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1. OUTLINE

The LI3010EC is an evaluator designed for use with the C-MOS 1 chip microcomputer
SM-4. With a PROM externally added, it becomes equivalent in function to the
SM-4. In addition, having a hold function, 1 step function and indication fun-
ction of accumulator and RAM address contents, it is valid to debug programs for
the SM-4. ' '

< Features >

CMOS Process

ROM Capacity : Addressing possible up to 2268 bytes
RAM Capacity : 96 words

Instruction Set : 54 dnstructions

Subroutine Level 1.1 level

Hold Function

1 Step Function

Auto Stop Function-

Accumulator Contents Indication

RAM Address Contents Indication

108 Pin Quad Package (Ceramic) .

Built-in 5V to 3V Level Shifter (I, to Is, ® © Sync.)

2, CONFIGURATION
Refer to Fig.1 on the following page.
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3. TERMINAL DESCRIPTION
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Described here are term1na1s except those in use on the SM-4.

Terminal Name

I/0

Descrlptlon

I, to Is

1

Instruction code 1nput terminal

PLi~6
PUjy~y
Ca

Cx

" Qutput terminals for the contents of program

counters PL,. ¢

Output terminals for the contents of program
counters Pl, .,

Output terminal for the contents of program
counter CA

Output terminal for the contents of program
counter CX

HLD

With HLD terminal set to "1'", the CPU is turn-
ed to HOLD mode, and the PC and F/F hold their
contents. With HLD terminal set to 'O", the
CPU is turned to RUN mode to continue the
execution of the stopped program.

STP

With "1" transferred to STP terminal in HOLD-
mode, the CPU starts to execute only 1 step of
instruction with the PC counting up 1, and
stops. '

BL1~4

By

Output terminals for the contents of RAM address

registers B .
L~y

Output terminals for the contents of RAM address
registers BM;.,-

With a skip executed by a conditional skip in-
struction, the,J output is "1" during the cycle.

JIN

Sklp conditions a and b for RAM address register
BL, one of the PLAs for the SM-4, can optionally
be set by an external circuit. "1'" must be trans-
ferred to the Jyp terminal when the skip con-
ditions are matched.

CTRL

Control terminal for the clock stop circuit, one
of the PALs for the SM-4. With CTRL terminal set
to "1", the system clock stops by CEND instruction.
The system clock starts at O page O step by a 15
signal or Ki~s signal. (Pull up resistor provided).

PL

Input control terminal for R'F/F, one of the
PLAs for the SM-4. With the PI set to "1",
the R F/F is reset when the B input 1s "1".

The 5V power suppling port. Ii~s,BA@EC) sync,
STP and HLD inputs are at 5V level. In this
case, the level is shifted to 3V inside the
LSI.

R'; to Ri

R' F/F outputs and input signals to the PLA
for R output. .
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Terminal Name | 1/0 Description
B, F/F outputs and input signals to the PLA
Bp to Bp (0] for back plate signals H; to Hz and O output
! 4 ' switching signals(®) and ©) .
£ £ £ Divider output signals and input signals to the
f" f“’ 7> 0 PLA. f1=1Hz, fuy=8Hz, f7=64Hz, fg=128Hz, and
8s *13 £13=4096Hz.
W register output signals and input signals to
0ss, OSu 0 the PLA for R output.
<:> 0 Micro order from READ and WRITE instructions,
and input signal to the PLA.
T 0 Test F/F T output, and is "1" in TEST mode.
Input signal to the PLA.
d1', b2l i 0 . Clock outputs. ¢1' is an input-signal to the
1 %2. - PLA for R output. ’
@ © T 0 output switching signals, which transfer an’
output signal from the PLA. '

4, FUNCTION DESCRIPTION

Hold Function . ,

With HLD terminal set to "1", the CPU is turned to HOLD mode after the instruction
execution has terminated to hold the contents of the program counter and each F/F,
and then stops. With HLD terminal set to "0", the CPU releases HOLD mode to exe-
cute the program. PC outputs (PL1~5’ Pu; CA and CX) indicate the addresses of

the program to be executed next.

