 

.787 :::gg~ 
F2 

c 20.0 ±0.2 

D 23.2 ±0.4 .913 :::g~~ 
F1 2.0 .079 

F2 1.0 .039 

G1 2.0 .079 

G2 1.0 .039 C D 

H 0.40 ±0.10 .016 :::gg~ 
I 0.20 .008 

J 1.0 (TP) .039 (TP) 

K 1.6 ±0.2 .063 ± .002 

L 0.8 ±0.2 .031 :: :gg~ F1 

M 0.15 ::g:6~ .006 :: :gg~ 
N 0.15 .006 

P 3.7 .146 

Q 0.1 ±0.1 .004 ± .004 

R 0.1 ±0.1 .004 ± .004 

S 4.0 max .158 max 
Enlarged detail of lead end 

~ 
Q R 

S74G.J·100-5BJ-1 49NR-347B (2190) 
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NEC Package Drawings 

SO-Pin Plastic QFP 

Item MIllimeters Inche. 

A 23.6:10.4 .929±016 

3>.0:102 .7fIl 
+.00:1 

B -.QC8 

C 14.0:102 .551 +.00:1 
-roJ 

0 17.6:10.4 .6OO±016 

F 10 .039 

G OB .031 

H 0.35:10.10 .014 +004 
-00) 

Q15 .006 c 0 
OB(TP) .031 erp) 

K 1B:I02 .071 
+.00:1 
-.000 

L 0.8:102 .Q31 +.00:1 
-.000 

M Q15 +0.10 006+004 
-0.05 . -002 

N Q15 .006 

P 2.7 .1<B 

Q 0.1:10.1 .004±004 

R 0.1:10.1 .004±004 G H f$J I @IQ] 
S 3.0 max .118max 

PinDeIai 

s1 pI : ~ 
Q R 

8311+55438 (2IIlO) 

II 
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Package ,DrawingS, 

B4-PinPLCC 

Item Millimeters Inch .. 

A 30.2 ±O.2 t .189±.008 :.' 

B 29.28 1.153 

C 29.28 1.153 

0 30.2 ±O.2 1.189 ±.008 

1.94 ±O.1S .076 ±.006 

F 0.6 .024 

G 4.4 ±O.2· .173 ±.008 

H 2.8 ±O.2 .110 ±.008 

0.9 min .035 min 

3.4 .134 

K 1.27 (IPI .050 {TPI 

M 0.40 ±O.10 .016 ±.004 

N 0.12 .005 

P 28.20 ±O.2O 1.110 ±.008 

Q 0.15 .006 

T 0.8 radius .031 radius 

U 0.20 ~~1~ .008 ~.~~~ 

G 

P84L·50A3-1 

1-18 

84 

H 

~--~--~--------~----A--------~~~--------~ 

I+------------B-------------------;~ 

0000000000 

+ 

F 

~----=----------P-----------------~ 

c 

T 

D 

(2190) 
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NEe Package Dr~wings 

B4-Pin Ceramic Lee 
L 

Item MIllimeters Inches 

A 29.2±0.4 1-150 ~ :g~~ 
B 24.0 .945 

C 19.75 .778 

0 29.2 ±0.4 1.150 ~:g~~ 
E 1.28 .050 
F 1.66 .065 
G 3.556 .140 

H 0.91 ±0.10 .036 + .004 
-.005 --.!F~------+-------Er-

0.12 .005 
1.27 (TP) .050 (TP) 

K 1.27 ±02 .05O±.008 
L 2.54±02 .100 ± .008 
P 0.25 radius .010 radius 
R 1.9 .075 
S 1.9 .075 
T 3.0 radius .118 radius 
U 12.0 .472 
Y 0.76 corner .030 corner 

:T 
s 

• • F 
.~~~~~~~~~~~ . IIRRRpRRRRRRRRRRRRRRpRRf+rE 

y 

------ -...~-... 

