TOSHIBA

TeM27S

TOSHIBA CMOS DIGITAL INTEGRATED CIRCUIT SILICON MONOLITHIC

T6M27S

The T6M27S is single-chip microcomputer for 8-digit + 1-

digit scientific caluculation.
T6M27S is the complete single chip CMOS LSI for

calculator with 8 digits, 27 functions, and fractional

number calculation with the following features.

FEATURES
e 38-digit display plus 1-digit code at the right margin.

¢ Scientific display.

Mantissa 6 digits plus exponent 2 digits plus

negative code 2 digits.
o Fractional number display.
9 digits plus negative code 1 digit.
e Other than above
Mantissa 8 digits plus negative code 1 digit.

® 9 kinds of special display
M Memory DEG
- Minus RAD
E Error GRAD
INV Inverse ()

® The minus sign of the mantissa is floating minus.

T6M27S SINGLE-CHIP CMOS LSI FOR LCD CALCULATORS

LQFP60-P-1414-0.80
Weight : 0.66g (Typ.)

Degree
Radian
Gradian
Parenthesis calculation

® The arithmetic key operation in clouding Y* has same sequence as mathematical equation. 4
pending operations are allowed and ( )are up to continuous 15 levels.

® Fractional number calculation.

® One independent accumulating memory.

® Direct drive for FEM LCD (1/3 prebias, 1/4 duty).

® Automatic power on clear.

® |low-power consumption. Vgg= —3.0V single power supply.

® The 60-pin flat package is used.

980910EBA2

@ TOSHIBA is continually working to improve the quality and the reliability of its products. Nevertheless, semiconductor devices in general can
malfunction or fail due to their inherent electrical sensitivity and vulnerability to physical stress. It is the responsibility of the buyer, when utilizing
TOSHIBA products, to observe standards of safety, and to avoid situations in which a malfunction or failure of a TOSHIBA product could cause loss
of human life, bodily injury or damage to property. In developing your designs, please ensure that TOSHIBA products are used within specified
operating ranges as set forth in the most recent products specifications. Also, please keep in mind the precautions and conditions set forth in the

TOSHIBA Semiconductor Reliability Handbook.
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TOSHIBA

TeM27S

SYSTEM BLOCK DIAGRAM

(Note) Input capacity<<300 (pF) at Vpp = -2.6 (V)
Key resistance<<1.5 (k{)) at Vpp = -2.6 (V)
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@ The products described in this document are subject to the foreign exchange and foreign trade laws.
@ The information contained herein is presented only as a guide for the apf
CORPORATION for any infringements of intellectual property or other rights o
by implication or otherwise under any intellectual property or other rights of TOSHIBA CORPORATION or others.
@ The information contained herein is subject to change without notice.

lications of our products. No responsibility is assumed by TOSHIBA
the third parties which may result from its use. No license is granted
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TOSHIBA T6M27S

CONNECTION OF LCD
SEGMENT
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TOSHIBA T6M27S

SET KEY LAYOUT (Example)

ON
INV OFF C/CE
SIN cos TAN DRG T %
SIN™T cos™! TAN™! DRG)
n fog & 2 A/ 1/%
e* 10"
RM X—M M+ abl/c d/c
7 8 9 ( )
4 5 6 x +
1 2 3 + -
0 . +/- EXP =
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TOSHIBA T6M27S

KEY CONNECTION

K1 K2 K3 Kg
VDD— ON C/CE |—
|
|} I INV —
S)— 1 47— + ( —
Al—— . - ) —
SIN
Bl——+ 0 x —_—
SIN™
Ay 1 . cos1 |
COoS™
TAN
Bp— — 2 = —
TAN
A—— 3 x? XoM  —
B3— 1 v RM  [—
Ap— 5 7 M+  |—
Bgm— | 6 1/x % —
Ag— 7 —fog ab/c |—
10*
£In
B 8 —| dic |
o
Ap———— 9 Y* OFF |—
DR
Bg———  EXP _DRG_ —
DRG p
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TOSHIBA T6M27S
PIN ASSIGNMENT
45 44 43 42 41 40 39 38 37 36 35 34 33 32 31
T6M27S
(TOP VIEW)
123 456 7 8 9101112131415
OPERATION EXAMPLE
DISPLAY
CALCULATION EXAMPLE KEY OPERATION MANTISSA | SIGN | EXPONENT
Addition, Subtraction
® 123+654=777 123[+]654[=] 777
® 19+19+19+19=76 19[+]=]=]=] 76
® 234-345=-1.11 2.34[-]3.45[=] -1.11
Multiplication, Division
® 98765x (-4321) 98765[x]4321[+ / -] =] -4.26763 08
= -4.26763 x 108
® (4.5x105) +7.8=576923.08 |4.5[EXP|6[+]7.8[=] 576923.08
Parenthesis
1-13 111313. -0.0625
® T5417 - T00825 (is[=]17[F]
® 98:[(7+4)x(5-6)] 98@..7.4...5E| -8.9090909
= -8.9090909 6[=]
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TOSHIBA T6M27S

