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CMOS 16K-bit PARALLEL E2PROM

S-2812A/2817A

W Features

- Access time: 150 ns

The S-2812A and the S-2817A are low power 2K X 8-bit parallel
E2PROMs. The S-2812A features wide operating voltage range, and
the S-2817A features 5-V single power supply. Since provided with
32-byte page write function, they can perform fast programming

operation.

(Vecc=5V+10%, Ta=0°C to 70°C)

Low power consumption

Operating: 30 mA max. (Vgc=5 V£ 10%)
1 A max. (Vec=5V+10%)

Standby:

- Operating voltage range
S-2812A

S-2817A

Read: 1.8t0 55V 5V+10%
Write: 27t05.5V 5V+10%

- Write inhibition

S-2812A: 2.1V typ.
S-2817A: 3.5V typ.

B Pin Assignment

28-pin DIP/SOP
Top view

RE 1 \_/ 280Vee
Ne 2 27 I WE
A, O3 26 [JNC
Ag O] 4 25 Ag
As OIS 24 Ag
A, 06 23 NC
A; O7 22[]OE
A, 08 21 Aqo
Ay 9 20 CE
A 10 191 /057
110, 11 18[J W0g
o, 12 17 [ 10s
1o, 013 16 1/04
GND 14 15[ VO3
28-pin TSOP
Top view
28 )
27
26
25
24
23
22
21
20
19
18
17
16
13)
Figure 1

- Data polling

- With Ready/Busy pin

Page write for 32 bytes

Rewritings: 105 times

- Data retention: 10 years

Program noise immunity
- Package: 28-pin DIP/SOP/TSOP

- Supply in bare chip is also available

Pin name Function
Agto Ay Address input
1/0q to /107 Data input/output

CE Chip Enable

OE Output Enable

WE Write Enable

R/B Ready/Busy (opendrain output)
Vee Power supply voltage

GND Ground (0 V)
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CMOS 16K-bit PARALLEL
S-2812A/2817A

E2PROM

B Block Diagram

Address buffer -
AstoAqq O—> Labch »! Row decoder > 16,384-bit
E2PROM
Memory array
Ve o—> Write protection High voltage >
generator
iy t
& o1 | > 32-b
OE O—> Control logic > -byte
WE &—>| Page register
R/B O ¥ I
i Data pollin >
polling 1/ 0 buffer
\ i
Address buffer
Agto A, T Latch Column decoder |—
Vee DJ 1/0gto /0y
) Figure 2
W Operation Mode
Table 1
Mode TE | OF | WE TTe)
Read L L H Data output
Write L H L Datainput
X X H —
Write inhibition v L < —
Standby H X X High-Z
X : Don't care
H Absolute Maximum Ratings
_Table 2
Parameter Symbol Ratings Unit
Power supply voltage Vee -03t0 +7.0 \
Input voltage Vin -0.3toVcc+0.3 v
Output voltage Vout -0.3to Ve Vv
Storage temperature ] °
under bias Thias -50to +95 C
Storage temperature Tstq - 65to0 + 150 °C
B Recommended Operating Conditions
Table 3
-Parameter Symbol Conditions Min. Typ. Max. Unit
Read 1.8 — 5.5 \Y
S-2812A
Power supply voltage Vee Write 2.7 — 55 Vv
S-2817A 45 5.0 5.5 \
High level inputvoltage | Vi Vec=271055V 22 i Vec#03| V
Vee=1.8t02.7V 0.8x V¢ — Vee+0.3 \
Vec=5V *10% -0.3 — 0.8 v
Low level input voltage Vii [Vec=2.7t045V -03 — 0.4 v
Vec=1.8t02.7V -03 — 0.2xVce \)
Operating temperature Topr -40 — 85 °C
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CMOS 16K-bit PARALLEL E2PROM
S-2812A/2817A