A----IJ-. ------ ~. 
~ 4 
~ 4 
) 4 

? 4 

I 4 

• 
T-X 4 

I 
4 

I 
4 

~ 4 

> I" ./ c 
c 0 

j 
> 
) 
) 
) 
) 
) 

4 ) 

) ~ ) ~ > r ~ ..,.. I~ ---- ---~ ,-"-' -~ 

"4 U • 
"4 B • 

X84KW-5OA 838 L·5401 B (3/90) 
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Package ,Drawings 

94-Pin Plastic QFP 

Item MIllimeters Inches 

A 23.2 ±O.4 .913 +.017 
-.016 

B 20.0 ±O.2 .787 +.009 
-.008 

C 20.0 ±O.2 .787 +.009 
-.008 

0 23.2 ±O.4 .913 +.017 
-.016 

F, 1.6 .063 

F2 0.8 .031 

G, '.6 .063 

G2 0.8 .031 

H 0.35 ±O.10 .014 +.004 
-.005 

0.15 .006 

0.8 (TP) .031 (TP) 

K 1.6 ±O.2 .063 ±.008 

0.8 ±O.2 .031 +.009 
-.008 

M 0.15~:ci~ .006 +.004 
-.003 

N 0.15 .006 

3.7 .146 

a 0.1 ±O.l .004 ±.004 

R 0.1 ±O.l .004 ±.004 

S 4.0 max .158 max 

Detail of lead end 

R Q 

S94GJ·80·5BG·l 
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NEe Package Drawings 

120-Pin Plastic OFP 

Item Millimeters Inches 

A 32.0 ±0.4 1.260 ±.016 

B 28.0 ±0.2 1.102 ~ :gg~ 

c 28.0 ±0.2 1.102~:gg~ 
0 32.0 ±0.4 1.260 ± .016 

F 2.4 .094 

G 2.4 .094 

H 0.35 ±0.10 .014 ~:gg~ 
0.15 .006 

J 0.8 (TP) .031 (TP) 

K 2.0 ±0.2 .079 ~ :gg~ 
L 0.8 ±0.2 .031 ~:gg~ 

M 0.15 ~g:6~ + .004 
.006 -.003 

N 0.15 .006 

P 3.7 .146 

Q 0.1 ±0.1 .004 ± .004 

R 0.1 ±0.1 .004 ±.004 

S 4.0 max .157 max 

Enlarged detail of lead end 

fEDt 
t t 
Q R 

K 

~+ o N 

P120GD·BO·5BB 49NR·653B (12/89) 

• 
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Package Drawings 

132-Pin Ceramic PGA 

\. j 

J I 

E 

i !J u u u u u u u u u u 0 ~ Ii 
G -H-LK W ~- _ .• 

-H- RIB M@I 

X132R-l00A 
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P N M L K J H G FED C B A 

© 0 0 0 0 0 0 0 0 0 0 0 0 © 14 

o 0 0 0 0 0 0 0 0 0 0 0 0 0 13 

o 0 0 0 0 0 0 0 0 0 0 0 0 0 12 

000 

000 

000 

000 

000 

000 

000 

000 

o 0 0 0 0 000 0 

o 0 0 0 0 000 0 

© 0 0 0 0 0 0 0 0 

Item Millimeters 

A 3S.S6 ±O.4 

D 3S.S6 ±O.4 

E 1.27 

F 2.S4 (TP) 

G 2.8±O.3 

H O.Smln 

I 2.9 

J 4.57 max 

K s1.2±O.2 

L s0.46 ±O.OS 

M O.S 

o 0 0 11 

o 0 0 10 

o 0 0 9 

o 0 0 8 

o 0 0 7 

o 0 0 6 

o 0 0 S 

°N°~~~ : o 0 0 0 2 

o 0 0 © 1 

~torpin 
Inches 

1.400~:g~~ 

1.400~:g~~ 
.OSO 

.100 (TP) 

.110~:g~~ 

.019 min 

.114 

.180 max 

S.047~:gg~ 

S.018~:gg~ 
.020 

6189 
83YL·5817B 



NEe pPD70236 (V53) 
16-Bit Microprocessor: 

NEC Electronics Inc. High-Speed, High-Integration, CMOS 

Addendu m 1 (April 1991) 

Scope Changes 

This addendum to the J,lPD70236 (V53) data sheet, Pages 14 and 15. Replace with the AC Characteristics 
document no. 50159-1, revises the AC Characteristics table in this addendum. 
table to include data for operation with CPU clock 
frequencies of 10, 12.5, and 16 MHz. 