4-1. STEP MOTION FUNCTION

~ly ?

When "1" 4is transferred to the STP 1input to HOLD mode (with HLD terminal set to
"1"), the CPU starts to execute only 1 step of instruction with the PC counting
up 1, and then enters HOLD mode. (The signal to be transferred to the STP input
requires to be free of keying chatter.) ' , »

Note 1: 2 step instructions (LBL, DTA, TAL, CEND and ST) are accesssed to
HOLD mode after they have terminated.

Note 2: SBM, LAX, SSR and RTN1l instructions are accessed to HOLD mode after
they have executed their next instruction.

Note 3: Instructions with skip conditions (INCB, DECB, ADD11l, EXCI, EXCD,
ADX, TA, TB, TC, TFTAM, TM, TAO, TABL, TIS and TAL are accessed to HOLD
mode after they have skipped their next instruction when the skip
conditions are matched. The J output at this time is "1".
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4-2. ACCUMULATOR OUTPUT FUNCTION .
In HOLD mode, the accumulators A,~, contents are transferred to the input/out-
put terminals DIOj~y4. ' '
4-3. RAM ADDRESS REGISTER CONTENTS INDICATION FUNCTION
RAM address registers BL1~u and BM1~I+ of the SM-4 are transferred, making it pos-
sible to indicate their contents.
4—4. AUTO STOP FUNCTION
With addition of an appropriate external circuit, the LI3010EC can be turned to

HOLD mode at any optional address.

HLD ——

ASE{—" —

to HLD input terminal

———————— > (o STP input terminal

1 STE | .~

FIG.2 HOLD, AUTO STOP, ONE STEP CONTROL CIRCUIT
5. PLAs

The SM-4 has a number of PLAs which can be mask-é]tered. In the LIS010EC, however,
these PLAs can be cogntrolled by an external circuit and PLA control terminals (PT
and CTRL). .

5-1. RAM SKIP CONDITION SETTING PLA (PLA 1)

Skip conditions can be set by BL = a (2) under the INCB and EXCI instructions

and B, = b under the DECB and EXCD instructions. However, these conditions are-
determined by a B, _, and instruction I, combination. For example, when skip-

ping is done at a = 7 and 15, and b = 0,
Iy (BLq BL3 BL2 BL1 + BL1 BL2 BLg BLq) + I, BL4 BL3 BL2 BLl must
be transferred to input terminal JINe :

5-2. RESETTING BY B SIGNAL OF R: F/F (PLA 2)

In the SM-4, R; F/F can be reset by the PLA when the B input signal is B
In the LI3010EC, however, the R, F/F can be controlled by the PI terminal.
(The PI is provided with a pull up resistor.)

5-3. SYSTEM GCLOCK STOP CONTROL PLA _(PLA 3)

In the SM-4, the system clock can be stopped by the CEND {instruction, using the
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PLA. At this time, part of input/output F/F and internal RAM contents are -in
storage. In the LI3010EC, this condition can be set by CTRL terminal. (The

CTRL is provided with a pull up resistor.)

5-4. Ri OUTPUT _(PLA 4)
Ry~s outputs can be obtained by combining Ry~y F/F outputs and Og, s 053, fi,
¢1, I.1 and (:)outputs. The LI3010EC requires these logics to be externally

Tined up.

R1 FEAFR )

Rz E/F(R'2) - Note

Rz E/F(R 3 MM,

r Gy , PC is transferred to synchronize
) o ¢1. This cause the outputs I, to
Os,, B Do , Is from the PROM to synchronize
Oss o : d1. When the logics are lined up
s [o— : as shown in Fig.3, they are s

T D 2 ' required to synchronize ¢a.
: ‘
S YYYY
LI3010 EC
) R ) -Ra Rz Rz R1
FIG.3

5-5. H;~2 OUTPUTS ~(PLA 5)

Hi~3 output and O ij output control signals ® ,® and © are obtained by
the combination of BP1~4’ f7, fe, (:)and T. The LI30I10EC requires these to be

externally lined up.
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' —57—
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6. SYSTEM CONFIGURATION
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Fig.5 indicates a minimum system configuration required for the LI3QlOEC when used

as evaluator of the SM-4.