DISPLAY
CALCULATION EXAMPLE KEY OPERATION VMANTSSA | SIGN | EXPONENT
Constant Calculation
® 0.12+0.78=0.9 0.12[+]0.78[=] 0.9
0.34+0.78=1.12 0.34[=] 1.12
0.56 +0.78 = 1.34 0.56[=] 1.34
e 987 -100=887 987[=]100[=] 887
654 - 100 = 554 654[=] 554
321-100=221 321[=] 221
® 1.1x4.4=4.84 1.1[x]a.4[=] 4.84
22x4.4=9.68 2.2[=] 9.68
3.3x4.4=14.52 3.3[=] 14.52
® 500+4=125 500[ +]4 [=] 125
600 +4 =150 600[=] 150
700 +4 =175 700[=] 175
o 25=32 2[y?]5 [=] 32
35=243 3[=] 243
45=1024 4[=] 1024
® 123+4x56=347 12.3[+]4[%]5.6[=] 34.7
23.4+4x5.6=458 23.4[=] 45.8
34.5+4%5.6=56.9 34.5[=] 56.9
Memory Calculation
(Total calculation)
9x8=72 [C-CEx=>M]9[x]8[=]M +] 72
7x6=42 7[x]6[=]Mm + 42
+) 5x4=20 5[x]4[=]M +]RM] 20
134 134
Fractional Calculation
1T 1 1 1 1ab/c|2[+]1]ab/c|3[+]
‘7+?+z=1ﬁ 1ab/c4g|_| . 1:)1:012
d/d 13012
ab/c 1.0833333
ab/c 11 12
o 51 _,1__,23 5[ab/c]1[ab/c|6[-]7[ab /(] e 23D
6 8 24 1[ab/d8[=]
d/d —a7d 24
lab /| -1.9583333
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TOSHIBA

TeM27S

CALCULATION EXAMPLE

KEY OPERATION

DISPLAY

MANTISSA | MODE | EXPONENT
Functional Calculation
(Trigonometry)
® sin30°=0.5[DEG] DRG|[DEG] 30 [SIN] 0.5 | [DEG]
. cos%n[RAD]:—O.S Egg’l RADIL(J2[+[3[x][x]D)] ~0.5 | [RAD]
® tan1509= - 1[GRAD] DRG|[GRAD] 150[TAN] - 1|[GRAD]
® 1-c0s?60°=0.75[DEG] DRG]|[DEG] 1[=]60[cOS|[x?][ =] 0.75 | [DEG]
(Inverse trigonometry)
® sin-'-0.5= -30°[DEG] DRGJ|[DEG] 0.5[+ / —|[SIN-T] -30 | [DEG]
® cos -1 DRG|[RAD] 1[+ / =][cOS-T] 3.1415927 | [RAD]
=3.1415927 [RAD]
® tan~'1=509[GRAD] [DRG|[GRAD] 1[TAN-7] 50 | [GRAD]
(Exponential)
e ¢'=2.7182818 1[e7] 2.7182818
® e'5x1025=1417.2345 1.5/e*]| x]2.5[10% =] 1417.2345
(Natural logarithm)
® In 30=3.4011974 30[LN] 3.4011974
(Common logarithm)
® £0g100=2 100[LOG]| 2
® fog/3+£og/5 3[v_|LogG[[+]5 v]LoG| =] 0.5880456
=0.5880456
(Square root)
o /2=1.4142136 2v” 1.4142136
® /5x+/7=59160798 siv_I[x]7V_I[=] 5.9160798
(Square)
® 32:42=25 3[2]+ a2 =] 25
® (2.34x%10%2 2.34[EXP|5 [x?] 5.4756 10
=5.4756x 10'°
(Power)
® 210-1024 2[y310[=] 1024
® 3-19=860391x 100 3ly?l19[+ 7 =][=] 8.60391 -10
e 3./8(=8"3)=2 s[y?3[1/4[= 2
e %./81=3 81v_|v_] 3
(Reciprocal)
% + % =0.5333333 31/« +[5]1/x] =] 0.5333333
1
P EEIA 1.23[EXP]17[1/4] 8.13008 18
=8.13008x 108
Pi Calculation
® 5xr=15707963 | 5[x][=][=] 15.707963
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TOSHIBA T6M27S

DISPLAY
CALCULATION EXAMPLE KEY OPERATION MANTISSA | SIGN | EXPONENT
Percent Calculation
® What is 15% of 400?
1

400 x % =60 400[x]15 [%][ =] 60
® 3 equals what percent of

24?

