




















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































LOGIC-INPUT CMOS
QUAD DRIVERS

TC4467/8/9

ELECTRICAL CHARACTERISTICS: Measured throughout operating temperature range with 4.5V < Vpp<18V,
unless otherwise specified.

Symbol Parameter Test Conditions Min ’ Typ l Max ‘ Unit

Input

ViH Logic 1, High Input Voltage (Note 3) 2.4 \'

ViL Logic 0, Low Input Voltage (Note 3) 0.8 \'

Iin Input Current OV <V|N<Vpp -10 10 HA

Output

VoH High Output Voltage ILoap = 100 pA (Note 1) Vpp —0.025 Vv

VoL Low Output Voltage ILoap = 10 mA (Note 1) 0.30 \Y

Ro Output Resistance lout =10 mA, Vpp = 18V 20 30 Q

lpk Peak Output Current 1.2 A

| Latch-Up Protection 4.5V <Vpp <16V 500 mA
Withstand Reverse Current

Switching Time

tr Rise Time Figure 1 50 ns

tr Fall Time Figure 1 50 ns

tp1 Delay Time Figure 1 100 ns

tb2 Delay Time Figure 1 100 ns

Power Supply

Is Power Supply Current 8 mA

Is Power Supply Voltage Note 2 45 18 Vv

NOTES: 1. Totem-pole outputs should not be paralleled because the propagation delay differences from one to the other could cause one driver to
drive high a few nanoseconds before another. The resulting current spike, although short, may decrease the life of the device.

2. When driving all four outputs simultaneously in the same direction, Vpp shall be limited to 16V. This reduces the chance that internal
dv/dt will cause high-power dissipation in the device.

3. The input threshold has about 50 mV of hysteresis centered at approximately 1.5V. Slow moving inputs will force the device to
dissipate high peak currents as the input transitions through this band. Input rise times should be kept below 5 us to avoid high internal
peak currents during input transitions. Static input levels should also be maintained above the maximum or below the minimum input
levels specified in the "Electrical Characteristics" to avoid increased power dissipation in the device.

Thermal Derating Curve PIN CONFIGURATIONS
1600;\\«1;;‘1_1; ;‘!-:
1400 1 | | ‘ ! Ll ‘ L L | ‘ Dual-In-Line
1200 L] e 16-Pin Wide SO Package
= | | —85S0IC 1A T 1] [eTdveo  1a[q] 14] vop
Ewoo ‘» ----gcerdiP| | 1©[12 DV 5[3 i3] 1v
= j | 2a [T 14 T 1 a[3 2] 2v
g 800 | | =] gy
S 600 an[Ts] w2l ol ov
g [T e AL 0] av
200 | || GND [T 7] [0 Ja8  38[s] 0] 48
GND [T g 9 7142 ano[7] 8] 4A
200

0
0 10 20 30 40 50 60 70 80 90 100 110 120
Ambient Temperature (°C)
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TC4467/8/9

LOGIC-INPUT CMOS
QUAD DRIVERS

Supply Bypassing

Large currents are required to charge and discharge
large capacitive loads quickly. For example, charging a
1000 pF load to 18V in 25 ns requires 0.72A from the
device's power supply.

To guarantee low supply impedance over a wide fre-
quency range, a 1 uF film capacitor in parallel with one or two
low-inductance 0.1 puF ceramic disk capacitors with short
lead lengths (<0.5 in.) normally provide adequate bypass-

ing.

Grounding

The TC4467 and TC4469 contain inverting drivers.
Potential drops developed in common ground impedances
from input to output will appear as negative feedback and
degrade switching speed characteristics. Instead, indi-
vidual ground returns for input and output circuits, or a
ground plane, should be used.

Input Stage

The input voltage level changes the no-load or quies-
cent supply current. The N-channel MOSFET input stage
transistor drives a 2.5 mA current source load. With logic "0"
outputs, maximum quiescent supply current is 4 mA. Logic
"1" output level signals reduce quiescent current to 1.4 mA
maximum. Unused driver inputs must be connected to Vpp
or Vss. Minimum power dissipation occurs for logic “1"
outputs.

The drivers are designed with 50 mV of hysteresis. This
provides clean transitions and minimizes output stage cur-
rent spiking when changing states. Input voltage thresholds
are approximately 1.5V, making any voltage greater than
1.5V upto Vppalogic 1input. Input currentis less than 1 pA
over this range.

Power Dissipation

The supply current versus frequency and supply current
versus capacitive load characteristic curves will aid in deter-
mining power dissipation calculations. TelCom Semicon-
ductor's CMOS drivers have greatly reduced quiescent DC
power consumption.

Input signal duty cycle, power supply voltage and load
type, influence package power dissipation. Given power
dissipation and package thermal resistance, the maximum
ambient operating temperature is easily calculated. The 14-
pin plastic package junction-to-ambient thermal resistance
is 83.3°C/W. At +25°C, the package is rated at 1500 mW
maximum dissipation. Maximum allowable chip tempera-

3-316

ture is +150°C.

Three components make up total package power
dissipation:

(1) Load-caused dissipation (PL)

(2) Quiescent power (Pq)

(3) Transition power (Pr).

A capacitive-load-caused dissipation (driving MOSFET
gates), is a direct function of frequency, capacitive load, and
supply voltage. The power dissipation is:

PL=fC Vs?

where: f = Switching frequency
C = Capacitive load
Vg = Supply voltage.

A resistive-load-caused dissipation for ground-refer-
enced loads is a function of duty cycle, load current, and
load voltage. The power dissipation is:

PL=D(Vs=V)) I,

where: D = Duty cycle
Vs = Supply voltage
V| = Load voltage
I = Load current.

A resistive-load-caused dissipation for supply-refer-
enced loads is a function of duty cycle, load current, and
output voltage. The power dissipation is:

PL=D Vo,

where: f = Switching frequency
Vo = Device output voltage
IL = Load current.

Quiescent power dissipation depends on input signal
duty cycle. Logic HIGH outputs result in a lower power
dissipation mode, with only 0.6 mA total current drain (all
devicesdriven). Logic LOW outputs raise the currentto 4 mA
maximum. The quiescent power dissipation is:

Pq = Vs (D(ly) + (1-D)IL),

where: Iy = Quiescent current with all outputs LOW

(4 mA max)

IL = Quiescent current with all outputs HIGH
(0.6 mA max)

D = Duty cycle

Vs =Supply voltage.
= TELCOM SEMICONDUCTOR, INC.



LOGIC-INPUT CMOS

QUAD DRIVERS
TC4467/8/9
Transition power dissipation arises in the =45 mW + 35 mW + 30 mW = 110 mW.
complementary configuration (TC446X) because the ) .
output stage N-channel and P-channel MOS transistors Maximum operating temperature:
are ON simultaneously for a very short period when the
output changes. The transition power dissipation is T, - 64a (Pp) = 141°C,

approximately:
where: T; = Maximum allowable junction temperature

Pr=fVs (10 X 1079). (+150°C)
064a = Junction-to-ambient thermal resistance
Package power dissipation is the sum of load, quies- (83.3°C/W) 14-pin plastic package.

cent and transition power dissipations. An example shows

the relative magnitude for each term: NOTE: Ambient operating temperature should not exceed +85°C for

"EJD" device or +125°C for "MJD" device.

C =1000 pF capacitive load

Vs =15V
D =50%
f =200 kHz

Pp = Package Power Dissipation = P_ + Pq + Pt

Vbp
U 0.1 pF CERAMIC
) 14 +5V 90%
1A0— 13 Yout
1804, [ OXCaz0pr s
2A0% 12 6 ov
2B0— © v
" 5 DD . X- 90%
o— 11 D2
3808 D—D —© OUTPUT >\ [+t
8 10% 10%
4A0— 10 OV —— o
oot D>t
7 Input: 100 kHz, square wave,
trise = traLL < 10ns

Figure 1  Switching Time Test Circuit

~= TELCOM SEMICONDUCTOR, INC. 3-317



LOGIC-INPUT CMOS

QUAD DRIVERS
TC4467/8/9
CHARACTERISTICS CURVES
Rise Time vs Supply Voltage Fall Time vs Supply Voltage
140 I 140
2200 pF
120 } 120 2200 P)'\\
100 | 1600 pF 100 [—1500 pF —N
N 2
< 801 1000 PPN = 80 »
u 60 NG N 3 1000 pF NG —
2 | S~ T— £ ——
- 40 |— — hel a0 | — i
0 |— 470 'pF\ — 0 |— 470 pF ~~—
20 |— 100 pF —=— 20 [—100 pF —— T~
0 ™ o |
3 5 7 9 1 13 15 17 19 3 5 7 9 11 13 15 17 19
VsuppLy (V) VsuppLy (V)
Rise Time vs Capacitive Load Fall Time vs Capacitive Load
140 140
120 7 5V 120 7 5V,
100 / 100 /
T . / g, /
£ = 80
g o (o e v
o 7 15 E / 4
£ = / /
40 =" / 40 7 /
/ 7 A L~ - =/
] - 20 o
20 = =
%00 1000 10,000 %0 1000 10,000
CLoaD (pF) CLoap (PF)
Rise/Fall Times vs Temperature Propagation Delay Time vs Supply Voltage
25 . T 80 I I
V =17.5V
20 cfg:;L:47° pF \ CLOAD = 470 pF
1 .60 N
(F-A-L_L)’ 4 / g \Q tD1
=15 ] w
2 /¢' t(RISE) Z .0
£ 10 E tp2 I
22
5
0 0
-50 25 [) 25 50 75 100 125 4 6 8 10 12 14 16 18
TEMPERATURE (°C) VsuppLy (V)
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LOGIC-INPUT CMOS

QUAD DRIVERS
TC4467/8/9
CHARACTERISTICS CURVES (Cont.)
Input Amplitude vs Delay Times Propagation Delay Times vs Temperature
140 T . 70 T T |
Vpp =12V
120 AN Vpp = 17.5V L~
NPUT RISING 60— CLOAD =470 pF tD1
g100 \ g ViN=0, 5V 4///
w w 50 '
s 80 tD' = L— f— t
F N\ . E | =—— D2
> 60 — > —
< N g 40
o0 INPUT FALLING tD1 m
B — 30
20
0 20
1 2 3 4 5 6 7 8 9 10 60 —-40 -20 O 20 40 60 80 100 120
Vprive (V) TEMPERATURE (°C)
Quiescent Supply Current vs Supply Voltage Quiescent Supply Current vs Temperature
2.5 35 . ,
50 Vpp = 17.5V
2.0 2
< E 25
£ OUTPUTS =0 4/ E —
' '/ 220 [ OUTPUTS LOW
] @
1.0 — D15
i 3 OUTPUTS HIGH
3 —t S0
=05 OUTPUTS =1 ——
0.5
0 0
4 6 8 10 12 14 16 18 60 —40 20 O 20 40 60 80 100 120
VsuppLy (V) Tsuncrion °C)
High-State Output Resistance Low-State Output Resistance
35 35
30 30
25 Ty=+150°C 25
g e g
= 20 ~ =20
T — =
S N Toms25C | 3 T, = +150°C
g 15 J= & 15 —
o — mn \
10 10
T,=+25°C
5 5 J
0 0
4 6 8 10 12 14 16 18 4 6 8 10 12 14 16 18
VsuppLy V) VsuppLY (4
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TC4467/8/9

LOGIC-INPUT CMOS
QUAD DRIVERS

SUPPLY CURRENT CHARACTERISTICS (Load on Single Output Only)

Supply Current vs Capacitive Load

b TRy T
bD= 2 MHz ‘
50 Y/ 1 MHz
/ /
= / /|
< 40
E / /
> 30 4/
3 e b
o 500 kH:
> 0l AL 20
Y ( B 1 ) / ‘ ‘
10 fme=r"" 200 kHz
=1 I | |
o 20 kHz
100 1000 10,000
CLoap (PF)
Supply Current vs Capacitive Load
60 |
Vpp =12V )2 MHz
50 /
< 40
E /
g / 1 MHz
> /
2130
a /
o /
P 20 L
= > 500 kHz
L Py r [
10 — - 200 kHz
— I o ;
. — 1% Kz
100 1000 10,000
Croap (PF)
Supply Current vs Capacitive Load
60 .
Vpp =6V
50
< 40
E
> 30 2 MHz
o
B /
o 20 / T
- " L, 1 MHz
| _—~T 500k
10 | I - 2
e T | —T 200 kHz
o e 20 KHZ
100 1000 10,000
CLoap (PF)
3-320

IsuppLy (MA)

IsuppLy (MA)

IsuppLY (MA)

Supply Current vs Frequency

60 T T | I
Vpp = 18V 2200 pF
50 f
/ / 1000 pF
40 /
30 /
20 v p /
w 100 pF
10 /// 111 rd
e ]
10 100 1000 10,000
FREQUENCY (kHz)
Supply Current vs Frequency
60 T T 1
Vpp =12V / 2200 pF
50 /
40 /
30 / 1000 pF
/
20
A oA
10 L~ a = 100 p"
E-—'/ﬁ_/—:——_”'
0
10 100 1000 10,000
FREQUENCY (kHz)
Supply Current vs Frequency
60 —
Vpp = 6V|
50
40
2200 pF
30 y it
20 ) W 1000 pF
P ”
10 a ,/ ! !
]
LT .10}0 pIF
0 | —
10 100 1000 10,000

FREQUENCY (kHz)
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LOGIC-INPUT CMOS
QUAD DRIVERS

TC4467/8/9

TYPICAL APPLICATIONS

Stepper Motor Drive

+12V
i1 4
AIRPAX
TC4469 #M182102-P2

13 RED 7.5°/STEP

AC

BO

Quad Driver for H-Bridge Motor Control

+5V TO +15V
; 8V\$ 114
TCA4469
(B ; [\ |13
DIRECTION Q J
BTV —3]_\, 12 [fvv»lE ;“_I
5
[PwWm SPEED > N\ |1
g d -[(T]1-9 MOTOR
g N\ |10
— B el
v

48-Volt, 3-Phase Brushless Output Stage

R4
3.