AC Characteristics 
TA = -10 to + 70°C; Voo = 5 V ±10%; CL of output terminals = 100 pF max; tCYK = CPU clock period; n = number of wait states· 

Maximum CPU Clock Frequency 

10 MHz 12.5 MHz 16 MHz 

Parameter Symbol Min Max Min Max Min Max Unit 

Clocks (figure 1) 

CLKOUT period tCYK 100 500 80 500 62.5 500 ns 

CLKOUT high-level width tKKH 0.5tCYK - 12 0.5tCYK-10 0.5tCYK-7 ns 

CLKOUT low-level width tKKL 0.5tCYK -12 0.5tCYK-10 0.5tCYK-7 ns 

CLKOUT rise time (1.0-3.5 V) tKR 12 10 7 ns 

CLKOUT fall time (3.5-1.0 V) tKF 12 10 7 ns 

X1 input period tcyx 50 250 40 250 31.25 250 ns 

X1 input high-level width txKH 20 15 13 ns 

X1 input low-level width txKL 20 15 13 ns 

X1 input rise time txKR 7 5 5 ns 

X1 input fall time txKF 7 5 5 ns 

X1 to CLKOUT delay tOXK 10 35 10 35 10 35 ns 

PCLKOUT period tCYPK 4tcyx 1000 4tcyx 1000 4tcyx 1000 ns 

PCLKOUT high-level width tpKH 2tcyx - 12 2tcyx -10 2tcyx -7· ns 

PCLKOUT low-level width tpKL 2tCYX -12 2tCYX -10 2tCyx-7 ns 

PCLKOUT rise time (1.0-3.5 V) tpKR 12 10 7 ns 

PCLKOUTfall time (3.5-1.0 V) tpKF 12 10 7 ns 

Input signal rise time tlR t 15 15 12 ns 

Input signal fall time tlF t 10 10 10 ns 

Output signal rise time tOR t 15 15 12 ns 

Output signal fall time tOF t 10 10 10 ns 

Reset (figure 2) 

RESET setup to CLKOUT ! tSRSTK 30 30 30 . ns 

RESET hold from CLKOUT ! tHKRST 15 15 15 ns 

RESET low-level width tWRSTL 6 6 6 tCYK 

RESOUT delay from CLKOUT! tOKRO 0 40 0 40 0 40 ns 

t This parameter is not shown on the timing waveforms. 

50159-1Al 



pPD79236 (V53), Acjdendum 1 (April 1991) NEe . .. 

AC Characteristics (cont) 
Maximum CPU Clock Frequency 

10 MHz 12.5 MHz 16 MHz 

Parameter Symbol Min Max Min Max Min Max Unit 

Read, Write (figures 3-12,16,18-19, 22,28-31) 

Address/status setup time tOARL t 0.5tCYK -15 0.5tCYK- 15 0.5tCYK-15 ns 
before assertion of MRD, 
lORD ~ 

Data hold time from MRD, tHRO t 0 0 0 ns 
lORD t 

Address/status setup time tOAWL t 0.5tCYK -15 0.5tCYK- 15 0.5tCYK-15 ns 
before assertion of MWR, 
IOWR~ 

MWR, IOWR low-level width twWL t (n+1)tCYK,...10 (n+1)tCYK-10 (n+ 1)tCYK -10 ns 

Address/status hold time from tHMWHA t 0.5tCYK -15 0.5tcYK -15 0.5tCYK -15 ns 
MWRt 