M DC Electrical Characteristics
1. S-2812A

Table 4
(Ta= - 40°C to 85°C)
. 5V 109 V109
Parameter Symbol Conditions - 0% - 3 0% Unit
Min. | Typ. | Max. | Min. | Typ. | Max.
CES Vi, VINSV|LorViNZV
. I i ViN=V) INS VIH _ _ N
(C;er;zr)\t consumption cc _‘2UT =0mA, f=1/tre 30 15 |mA
| CES0.2V, ViyS02VorViyZVec-0.2V | 25 — | 10 lma
cc lout=0mA, f=1/tpc - - m
Current consumption | lce3 |CES Vi, VinS Vi or VinZ Vi — | — (30| —]— 115 |mA
(Program) lcca |CES0.2V, ViyS02VorViy2Vec-02V | — [ — | 25 | — | — | 10 |mA
Standb ¢ ISB1 EZ VIH - - 1 - - 0.5 |mA
andby curren ss2 |CEZVec-02V — - 1.0 | — — 1.0 | pA
Input leakage current Iyt |Vin=GNDto Ve — — 1.0 | — —_ 1.0 | pA
Output leakage current| I o |Viio=GNDtoVec — -— 10 | — —_ 1.0 | LA
High level output 5-V operation: lgy = - 400 A
voltage Vo 3-V operation: loy = — 100 zA 24 | — | — |24 — — |V
Low level output 5-V operation: g = 2.1 mA
voltage Vou 3-V operation: I =400 A - — |04 — 1 —j04lV
2. S-2817A i
Table 5
(Ta= — 40°C10 85°C, Vcc=5V  10%)
Parameter Symbol Conditions Min. | Typ. | Max. | Unit
CES VL VnSVjLorVinzV
z‘.:;;(eir)\t consumption lec lour ='6 mAlS fe I1L/tRc IN=TIH — | — 13 [ma
| CE=0.2V, VNS02VorViyaVec-0.2V 25 A
c lout=0mA, f=1/tpc - - m
Current consumption lcca  [CESViL, VNSV orViNZVin — | — [ 30 | mA
(Program) lcca |CESO0.2V, VyS02VorVin=Vec-02V | — | — | 25 | mA
ISB1 EZ V|H —_ — 1 mA
Standby current sz |CEZ Vec-0.2V — | — | 1.0} pA
Input leakage current i Viy=GND to Ve — — 1.0 | pA
Output leakage current| o |Vio=GNDtoVcc — — | 1.0 | pA
High level output v
voltage OH llon= -400zA 24 | — | — .
Low level output Vv '
voltage oL IOL =2.1TmA _ —_— 0.4 v
M Rewriting Times
Table 6
Parameter Symbol Min. Typ. Max. Unit
Rewriting times Nw 10° — — times/byte )
B Pin Capacitance
’ Table 7
Parameter Symbol Conditions Min. Typ. Max. Unit
input capacitance Cin Vin=0V — —_ 10 pF
Input/output _ _ _
capacitance Cio  |Vio=0V 10 pF
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CMOS 16K-bit PARALLEL E2PROM

S-2812A/2817A

Ml AC Electrical Characteristics

Table 8 Measuring conditions Vee
Parameter $-2812A 5-2817A Dourt 1.8kQ
V=02V | Vi =04V 100 pF 5= $9900
Input pulse levels V=24V ViH=2.4V P _:1;
Input rise and fall time 10ns 10ns
110 reference level 1.5V 1.5V * (Whenm ingt ¢ .
: : en measuringiciz, towz, tcHz,
Output load See Figure 3 | See Figure 3 tonz, twiz, twiz) : 5PF
Figure 3 Output load
measuring circuit
1. Read Cycle
(1) 5-V operation
Table 9
(Vee=5V +10%)
p bol 0°Cto 70°C -40°Cto 85°C Unit
ni
arameter Symbo Min. Max. Min. Max.
Read cycle time tre 150 - 200 — ns
CE access time tee - 150 - 200 ns
Address access time taa — 150 —_ 200 ns
OE access time toe — 70 —_ 90 ns
Output enable time (CE) toz 10 — 10 —_ ns
Output enable time (OE) toLz 10 — 10 - ns
Output disable time (CE) tcHz 10 70 10 90 ns
Output disable time (OE) toHz 10 70 10 90 ns
Output data hold time toH 5 — 5 —_ ns
(2) 3-V operation (S-2812A only)
Table 10
(Vec=3V % 10%)
p symbol 0°Cto 70°C - 40°Cto 85°C Unit
ni
arameter ymbo Min. Max. Min. Max.
Read cycle time tre 400 - 500 —_ ns
CE access time tee - 400 — 500 ns
Address access time taA — 400 —_ 500 ns
OE access time toe — 200 —_ 250 ns
Output enable time (CE) terz 25 -— 30 — ns
Output enable time (OE) towz 25 — 30 — ns
Output disable time (CE) temz 25 " 200 30 250 ns
- Output disable time (OE) tomz 25 200 30 250 ns
Output data hold time toH 10 — 15 — ns
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CMOS 16K-bit PARALLEL E2PROM
S-2812A/2817A

2. Write Cycle
(1) 5-V operation

Table 11
(Vee=5V *10%)
0°Cto 70°C - 40°Cto 85°C .