R2
.3 <33
kQ kQ

R3
3.3
kQ

D14

1N4744
15V

D4

&D@O’OI&QIN-‘

1A
1B
2A
2B
3A
3B
4A
4B

1Y

i

2y

3Y

-
o
[ N
Py

1

¢{MOTOR | ¢<MOTOR |

R7

(FLOAT AT 33V)

- MOTOR |

PHASE A PHASE B

1A
1B
2A

Q3
2N5550,
vV

2B

3A

3B

4A

4B

[ c-

Vpp

. 5}

PHASE C

v
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TC4626
TC4627

POWER CMOS DRIVERS WITH VOLTAGE TRIPLER

FEATURES

Power driver with on Board Voltage Booster
Low IDD <4 mA

Small Package - 8 Pin PDIP

Under-Voltage Circuitry

Fast Rise-Fall Time < 40 ns @ 1000pF
Below-Rail Input Protection

APPLICATIONS

B Raises 5V to drive higher-Vgs(ON) MOSFETs
B Eliminates one system power supply

GENERAL DESCRIPTION

The TC4626/4627 are single CMOS high speed drivers
with an on-board voltage boost circuit. These parts work with
an input supply voltage from 4 to 6 volts. The internal voltage
booster will produce a VgoosT potential up to 12 volts above
V. This VeoosT is not regulated, so its voltage is dependent
on the input Vpp voltage and output drive loading require-
ments. An internal undervoltage lockout circuit keeps the
output in a low state when Vgoost drops below 7.8 volts.
Output is enabled when VgoosT is above 11.3 volts.

ORDERING INFORMATION

PIN CONFIGURATIONS Part No. Package
TC4626MJA 8-Pin CerDIP
SOIC (Wide) TC4626EPA 8-Pin PDIP
c- [1] [16] Voo TC4626EOE 16-Pin SOIC (Wide)
ne 2] 15 ne TC4626CPA 8-Pin PDIP
c1+ [3] [12] NC - -
h TC4626COE 16-Pin SOIC (Wide)
Ne [4] S B
ca [5] | Tz e
ne [6] 1] VeoosT TC4627MJA 8-Pin CerDIP
ne [7] [10] nC TC4627EPA 8-Pin PDIP
ano [g] [9] out TC4627EOE 16-Pin SOIC (Wide)
TC4627CPA 8-Pin PDIP
TC4627COE 16-Pin SOIC (Wide)
FUNCTIONAL BLOCK DIAGRAM
exr s[ - C* o:—| ~ VBOOST (UNREGULATED 3 x Vpp) 8 .
¢ T__..¢1- o— EXT +!
c3 T
e o>—1 voLtace {I}
EXT o V=2xvpp| BOOSTER UV LOCK
2 {l} NON-
INVERTING
4627 9
/ [
R4 :3—50 OUTPUT
1 [y
' —
- _T_ - -
INVERTING
4626

NOTE: Pin numbers correspond to 8-pin package

Eg TELCOM SEMICONDUCTOR, INC.
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POWER CMOS DRIVERS WITH VOLTAGE TRIPLER

TC4626
TC4627

ABSOLUTE MAXIMUM RATINGS

Power Dissipation Input Voltage, Any Terminal ...... Vg + 0.3V to GND - 0.3V
PDIP ..ottt 500 mW Operating Temperature: M Version....... - 55°C to +125°C
(0721 B | RN 800mwW E Version ......... - 40°C to +85°C

Derating Factor C Version ... ... 0°C to +70°C
PDIP ., 5.6 mW/°C Above 36°C ~ Maximum Chip Temperature .............coeveuereurecnnnn. +150°C
CerIDIP ..ot 6.0 mW/°C Storage Temperature ........... - 65°C to +150°C

SUPPIY VORAGE ...ceoeveeeieeeceeeeeete e 6.2V Lead Temperature (10 SEC) ......ccoevurninrinniiecrinnnns +300°C

ELECTRICAL CHARACTERISTICS (Ta =25°C Vpp=5V C1=C;,=Cs 10uF unless otherwise specified.)
Symbol Parameter Test Conditions [ Min LTyp | Max | Unit

Driver Input

ViH Logic 1, Input Voltage 2.4 — — \'
Vi Logic 0, Input Voltage —_ — 0.8 \
IiN Input Current 0V < VN £ VDRIVE -1 — 1 HA
Driver Output
VoH High Output Voltage ’ VgoosT —0.025 | — — v
VoL Low Output Voltage — — 0.025 \Y
Ro Output Resistance, High lout = 10 mA, Vpp = 5V — 10 15 Q
Ro Output Resistance, Low lout = 10 mA, Vpp = 5V — 8 10 Q
Ipk Peak Output Current — 1.5 — A
Switching Time
tr Rise Time Test Figure 1,2 — 33 40 ns
tF Fall Time Test Figure 1,2 — 27 35 ns
o1 Delay Time Test Figure 1,2 — 35 45 ns
tp2 Delay Time Test Figure 1,2 — 45 55 ns
Fmax Maximum Switching Frequency Test Figure 1 1.0 — — MHz
Vpp =5V, VeoosT > 8.5V
Voltage Booster
R3 Voltage Tripler Output IL=10 mA, Vpp = 5V — 300 400 Q
Source Resistance
Ro Voltage Doubler Output —_ 120 200 Q
Source Resistance
Fosc Oscillator Frequency 12 — 28 kHz
Vosc Oscillator Amplitude RiLoap = 10kQ 4.5 — 10 Vv
Measured at C1-
uv Undervoltage Threshold 7.0 7.8 8.5 \
@ Vpoost
VsTART Start Up Voltage 10.5 11.3 12 v
@ Vgoost
Veoost @Vpp =5V No Load 14.6 — — \'
Power Supply
Iop Power Supply Current ViN = LOW or HIGH — — 25 mA
Vbp Supply Voltage 4.0 — 6.0 \

3-324 g TELCOM SEMICONDUCTOR, INC.



POWER CMOS DRIVERS WITH VOLTAGE TRIPLER

TC4626
TC4627

ELECTRICAL CHARACTERISTICS (Ta = Over Operating Temperature Range Vpp=5V Cq = C> = C3 10uF unless
otherwise specified.)

Symbol Parameter Test Conditions Min ’ Typ ‘ Max | Unit
Driver Input
Vi Logic 1, Input Vcltage 2.4 — —_ \
Vi Logic 0, Input Voltage — —_ 0.8 \Y
IIN Input Current 0V < VN £ VBoosT -10 — 10 UA
Driver Output
Vou High Output Voltage Vprive— 0.025 | — — \
VoL Low Output Voltage — —_ 0.025 \
Ro Output Resistance, High lout =10 mA, Vpp =5V
C & E Version (Ta = 70°C or 85°C) — 15 20 Q
M Version (Ta = 125°C) — 15 25 Q
Ro Output Resistance, Low loutr =10 mA, Vpp = 5V
C & E Version (Ta = 70°C or 85°C) —_ 10 13 Q
M Version (Ta = 125°C) — 10 15 Q
lpk Peak Output Current — 15 e A
Switching Time
R Rise Time Test Figure 1,2 —_ — 55 ns
te Fall Time Test Figure 1,2 — — 50 ns
tp1 Delay Time Test Figure 1,2 — — 60 ns
to2 Delay Time Test Figure 1,2 — — 70 ns
Fmax Maximum Switching Frequency Test Figure 1 750 — — kHz
Vop = 5V, VBoost > 8.5V
Voltage Booster
R3 Voltage Boost Output IL=10mA, Vpp =5V — 400 500 Q
Source Resistance
Ro Voltage Doubler Output — 170 300 Q
Source Resistance
Fosc Oscillator Frequency 5 — 50 kHz
Vosc Oscillator Amplitude RLoap = 10kQ 4.5 — 10 \Y
Measured at C1-
uv Undervoltage Threshold 7.0 7.8 8.5 \"
@ VpoosT
VSTART Start Up Voltage 10.5 11.3 12 \'
@ Vpoost
VBoosT @Vpp=5V No Load 14.6 — — \
Power Supply
Ipp Power Supply Current VN = LOW or HIGH — — 4 mA
Vpp Supply Voltage 4.0 —_ 6.0 \Y
“";‘; TELCOM SEMICONDUCTOR, INC. 3-325



POWER CMOS DRIVERS WITH VOLTAGE TRIPLER

TC4626
TC4627

SWITCHING TIME TEST CIRCUITS

o VBOOST o VBoOST
1 L o1pF g Sp—
C3 % Ceramic Ceramic
8 10 yF 6 1o WF
7 5
INPUT O —Do— =—9—0 ouTPUT INPUT 01 —D— 90 outpuT
2 = -
¢ - %cl_ 1000 pF ¢ ] P {ECL_woo pF
10 uF L 10 yF 'E.[
r—1 c1- ¢
; 1
TC4626 8
c2 ——O0 Vpp =5V c 3 C2 _08 Vpp =5V
2 |

womm 90%
INPUT*
oV 0%

\'/
— e
BOOST 0% VBOOST . 00%
D1 n2

OuTPUT OUTPUT > <> \ [etp

o — — — — 10%- OV e 10% N
* 100kHz SQUARE WAVE, t, = t; < 10ns * 100kHz SQUARE WAVE, t; = t; < 10ns
Figure 1. Inverting Driver Switching Time Figure 2. Non-Inverting Driver Switching Time
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POWER CMOS DRIVERS WITH VOLTAGE TRIPLER

TC4626
TC4627
BOOSTER FUNCTION ]
Pin 1 & 2 Waveforms
The voltage booster is an unregulated voltage tripler
circuit. The tripler consists of three sets of internal switches 3xVop _
and three external capacitors. S1a and S1b charge capaci-
tor C1 to Vpp potential. S2a and S2b add C1 potential to Vpp .
input to charge C2 to 2 x Vpp. S3a and S3b add C1 potential VO zx Yoo J’_“_
to C2 to charge C3 to 3 x Vpp. The position of the switches Voo B
is controlled by the internal 4 phase clock. 2xVpp — ——t
PIN1
VOLTAGE
Vop
S o 1 LU L
3 T _ o
otk [
g /s

3 2xVpp

Ve Snininlinln

H

7
oD ( sta s2b
o2 ON

s2

o -tJI: OFF |

! ON
s1b s3
OFF

Voltage Booster Position of Switches

v TELCOM SEMICONDUCTOR, INC. 3-327




POWER CMOS DRIVERS WITH VOLTAGE TRIPLER

TC4626
TC4627

TYPICAL CHARACTERISTICS CURVES

TC4626 VOH vs. Frequency

y TC4626 VOH vs. Frequency
' Vg =5V, Temperature = -55°C Vs = 5V, Temperature = 25°C
14
14 |LA470pF 12 ‘
~__ 470pF
+12 \\ \‘\ 10 AN T~
5 NN — > N NN
s 10 \ S )
= 2200pF N S8
r 8 1000pF: <
= 1':_ 6
S 5 2200pF | 1000pF
4 > a
2 2
0 ]
5 500 1,000 1,500 2,000 2,500 3,000 3,500 10 500 1,000 1,500 2,000 2,500 3,000 3,500
FREQUENCY (kHz) FREQUENCY (kHz2)
TC4626 VoH vs. Frequency Delay Time vs. Temperature
Vs = 5V, Temperature = 125°C VS 4V CLOAD = 1000pF
14 100
Input 0-5V
12 TR&TF <10ns;
80 [- @ <20 kHz
10 > | I
% "W 470pF _ —— —_—
S s 2 60 —
; E —|
re P LT e
3 2200pF 1000pF T
> 4 TR “/’
-——"/
2 20
TF,
o 0
5 500 1,000 1,500 2,000 2,500 3,000 3,500 40 20 0 20 40 60 80 100 120
FREQUENCY (kHz) TEMPERATURE (°C)
Delay Time vs. Temperature Delay Time vs. Temperature
Vg =5V, CLoAD= 1000 pF Vg =6V, CLOAD= 1000 pF
60 50
50 LT 40
L [y
40 'l/ _— /;/
— j’f// - ; ~ 30 |02 / :
() " 0 —
E, 20 TD1 /f/l/ ;:; /TD1 —_ ﬁ //
E TR L —t—" [ — £ 20
20 TF
TF
Input = 0-5V; 10 Input = 0-5V;
10 TR & TF <10ns; ] TR & TF <10ns; |
@ <20 kHz @ <20 kHz
0 | T T | 0 [ 1
40 20 0 20 40 60 80 100 120 40 20 0 20 40 60 80 100 120
TEMPERATURE (°C) TEMPERATURE (°C)
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POWER CMOS DRIVERS WITH VOLTAGE TRIPLER

TC4626
TC4627

TYPICAL CHARACTERISTICS CURVES

16

TC4626 VQH vs. Frequency
Vg = 5V, Temperature = 25°C

15

14

13

12

11

~——70pF

Vour Hi (Volts)

10

\
SN o
[~~~ 1,000 pF ]

/]

9

~N

N

8

2,200 pF

0

1 2 3 4 5 6 7 8 9 10
FREQUENCY x 100 kHz

TC4626 VOH vs. Frequency
Vs = 5V, Temperature = 125°C

16

15

14

13

11

12 ﬁ&

VouT HI (Volts)

10

N N~

—
Ty
N — =~ 470 pF _|

9

N \m

8

N
2,200 pF

0

1 2 3 4 5 6 7 8 9 10
FREQUENCY x 100 kHz
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Vourt HI (Volts)

16

15

14
13

TC4626 VOH vs. Frequency
Vg = 5V, Temperature = -55°C

12

11

10

9

e 470 pF
\\
T~ M~ 1,000 pF
\\\ \’I\L‘
‘i,zoo pF —]

8

[}

1

2 3 4 5 6 7 8 9 10
FREQUENCY x 100 kHz
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ﬁ? I_=.,-‘—:om PRELIMINARY INFORMATION
A -Semic&ductor, Inc. TC4803
TC4804

1.4A HIGH-SPEED OPTO-ISOLATED POWER MOSFET DRIVER

FEATURES fall times. UV lockout circuitry forces the output to an "OFF"
. state when the supply voltage drops below 7.8V. 0.4V of
B Input to Output Isolation to 2.5kV RMS hysteresis prevents output toggling around the drop-out
W Operating Range 10V10 18V \5jiage. The output "OFF" state is LOW on both the TC4803
B High Peak Output Current...........cccocvvenenens 1.4ATYP  ,nd the TC4804.
M Short Delay Time <250 ns Typ Because shoot-through currents are reduced in the out-
W Fast Switching on Outputs ........ Ta, TE<80nSTyP 4 stage, these drivers consume significantly less power at
: - with G =1000pF  pigher frequencies, and can be helpful in meeting low-power
B Low Power BiCMOS Design . budgets.
W Undervoltage Lock-out with Hysteresis These devices are built using TelCom Semiconductor's
B Available in 8-pin DIP with SMT-formed leads new Tough CMOS process and are capable of giving reliable
service in the most demanding electrical environments. They
APPLICATIONS will not latch under normal conditions within their power
B Isolated Digital Line Driver and voltage ratings.
B Isolated Line Receiver All terminals are fully protected against up to 4 kV of
W "High-Side" Driver electrostatic discharge.
W SMPS Control
B High-side Motor Control ORDERING INFORMATION
| Solid‘State Relays Operating
B Off-Line Regulation/Control Part No. Package Temp Range
UL File No: E151672 on TC4803/4 TC4803CPA 8-Pin PDIP 0°C to +70°C
TC4803EPA 8-Pin PDIP —40°C to +85°C
GENERAL DESCRIPTION TC4803EFA* 8-Pin PDIP* —40°C to +85°C
The TC4803 AND TC4804 are BiCMOS optocoupled TC4803CFA* 8-Pin PDIP* 0°C to +70°C
driver 1Cs for switching loads when electrical isolation is  TC4804CPA 8-Pin PDIP 0°C to +70°C
desired. Input drive current is converted to low impedance  TG2804EPA 8-Pin PDIP —40°C to +85°C
voltage drive with the ability to source 1.4A peak current TC4804EFA* 8-Pin PDIP* —40°C to +85°C
into a capacitive load of 1,000 pF with fast output rise and TC4804CFAY 8-Pin PDIP* 0°C to +70°C

* Plastic DIP with preformed surface mount leads
FUNCTIONAL BLOCK DIAGRAM

Vbb
[eX]

| UV LOCKOUT |

TC4803
INVERTING
OUTPUT

2

+tAo—  INado oo _ t——© outrur
INPUT ~r
CURRENT ~ NONINVERTING

kol OUTPUT

—dFL

O GND
6
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PRELIMINARY INFORMATION 1.4A HIGH-SPEED OPTO-ISOLATED

POWER MOSFET DRIVER
TC4803
TC4804
ABSOLUTE MAXIMUM RATINGS
SUPPIY VORAGE ..o e +20V Package Thermal Resistance
Diode Current Input ............. ... 20mA PDIP RgJ-A  coeeveereerieseeieinsc e 200°C/W
Maximum Chip Temperature ..........ccccverervenrerreenens 85°C Operating Temperature Range
Storage Temperature Range.................. —55°C to +125°C Thermal Derating .......cc.cceceenee. 5mW/°C above 25°C
Lead Temperature (Soldering, 10 secC) ................. +300°C Power Dissipation ........c...cccccoeieiiiiinnieienenns 300mwW

Static-sensitive device. Unused devices must be stored in conductive material. Protect devices from static discharge and static fields. Stresses above
those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings only and functional operation of
the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to Absolute
Maximum Rating Conditions for extended periods may affect device reliability.