B osetting | 5 g,
circuit N ’
(PLA 1) > 18K "1 proM
1T
) H output <: Bp, f
C (PLA 5)
> A® O Polynomial
PC{_— A binary
converter
<1 R output K
. Clock
Sync generator
< 0136)
ACL ACL
—> K (4)
i , B
FIG.5

7. ELECTRICAL SPECIFICATIONS AND PACKAGE SPECIFICATIONS

<« Absolute Maximum Rate >

Item Symbol Rate Unit
Vp +0.3 to -3.5 v
Terminal VD +0.3 to =5.5 v
voltage * Vin* | 40.3 to vp-0.3 v
IN2*** | +0.3 to V-0.3 v
Operation T opr 0 to +40 °c
temperature 7 7
Storage T stg. ~20 to +70 °c
temperature

% Maximum voltage applicable to the ground terminal.
%% Applicable terminals: DIO(4), K(4), &,B, ACL, CIRL and PI
*%% Applicable terminals: @ @ , -J’I;J" 1(8), HLD, STP and Sync.
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« Electrical Character > Vp = -3Vibz, V.=-5Vi5%, Ta=25°C
' ' t e .
Item Symbol Condition MIN R ;YP e VAR Unit Note
ViH, ~0.6 v 1
ViLa V0.6 V
- Input- Vige =0.3 ) 2
Voltage ViLez Vpt0.3] V 7
ViHs -0.6 ' 3
ViLs Vgt0.6| V
Vo Io=50uA to Vp -0.5 7 v %
VOL1 Ig= 5pA to GND Vpt0.5| 'V
Output-— Vou e Io=50uA to Vp -0.5 vV 5
Voltage VoLe Ig=30uA to GND vpt0.5] V-
Vol s Io=100uA to Vi -0.6 , v 6
VoL s R1,=50KQ to V¢ Vci0.6| V
Notes: 1. Applicable terminals: K(4), o,B, PI, CIRL
2, . Applicable terminal : ACL
3. Applicable terminals: @ @ JiN, 1(8), HLD, STP, Symc.
4. Applicable terminal: 0(32)
5. Applicable terminal: DIO(4)
6. Applicable terminals: Py (6), PU(4), Cpr Cxo @,

EVALUATION CHIP

R'(4), By(4), £(5), ¢'(2)

All terminals are open drain.

TERMINAL CABLE
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No. ggmr:i““ 1/0 | No. ;5:;‘:“31 1/0 | No. E:;f:i“al 1/0 | No. ;‘;:;:1““1 1/0
1| @ 1 |28 | Pps o |55 | fas o |8 | vy 1
2| ® 1 |29 | ¢, o |56 | £ o |83} By 0
31 © 1 {30 | Cy o |57 ] £ o |8 | By, o
4 | Jpy I 31 DI04 1/0 | 58 | 4,- 0 85 | Bys )
5 I, I 32 DIO; 1/0 | 59 by~ 0 86 | By, o
6 I, L 33 DIOz 1/0 | 60 ACL I 87 B ]
7 Ls I 34 DIO) I/0 | 61 | Og, o 88 | By, 0
8 I T 35 K1 I | 62 | og4 0 89 | Bpg 0
9 | Is T |36 | o I |63 | og, o |9 | B, o
10 1s 1 |37 8 1 |64 | og, o |91l ois )
11 1y I Kt Kz I .| 65 013 o 92 02s o
12 Is I 39 Ks I 66 021 o 93 O3as o
13 | HLD I 40 Ky I 67 051 o 94 04S o
14 | sTP T 41 | cnp 1 |68 | o0u: 0 95 | 0Oas o
15 | GTRE I |42 [6D 0 | 69 | o12 0 | 96| oz 0
16 PL I 43 Ry~ 0 70 Oz2 o 97 036 o]
17 J 0 44 Ry~ 0 71 | 032 0 98 | Ous 0
18 T o 45 Rs= o | 72| Ou:2 o 99| o1y 0
19 | Py, ) 46 Ry~ 0 | 73| 013 0 [100 | 027 0
20 | Py, [ 47 Bp, o] 74 023 o |io01 Os7 o
21 | Py, 0 | 48 Bpz 0 | 75| o33 ~0 |102 | ou7 0
22 | Py, ) 59 Bps 0 | 76 | ous 0 |103-] o1 0
23 | Pp. ) 50 Boy o | 77| o 0 1104 | 0,4 0
26 | Py, o | 51 | sync. I | 78| oz« 0 {105 | 04s 0
25 | Pyj, o |52 1 o [ 79] o3 0 [106 | O4s o
26 | Py, 0 53 £y o |8 | nc 107 |- ga 1
27 | Py o 54 | NG ) 81 | Oy o 108 | v, I