BCYST delay from CLKOUT ~ tOKBC 5 45 5 45 5 40 ns 

BCYST low-level width tBCBCL tCYK-10 tCYK-10 tCYK-10 ns 

BCYST high-level width tBCBCH (n+ 1)tCYK - 10 (n+ 1)tCYK - 10 (n+ 1)tCYK -10 ns 

Address delay from CLKOUT ~ tOKA 5 45 5 45 5 40 ns 

Control 2 delay from CLKOUT tOKCT2 5 45 5 45 5 40 ns 
(Control 2 = MWR, IOWR in 
DMA cycles) 

Status delay from CLKOUT ~ tOKST 5 45 5 45 5 40 ns 

Data float delay from CLKOUT t tFK 0 40 0 35 0 30 ns 

DSTB ~ delay from CLKOUT ~ tOKOS 5 45 5 45 5 40 ns 

DSTB low-level width tOSOSL (n+ 1)tCYK - 10 (n+ 1)tCYK - 10 (n+ 1)tCYK -10 ns 

DSTB high-level width tOSOSH 0.5tCYK-10 0.5tCYK- 10 0.5tCYK- 10 ns 

CLKOUT to IOWR delay tOKIW 0 45 0 45 0 40 ns 

CLKOUT to lORD delay tOKIR 0 45 0 45 0 40 ns 

CLKOUT to MRD delay tOKMR 0 45 0 45 0 40 ns 

CLKOUT to MWR delay tOKMW 0 45 0 45 0 40 ns 

CLKOUT t to DSTB t tOKOSH 5 45 5 45 5 40 ns 

Address/status output delay to tOAOSL 0.5tCYK-15 0.5tCYK-15 0.5tCYK-15 ns 
DSTB ~ 

Address/status hold time from tHOSHA 0.5tCYK - 15 0.5tCYK-15 0.5tCYK - 15 ns 
DSTB t 

Data output delay from DSTB t tOOSHO 0.5tCYK-15 0.5tCYK- 15 0.5tCYK-15 ns 

Data output delay from address/ tOAO 0.5tCYK -15 0.5tCYK- 15 0.5tCYK - 15 ns 
status output 

Data output delay from tOKO 5 45 5 45 5 40 ns 
CLKOUT t 

Data setup time to CLKOUT ~ tSOK 10 10 10 ns 

Data hold time from CLKOUT ~ tHKO 7 7 7 ns 

Data hold time from DSTB high tHOSO 0 0 0 ns 

Data hold time from change tHASO 0 0 0 ns 
point of address or status 

2 



NEe IIPD70236 (V53), Addendum 1 (April 1991) 

AC Characteristics (cont) 
Maximum CPU Clock Frequency 

10 MHz 12.5 MHz 16 MHz 

Parameter Symbol Min Max Min Max Min Max Unit 

Data hold time from RIW t tHRWO 0 0 0 ns 

READY setup time to CLKOUT t tSRYK 10 10 7 ns 

READY hold time from tHKRY 20 20 15 ns 
CLKOUT t 

Bus Sizing (figures 13, 14) 

8S8/8S16 setup time to tSBSK 10 10 7 ns 
CLKOUT t 

8S8/BS16 hold time tHKBS 15 15 10 ns 
from CLKOUT t 

Bus Hold (figure 17) 

HLDRQ setup time to tSHQK 10 10 7 ns 
CLKOUT t 

HLDRQ hold time from tHKHQ 20 20 15 ns 
CLKOUT t 

CLKOUT t to HLDAK delay tOKHA 5 45 5 45 5 40 ns 

Output tristate to HLDAK delay tOFHA 0.5tCYK-15 0.5tCYK - 15 0.5tCYK-15 ns 

Input Setup and Hold (figure 15) 