ELECTRICAL CHARACTERISTICS:
Typical specifications measured at Ta = +25°C with Vpp = 18V, unless otherwise specified. Minimum and maximum
specifications guaranteed over full temperature and power supply range.

Symbol Parameter Test Conditions Min | Typ | Max | Unit
Input LED
IrrH)-ON LED Forward Threshold "ON"-Current (DC) 5 — — mA
Ir(rh)-OFF LED Forward Threshold "OFF"-Current (DC) — — 0.5 mA
VE LED Forward Voltage @ 7 mA Current 1.3 1.5 1.7 \%
VR LED Reverse Voltage @ 50nA 6.0 — — \
Isolation Voltage 2.5 —_ —_ kKVRMS
Output
Vo High Output Voltage, Vpp =18V, loyt = 50mA 16.3 16.9 — \Y
VoL Low Output Voltage, Vpp =18V, loyt = 50mA — 0.70 1.0 \Y
Ipk Peak Output Current (Note 1)  Source — 14 — A
Sink 0.5 A
Ibc Continuous Output Current Vpp = 18V (Source, sink) 100 — — mA
DV/DT Input to Output Common Mode Transient Immunity @ 150V 0.25 — — V/ns
Switching Time
tR Rise Time Figure 1 — 35 60 ns
tp Fall Time Figure 1 — 40 80 ns
tp1 Delay Time Figure 1 (4803) — 160 200 ns
tb2 Delay Time Figure 1 (4803) — 200 500 ns
o1 Delay Time Figure 1 (4804) — 160 200 ns
tb2 Delay Time Figure 1 (4804) — 240 500 ns
Fmax Maximum Operating Frequency 1 1.2 — MHz
Power Supply
Ibp Power Supply Current Output HIGH — 4.0 8.0 mA
Ibb Power Supply Current Output LOW — 3.0 5.0 mA
Vs Start up threshold — 8.7 10.0 \%
Vuv Drop-out threshold 7.5 8.4 — \"

NOTE: 1. 1us, 1% duty cycle pulse input, output shorted to Vpp or GND.

3-332 == TELCOM SEMICONDUCTOR, INC.



1.4A HIGH-SPEED OPTO-ISOLATED PRELIMINARY INFORMATION
POWER MOSFET DRIVER

PIN CONFIGURATION
DIP
NC| 1 8 I OUTPUT NC| 1 8 | OUTPUT
Al2 7| NC Af2 h 44 7 | NC
INVERTING =
C I 3 6 | GND C| 3 TC4803 6 | GND
Nc[4 5 | Vop Ne [ 4 5 | Vpp
NC| 1 8 | OUTPUT NC| 1 8 | OUTPUT
AI 2 7 I NC Al 2 7 | NC
NONINVERTING
(o] | 3 6 | GND Ccl|3 TC4804 6 | GND
ne [4] TC4804 [ 5] vop NG| 4 [ 5] voo
Vpp =18V
o
5 % 1uF f 0.1yF
5000 ) = =
*
iNPUT ;i 8
220pF 3 %% T—O OUTPUT
_0 c
L
I 1000pF
INPUT: 100kHz square wave =
TC4803/4 =
trise = traL < 10ns
Ir = 7mA DC
J_e
womm T N 90% o 90%
INPUT INPUT
ov ov 10%
L e =L
. g < 18v 90% X 90%
90% ) 90% o1 . tpo -t
<> R - >
OUTPUT OUTPUT F
10% OV |~ 10% 10%
oV ———— ==
INVERTING DRIVER NONINVERTING DRIVER
TC4803 TC4804

Figure 1 Switching Time Test Circuit
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1.4A HIGH-SPEED OPTO-ISOLATED

POWER MOSFET DRIVER

PRELIMINARY INFORMATION

TC4803
TC4804

TYPICAL CHARACTERISTIC CURVES

Ipp vs. CLOAD Rise, Fall Time vs. CL OAD Delay Time vs. Vpp
13 | 80 I 150 T T T T
12— Vpp=18 / | vpp=18 CLoAD = 1000pF
/ 70 T=25C
| T=25C T=25C 140| T= -
1 / / =g
60 P
- 9 400kHz —A4 750 TFALL A4 a
g . / 2 / € % TD2
a - /: 2ookHz/_,4 g0 7~ w
- -~ 30 TRISE 110
: ~—— ,/ 20 A /
I
4 L 20kHz 10 1991 o1 —_—
: i
2 0 90
0 500 1000 1500 0 500 1000 1500 10 12 14 16 18
CLoAD (PF) CLoAD (PF) Vbb
Ipp vs. Frequency Rise, Fall Time vs. Vpp VOH vs. ISOURCE
20 65 —T T 7 1.40 T
T=25C
60 CLoAD = 1000pF 1.30
T=25C
* 55 - S 120—— —
CLOAD = 1000pF 1 1" vpp=18v L~ L~
< T=25C N0 =
£ £ N TFALL 2
=10 w 50 O 1.10
[=] = \ >.
o F N Q 7
Vpp =15 45 N £1.00 7
5 TRISE \s / Vop=10V
/7 40 — 90
=== Vpp =10 e
0 35 .80
0 10 100 1000 10 12 14 16 18 0 20 40 60 80 100
FREQUENCY (kHz) VbD ISOURCE (mA)
VoL vs. ISINK TC4803 Delay Time vs. LED Current TC4804 Delay Time vs. LED Current
3.00 T 1100 —TT 1100 —T—T
T=25C CLoap = 1000pF Croap = 1000pF
2.50 1000 | T=25C 1000 | T=25C
/ Vpp=18V Vpp=18V /
2.00 800 800
s vop=t1ov /| @ * /
2 DD = /| 2 D2 4 2 / D2
E 1.50 5 600 = 600
2 A A = // E //
1.00 77 400 / 400 /
5 /| Vpp=18V | 500 4 200
/
0 / 0 To1 0 I | TD1
o 20 40 60 80 100 5 6 7 8 9 10 11 12 13 5 6 7 8 9 10 11 12 13
ISINK (mA) LED Current (mA DC) LED Current (mA DC)
3-334 'g' TELCOM SEMICONDUCTOR, INC.
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<= felCom

Semiconductor, Inc.

TC620
TC621

SOLID STATE TEMPERATURE SENSOR

FEATURES

13°C Absolute Temperature Accuracy

2 kV ESD Protection on All Pins

Replaces Mechanical Thermostats and Switches
On-Chip Temperature Sense (TC620)

External Temperature Sense (TC621)

8-Pin DIP or SOIC for Direct PCB Mounting

2 User-Programmable Temperature Set Points

2 Independent Temperature Limit Outputs
Heat/Cool Regulate Output

APPLICATIONS

Vibration-immune Temperature Sensing
System Over- or Under-Temperature Shutdown
Advanced Thermal Warning

Fan Speed Control Circuits

Accurate Appliance Temperature Sensing

ORDERING INFORMATION

GENERAL DESCRIPTION

The TC620 and TC621 are programmable solid-state
temperature switches designed to replace mechanical
switches in temperature sensing and control applications.
Ambienttemperature is sensed and compared to programed
minimums and maximums.

Both devices provide a LOW LIMIT and HIGH LIMIT
logical output as wellas a CONTROL output. On the TC620,
the LOW LIMIT is LOW when the measured temperature is
below the low temperature set-point and the HIGH LIMIT is
LOW when the measured temperature is below the high
temperature set-point. The TC621 provides the same output
functions except that the logical states are inverted. These
outputs allow for easy ‘over’ and ‘under’ temperature detec-
tion.

Ambient Ambient
Part No. Package Temperature Part No. Package Temperature
TC620XCOA  8-Pin SOIC 0°Cto +70°C ~ TC621XCOA  8-Pin SOIC 0°C to+ 70°C
TC620XEOA  8-Pin SOIC -40°Cto +85°C  TC621XEOA  8-Pin SOIC - 40°C to +85°C
TC620XVOA 8-Pin SOIC -40°Cto +125°C  TC621XCPA 8-Pin Plastic DIP 0°C to +70°C
TC620XCPA 8-Pin Plastic DIP 0°C to +70°C TC621XEPA 8-Pin Plastic DIP - 40°C to +85°C
TCB620XEPA 8-Pin Plastic DIP - 40°C to +85°C

FUNCTIONAL BLOCK DIAGRAM

Xin the part code will be C or H (see Functional Block Diagram, below,
and page 2;.

DD

NC —

2
LOW SET
6
HIGH LIMIT
3
HIGH SET
Vv R 5
4 a |~ controL
GND ] LATCH - H
RLow < RHIGH

NOTE: LATCH Q is “C” (STANDARD)
LATCH Q is “H” (OPTION)

Vop
1.2V ==
REE
®
THERMISTOR 1
(NTC)

3
 —

\ comMP |- HIGH LimiT

2 AMP

HIGH SET L
\

[ ———
Low LIMIT

\ COMP.
3 AMP /
Low SET [
A $ P a4 controL
GND ﬂ_ ateH _lil's
Q

RLow > RHIGH

NOTE: LATCH G is “C” (STANDARD)
LATCH Q is “H” (OPTION)
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TC620
TC621

SOLID STATE
TEMPERATURE SENSOR

ABSOLUTE MAXIMUM RATINGS*
Power Dissipation

PlaSTC ..ot 1w

CerDIP ... .... 800 mW
Derating Factors

PlastiC .....ocovieiieeeeeeeeeee e 8 mW/°C

CerDIP ...... 6.4 mW/°C
Supply VORAGE .....coveeveeiiieriecciesececresee e 20V
Input Voltage Any Input ............. (Gnd -0.3) to (VDD +0.3)
Operating Temperature

M Version......cccceeveeeviencenneeecereee -55t0 +125°C

V VErSION ...ccceeeveiirreirieeneeseeeieeneeeae -40to +125°C

E Version ........cocveeenenenenieceeneeeens - 40 to +85°C

C VErSioN ....cocvevvieeeeerereereesee e seraeenns 0to +70°C

ELECTRICAL CHARACTERISTICS (TA = 25°C)

Maximum Chip Temperature
Storage Temperature
Lead Temperature (10 SEC) .......ccceveeerrrverrernnnen.

*Static-sensitive device. Unused devices must be stored in conductive
material. Protect devices from static discharge and static fields. Stresses
above those listed under "Absolute Maximum Ratings" may cause perma-
nent damage to the device. These are stress ratings only and functional
operation of the device at these or any other conditions above those
indicated in the operation sections of the specifications is not implied.
Exposure to absolute maximum rating conditions for extended periods may
affect device reliability.

Parameter Conditions Min Typ Max Unit
Supply Voltage Range 4.5 18 \
Supply Current 5V <Vpp <18V 170 200 HA
Output Resistance Output High or Low, 5V < Vpp < 18V 400 1000 Q
Output Current 620 Temp Sensed  Source/Sink 1 mA
621 Temp Sensed  Source/Sink 10 mA
Output Current 620 Cool/Heat Source/Sink 1 mA
621 Cool/Heat Source/Sink 10 mA
Absolute Accuracy T = Programmed Temperature T-3 T T+3 °C

N
a
o

@
.
E 200 =
o
z L]
w
2 150 -~
<
i //
ﬁmo
/

/

50

55 35 15 5 25 45 65 85 105 125

TEMPERATURE (°C)

TC620 Sense Resistors vs. Trip Temperature
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SOLID STATE
TEMPERATURE SENSOR

TC620
TC621

Control and Limit Outputs

The CONTROL output provides a programmable hys-
teresis in that it goes HIGH when the measured temperature
goes above the HIGH LIMIT set-point and returns to LOW
when the measured temperature goes below the LOW
LIMIT set-point. The CONTROL output of either device is
easily applied to a temperature control system.

TelCom's proprietary technology provides excellent ab-
solute temperature accuracy (+3°C). The low current re-
quirement of these devices make them especially appealing
in battery powered applications. The TC620 and TC621
have no moving parts so they are rugged and work well in
equipment that needs to take a lot of abuse. Automotive,
marine and industrial users will benefit from the ruggedness
of these devices.

The LOW LIMIT and HIGH LIMIT temperatures are set
by connecting the appropriate resistors to the LOW SET and
HIGH SET inputs. The value of these SET resistors are a
function of the temperature sensing element.

Internal Temperature Sensor (TC620)

The TC620 incorporates an on-board positive-tempera-
ture-coefficient (PTC) thermal sensor which reacts to the
internal temperature of the die. The LOW SET resistor
(pin 2) should always be lower than the HIGH SET resistor
(pin 3) to insure proper operation.