(37
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< 108 Pin Quad Package > |
O DB @ poen R E
& &) reams et
UNTT: mm- j:
I : :!I%_l__.
1@5“ ............................. ] |3
| @ pgg 03 & ; <

Notes: . =870

L

2)

3)

Precautions in Program Generator

Be sure to enter the SSRF instruction (5F) in 15 page O step at the
start address for the Auto Clear. When restarting (0O page 0 step)

" from the system clock stop, stack registers SL and SU are  inconstant,

requiring their setting by the SSR instruction eor TRl instruction.

Difference between the LI3010EC and SM4

The LI3010EC is identical both in internal logic andrinput/output
circuit to the SM-4. As described earliér, however, R~y outputs
and H;~3 outputs are required to be lined up by an external circuit.
The SM-4 has a built-in oscillating circuit with 0SC-out and 0SC-in
terminals provided. The LI30Ll0EC requires an oscillating circuit
to be extermally provﬁded. Fig. 6 shows the example of an oscil-

lating circuit.

~

6_| To Sync
[>o-

—iE

+—H

L L

= * FIG:. 6

5V to 3V Level Shifter

The internal logic for the LI3010EC operates on VD (=3V) in a
similar manner to the SM—4. - However, the output from the VC (-5V)
is transferred to Il-vs,@ @ Sync, STP and HLD inputs, which
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are then level-shifted inside the LI3010EC.

Program counters PL1 to PL6 of the SM~4 count up in accordance

with the polynomial code. This requires the program sequentially
written from the start address to write program-data in the PROM
addresses in accordance with the polynomial code. For this, it

is convenient to convert the polynomial code to a binary code.
Addresses are assigned in the polynomial code seqﬁence of 00, 32, 48
and so on for programming done so that outputs to the addresses are
00, 01, 02 and so on, Data to be written on PROM is shown on the

following page.

FROM ADDRESS TRANSFORM

Address 7 OQutput . Address Output

[=3
o
o

R = mRi=|Rr|R]Pr|(RrFR|R|Rr|Rr|Rrlo|ojo|lojo|o|o|Oojo|o|0|O|Oo|o|0 |0
Hidig|lolwlr|o|le|vw|laolv|riw(dMRr|C"IBIDIO|E(>|{0lodjv|VHlWw N FIO
oclolrlr|v|iF|lwiv]r v iviwiw|[(v|viFr|lolRIFHIGIM WML IN IRl DR ]WL|W
ol|lw|lm|o|lo|ln|wlw|d|laoalr|vlo|w|H|p|lol"]lo|»rw|iW|0 | C | 0N 00w DR
wiwwlwl wolvloevlelvivlelelvolw|N]s[did(pld] oo ividvINININ
o|loloclclo|lr|loloclojvwir|rlolwiv]ololridivIiEIw WIH|OlLIMW N[ o
olulr|rjvoijg|"Hiw ol OIRIN (NN Rliv|ls|lw|lwlIw|Big|WiE || m | o

Hlmlolalg|rlejlo| vl |srlw|nvirloHdiB|(g|lo|E ([Pl |dlo|virlwiNvRIO

—41—
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