) Parameter Symbol Min. Max. Min. Max. Unit
Write cycle time twe — 10 — 10 ms
Address setup time tas 0 — 0 —_ ns
Address hold time tAH 120 -— 150 - ns
Write setup time . tes 0 —_ 0 — ns
Write hold time - tcH 0 -— 0 —_ ns
CE pulse width tew 120 — 150 — ns
OE setup time togs 15 - 20 —_ ns
OFE hold time toeH 15 — 20 — ns
WE pulse width twp 120 — 150 —_ ns
Data setup time tos 85 — 100 —_ ns
Data hold time toH 0 —_ 0 _ ns
?:aggeel?i:ansr:tiing time) toL 0.3 30 0.3 30 #s
z’;‘aggee| zzt:atlvr:r?te start time) teoL 100 - 100 B #s
Time to device busy tps 110 — 140 — ns

(2) 3-V operation (S-2812A only)
Table 12
(Vcc=3V10%)
0°Cto 70°C -40°Cto 85°C .
Parameter Symbol ey Mo, i Yoy Unit

Write cycle time twe — 10 - 10 ms

Address setup time tas 0 —_ 0 — ns

Addresshold time =~ taH 300 —_ 350 -—_— ns

Write setup time tes 0 —_ 0 ns

Write hold time teH 0 —_ 0 — ns

CE pulse width tew 300 — 350 —_— ns

OE setup time ' toes 30 — 35 — ns

OE hold time togH 30 — 35 - ns

WE pulse width twe 300 — 350 — ns

Data setup time tos 180 —_ 210 —— ns

Data hold time toH 0 — 0 —_ ns

(P:ag;elgzgansrtiing time) toL 03 30 0.3 30 #s
(P:aggeelzztz;lvr:riete start time) troL 100 - 100 - e o

} Time to device busy tps 250 — 300 —_ ns
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CMOS 16K-bit PARALLEL E2PROM

S-2812A/2817A

Address

CE

WE

Data output

Address

[<3

OE

WE

Datainput

1 tre —
o« CE
X 7‘
<
ViH
o ‘ttOHZ N
i, -tCHZ
1@ Valid data )
|
Figure 4 Read cycle
twc
) st ..
@( P, X Wf -
™ tas tAH
& tcs
Ry <IOES
twep
—_—
A
LSS Valid data ) Wm—
1ps ton
Hi-Z —
tos

Figure 5 WE controlled write cycle
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CMOS 16K-bit PARALLEL E2PROM
S-2812A/2817A

Agto Ay

AstoAjg

WE

Data
input

WE

Address

Data input § % Validdata__ X

] tos toH
R/E H l-z / / Vel

_ 1 B (T

twp toL tpp
T v F ‘Fﬁk;(m
Py =~ twc
TBYTE ——
X X_}/S X X LAs )
BYTEO - BYTE1 BYTEn BYTEn+1 BYTEn+2
Hi-Z

Figure 7 Page write cycle

www.DataSheetdU.com

7



CMOS 16K-bit PARALLEL EPROM
S-2812A/2817A

B Operation

(1) Read mode . . _
This mode outputs data to I/Og to I/O7lhen both CE and OE are low and when WE is high. The data bus
is high impedance when either CE or OE is high.

(2) Byte write mode .
A byte write cycle starts when both CE and WE are low and OE is high. CE- and WE-controlled write
cycles are available. The address is latched at the falling of CE or WE whichever occurs last, and the
data is latched at the rising -of CE or WE whichever occurs first.

(3) Page write mode
In this mode, 1 page program operation of 32 bytes is completed in 10 ms, and all memory area is written
within a second because the device organization is 64-page X 32-byte. When starting this mode, first,
addresses Ags to Aig assign the page, then ‘Ag to A4 assign the address to each byte within the page
sequencially or at random. Less than 32 bytes of program is available. This address assignment is
performed while 0.3 us <tp <30 s, and the program operation starts when tppL = 100 4s.