External Temperature Sensor (TC621)

The TC621 performs the same function as the TC620
but employs a user-supplied temperature sensing device.
The mostcommon type of temperature sensor is a negative-
temperature-coefficient (NTC) thermistor. An NTC sensor
requires that the input and output functions be reversed from
that of the TC620. This means that the HIGH SET resistor
(pin 2) should always be lower than the LOW SET resistor
(pin 3) to insure proper operation. See the applications
section of this data sheet for recommendations on selecting
the thermistor.

DESIGN PARAMETERS

The designer must be sure thatthe LOW SET program-
ming resistor is smaller than the HIGH SET programming
resistor for the TC620, or that the LOW SET resistor is larger
than the HIGH SET resistor when using the TC621 with an
NTC external thermistor. No damage will be done to the part
if this is not correct, but the CONTROL output logic will be
affected.

The LOW LIMIT and HIGH LIMIT outputs will go to a
HIGH state (LOW state for TC621) whenever the tempera-
ture of the device (or external thermistor) exceeds the
temperature programmed for the respective inputs.

? TELCOM SEMICONDUCTOR, INC.

The CONTROL output latch will go to a HIGH whenever
the sensed temperature exceeds the HIGH SET tempera-
ture and will go to a LOW if the sensed temperature drops
below the LOW SET temperature. A bonding option may be
selected to invert the CONTROL output logic for heating
applications. The part number for this option has an ‘H’
instead of a ‘C’ placed after the ‘620’ or ‘621’ digits.

If power is applied to the device while the sensed
temperature is between the LOW SET temperature and the
HIGH SET temperature, the LOW LIMIT output will go HIGH
(LOW for the TC621) and the CONTROL output will go
HIGH.

The resistance value for the TC620 can be determined
by inserting the desired trip temperature (T) into the follow-
ing formula:

Rrrip = 0.5997 x T 21312
Where Rtrip = Programming resistor value in Ohms
T = Desired trip temperature in degrees Kelvin

For example, to program the device to trip at 50°C,
the programming resistor would be:

Rurip = 0.5997 X ((50 + 273.15)21312) = 133,652 Q

The TC621 can source or sink 10 mA per output. The
outputs of the TC620 can source or sink 1mA. If higher
currents are utilized in the TC620, the device will generate
internal heat, possibly causing erroneous temperature sens-
ing.

HIGH SET POINT N
<— TEMPERATURE \,\

LOW SET POINT ~——/ NG

LOW LIMIT OUTPUT -—I

HIGH LIMIT OUTPUT I I

CONTROL OUTPUT (COOL OPTION) _—'—J——]—
CONTROL QUTPUT (HEAT OPTION) —l—,_

TC620/621 Input vs. Output Logic



TC620
TC621

SOLID STATE
TEMPERATURE SENSOR

TYPICAL APPLICATIONS
Dual Speed Temperature Control

The Dual Speed Temperature Control adds features to
the basic controller by using the TC4469 quad driver. Two of
the drivers are configured in a simple oscillator. When the
temperature is below the LOW TEMP set point, the output of
the driver is OFF. When the temperature exceeds the LOW
TEMP setpoint, the TC4469 gates the oscillator signalto the
outputs of the driver. This square wave signal modulates the
remaining outputs and drives the motor at a low speed. If this

speed cannot keep the temperature below the HIGH TEMP
set point, then the driver turns on continuously which in-
creases the fan speed to high. The TC620 will monitor the
temperature and only allow the fan to operate when needed,
and at the required speed to maintain the desired tempera-
ture. A higher power option can be designed by adding a
resistor and a power MOSFET.

1
+12V | VMOTOR I
. b ! }
I
0.1 pF_L _L10pF ™ I !
| FAN MOTOR !
LOW TEMP I [
30°Cc 2 1N4148 100k I I
+— AA—2] S_N 2 13 N : :
W\l 3 "Eg—g 1 4 | 50Q MOSFET :
HmieHTemp 4 Tce20 1Na148 d = | SOPFIS | !
sooc 5_ 5 9 e e e e e e I
Ll s TC4469 10 HIGHER POWER OPTION
4
11
TEMPERATURE SCALE l 12
0°C — 30°C (FAN OFF) T uF 10k FAN MOTOR
30°C - 50°C (FAN LOW) M
50°C — UP (FAN HIGH) T

Temperature Controlled Fan

In the Temperature Controlled Fan schematic, a high
and a low temperature is selected by two ‘set’ resistors. The
TC620 then monitors the ambient temperature and will turn
on the FET switch when the temperature exceeds the HIGH
TEMP set point. The fan remains on until the temperature
decreases to the LOW TEMP set point. This provides the

hysteresis. In this application, the fan will not turn on unless
needed. This makes for a high-power fan control with only
four parts.

The TC621 uses an external thermistor to monitor the
ambient temperature. This adds one part, but allows more
flexibility in location of the sensor.

+12V

— 3

MTP3055E

iV FAN MOTOR
owrewe | _ _ |5
!
Tce20 |6
5 I

HIGH TEMP 4

v

+12V
THERMISTOR
(NTC)
Vs FAN MOTOR
HIGH TEMP
‘ 2l 7 -

TCe21 &

LOWTEMP 4 | I MTP3055E

v
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SOLID STATE
TEMPERATURE SENSOR

TC620
TC621

USING THE TC621

The TC621 uses an external thermistor to monitor the
controlling temperature. A thermistor with a resistance value
of approximately 100k} at 25°C is recommended.

Typical thermistors exhibit a negative temperature coef-
ficient (NTC) which must be considered when selecting the
set-point resistors. A temperature set-point is selected by
picking a resistor whose value is equal to the resistance of
the thermistor at the desired temperature.

A 30k(Q) resistor between HIGH TEMP (pin 2) and Vpp
(pin 8) will set the high temperature trip point at +50°C and
a 49k resistor on LOW TEMP (pin 3) will set the low
temperature trip point to +40°C.

TYPICAL APPLICATIONS
Solid State Thermostat

The Solid State Thermostat diagram shows how the
TC620 can be used to control home, industrial and commer-
cial heating and cooling applications in a low cost, simple
approach. The TC620 monitors the temperature and when
heating is required, turns on the FET switch. This applies
power to the gas valve and turns off the “standby” indicator.

TYPICAL NTC THERMISTOR

350 \

300

250

200

150

Thermistor Resistance (k Ohms)

50

]

0 10 20 30 40 50 60 70

Temperature (°C)
4369 ILL FO7

Typical Thermistor Resistance vs Temperature

The NiCad battery provides power to the circuit when the
FET is energized. D5 and R2 provide current limited power
to the circuit when the FET is off. This also keeps the Nicad
battery recharged. R3 and R4 set the desired hysteresis to
prevent rapid cycling of the heating or cooling equipment.

1N4002
»l

8K Ry

Ll
D5
1N4002 & A 1N4002

STANDBY

\

120 VAC 3

1N4002 A

L
»
Ll
-
z
8

ADJ
10k

P —
% -
H MTP3055E 913k 5

A%

R3

Ra 3

4369 ILL F08

Solid State Thermostat

4.5V TO 18V

HIGH Low
TEMP S S TEMP
py

TC620

> o

TC4469

HEATING/COOLING |
L _EQUIPMENT __,

TC620 Heating/Cooling Application
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<= elCom
~ Semiconductor, Inc.

TC675
TC676

FAST NiCAD/Ni-HYDRIDE BATTERY CHARGER

FEATURES GENERAL DESCRIPTION

M Fast Charge Cycle The TC675 and TC676 are designed for use with both

M Automatic Overcharge Protection NiCad and Ni-Hydride batteries. These two devices meet

B Fail Safe Fast Charge Shut-Off the needs of the system designer whose battery charge

B Programmable Min/Max Ambient Limits applications require fast, reliable, and safe design.

B Selectable Charge Rate The many automatic, programmable and selectable

B Automatic Trickle Charge features of these devices provide capabilities found only in

M Timed Fast-Charge Mode with Switchable Trickle more expensive implementations. These, combined with
Mode (TC675) their capability of use in both AC or DC power sources,

B Auto Trickle Charge Mode with Switchable Timed provide a flexible, cost-effective solution to battery recharge
Fast-Charge (TC676) maintenance.

M Safety Features

B Temperature Controlied Shut-Off

B Time Controlled Shut-Off ORDERING INFORMATION

B Dual Mode Automatic Shut-Off Operating

B Automatic Battery Insertion Detector Part No. package Temp Range

APPLICATIONS TC675CPD 14-Pin Plastic DIP 0°C to +70°C

B Battery Powered Applications TC675EPD 14-P.|n Plastlc'DIP —40°C to +85°C
—Power Tools TC675MJD 14-Pin Ceramic DIP —55°C to
—Laptop/Notebook Computers +125°C ] .
—Medical TC676CPD 14-Pin Plastic DIP 0°C to +70°C
_Emergency Lighting 3ystems TC676EPD 14-Pin Plastic DIP —40°C to +85°C
—Communications TC676MJD 14-Pin Ceramic DIP —-55°Cto
—Cellular Phones/Mobile Radio +125°C

—Portable Instruments

FUNCTIONAL BLOCK DIAGRAM

Rmax AriGH PLow

VREG |5

®
]
°

Vin Pt

L
i

TO INTERNAL CIRCUITRY (Vpp)

T sses

.
HIGH | CONTROL

I: Low

BATTERY DETECT
LOGIC

HALF TRICKLE

FULL TRICKLE

HALF CHARGE
FULL CHARGE

.

2~ scr oRive

4 _ BATTERY
DETECT

2 Leb our

7680

655360

19 BIT COUNTER
TIMER

e~ cLock In

12

TRICKLE/RESET *
13

CHARGE RATE

NOTE: PIN NUMBERS REFER TO 14-PIN DIP

* TC675 ‘TRICKLE’, ‘1’ = TRICKLE-CHARGE
TC676 ‘RESET’, ‘0’ = FAST-CHARGE
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4-9




TC675
TC676

FAST NiCAD/Ni-HYDRIDE
BATTERY CHARGER

ABSOLUTE MAXIMUM RATINGS

Power Dissipation

PlaStiC ....coeeiiieeieeee e 1000 mW

CeramiC .....ccouerreeeeiiinieieeeee e 800 mW
Derating Factors

PlAastiC ...cooveevieeeieeeeee e 8 mW/°C

LO7=T £- 1441 USRS 6.4 mW/°C
Operating Temperature

M Version ........cccoeeivenieeiieceeee, —55°C to +125°C

E Version ..... .—40°C to +85°C

C VErSioN ....c.eeiiieiiieieeeeieeeee e 0°C to +70°C
Storage Temperature ..........ccccoceeeeneeee. —65°C to +150°C
Lead Temperature (10 SE€C) ....covvveeeeeeieieiieiiens +300°C
Max Zener Current (IIN) «..oceeeeeeereenierreeeieeeieseene 50 mA

Static-sensitive device. Unused devices must be stored in conductive
material. Protect devices from static discharge and static fields.
Stresses above those listed under Absolute Maximum Ratings may
cause permanent damage to the device. These are stress ratings only
and functional operation of the device at these or any other conditions
above those indicated in the Operational Specifications is not implied.
Any exposure to Absolute Maximum Rating Conditions may affect
device reliability.

OPERATIONAL SPECIFICATIONS: unless otherwise specified Ta = +25°C; Is = 6 mA.

Symbol Parameter Condition | Min ‘ Typ ‘ Max { Unit
Supply

Is Supply Current ( thru current limit resistor) 1 6 30 mA
Vz Zener Clamp Voltage Iz=6mA 6 6.3 7 \
Rz Zener Output Resistance Iz=10 mA to 30 mA —_ 10 20 Q
Vpp DC Input on VrReg  Vin Open 4 5 6 \%
Ibp Internal Circuit Current Vop (VReg) = 5V — 0.3 1 mA
Regulator

VREG Regulated Output Irec = 5 MA 5 — 6 \Y
Rrec VReg Output Resistance -lrReg = 0 mA to 5 mA — 38 45 Q
Switch Resistance (rps ON)

RSWuax MAX Switch — — 200 Q
RSWhHhigH HIGH Switch — — 450 Q
RSW_ow LOW Switch — — 350 Q
RSWpEeLTA DELTA Switch — — 300 Q
RSW_ep LED Drive — — 80 Q
Threshold Voltage Tolerance

dVmaxMAX 2/3 VRreg — +4 +10 %
OVHIGH HIGH 1/2 VRreg —_ +4 +10 %
dViow LOW 1/3 VReag — +4 +10 %
OVDELTA DELTA 1/6 VReg o +4 +10 %
TC8V Threshold Voltage Temp Coefficient — +0.01 +0.1 %/°C
4-10 _—Y;"E TELCOM SEMICONDUCTOR, INC.



FAST NiCAD/Ni-HYDRIDE

BATTERY CHARGER
TC675
TC676
OPERATIONAL SPECIFICATIONS (Cont): unless otherwise specified Ta = +25°C; Is = 6 mA.
Symbol Parameter Condition | Min | Typ ’ Max ‘ Unit
Output
lonG SCR Gate Drive Source — 5 — mA
loLG SCR Gate Drive Sink — 3 — mA
VoLl LED Low Output Voltage lo.L =10 mA — — 0.8 \
Digital Input
I,.CR CHARGE RATE Pull-up Current — — 10 HA
TR TRICKLE/RESET Pull-down Current — — 25 HA
1W.BD BATTERY DETECT Pull-up Current — — 20 pnA

ELECTRICAL CHARACTERISTICS: unless otherwise specified Ta = Operating Temperature Range; Is = 6 mA.