NMI, INTPO-INTP7, CPBUSY tSIK 15 15 10 ns 
setup time to CLKOUT ~ 

NMI, INTPO-INTP7, CPBUSY tHKT 15 15 10 ns 
hold·time from CLKOUT ~ 

Timer/Counter Unit, TCU (figure 20) 

TCTLO-TCTL2 setup time to tSGK 50 50 50 ns 
CLKOUT + 

TCTLO-TCTL2 hold time from tHKG 100 100 100 , ns 
CLKOUT + 

TCTLO-TCTL2Iow-level width tGGl 50 50 50 ns 

TCTLO-TCTL2 high-level width taGH 50 50 50 ns 

TOUTO-TOUT2 output delay tOKTO 100 100 100 ns 
from CLKOUT ~ 

TCLK period tCYTK 100 100 100 ns 

TCLK rise time tTKR 15 15 15 ns 

TCLK fall time tTKF 15 15 15 ns 

TCLK low-level width tTKTKl 45 45 45 ns 

TCLK high-level width tTKTKH 30 30 30 ns 

TCTLO-TCTL2 setup time to tSGTK 50 50 50 ns 
TCLK t 

TCTLO-TCTL2 hold time from tHKTG 100 100 100 ns 
TCLK t 

TOUTO-TOUT2 output delay tOTKTO 100 100 100 ns 
from TCLK ~ 

TOUTO-TOUT2 output delay tOGTO 100 100 100 ns 
from TCTLO-TCTL2 ~ 

3 



pPD70236 (V53),I'AddendUm 1 (A.,rU 199:1) &lEe 
AC Characteristics (cont) 

Maximum CPU Clock Frequency 

10 MHz 12.5 MHz 16 MHz 

Parameter Symbol Min 'Max Min Max Min Max Unit 

Serial Contro/Unit, SCU (figure 21) 

RxD setup time to SCU internal tSRX ns 
clock + 

RxD hold time to SCU internal tHRX ns 
clock f 

TOUn t to TxD delay tOTX 500 500 500 ns 

Direct Memory Access, DMA (figures 23-26) 

CLKOUT + to MRD, lORD t tOKRH 0 45 0 45 0 40 ns 
delay 

CLKOUT + to MRD, lORD + tOKRL 0 45 0 45 0 40 ns 
delay 

CLKOUT t to DMAAKO-DMAAK3 tOKHOA 0 45 0 45 0 40 ns 
d.elay 

lORD, IOWR + delay from tOOARW 0.5tCYK -15 0.5tCYK -15 0.5tCYK - 15 ns 
DMAAKO -DMAAK3 + 

DfVlAAKO-DMAAK3 t delay from tORHOAH 0.5tCYK -,5 0.5tCYK ~ 15 .o.5tCYK - 15 ns 
IORD.f 

CLKOUT to control 1, delay, . tOKCT1 0 45 0 45 0 40: ns 
(Control 1 = BUFEN, INTAK, 
REFRQ) 

lORD t delay to IOWR t tOWHRH 5 45 5 45 5 40 ns 

TC OIJ~put delay from GLKOUT t tOKTCL 0 45 0 45 0 40 ns 

TC off output delay from tOKTCF 0 45 0 45 0 '40, " , ns 
CLKOUTt 

T~ pullup delay from CLKOUT t tOKTCH 0 45 0 45 0 40 ns 

TC low-level width tTCTCL tCYK - 20 tCYK- 20 tCYK - 15 ns 

END·setup time to CLKOUT t tSEOK 35 35 35 ns 

END low-level width tEOEOL 100 100 100 ns 

IORD,MRD low-level width tRR 2tCYK- 45 2tCYK- 45 2tCYK- 40 ns 

IOWR, MWR low-level width tWW1 2tCYK- 45 2tCYK- 45 2tCYK - 40 ns 
(expanded write) 

IOWR, MWR low-level width tWW2 2tCYK- 45 2tCYK - 45 2tCYK- 40 ns 
(normal write) 