(4) Data polling
This function is to output the complement data written last on /07 and to output low to 1/0Og to 1/0g. This
operation is performed by read operation during write cycle. R/B outputs low during write cycle; it is in
high impedance in other modes.

(5) Erase all mode »
All data is erased when OE is 13 V and both CE and WE are low. During erase all mode, Ag to Ajg and
1/0g to /07 must be fixed to either high or low.

& j[ 1 j‘
100 ns min| }} 100 ns mi
13V--- [l
_ y
OE W——* 1 ps min. | 10msmin. I 1 ps min. *—_—w
| N !

WE

L

Address XXX - / / XXX
o XX ‘ | XX

Figure 8

(6) Write inhibition
Wirite operation is inhibited in the following cases :
e When power supply voltage is under write inhibit voltage (Vwi).
S-2817A : Vwi=3.5 V typ.
S-2812A : Vwi=2.1 V typ.
e When OE is low, or WE is high.
(7) Program noise immunity
CE, OE and WE are noise protected for preventing erroneous write operation at power on and off. Less

than 20 ns write pulse will not activate a write cycle at 5-V opeation, and less than 50 ns at 3-V operation.
See Figure 9.
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CMOS 16K-bit PARALLEL E2PROM

S-2812A/2817A

1. 28-pin DIP

<> At 5V operation: 20 ns
At 3 Voperation: 50ns

Figure 9
H Dimensions (Unit : mm)
35.6(36.5 max.) _
28 15
NnNnoonononnnnQoQn

134

| S50 O [y O [ N [ Ny N Ny N D Ny N Ny

1

1.2

14

2. 28-pin SOP

28

18.3(18.75 max.)

A
\ 4.25%0.25 |57 max.
ke

}2.54 min.

0.51 min.

Figure 10

\ 4264015 43.0max.

AR

..U_ﬂl'_. \

0.1 min.

Figure 11

-

+0.08

4—0.17_007
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CMOS 16K-bit PARALLEL E2PROM

S-2812A/2817A

3. 28-pin TSOP

8.0 (8.1 max.)

28 | INNOANNAOAANON TGS — éEto.s

11.8
13.4%0.2

. A\ b, y q
I ETEATETAEATOL 11 S S

>|=<0.181£0.03

[
U

H

0.231£0.05 0.55

B Ordering Information

S-281XA XX - XXX

} $0.96£0.06 §1.20 max.

40.05 min.

Figure 12

Access time
150 : 150 ns (5 V+10%, 0°C to 70°C)

Package
DP: DIP
FE: SOP
TF: TSOP
CA: Bare chip

Product name

-S-2812A: 1.8V to 5.5V (Read)
1 27Vito 5.5V (Write)
S-2817A: 5V+10%

Note: Each bit is set to 1 before delivery (except bare chip)

10
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CMOS 16K-bit PARALLEL E2PROM
S-2812A/2817A

B Characteristics

1. DC characteristics

1.2 Current consumption (READ) Icct1 —

1.1 Current consumption (READ) lgg1 -
Ambient temperature Ta

Ambient temperature Ta

30 30
Vee=5.5V Vee=3.3V
tre=150ns trc =400 ns
DATA = AA/S5 DATA = AA/SS
20 20
lec lccs
(mA) - (mA)
10 — 10
0 0
-40 0 85 -40 0 85
Ta (°C) Ta (°C)

1.4 Current consumption (READ) lgct -

1.3 Current consumption {(READ) Icc1 -
Read cycle time tre

Power supply voltage Vce

30 ! | 30 |
Ta=25°C Vee=5.5V
trc=400ns Ta=25°C
DATA = AA/SS DATA = AA/55

20 20

lcc lecr
(mA) (mA)
10 — 10 St
e gl
0 0
1 2 3 4 5 6 7 100 200 300 400
Vee (V) tre (ns)

1.6 Current consumption (READ) lcc2 -

1.5 Current consumption (READ) Icca2 -
Ambient temperature Ta

Ambient temperature Ta

30 — 30
Vee=55V Vee=3.3V
trc=150ns trc=400ns
DATA = AA/55 DATA = AA/55

20 20

Icez ldw)
(mA) (mA)
10 10
0 0
-40 0 85 : -40 0 85

Ta (°C) Ta {°C)