Symbol Parameter Condition ‘ Min ‘ Typ ‘ Max ‘ Unit
Supply

Is Supply Current (thru current limit resistor) 1.2 6 30 mA
Vz Zener Clamp Voltage Iz=6 mA 5.5 — 7.5 \
Rz Zener Output Resistance Iz =10 mA to 30 mA — — 25 Q
Vpp DC Input on VRegVin Open 4 5 6 \
Ipp Internal Circuit Current Vpp (VR EG) =5V — 0.5 1.2 mA
Regulator

VREG Regulated Output lrReg =0 mA to 5 mA 4.8 — 7 \Y
Rrea VRea Output Resistance IrReg =5 MA — 45 60 Q
Switch Resistance (rps ON)

RSWuax MAX Switch — — 260 Q
RSWhHhigH HIGH Switch — — 510 Q
RSWow LOW Switch — — 410 Q
RSWpELTA DELTA Switch — — 360 Q
RSW.ep LED Drive — — 100 Q
Threshold Voltage Tolerance

SVmax MAX 2/3 VReg — — +10 %
SVHIGH HIGH 1/2 VReag — — +10 %
3Viow LOW 1/3 VReg — — +10 %
OVDELTA DELTA 1/6 VReg — — +10 %
TC8V Threshold Voltage Temp Coefficient — — 0.1 %/°C
Output

lonG SCR Gate Drive Source — 5 — mA
loLG SCR Gate Drive Sink ’ - 3 — mA
VoLL LED Low Output Voltage lorL =10 mA — — 1 \%
Digital Input

ILCR CHARGE RATE Pull-up Current — — 15 UA
IHTR TRICKLE/RESET Pull-down Current — — 35 HA
1,.BD BATTERY DETECT Pull-up Current — — 25 HA

<= TELCOM SEMICONDUCTOR, INC. 4-11



FAST NiCAD/Ni-HYDRIDE

BATTERY CHARGER
TC675
TC676
TIMER-COUNTER
Symbol Parameter Condition Min Typ Max Unit
Charge Time Counter (1.517 Hr @ 120 Hz) —_ 655360 —_ Counts
Delay Time Counter (1.07 Min @ 120 Hz) — 7680 — Counts
DEVICE OPERATION Time Control

(All pin numbers refer to the 14-pin dip package)
Temperature Control

Safety is critical in charging NiCad/Ni-Hydride batteries
because a fast-charge applied under the wrong conditions
may cause severe damage to the battery and it’s surround-
ings. In circuits using the TC675/676, the battery tempera-
ture is monitored by an external thermistor, and the control-
ler will not allow the battery to start a fast-charge cycle while
the battery temperature is too hot or too cold. A NiCad/Ni-
Hydride battery tends to warm up during a fast-charge cycle,
so0 a temperature that was too high to allow the charging to
start may not be too high to allow the charging to continue.
Therefore, another temperature threshold causes the charger
to stop the fast-charge cycle as soon as the battery tempera-
ture gets too high.

A charger may also be required to work in cold ambient
temperatures. The preprogrammed absolute maximum
charging temperature may be too high for these conditions
s0 a separate ‘delta’ temperature may be used. This will stop
the fast-charge cycle if the battery temperature exceeds the
ambient temperature by a predetermined amount. This
option requires a second thermistor to monitor the ambient
temperature.

PIN CONFIGURATIONS

The TC675 and TC676 both use an on-board timer-
counter which limits the maximum duration of the fast-
chargecycleto 1.5 hours (1.8 hrs @ 50 Hz AC power). There
is also a time delay of 60 seconds (or 77 sec if using 50 Hz
AC power) before starting a fast-charge cycle. This delay
gives the battery temperature sensor time to stabilize.

The counters are clocked by the full-wave rectified AC
input. This clock rate is divided by 655,360 to time out the
1.517 hour (1.82 hrs @ 50 Hz AC power) maximum for the
fast-charge cycle. A faster or slower clock may be used to
modify the timing (pin 6).

Full-Charge or Half-Charge Option

Both the TC675 and TC676 have a half-charge selec-
tion option. The CHARGE RATE input has an internal pull-
up to select the full-charge mode (7/8 duty cycle). ALOW on
this pin will select the half-charge mode (7/16 duty cycle).
This input may be selected or toggled at anytime during a
fast-charge cycle without affecting the time-out sequence.
NOTE: "full-charge" is the same as "fast-charge".

Trickle-Charge

The trickle-charge mode of the TC675 and the TC676
runs at =7% of the fast-charge mode (1/16 duty cycle for full-
charge and 1/32 duty cycle for half-charge), and is the
default mode whenever the fast-charge cycle is not running.

14-Pin DIP

anp [1] [1a] vin

LED OUT | 2 13 | CHARGE RATE

SCR DRIVE | 3 12 | TRICKLE/RESET

BAT DETECT [ 4 gsg 11] RpeLTa
EJD
Vreg [ 5 | MJD E RLow

cLOCK IN [ 6 |
Ruign [7 ]

[ 9] Rear
[ 8 ] Rmax

16-Pin SOIC

GND [ 1]
LED ouT [ 2 |

SCR DRIVE I 3
BAT DETECT | 4

vreg [5
cLOCK IN [ 6 |
Ruign 7]
Rmax [ 8

[16] viy

15 | CHARGE RATE
14| TRICKLE/RESET
COE 13] NnC
EOE 12] NC

[11] RpeLTa
[10] RLow
[ 9] Rgar

412
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FAST NiCAD/Ni-HYDRIDE
BATTERY CHARGER

TC675
TC676

TRICKLE/RESET (PIN 12)

The only difference between the TC675 and the TC676
is the operation of the input on pin 12.

On the TC675 (pin 12 = ‘TRICKLE’), a HIGH (Vpp) on
this pin will hold the charger in the trickle-charge mode. The
internal timer will continue to count down. If the timer hasn’t
timed out, the charger will go back to the full-charge mode
if this pin is returned to LOW (0V).

Onthe TC676 (pin 12=‘RESET’), aLOW transition (Vpp
to 0V) on this pin will reset the timer and initiate a fast-charge
cycle.

BATTERY SENSE (PIN 4)

This input is internally pulled up to about 1 volt. It is
designed to be capacitively coupled to the cathode of the
SCR (the positive terminal of the battery). Without a battery
present, the pulses from the full-wave rectified AC signal are
coupled by a bypass resistor around the SCR into the battery
input through the capacitor. This produces a zero-crossing
waveform at the battery pin which is interpreted as a "no
battery" condition. The presence of a battery will prevent
these zero-crossings and the TC675/TC676 can begin a
charge sequence.

Some battery packs contain a diode in series with the
cells for safety purposes. This diode may prevent the battery
from clamping the waveform to prevent zero-crossings. The
auxiliary detect circuitry should be added to cause the diode,
if present, to forward bias, which will then clamp the wave-
form to prevent zero-crossings and will indicate the pres-
ence of the battery (see page 7).

CLOCK IN (PIN 6)

This input accepts the rectified AC signal and uses its
pulses to establish timing. The waveform must reach zero
volts during the pulse OFF time for accurate timing. Noise on
this line could cause false clock triggering, which can be
prevented by placing a 0.01 pF capacitor from pin 6 to
ground. This input is internally clamped to the Vpp (Vin)
potential (=6V). A current limiting resistor must be used to
connect the rectified AC signal.

SCR DRIVE (PIN 3)

A 1.5 kHz pulse is the output on this pin which turns on
the SCR during each cycle of the rectified AC waveform.
This signal should be capacitively coupled to the gate of the
SCR. A 0.01 uF capacitor will effectively turn on the SCR
and block any DC component.

CHARGE RATE (PIN 13)

This input has an internal pull-up which selects the

= TELCOM SEMICONDUCTOR, INC.

normal-charge mode as default. ALOW on this pin will select
1/2the currentcharge rate, i. e. iftthe chargeris in full-charge
mode, then a LOW on pin 13 will select 1/2 full-charge: if the
charger is in trickle-charge mode, then 1/2 trickle-charge is
selected.

LED OUTPUT (PIN 2)

This pin has a pull-down resistor to ground. With power
applied and no battery installed, and during the 1 minute
start delay, the transistor is ON. The output will toggle at a
3 Hz rate during a fast-charge cycle. The output will stay ON
steady during the trickle-charge mode.

CONTROL TEMPERATURE

Each control temperature has a unique voltage thresh-
old whichis derived as a ratio of an internal, zener generated
reference voltage (VReg)-

Tmax  (8Vmax = 2/3 VRee)
the charger will stop the fast-charge mode if the
battery temperature reaches this value.

ThigH  (8VrHiGH = 1/2 VRea)
the charger will not start the fast-charge mode if the
battery temperature is above this value.

Tiow  (3Viow = 1/3 VRea)
the charger will not start the fast-charge mode if the
battery temperature is below this value.

ToeLta (8VpeLTA = 1/6 VREG)
the charger will stop the fast-charge mode if the
battery temperature exceeds the ambient tempera-
ture by this value.

THERMISTOR TEMPERATURE SENSOR

A common type of thermistor for this application is a
negative-temperature-coefficient (NTC) with a relatively high
resistance ratio. Some examples of this type are KC009-ND,
KC020-ND or RL1006-53 from Keystone.

Thermistor Characteristics

The transfer function (Resistance vs. Temperature) of a
normal NTC thermistor takes the form:

IN Ry =Ag + Ay/T + Ax/T2 = ... + AWTN (T in °Kelvin)

Thefirstthree terms of this equation are sufficientto give
a fit of better than £0.01°C. The coefficients may be deter-
mined by setting up 3 simultaneous equations based on 3
known points.

The following calculations are based on a typical NTC
thermistor (Keystone RL1006-53.4K-140-D1) with resis-
tance values of 48.15kQ at40°C (313.15°K), 100 kQ at25°C
(298.15 K) and 221.8 kQ2 at 10°C (282.15°K).
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FAST NiCAD/Ni-HYDRIDE

BATTERY CHARGER

TC675
TC676
1st point: RHigH (pin 7):

In (48150) =Ag + Ay/313.15 + Ap/313.152 THigH = 30°C, 8VHigH = 1/2, RaT30 = 77.8k,
2nd point: ~ RBear30 _ ~77.8k _ =

In (100000) = Ao + A1/298.15 + A,/298.152 Rhian =0y eT90 = 5105~ 77.8k = 77.8k
3rd point: Riow (pin 10):

In (221800) = Ap + A1/283.15 + A,/283.152 TLow = 20°C, 8V ow = 1/3, Rga120 = 129.4k,

Solving these three equations for
Ao, A1 and Ay yields:

Ry = In! (~5.825 + 5821/T - 194235/T2)

350
= \
g 300
w
S 20
B
@ 200
& \
c 150 N\
e
®» 100
z N
w 50 S
'=_= N

0

0 10 20 30 40 50 60 70

TEMPERATURE (°C)

SETTING UP THE
CONTROL TEMPERATURES

Assume an application which requires that the battery
charger not start while the battery temperature is below
20°C (TLow) or above 30°C (THigH)- Also assume that the
battery should stop charging if its temperature gets up to
either 40°C (Tmax) or 20°C (TpeLta) above an ambient
temperature of 15°C (Tams)-

The control temperatures are programmed as a function
of the resistance value of the battery temperature thermistor
(ReatT) when it is at the temperature to be programmed (T)
and the threshold voltage ratio (§Vx).

The form of the equation to determine the values of
Rrow, RHigH and Ryax is as follows:

Rx = RBatl _ pg, T
X
where RgatT is the resistance of the
battery thermistor at temperature T
connected to pin 9.
Rwmax (pin 8):
Tmax = 40°C, 8Vmax = 2/3, RpaT40 = 48.1k,

Ruax = RBaT40 _ R 40 = 48.1k _ 48 1k = 24k
SViax 213

4-14

Riow = B8a120 _ Royrog = 129.4K _ 129 4k = 268.8k
Viow 13

RpeLta (PIN 11)

A second thermistor can be used to modify the battery
temperature shutdown point as a function of the ambient
temperature. A ‘delta’ temperature may be set up to limit the
battery temperature to some value above ambient. This
value is called TpeLTa and the ambient temperature that it
works against is called Tamg.

This control is very important for applications which are
required to work over a wide range of ambient temperatures.
Once a TpeLTa value has been set up to work at some Taus
then the TpeLta Will change in inverse proportion to Tame.
This means that as the ambient temperature goes up, the
trip point goes up at a decreasing rate, because TpgLta gets
smaller.

The form of the equation to determine the values of
RpeLta is different from the ones for the other temperature
control resistors because two thermistors are used. If the
same thermistor type is used for monitoring the ambient
temperature as is used to monitor the battery temperature,
then the value of RpgL1a, based on the above example, is
calculated thus:

ToeLta=20°C, Tams = 15°C,

Teat = Tams + TpeLTa = 35°C, 8VpeLTA = 1/6,

RoeLTa = RBAT3S _ Roy135 — Raysl5 =
VDELTA

61k _ g1k -168.7k = 197.3k
1/6

__ 50 22

e 21 _
# 45 N 20 e
=2

L= ™ 19 &
[+ N 4” E
Iﬁl.' 40 > - 18 «
£ | TsHutpown 2K 75
w ’f \ o
= 35 N\ 16 =
= Lt ‘\ w
% = 15 :
a . ]
g 30 TOELTA 14 g
2 11 132
& [

@ 12

25
10 12 14 16 18 20 22 24 26 28 30
AMBIENT TEMPERATURE (°C)
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FAST NiCAD/Ni-HYDRIDE

TYPICAL APPLICATION
10k é 2.2k
2.2k
14
ViN
A A | LED ouT VRea 5
27k 6
] . MV CLOCKIN s 243k
AUXILIARY
120v 20v BATTERY CURRENT Rmax '\M
AC AC 200S o +
| Vs e, e
CIRCUITRY =
50/60 Hz r—t--- (SEE NOTE) TC675 R 10 ,\2/7\4/';
- # I TC676 Low
! SCR
0.01 pF
! an6238 Y 3 78.7k
(-—— SCR DRIVE 7
' RHIGH NV
1 1K
| 4
: K BATTERY DETECT TaMB
=~ | 0.01 pF 100k
10pF | @25°C
T Iy 1N4148 11 N3k
RpELTA ;\M
=" 13
H 1 9 CHARGE RATE —0
NiCADor | ! PBAT rpickLe/RESET 20
Ni-HYDRIDE | —— !
BATTERY | — : TBAT GND
PACK L 100k @ 25°C 1
>
* IF INTERNAL DIODE IS NOT PRESENT,
AUXILIARY BATTERY DETECT NOT NEEDED. V
IMPORTANT NOTE: THE TC675 AND TC676 WILL MONITOR THE CHARGE TIME AND THE BATTERY TEMPERATURE
BUT DO NOT CONTROL THE CHARGING CURRENT. THE DESIGNER MUST LIMIT THE CHARGING CURRENT
BASED ON THE APPROPRIATE RATE FOR THE TYPE AND NUMBER OF CELLS IN THE NiCAD/Ni-HYDRIDE
BATTERY TO BE CHARGED. EXCEEDING THE BATTERY MANUFACTURER’S MAXIMUM CHARGING CURRENT CAN
RESULT IN DEGRADED PERFORMANCE OR EVEN CATASTROPHIC FAILURE.
CHARGING CURRENT CAN BE LIMITED WITH A RESISTOR, AS SHOWN, OR BY MATCHING THE MAXIMUM TRANS-
FORMER OUTPUT CURRENT TO THE BATTERY CHARGING RATE.

CHARGING NiCAD BATTERIES
FROM A DC SOURCE

The TC675 and TC676 are designed to control the  be modified by the presence of a battery such that it does not
charging of NiCad/Ni-Hydride batteries from a self-clocking, ~ provide zero-crossings on pin 6.
self-commutating power source (full-wave rectified, unfil- A SET/RESET latch may be controlled by the SCR
tered 50/60 Hz AC power). However, some applications  DRIVE output (pin 3) and the timing clock (pin 6) which can
may require that the NiCad be charged from a DC power then mediate the charge current to the battery.
source, i. e. battery-to-battery. DC voltage may be supplied directly to the internal
When a DC power source is used, the application must  circuitry through pin 5. Under these conditions, Vreg be-
provide a clock pulse to CLOCK IN (pin 6) to control the  comes Vpp and must be at least 4 volts and no greater than
timing, and a pulse train to the BATTERY DETECT (pin 4) 6 volts. The internal circuitry will take about 300 pA (1 mA
whenever a battery is NOT present. This pulse train should ~ max) and the V| input (pin 14) should be left open.