DMARQO-DMARQ3 setup time tSOQK 20 20 15 ns 
to CLKOUTt 

CLKOUT + to DMAAKO-DMAAK3 tOKLOA 0 45 0 45 0 40 ns 
delay 

Interrupt Control Unit, ICU (figure 27) 

INTPO-INTP7 low-level width tlPIPL 100 100 100 ns 
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FIELD SALES OFFICES 
EASTERN REGION 

901 Lake Destiny Drive 
Suite 321 
Maitland, FL 32751 
TEL: 407-875-1145 
FAX: 407-875-0962 

The Centre at Stirling 
and Palm 
9900 Stirling Road 
Suite 206 
Cooper City, FL 33024 
TEL: 305-436-8114 
FAX: 305-436-8116 

6625 The Corners Parkway 
Suite 210 
Norcross, GA 30092 
TEL: 404-447-4409 
FAX: 404-447-8228 

One Natick Executive Park 
Natick, MA 01760 
TEL: 508-650-4100 
FAX: 508-655-1605 

EASTERN REGION [cont] 

2525 Meridian Parkway 
Suite 320 
Durham, NC 27713 
TEL: 919-544-4132 
FAX: 919-544-4109 

200 Perinton Hills 
Office Park 
Fairport, NY 14450 
TEL: 716-425-4590 
FAX: 716-425-4594 

300 Westage Business Center 
Suite 200 
Fishkill, NY 12524 
TEL: 914-897-2101 
FAX: 914-897-2215 

8 Old Sod Farm Road 
Melville, NY 11747 
TEL: 516-753-7526 
FAX: 516-753-7137 

EASTERN REGION [cont] 

One Windsor Plaza 
7535 Windsor Drive 
Suite Bl0l 
Allentown, PA 18195 
TEL: 215-391-9094 
FAX: 215-391-9107 

CENTRAL REGION 

1500 West Shure Drive 
Suite 250 
Arlington Heights, IL 60004 
TEL: 708-577-9090 
FAX: 708-577-2147 

201 E. Big Beaver Road 
Suite 350 
Troy, M I 48084 
TEL: 313-680-0506 
FAX: 313-680-1015 

1550 East 79th Street 
Suite 805 
Bloomington, MN 55425 
TEL: 612-854-4443 
FAX: 612-854-1346 

CENTRAL REGION [cont] 

1105 Schrock Road 
Suite 515 
Columbus, OH 43229 
TEL: 614-436-1778 
FAX: 614-436-1769 

30050 Chagrin Blvd. 
Suite 120 
Pepper Pike, OH 44124 
TEL: 216-831-0067 
FAX: 216-831-0758 

16475 Dallas Parkway 
Suite 380 
Dallas, TX 75248 
TEL: 214-931-0641 
FAX: 214-931-1182 

12777 Jones Road 
Suite 196 
Houston, TX 77070 
TEL: 713-955-2191 
FAX: 713-955-2198 

129 Woodland Trail 
Leander, TX 78641 
TEL: 512-259-4947 
FAX: 512-259-2556 

WESTERN REGION 

One Embassy Centre 
9020 S.w. Washington 
Square Road 
Suite 400 
Tigard, OR 97223 
TEL: 503-671-0177 
FAX: 503-643-5911 

WESTERN REGION [cont] 

Encino Office Park Two 
6345 Balboa Blvd. 
Suite 240 
Encino, CA 91316 
TEL: 818-342-3112 
FAX: 818-342-0842 

200 E. Sand pointe 
Bldg. 8 
Suite 150 
Santa Ana, CA 92707 
TEL: 714-546-0501 
FAX: 714-432-8793 

14001 East Iliff Avenue 
Suite 411 
Aurora, CO 80014 
TEL: 303-755-6353 
FAX: 303-755-6728 

NORTHERN CALIFORNIA 
REGION 

401 Ellis Street 
PO. Box 7241 
Mountain View, CA 94039 
TEL: 415-965-6200 
FAX: 415-965-6683 
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