1.8 Current consumption (READ) Icc2 -

1.7 Current consumption (READ) Icca -
Read cycle time tgc

" Power supply voltage V¢c

30 ] I 30 T
Ta=25°C Vee=5.5V
tre =400 ns Ta=25°C
DATA = AA/S5S DATA = AA/55

20 20

lec2 lcc2
(mA) (mA)
10 10
——‘/
0 0
1 2 3 4 5 6 7 100 200 300 400
Vee (V) tre (ns)
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CMOS 16K-bit PARALLEL E2PROM
S-2812A/2817A

1.8 Current consumption (PROGRAM) lIcca -
Ambient temperature Ta

30 |
Vee=5.5V
Page write mode
DATA ALLO
20
lces
(mA)
0
- 40 0 85
Ta (°C)

1.11 Current consumption.(PROGRAM) lcc3 -
Power Supply Voltage Vge

30 ] 1 1
Ta=25°C
Page write mode
DATA ALLO
20
lees
(mA)
10
vd d
0 b

1 2 3 4 5 6 7
Vee (V)

1.13 Current consumption (PROGRAM) Iccs —
Ambient temperature Ta

30 i
Vee=5.5V
Page write mode
DATA ALLO
20
lcca
(mA)
10
0
- 40 0 85
Ta (°C)

1.15 Current consumption (PROGRAM) iccs -
Power Supply Voltage Vcc

30 ] ! |
Ta=25°C
Page write mode
DATA ALLO
20
lcca
(mA)
10
.
0 — |
1 2 3 4 5 6 7
Vee (V)

12

1.10 Current consumption (PROGRAM) Iccs -
Ambient temperature Ta

30 I
Vee=3.3V
Page write mode
DATA ALLO
20
lec3
(mA)
10
0
-40 ] 85
Ta (°C)

1.12 Current consumption (PROGRAM) lccs -
Ambient temperature Ta

30
Vee=5.5V
Erase all mode
20
lcca
{mA)
10
\\
0
-40 0 85
Ta (°C)

1.14 Current consumption (PROGRAM) lccs —
Ambient temperature Ta

30 I
Vee=3.3V
Page write mode
DATA ALLO
20
leca
(mA)
10
0
~40 0 85
Ta (°C)

1.16 Current consumption (PROGRAM) ICC4 -
Ambient temperature Ta

30
Vee=5.5V
Erase all mode
20
Icca
(mA)
10
\\
0
- 40 0 85
Ta (°C)
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CMOS 16K-bit PARALLEL E2PROM
S-2812A/2817A

1.17 Standby current Isgy -
Ambient temperature Ta

600
Vec=5.5V

400
\
|
(A T~

200

~40 O 85
Ta (°C)

1.19 Standby current Isg2 -
10/;‘mbient temperature Ta

Vee=5.5V
10-6

107 A
108 /

lsg2
(A) 109 /

_/,
10-10
10-11
10-12
-40 0 85
Ta (°C)

1.21 Input leakage current Iy —
Ambient temperature Ta

1.5
Vee=5.5V
Ag=0V

1.0

L
(«A)
0.5
0
-40 0 85

Ta (°Q)

1.23 Qutput leakage current I o -
Ambient temperature Ta

1.5
Vee=5.5V
HOp=0V
1.0
ho
()
0.5
0
-40 0 85
Ta (°C)

1.18 Standby current Isgy —
Ambient temperature Ta

600
Vee=3.3V
400
Isg1
(pA)
200
0 e ———
-40 0 85
Ta (°C)

1.20 Standby current Igsg2 —
10 5Ambient temperature Ta

Vee=3.3V

10-6
107 A

Isg2 0" /
() 109 /

-—/,

10-10
10-11
10-12

-40 0 85
Ta (°C)

1.22input leakage current I —
Ambient temperature Ta

1.5
Vee=5.5V
Ag=5.5V

1.0

I
(xA)
0.5
0
-40 0 85

Ta (°Q)

1.24 Qutput leakage current ! o -
Ambient temperature Ta

1.5
Vee=5.5V
/Og=5.5V
1.0
o
(zA)
0.5
0
-40 0 85
Ta (°C)
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CMOS 16K-bit PARALLEL E2PROM
S-2812A/2817A