7 TELCOM SEMICONDUCTOR, INC. 415
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TC232

DUAL RS-232 TRANSMITTER/RECEIVER AND POWER SUPPLY

FEATURES GENERAL DESCRIPTION
B Meets All RS-232 Specifications The TC232 is a dual RS-232 transmitter/receiver that
B Operates From Single 5V Power Supply complies with EIA /TIA RS-232E guidelines and is ideal for
B 2 Drivers and 2 Receivers all RS-232 communication links. This device operates from
H On-Board Voltage Quadrupler a 5V power supply and contains two charge pump voltage
B Input Levels +30V converters that produce £10V power supplies.
B Output Swing With +5V Supply ....ccccecvrerrccnrnnes 9V The TC232 has four level translators. Two are RS-232
B Low Supply Current 5mA transmitters that convert TTL/CMOS input levels to 9V
B Does not require external £12V supplies RS-232 outputs. The other two translators are RS-232
receivers that convert RS-232 inputs to 5V TTL/CMOS
APPLICATIONS output levels. The receivers have a nominal threshold of
B RS-232C Communication Links |1n3[\j/ts aLI tygcior:)/steresm of 0.5V, and can operate with
B Modems, peripherals, computers P p o £30V.
H Battery-powered systems
VP 4 ORDERING INFORMATION
PIN CONFIGURATIONS Temperature
Part No. Package Range
coF Cf 0 16] vee TC232CPE 16-Pin Plastic 0°C to +70°C
e . | TC23210E 16-Pin CerDIP  — 25°C to +85°C
g v @ TC232EPE 16-Pin Plastic  — 40°C to +85°C
c; [5] TC232 12| R1gyT
v-[§] [ T TC232COE 16-Pin SO 0°C to +70°C
Teour [1 ol vz TC232EOE 16-Pin SO - 40°C to +85°C
IN[E [9] R20uT
TC232MJE 16-Pin CerDIP - 55°C to +125°C
TYPICAL APPLICATION
+5V INPUT
o ouF
1o.n=$ .__.__ﬁ|1_.__|
= 16
c1t . il sV vC;wv +2 :
10uF ’|‘_.% cy VOL;AGEODBUBLER Ml .
c2tl ¢ +10V TO -10V - |zrov 10 uF
10 4F T sl v :I_:
u c; - VOLTAGE INVERTER s_l:%uF
T %400 ka T B
TN 3 &c out]14
TTLUCMOS RS-232
INPUTS 400 kQ OUTPUTS
10] T2y % > T2oyr|7
12| Rlout o <}R' Rijy J13
TTL/CMOS % 5kQ RS-232
OUTPUTS o R2our g ren [ INPUTS
%Skﬂ
GND =
T G o L
? TELCOM SEMICONDUCTOR, INC. 53



TC232

DUAL RS-232 TRANSMITTER/
RECEIVER AND POWER SUPPLY

ABSOLUTE MAXIMUM RATINGS

Input Voltages
TAING T2IN ceeeeenrerreeeeeerrerereeceeeeens -0.3to (Vcc +0.3V)
|2 ETN TR o 724 SR +30V
Output Voltages
T10UT, T20UT wovverrerieeeeenennns (V* +0.3V) to (V- -0.3V)
R10uT, B20UT -cvoeeeeeevreeeeeneieeeeees —0.3to (Vgc +0.3V)
Short Circuit Duration
................................................................... 30 sec
.... 30 sec
Continuous

Storage Temperature Range .................. -65°C to +150°C
Power Dissipation
CEeIDIP ...t 675 mW
Derate 9.5 mW/°C Above +70°C
Plastic DIP ........ooeceeiieeeieeee et 375 mW
Derate 7 mW/°C Above +70°C
Small Outling (SO) .....cceeverrecceirerirere e, 375 mW

Derate 7 mW/°C Above +70°C

Static-sensitive device. Unused devices must be stored in conductive
material. Protect devices from static discharge and static fields. Stresses
above those listed under "Absolute Maximum Ratings" may cause perma-
nent damage to the device. These are stress ratings only and functional
operation of the device at these or any other conditions above those
indicated in the operation sections of the specifications is not implied.
Exposure to absolute maximum rating conditions for extended periods may

affect device reliability.

ELECTRICAL CHARACTERISTICS: V¢ =5V +10%, Ta = operating temperature range, test circuit unless

otherwise noted.

Parameter Test Conditions Min Typ Max Unit
Output Voltage Swing T1our, T20ut Loaded With 5 19 +10 \'
3 kQ to Ground
Power Supply Current 5 10 mA
Input Logic Threshold Low TN, T2IN 0.8 Vv
Input Logic Threshold High TN, T2IN 2 v
Logic Pull-Up Current T1N, T2IN = 0V 15 200 A
RS-232 Input Voltage Operating Range -30 +30 \
RS-232 Input Threshold Low Vee =5V 0.8 12 \'
RS-232 Input Threshold High Vee =5V 1.7 24 Vv
RS-232 Input Hysteresis 0.2 0.5 1 \
RS-232 Input Resistance Ta =+25°C, Vgc =5V 3 5 7 kQ
TTL/CMOS Output Voltage Low louT=3.2 mA 0.4 \Y
TTL/CMOS Output Voltage High loutr=—1mA 3.5 \Y
Propagation Delay RS-232 to TTL or TTL to RS-232 0.5 us
Instantaneous Slew Rate CL=10pF, RL=3kQ to 7 kQ, 30 Vius
Ta = +25°C (Note 1)
Transition Region Slew Rate RL =3 kQ, C_ = 2500 pF 3 Vius
Measured From +3V to — 3V
or -3V to +3V
Output Resistance Vee =Vr=V-=0V, Voyr =2V 300 Q
RS-232 Output 10 | mA
Short-Circuit Current

NOTE 1. Sample tested.

5.4
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DUAL RS-232 TRANSMITTER/
RECEIVER AND POWER SUPPLY

TC232

DETAILED DESCRIPTION

The TC232 contains a +5V to £10V dual charge pump
voltage converter, a dual transmitter and a dual receiver.

+5V to £10V Dual Charge Pump
Voltage Converter

The TC232 power supply consists of two charge pumps.
One uses external capacitor C1 to double the +5V input to
+10V, with output impedance of about 200Q2. The other
uses C2 to invert +10V to — 10V, with overall output
impedance of 450Q (including effects of +5V to +10V
doubler impedance).

The clock in the doubler circuit will start at =4.2V in the
typical part, but external loads may make this point rise to as
high as 4.5V with a load of 2 kQ on each of the two output
voltages.

Because of this, use of the doubler and inverter to run
additional external circuits should be limited. The maximum
current should be no more than 2.5 mA from the +10V and
- 10V. in order to guarantee start-up of the doubler clock.

The test circuit employs 22 uF capacitors for C1 to C4,
butthe value s not critical. These capacitors usually are low-
cost aluminum or tantalum electrolytic capacitors.

Increasing C1 and C2 to 47 uF lowers the output
impedance of the +10V doubler and the - 10V inverter by
the change in the ESR of the capacitors.

Increasing C3 and C4 lowers ripple on the +10V out-
puts and 16 kHz ripple on the RS-232 outputs. Where size
is critical, the value of C1 to C4 can be lowered to 1 puF. The
use of a low ESR capacitor will help lower the output ripple
and keep the output impedance of the +10V as low as
possible.

Dual Transmitter

TC232 transmitters are CMOS inverters driven by +10V
internally-generated voltages. The inputis TTL/CMOS com-
patible, with a logic threshold of about 26% of V¢ (1.3V for
5V Vcg). The input of an unused transmitter can be left
unconnected, since an internal 400 kQ pull-up resistor
connected between the transmitter input and Vgc pulls the
input HIGH and forces the unused transmitter output to the
LOW state.

With Ve at 5V, the outputs will go from (V+ — 0.6V) to
V-~ with no load and will swing £9V when loaded with 3 kQ.
The minimum output voltage swing, with Vcc at 4.5V and at
maximum ambient temperature, is £5V. This conforms to
RS-232 specifications for "worst-case" conditions.

EIA/TIA RS-232E specs limit the slew rate at output
to less than 30V/us.

The powered-down output impedance (Vcc = 0V) is
a minimum of 300Q with +2V applied to outputs.

‘? TELCOM SEMICONDUCTOR, INC.

V+, V- Output Voltages vs Load Current

10 T

+ |
N

|
(Vee = 4.5V)
™N

7 \\ S
Vo, NN
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6 |-(Vee =45V N NVee
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CONDITIONS: N
A) Tp = +25°C

B) TRANSMITTER OUTPUTS\
OPEN CIRCUIT

0 12 345678 9 10
1 oap! (MA)

/] /]

JAVAE:

a1
S

OUTPUT VOLTAGE (IVI)

-

The outputs are protected and can be short-circuited to
ground indefinitely.

Dual Receiver

TC232 receivers meet RS-232 input specifications.
Input impedance is between 3 kQ and 7 kQ. Switching
thresholds are within the £3V limits, and the receivers
withstand up to £30V inputs. RS-232 and TTL/CMOS input
compatible, the receivers have 0.8V V| and 2.4V V|, with
0.5V hysteresis to reject noise.

The TTL/CMOS compatible receiver output is LOW
when an RS-232 input is greater than 2.4V. It is HIGH
when an input is floating or between +0.8V and — 30V.

TEST CIRCUIT

=
; +4.5V TO +5.5V
TC232 INPUT
i I \_/ vce El—j
il 22pF
N
224F "L_Z:HZ vt GND [151 -
= C3 _ =
e TerE— M
+ RS-232 ~
C —a]c RN [T NpuT s30v
22 F _
¥ E‘—Ec4 5]C Rlout [iz}> TTL/CMOS OUTPUT
— v 1,5 [TTF< TTUCMOS INPUT
= 22pF
RS-232 71 T20ut T2 10'——..(TTL/CMOS
output [ 3xo ou IN INPUT
- )_J—E Ry R2out [9}> TTIL/CMOS OUTPUT
RS-232
INPUT
+30V
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TC7211A

4-DIGIT CMOS DISPLAY DECODER/DRIVER

FEATURES

B 4-Digit Nonmultiplexed, 7-Segment LCD Outputs
With Backplane Driver

RC Oscillator On Chip Generates Backplane Drive
Signal

Eliminates DC Bias Which Degrades LCD Life
Backplane Input/Output Pin Permits Synchroniza-
tion of Cascaded Slave Device to a Master Back-
plane Signal

Separate Digit Select Inputs to Accept Multiplexed
BCD/Binary Inputs

Binary and BCD Inputs Decoded to Code B
(0to9,— E, H, L, P, Blank)

Pin Compatible and Functionally Equivalent to
ICM7211A and DF411

PIN CONFIGURATIONS

viale 0] D1

E1 [2] [39] c1

613 [38] B1

F1 [4] A

Bp[5] 36] OSCILLATOR
a2 [6] 35] GND

a2 [7 34] D4

c2[3] 33| D3 | DIGIT
DZE v 3] D2 | mpure
E2 [10 = 31] b1

G2 [11] TC7211A (LCD) [30] &3

F2 [12 29182 | pata
353 28] g1 [ INPUTS
B3 [12 27| BO

c3 [15] 26] F4

03 [78] 25] Ga

&3 [17] 24] E4

a3 [1e] 23] D4

F3 [19 22] ca

a [20 21] B4

~—= TELCOM SEMICONDUCTOR, INC.

GENERAL DESCRIPTION

The TC7211A is a direct drive, 4-digit, 7-segment dis-
play decoder and driver.

The TC7211A drives conventional LCDs. An RC oscil-
lator, divider chain, backplane driver, and 28-segment out-
puts are provided on a single CMOS chip. The segment
drivers supply square waves of the same frequency as the
backplane, but in-phase for an OFF segment and out-of-.
phase for an ON segment. The net DC voltage applied
between driver segment and backplane is zero.

The TC7211A requires only 4 data bit inputs and 4 digit
select signals to interface with multiplexed BCD or binary
output devices (such as the ICM7217, ICM7226, ICL7103
and TC7135). The 4-bit binary input is decoded into the 7-
segment alphanumeric code known as “Code B.”

The "Code B" output format resultsina0to 9, —, E, H,
L, P or blank display. True BCD or binary inputs will be
correctly decoded to the 7-segment display format.

The CMOS TC7211A is available in a 40-pin epoxy
dual-in-line package . All inputs are protected against static
discharge.

ORDERING INFORMATION

Driver Output Input

Part No. Type Package Code Config.
Multiplexed
TC7211AIPL  LCD 40-Pin Code B 4-bit Binary
Plastic DIP or BCD
5-7



4-DIGIT CMOS DISPLAY

DECODER/DRIVER
TC7211A
FUNCTIONAL BLOCK DIAGRAM
h A 4
=
D4 D3 D2 D1
TC7211A SEGMENT SEGMENT SEGMENT SEGMENT
OUTPUTS OUTPUTS OUTPUTS OUTPUTS
v AAARAAE  AARRAAE  AAAARAE  AAA4MY
7 WIDE 7 WIDE 7 WIDE 7 WIDE
DRIVER | DRIVER 1 DRIVER . DRIVER
GND—» T T TILLTL1 I | ) B O I
7 WIDE | 7 WIDE 7 WIDE 7 WIDE -
LATCH ENABLE LATCH ENABLE r_ LATCH ENABLE LATCH ENABLE
L 1 1 11 L i 1 1 1 1 1 1 1 1.1 1 1 1 1 1]
PROGRAMMABLE] | JPROGRAMMABLE] | |PROGRAMMABLE] | |PROGRAMMABLE] |
4-TO-7 DECODER 4-TO-7 DECODER 4-TO-7 DECODER r 4-TO-7 DECODER [
I I T I
DATA
INPUTS
DIGIT
SELECT
INPUTS
OS?IIIS.I'.(I.\-ITOR
r4 .
FREE- w128
OSCILLATOR . - »| RUNNING) | » BACKPLANE
INPUT | INPUT/OUTPUT
ENABLE
DETECTOR
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4-DIGIT CMOS DISPLAY
DECODER/DRIVER

TC7211A

TIMING DIAGRAMS

OSCILLATOR
FREQUENCY

BACKPLANE
INPUT/OUTPUT

OFF SEGMENTS

ON SEGMENTS

DIGIT
SELECT

T U UL e

<— 128 CYCLES ———————>|

___I__F_l_

[~ evares™ *cvores™

— 1

t t
DIGIT % 4#
SELECT
Dn-1

TEST CIRCUIT

LOAD EACH
SEGMENT TO
BACKPLANE -
WITH 200 pF
CAPACITOR

SELECT O GND
- INPUTS

3. 3
- TCr211A
H 4 ‘ 29

DATA
- INPUTS

? TELCOM SEMICONDUCTOR, INC.
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TC7211A

4-DIGIT CMOS DISPLAY
DECODER/DRIVER

ABSOLUTE MAXIMUM RATINGS*

Supply VOIAge ..o +6.5V
Input Voltage, Any Terminal

(Note 2) ..o V+*+0.3V, GND - 0.3V
Power Dissipation (Note 1) .......c.cceceerennes 0.8 W at +70°C
Operating Temperature Range... —20°C to +85°C
Storage Temperature Range................ — 65°C to +150°C
Lead Temperature (Soldering, 10 seC) ................. +300°C

*Stresses above those listed under "Absolute Maximum Ratings" may
cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions above

TABLE I: OPERATING CHARACTERISTICS

those indicated in the operational sections of the specifications is not
implied. Exposure to absolute maximum rating conditions for extended
periods may affect device reliability.