3

Sg X100=125 3[=]24[%] =] 12.5
® A 25% add on to 800

25

800 +800 x = 1000 800[ +]25[%][ =] 1000

® A 18% deduction on 700
18

700 - 700 x <o =574 700[=]18[%][=] 574

MAXIMUM RATINGS
CHARACTERISTICS SYMBOL RATING UNIT

Supply Voltage Vss +0.3~-35 \Y
Input Voltage VIN +0.3~Vpp-0.3 Vv
Operating Temperature Topr 0~40 °C
Storage Temperature Tstg -55~125 °C

ELECTRICAL CHARACTERISTICS (Vgg= -3.0+0.2V, Vpp =0V, Ta=25%1.5°C)

TEST
CHARACTERISTICS SYMBOL | CIR- PIN TEST CONDITION MIN [ TYP. [ MAX [ UNIT
cuit | NAME
Operating Voltage — — — — -25| -30]| -34 Y
Supply Current Ipp WAIT| — [ — [Vgg= -3.0V, wait — 26 | — | uA
Supply Current Ipp OP — — |Vgs= —-3.0V, operate — 52 78 | pA
Supply Current Ipp OFF — — | Vss=-3.0V, off — 1 3 pA
Oscillating Frequency fé WAIT | — — |Vgg= -3.0V, wait 18 30 42 | kHz
Oscillating Frequency fé OP — — |Vgg= -3.0V, operate 42 70 98 | kHz
Frame Frequency fF — — | Vsg= -3.0V, wait 70 117 164 | Hz
Timer T timer — — |Vgg=-3.0V 428 | 600 | 1000 s
“1" Input Voltage Viy — |K1~Kq — V(S)S; — | vss
“0" Input Voltage VIL — [K1~Kg — VDD — -05 Vv
wan . VouTt=Vss +0.5V:
1" Output Resistance RKEY — | SEG KEY STROBE — — 2 [ kQ
“0” Output Resistance Rsgg (L) — | SEG |VouT=VDpD-0.5V — — 90 | kQ
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TOSHIBA T6M27S

TEST
CHARACTERISTICS SYMBOL | CIR- PIN TEST CONDITION MIN | TYP. | MAX | UNIT
cuir | NAME
waqn . VOUT=VSS+05V .
1" Output Resistance Rseg(H) | — | SEG KEY STROBE — — 90 kQ
“0” Output Resistance Rcom (L) | — | COM |VouT=VDD-0.5V — — 25 kQ
“1” Output Resistance Rcom(H) | — | COM |VouyTt=Vss +0.5V — — 25 kQ
KEY PULL UP Resistance |RpyLL up| — K1 [VouT=0V 27 45 63 kQ
KEY PULL DOWN RPULL N _
Resistance pown | — |K2~Ka|Vour=Vss 27 45 | 63 | kO
“M" Output Resistance Rom — | SEG |Vout =%VSS -0.5v — 100 — k()
“M" Output Resistance Rom — | SEG |VouTt =%V55 +0.5V — 100 — kQ
“M" Output Resistance Rom — | COM |VouT =%V55 -0.5v — 77 — kQ
“M" Output Resistance Rom — | COM |VouT =%V55 +0.5V — 77 — kQ)
"1" Qutput Voltage Vo | — | Kq (Note 1) v852+ Vss | Vsg | V
. - VbD
0" Output Voltage VoL — |K2~Kg (Note 1)| VDD | VDD ~0.2 \Y
"an SEG VSS+
1" Output Voltage VOH — | com — 02 Vs | Vss \
2/3 2/3

“M" Output Voltage VoM — ngﬁll — Vgg 3//3 Vgs \Y
£02| 55| -02
1/3 1/3

“M” Output Voltage Vom — CS(I;SI — Vgs 1//3 Vss \
+02 | S5 | —02

Y SEG VDD

0" Output Voltage VoL — | com — Vpp | VDD _0.2 \

(Note 1) The key buffer is high impedance at keystroke.
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TOSHIBA T6M27S

WAVEFORMS FOR DISPLAY

. 117Hz (Note 1)
Display . (8.539)

]
r VbD
comM1 1/3 Vss
©0.025ms)— 2/3 Vss

%
(2.108ms) s
‘ | Pulse Duty = 2_56
COM2 =——d |-| I-I U |-| |-| |-|
R P iy [ B
com4 J— ‘ | J—J—
SEG
A I -
Key pulse output
COMMON — Vpp
— Vss
SEGMENT — Vpp
| | (Note 2)
57.1
A o .

w

(Note 1) Fg WAIT =30kHz
(Note 2) F¢ OP=70kHz
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TOSHIBA T6M27S

PACKAGE DIMENSIONS

LQFP60-P-1414-0.80 Unit : mm
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Weight : 0.66g (Typ.)
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