1.25 High level output voltage Von -
Ambient temperature Ta

VCC = 4.5 V
lon = -400 zA
4.6
4.4
VoH
)
4.2
4.0
-40 0 85
Ta(°C)
1.27 Low level output voltage Vo -
Ambient temperature Ta
0.4 Vee=4.5V
lor=2.1mA
0.3
0.2
Vol
V)
0.1
0
-40 0 85
Ta (°Q)

1.29 High level input voltage Viy -
Ambient temperature Ta

3
Vee=5.6V
I ———
2 ‘-\——.
Vig
V)
1
0
-40 0 85
Ta (°0)

1.30 Low level input voltage Vi -
Ambient temperature Ta

3
Vec=4.4V
2
ViL
v)
1 e
0
- 40 0 85
Ta (°Q)

14

1.26 High level output voltage Von -
Ambient temperature Ta

Vee=2.7V
ioH =-100 pA
2.7
2.6
Vou
v
25
2.4
-40 0 85
Ta (°C)
1.28 Low level output voltage Vo —
Ambient temperature Ta
0.4 Vee=2.7V
loL =400 pA
0.3
0.2
VoL
W)
0.1
0
- 40 0 85
Ta (°Q)

1.31 Low level input voltage Vi —
Ambient temperature Ta

3
Vee=2.6V
2
ViL
v)
1
0
-40 0 85
Ta (°C)
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CMOS 16K-bit PARALLEL E2PROM

S-2812A/2817A

2. AC characteristics

2.1 Write cycle time twc — Ambient temperature Ta

10 Vee=5.0V
8
twc
(ms) ¢ //
/
4
2
0
-40 0 85
Ta (°C)
2.3 Write cycle time twc - Power supply voltage Vce
10 T T T
Ta=25°C
8
twe
(ms) ¢
A
4
2
0
2 3 4 5 6
Vee (V)

2.4 Address access time taa —
Ambient temperature Ta

400

300

200

(ns)
100

Vec=4.4V
//
- 40 0 85
Ta (°C)

2.6 CE access time tcg -
Ambient temperature Ta

400 Vee=4.4V

300

200
tee
(ns)

100 ]

NI
0
- 40 0 85
Ta (°C)

2.2 Write cycle time twc - Ambient temperature Ta

10

8

twc
(ms) 6

Vee=3.0V
//
/
-40 0 85
Ta(°0)

2.5 Address access time taa —
Ambient temperature Ta

400

300

200
(ns)
100

Vee=2.6V
P
o
- 40 0 85
Ta(°CQ)

2.7 CE access time tce —
Ambient temperature Ta

400

300

200

tee
{ns)

100

Vee=2.6V

- 40

0 85

Ta (°C)

www.DataSheetdU.com
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CMOS 16K-bit PARALLEL E?PROM

S-2812A/2817A

2.8 OE access time tog —
2(/;bmbient temperature Ta

VCC =44V
150
100
toe
(ns)
50
0
-40 0 85
Ta (°C)

2.10 Address setup time tag —
Ambient temperature Ta

50
Vee=5.7V
0
tas
(ns) —]
-50
-100
-40 0 85
Ta (°C)

2.11 Address hold time taq -
2(;;\Ombient temperature Ta

Vee=4.5V
150
100
taH
(nS) /
50
0
- 40 0 85
Ta (°C)

2.13 Data setup time tps —
2(/)-\ombient temperature Ta

Vee=4.5V
150
100
tos
(nS) /
50 |
0
- 40 0 85

Ta (°C)

16

2.9 OE access time tog -

Ambient temperature Ta
200

Vee=2.6V
150 //
100 ,/
toe
(ns)
50
0
~-40 0 85
Ta (°C)

2.12 Address hold time tay -
200Ambient temperature Ta

Vec=2.7V
150
100 ,/
tan /
(ns)
50
0
-40 0 85
Ta(°C)

2.14 Data setup time tpg —
200Ambient temperature Ta

Vee=2.7V
150
100 o
tps
(ns)
50
0
-40 0 85
Ta (°C)
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CMOS 16K-bit PARALLEL E2PROM
S-2812A/2817A

2.15Data hold time tpy -~
Ambient temperature Ta

50
Vec=5.7V
) 0
toH
(ns) [ —
-50
-100 -
—40 0 85
Ta (°C)
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