NOTES: 1. Thislimitrefers to that of the package and will not be realized
during normal operation.

2. Due to the SCR structure inherent in the CMOS process,
connecting any terminal to voltages greater than V* or less
that GND may cause destructive latch-up. For this reason it
is recommended that inputs from external sources not oper-
ating on the same power supply not be applied to the device
before its supply is established, and, in multiple supply
systems, the supply to the TC7211A/TC7212A be turned on
first.

Test Conditions: All parameters measured with V+ = 5V, Ta = 25°C

TC7211A Characteristics (LCD Decoder/Driver)

Symbol Parameter Test Conditions Min Typ Max Unit
Vsup Operating Voltage Range 3 5 6 \Y
lop Operating Current Display Blank — 10 50 uA
losci Oscillator Input Current Pin 36 — +2 +10 uHA
tRFs Segment Rise/Fall Time CL =200 pF — 0.5 — HA
tRFB Backplane Rise/Fall Time C. = 5000 pF — 1.5 — us
fosc Oscillator Frequency Pin 36 Floating — 16 — kHz
fap Backplane Frequency Pin 36 Floating — 125 — Hz

AC Characteristics
tsa Chip Select Active Pulse Width  Refer to Timing Diagrams 1 — — us
tps Data Valid Time Refer to Timing Diagrams — — — ns
tbH Data Hold Time Refer to Timing Diagrams 200 — — ns
tios Inter-Digit Select Time Refer to Timing Diagrams 2 — — us

5-10 ?-?' TELCOM SEMICONDUCTOR, INC.



4-DIGIT CMOS DISPLAY

DECODER/DRIVER

TC7211A

INPUT DEFINITIONS

In this table, V* and GND are considered to be normal operating input logic levels. For lowest power consumption, input
signals should swing over the full supply.

Input Pin No. Condition Function
BO 27 V+ = Logic “1”
GND = Logic “0” Ones (Least Significant)
B1 28 V+ = Logic “1”
GND = Logic “0” Twos )
B2 29 V* = Logic “1” Data Input Bits
GND = Logic “0” Fours
B3 30 V+ = Logic “1”
GND = Logic “0” Eights (Most Significant)
0osC 36 Floating or with Oscillator input. Disables BP output devices, allowing segments to be
external capacitor GND  synchronized to an external signal input at the BP terminal (pin 5)
D1 31 D1 Digit Select (Least Significant)
D2 32 V+ = Active D2 Digit Select
D3 33 GND = Inactive D3 Digit Select
D4 34 D4 Digit Select (Most Significant)
V+ 1 Power-Supply Voltage
BP 5 Back Plane
GND 35 System Ground
OUTPUT DEFINITIONS
Output pins are defined by the alphabetical segment assignment and numerical digital assignment.
Output Pin No. Function Output Pin No. Function
A1l 37A Segment Drive  Digit1  (LSD) A3 13A Segment DriveDigit 3
B1 38B B3 14B
C1 39C C3 15C
D1 40D D3 16D
E1 2E E3 17E
F1 4F F3 19F
G1 3G \ \ G3 18G  / \ /
A2 6A Segment Drive  Digit 2 A4 20A Segment Drive  Digit4 (MSD)
B2 7B B4 21B
c2 8C C4 22C
D2 9D D4 23D
E2 10E E4 24E
F2 12F F4 26F
G2 1G \d \d G4 25 \ \
DIGIT ASSIGNMENT

F GA’B
EQC

D

QD
U

D =
-
|

EVV TELCOM SEMICONDUCTOR, INC.



TC7211A

4-DIGIT CMOS DISPLAY
DECODER/DRIVER

TYPICAL OPERATING CHARACTERISTICS CURVES

Operating Supply Current Backplane Frequency
vs Supply Voltage vs Supply Voltage
30 1T T T 7 T 1 180 11— =
25 -pIN3g OPEN T A= 20°C4 150 %
7 ? Cosc =0 pF
20 1/ 120 (PIN 36 OPEN)
d “
3 15 / // [ i 90 ‘/
'O
_% Ta= +25°C // S Cosc =22 pF-
10 /4 60 5
Y/ b
5 TA= +70°C 30 L
= R e el
0
0 1 2 3 4 5 6 7 1 2 3 4 5 6 7
V+ VOLTS V+VOLTS
BASIC OPERATION

The TC7211A drives 4-digit by 7-segment LCDs. The
device contains 28 individual segment drivers, a backplane
driver, an on-chip oscillator, and a divider chain to generate
the backplane signal.

The 28 CMOS segment drivers and backplane driver
contain ratioed N- and P-channel transistors for identical
“ON” resistance. The equal resistances eliminate the DC
output driver component resulting from unequal rise and fall
times. This ensures maximum LCD life.

The backplane output driver can be disabled by ground-
ingthe OSCILLATOR input (pin 36). The 28 output segment
drivers can therefore be synchronized directly to an input
signal at the backplane (BP) terminal (pin 5). Several slave
devices may be cascaded to the backplane output of a
master device. The backplane signal may also be derived
from an external source. These features permit interfacing
to single backplane LCDs with characters in multiples of
four. (See Figure 1.)

Each slave’s backplane input represents only a 200
pF capacitive load to the master backplane driver
(comparable to one additional segment). The number of
slave devices drivable by a master device is therefore set
by the larger display backplane capacitive load. The master
backplane output will drive the display backplane of 16
one-half-inch characters with rise and fall times under 5
us. This represents a system with three slave devices and
a fourth master device driving the backplane.

If more than four devices are slaved together, the

512

backplane signal should be derived externally and all
TC7211A devices slaved to it. The external drive signal
must drive a high capacitive load with 1us to 2 us rise and
fall times. The backplane frequency is normally 125 Hz. At
lower display ambient temperatures, the frequency may
be reduced to compensate for display response time.

The on-chip RC oscillator free-runs at approximately
16 kHz. A +128 circuit provides the 125 Hz backplane
frequency. The oscillator frequency may be reduced by
connecting an external capacitor between the oscillator
terminal and V*. (See typical operating characteristics
curves.)

The free-running oscillator may be overridden (if de-
sired) by an external clock. The backplane driver, however,
must not be disabled during the external clock’s negative or
LOW portion, as this will result in a DC drive component
being applied to the LCD, limiting the LCD’s life. To
prevent backplane driver disabling, the oscillator input
should be driven from the positive supply to no less than
one-fifth the supply voltage above ground. A backplane
disable signal will not be sensed if the driving signal remains
above ground by one-fifth the supply voltage. An alternate
method for externally driving the oscillator permits the
oscillator input to swing the full supply voltage range. The
oscillator input signal duty cycle is skewed so the LOW
portion duration is less than 1 ps. The backplane disable
sensing circuit will not respond to such a short signal.

%’ TELCOM SEMICONDUCTOR, INC.



4-DIGIT CMOS DISPLAY

DECODER/DRIVER
TC7211A
D8 D7 D6 D5:D4 D3 D2 D1
= (- K ) -I A ) K S
) = = W W o i i i  ETCTCTAY
oo l_l:t_l oo
BACKPLANE ‘t ' BackpLane §
SLAVE {28 MASTER {2g
+5V — v+ SEGMENTS | +5v—{v+ SEGMENTS
-E-t GND HIGH ORDER —eno HIGH ORDER
= Hosc B3-BoD4 D3 D2 D1 BP] = —|OSC B3-B0 D4 D3 D2 D1 BP
4
BCD/BINARY 4 *
DATA 1 —
o8 v
D7 y
oGIT D6 TC7211A
SELECT { D5
INPUTS | D4
D3
D2
D1
Figure 1. TC7211AM Driving an 8-Digit LCD Display in Master/Slave Configuration
Input Configuration and Output Codes Table |. Output Code
The TC7211AM accepts a 4-bit, true binary (positive B3 B2 B1 B0 Code B
level = logic “1”) input at pin 27 (LSB) through pin 30 (MSB). 1 0 1 1 E
The binary input is decoded to the 7-segment output known 1 1 0 0 H
as Code B. The output display format is 0 to 9, —, E, H, L, 1 1 0 1 II;
P andblank display (see Table I). Segment assignments are } } } (1) (Blank)
shown in Figure 2. The TC7211AM will correctly decode
binary and BCD true codes to a 7-segment output.
The TC7211A accepts multiplexed binary or BCD input
data at pin 27 (LSB) through pin 30 (MSB). Pins 31 (LSD) A
through 34 (MSD) are the digit select lines. When the digit -,
select line is taken to logic “17, input data is decoded and F ' G ' B
stored in the enabled output latch of the selected digit. More <>
than one digit selected line may be activated simulta- E ’ ’ c
neously. The same character will be written into all selected -
digits. (See Figure 4 for decoder segment assignments.) D

Table I. Output Code

B3 B2 Bi BO Code B
0 0 0 0 0
0 0 0 1 1
0 0 1 0 2
0 0 1 1 3
0 1 0 0 4
0 1 0 1 5
0 1 1 0 6
0 1 1 1 7
1 0 0 0 8
1 0 0 1 9
1 0 1 0 -

¥ TELCOM SEMICONDUCTOR, INC.

Figure 2. Segment Assignment

Special Order Decoder Option

The TC7211A is mask-programmed to give the 16
combinations of 7-segment output codes. For large volume
orders (50K pieces minimum), custom decoder options are
available. Contact TelCom Semiconductor for details.



4-DIGIT CMOS DISPLAY

DECODER/DRIVER
TC7211A
TYPICAL APPLICATIONS
V+=5V(}—T—
T|v* 3% =
D4 34
33
LCD 37-40| == D3
o000 v oz
1" 0™1™7 TC7211A D1
oo00 a0 .
2-26 DB3 29 8's vtEe
DB2 4's pch—
28 sEGMENTS /7 28 2
AND BACKPLANE
Figure 3. LCD Display Interface to 4-Digit Counter
4-1/2 DIGIT LCD
=L 28 SEGMENTS
VREF T D1-D4
oy [A#hB 888
A O
V- ur |28 1161514126 3 4
CD4054A
REF or [& 813111092 6 <—BACKPLANE
mwos,  svmome 22 LEHE
INTOUT  RUN/HOLD |22
AZIN panp |22 /77 120 kHz =3
&1 BurF out poL |22 READINGSISEC
CRer cLock |22 (GLocK I~ E5ME "y ;% BP
| Cher susy |2 ! i D1
0—__1_—2 -INPUT b1 22 . - 7] [ |
weut 91 108 iNnpUT p2 12 H HEEY] SEG| |
om vt % 4 D3 18 1 : == 2,34
124 < D4 17 |l|- D4 = g;ggo
| ]
=
:2 g Te73s o le - 30) ., TC7211A
|_ - il oy - oscpP& - +sv
2814 OPTIONAL
CAP.
27180 +1
v
1/4 CD 4030 35§ GND BV
wo—J) O &

Figure 4: 4-1/2 Digit ADC Interfaced to LCD
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4-DIGIT CMOS DISPLAY

DECODER/DRIVER
TC7211A
TYPICAL APPLICATIONS (Cont.)
+5V
T:) 4-1/2 DIGIT LCD
) Aalio000
rryw) et T n ] w ) Y
2 . 6 Ll
POL —.:__D CD4081 ¥ 1/4 CD4030 31,
1
o2 22 E ™\ : 2|
18 | 1 L H
D3 ™ : 33
—— o5
pa P2 i ™\ ¢ 34
1———'————[__}. H D¢ ==
e I v o] oA
TC7135 N —1/ H B3
B4 + TN\ i 2],
ul|T 1 1 i
B2 ) T 281 e,
B1 13 ) H ™\ H 27 GND =
S - T
os |2 emmmmeeen- ' D a
12
S - vacoaoer | 2
o)
or K& 1/4 CD4030 s R

Figure 5. 4-1/2 Digit ADC Interfaced to LCD Display with Digit Blanking on Overrange

CONTROL
DATA BUS
LCD
ADDRESS BUS Iy g ] ’-j
o|lJ|(C
PERIPHERAL *7 *7 /}’7 /I’7
INTERFACE
. DIGIT4 DIGIT3 DIGIT2 DIGIT 1
A e BACKPLANE
PORT -
GVSI"I)\Z A > 24 1 INPUT TC7‘§2,11A
DATA
GND v+
[PORTB| [—O+5V
ADDITIONAL +5V

Figure 6: LCD Interface to SY6522 VIA
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TC7211AM

BUS COMPATIBLE 4-DIGIT CMOS DECODER/DRIVER

FEATURES

4-Digit Non-Multiplexed 7-Segment LCD Outputs
With Backplane Driver

Input and Digit Select Data Latches

RC Oscillator On-Chip Generates Backplane
Drive Signal

Eliminates DC Bias Which Degrades LCD Life
Backplane Input/Output Pin Permits
Synchronization of Cascaded Slave Device to
a Master Backplane Signal

Binary and BCD Inputs Decoded to Code B
(0to9,—, E, H, L, P, Blank)

Pin Compatible and Functionally Equivalent to
ICM7211AM

PIN CONFIGURATIONS

v+[1]® e 40] D1

E1 [2] [39] c1

613 38] B1

F1[a 37] A1

BP[5 | 36] OSCILLATOR

A2[e 35] GND

B2 [7] 34] CHIP SELECT 2 (CS2)
c2[3] [33] CHIP SELECT 1 (CS1)
p2[9] 32] DIGIT SELECT 2 (DS2)
E2 [10 v 31] DIGIT SELECT 1 (DS1)

G2 [17] TC7211AM (LCD) [30] B3
F2 [12 29|82

DATA
A3 [13 28] g1 [ INPUTS
B3 [14 27] Bo
cs 15 26 Fa
D3 [16 [25] ga
3 [17 24] E4
G3 |18 23| D4
F3 [19 [22] c4
A4 [20 21] B4

'i; TELCOM SEMICONDUCTOR, INC.

GENERAL DESCRIPTION

The TC7211AM (LCD Decoder/driver) is a CMOS di-
rect drive, 4-digit, 7-segment display decoder and driver.
The bus compatible making microprocessor controlled dis-
plays possible. Two chip-select signals control data and
digit-select code latching prior to decoding and display.
External data latches are unnecessary.

The TC7211AM drives conventional LCDs. An RC os-
cillator, divider chain, backplane driver, and 28-segment
outputs are provided on a single CMOS chip. The segment
drivers supply square waves of the same frequency as the
backplane, but in-phase for an OFF segment and out-of-
phase for an ON segment. The net DC voltage applied
between driver segment and backplane is near zero maxi-
mizing display lifetime.

The four bit binary input is decoded into the seven
segment alphanumeric code known as "Code B". The “Code
B" output format results in a 0 to 9,—, E, H, L, P or blank
display. True BCD or binary inputs will be correctly de-
coded to the seven segment display format.

ORDERING INFORMATION

Driver Input Output
Part No. Type Package Code Config.
TC7211AMIPL LCD  40-PDIP Code B Data and
Digit
Select
Latches
5-17



BUS COMPATIBLE, 4-DIGIT
CMOS DECODER/DRIVER

TC7211AM

FUNCTIONAL BLOCK DIAGRAM

D4 D3 D2 D1
SEGMENT SEGMENT SEGMENT SEGMENT
TC7211AM ; OUTPUTS OUTPUTS OUTPUTS OUTPUTS
vol—wofbAAbAAe  AARRARA  AARAREE  ARARRAS
7 WIDE 7 WIDE 7 WIDE 7 WIDE
- DRIVER — DRIVER ] DRIVER T DRIVER
GNDO—» T T T TTT T | I T N Y 1 1 1 ] 1 | S N A
7 WIDE - 7 WIDE | 7 WIDE | 7 WIDE .
LATCH ENABLE LATCH ENABLE LATCH ENABLE LATCH ENABLE
1 1 1 1 ] 1 | I 141 1 1 1 1 4 1 1 1 ]
PROGRAMMABLE| | |PROGRAMMABLE F" PROGRAMMABLE| | |PROGRAMMABLE| |
4-TO-7 DECODER 4-TO-7 DECODER 4-TO-7 DECODER 4-TO-7 DECODER
oo : : : '
DATA J 05— 4BIT
INPUTS | 022 B2} | ATCH
030 B3
ENABLE
DIGIT ow 2-BIT }— 2-TO-4
SELECT{ <32 Ds2| LATCH
INPUTS{ o%2_Ds2 || DECODER
ENABLE _I ENABLE
= ~33
csi
cs2 34 ONE SHOT
OSCILLATOR
(16 kHz -
15 kH: 128
|| o BACKPLANE
(INPUT/OUTPUT)

OSCILLATOR 36 RUNNING)
INPUT |
ENABLE
DETECTOR

TELCOM SEMICONDUCTOR, INC.
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BUS COMPATIBLE, 4-DIGIT
CMOS DECODER/DRIVER

TC7211AM

ABSOLUTE MAXIMUM RATINGS

Supply VOIRAGE .....ooveiiiicie e +6.5V
Input Voltage, Any Terminal

(NOtE 2) ..o V*+0.3V, GND -0.3V
Power Dissipation (Note 1) ........ccccvvciinnnne 1W at +70°C
Operating Temperature Range................ —20°C to +85°C
Storage Temperature Range................. —65°C to +150°C
Lead Temperature (Soldering, 10 seC) ................. +300°C

Stresses above those listed under "Absolute Maximum Ratings" may
cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions above

TABLE I: OPERATING CHARACTERISTICS

those indicated in the operational sections of the specifications is not
implied. Exposure to absolute maximum rating conditions for extended
periods may affect device reliability.

NOTES: 1. Thislimit refers to that of the package and will not be realized
during normal operation.

2. Due to the SCR structure inherent in the CMOS process,
connecting any terminal to voltages greater than V* or less
than GND may cause destructive latch-up. For this reason, it
is recommended that inputs from external sources not oper-
ating on the same power supply not be applied to the device
before its supply is established, and, in multiple supply
systems, the supply to the TC7211AM be turned on first.

Test Conditions: All parameters measured with V+ = 5V, Ta = 25°C

Symbol Parameter Test Conditions Min Typ Max Unit
Vsup Operating Voltage Range 3 5 6 \Y
lop Operating Current Display Blank — 10 50 uA
loscl Oscillator Input Current Pin 36 — +2 +10 uA
tRes Segment Rise/Fall Time CL =200 pF — 0.5 — A
trFB Backplane Rise/Fall Time CL = 5000 pF — 15 — us
fosc Oscillator Frequency Pin 36 Floating — 16 — kHz
fep Backplane Frequency Pin 36 Floating — 125 — Hz

Input Characteristics
VIH Logic “1” High Input Voltage 3 — —_ \
ViL Logic “0” Low Input Voltage — — 1 \
liLk Input Leakage Current Pins 27-34 — +0.01 +1 HA
Cin Input Capacitance Pins 27-34 — 5 — pF
IBPLK BP Input Current Measured at Pin 5 With — +0.01 +1 UA

Leakage Pin 36 at GND
Cgpi BP Input Capacitance All Devices — 200 — pF
<= TELCOM SEMICONDUCTOR, INC. 5-19



BUS COMPATIBLE, 4-DIGIT

CMOS DECODER/DRIVER
TC7211AM
TABLE I: OPERATING CHARACTERISTICS
Test Conditions: All parameters measured with V+ = 5V, Ta = 25°C
AC Characteristics
Symbol Parameter Test Conditions Min Typ Max Unit
tcsa Chip Select Active Pulse Width  (Note 3) 200 — — ns
tbs Data Setup Time 100 — — ns
tbH Data Hold Time 10 0 — ns
tics Inter-Chip Select Time 2 — — us

NOTE: 3. Other chip select (CS) is either held at logic zero or both CS1 and CS2 driven together.

TIMING DIAGRAMS

cs1
(csz)

tics
& W %
DATA AND
SELECT
CODE
// DON'T CARE

Figure 1: BUS Interface Timing Diagram

ssgssaen T UL A nnar
FREQUENCY

|«————128cvcLes ————>|
BACKPLANE —.I_I__l_
INPUT/OUTPUT

64
[evers ™ ovaes ™

OFF SEGMENTS

ON SEGMENTS I I l

Figure 2: LCD Display Waveforms
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BUS COMPATIBLE, 4-DIGIT
CMOS DECODER/DRIVER

TC7211AM

INPUT DEFINITIONS
In this table, V* and GND are considered to be normal operating input logic levels. For lowest power consumption, input
signals should swing over the full supply.

Input Pin No. Condition Function
BO 27 V+ = Logic “1”
GND = Logic “0” Ones (Least Significant)
B1 28 V* = Logic “1”
GND = Logic “0” Twos .
B2 29 V* = Logic “1” Data Input Bits
GND = Logic “0” Fours
B3 30 V* = Logic “1”
GND = Logic “0” Eights (Most Significant)
0osC 36 Floating or with Oscillator input. Disables BP output devices, allowing segments to be
external capacitor GND synchronized to an external signal input at the BP terminal (pin 5)
DS1 31 V* = Logical One DS2, DS1 = 00 Selects D4
DS2, DS1 = 01 Selects D3
DS2 32 GND = Logical Zero DS2, DS1 = 10 Selects D2 .
DS2, DS1 = 11 Selects D1 ) Digit Select Inputs
Csi 33 V* = Inactive When both CS1 and CS2 are LOW, the data and digit select input
latches are open or enabled.
Cs2 34 GND = Active On the rising of CS1 or CS2, data is latched, decoded and stored in

the output drive latches.

OUTPUT DEFINITIONS
Output pins are defined by the alphabetical segment assignment and numerical digital assignment.
Output  Pin No. Function Output  Pin No. Function
A1l 37 A Segment Drive Digit1 (LSD) A3 13 A Segment Drive  Digit 3
B1 38 B B3 14 B
C1 39 (o} C3 15 C
D1 40 D D3 16 D
E1 2 E E3 17 E
F1 4 F F3 19 F
G 3 G v v G3 18 G v v
A2 6 A Segment Drive  Digit 2 A4 20 A Segment Drive Digit4 (MSD)
B2 7 B B4 21 B
c2 8 C C4 22 C
D2 9 D D4 23 D
E2 10 E E4 24 E
F2 12 F F4 26 F
G2 11 G G4 25 G
DIGIT ASSIGNMENT

D4

° ‘m:lé,
0 g
)
‘:‘:‘ 2
Q0
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TC7211AM

BUS COMPATIBLE, 4-DIGIT
CMOS DECODER/DRIVER

TYPICAL OPERATING CHARACTERISTICS CURVES

Operating Supply Current Backplane Frequency
vs Supply Voltage vs Supply Voltage
30 — T . 180 ——— =
R e 7
25 |-pIN3s OPEN 1 |A=-20°C j : 150 g
/ ¥ Cosc =0 pF

20 1/ 120 (PIN 36 OPEN)
] /4 g
= 15 // £ 90 4
o = o K
o Ta= +25°C // % Cose = 22 pF |

/i
10 60 =
V4 -
Ta= +70°C
5 30 E——
- | - — Cosc = 220 pF—|
0 0 L1 1 1 |
2 38 4 5 6 7 1 2 3 4 5 6 7
vrvoLts V+VOLTS
BASIC OPERATION

The TC7211AM drives 4-digit, 7-segment LCDs. This
device contains 28 individual segment drivers, a backplane
driver, a self-contained oscillator, and a divider chain to
generate the backplane signal.

The 28 CMOS segment drivers and backplane driver
contain ratioed N- and P-channel transistors for identical ON
resistance. The equal resistances eliminate the DC output
driver component resulting from unequal rise and fall times.
This ensures maximum LCD life.

The backplane output driver can be disabled by ground-
ing the OSCILLATOR input (pin 36). The 28 output segment
drivers can therefore be synchronized directly to an input
signal at the backplane (BP) terminal (pin 5). Several slave
devices may be cascaded to the backplane output of a
master device. The backplane signal may also be derived
from an external source. These features permit interfacing to
single backplane LCDs with characters in multiples of four.

Each slave’s backplane input represents only a 200 pF
capacitive load to the master backplane driver (comparable
to one additional segment). The number of slave devices
drivable by a master device is therefore set by the larger
display backplane capacitive load. The master backplane
output will drive the display backplane of 16 one-half-inch
characters with rise and fall times under 5 us. This represents
a system with three slave devices and a fourth master device
driving the backplane. (See Figure 1.)

5-22

If more than four devices are slaved together, the
backplane signal should be derived externally and all
TC7211AM devices slaved to it. The external drive signal
must drive a high capacitive load with 1us to 2 us rise and
fall times. The backplane frequency is normally 125 Hz. At
lower display ambient temperatures, the frequency may be
reduced to compensate for display response time.

The on-chip RC oscillator free-runs at approximately
16 kHz. A +128 circuit provides the 125 Hz backplane
frequency. The oscillator frequency may be reduced by
connecting an external capacitor between the oscillator
terminal and V*. (See typical operating characteristics
curves.)

The free-running oscillator may be overridden (if de-
sired) by an external clock. The backplane driver, however,
must not be disabled during the external clock’s negative or
IOW portion, as this will result in a DC drive component
being applied to the LCD, limiting the LCD’s life. To
prevent backplane driver disabling, the oscillator input
should be driven from the positive supply to no less than one-
fifth the supply voltage above ground. A backplane disable
signal will not be sensed if the driving signal remains above
ground by one-fifth the supply voltage. An alternate method
for externally driving the oscillator permits the oscillator input
to swing the full supply voltage range. The oscillator input
signal duty cycle is skewed so the LOW portion duration is

? TELCOM SEMICONDUCTOR, INC.



BUS COMPATIBLE, 4-DIGIT

CMOS DECODER/DRIVER
TC7211AM
less than 1 ps. The backplane disable sensing circuit will not Binary Input
respond to such a short signal. B3 B2 B1 B0 Code B
0 1 1 0 6
D8 D7 D6 D51D4 D3 D2 DI ? ; (1) (1) g
8-DIGIT
o0 70 | BACKPLANE
888688888 P00 9
e R b o0 1 E
+sv—{v+ SEGMENTS | +sv—{v+ SEGMENTS 1 1 0 0 H
HIGH ORDER HIGH ORDER 1 1 0 1 L
_l:-tGND 5. C DS2 I GND s G52 DS2 » b 1 0 b
- OSC__Bo _CS1__DS1__8P] -~ OSC__BO_CS1__DS1__ BP|
BCDBINARY 4 4 2 1 1 1 1 Blank
DATA
=
seecr { TC7211AM A
)
DIGIT F ’ G ' B
SELECT -
Figure 3. TC7211AM Driving an 8-Digit }.CD Display E ' ’ C
in Master/Slave Configuration '
Input Configuration and Output Codes D

The TC7211AM accepts a 4-bit, true binary (positive
level = logic “1”) input at pin 27 (LSB) through pin 30 (MSB).
The binary input is decoded to the 7-segment output known
as Code B. The output display formatis 0to 9, —, E, H, L,
P andblankdisplay (see Table I). Segment assignments are
shown in Figure 2. The TC7211AM will correctly decode
binary and BCD true codes to a 7-segment output.

The TC7211AM s designed to interface with a data bus
and display data under microprocessor control. Four data
inputs (pins 27-30) and two digit select input bits (pins 31
and 32) are written into input buffer latches. The rising edge
of either chip select causes data to be latched, decoded and
stored in the selected digit output data latch. The 2-bit digit
code selects the appropriate output digit latch. The 4-bit
display data word is decoded to the "Code B" 7-segment
output format.

For applications where bus compatibility is not required,
refer to the TC7211AM (LCD) 4-digit decoder driver data
sheet. This device is designed to accept multiplexed BCD/
binary input data for display under the control of four sepa-
rate digit select control signals.

Binary Input
B3 B2 Bi BO Code B
0 0 0 0 0
0 0 0 1 1
0 0 1 0 2
0 0 1 1 3
0 1 0 0 4
0 1 0 1 5

= TELCOM SEMICONDUCTOR, INC.

Figure 2. Segment Assignment

Special Order Decoder Option

The TC7211AM is mask programmed to give the 16
combinations of 7-segment output codes. For large volume
orders (50K pieces minimum), custom decoder options are
available. Contact TelCom Semiconductor for details.

E
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Package Dimensions

SOT-23-3
MINI-MOLD PACKAGE
O|.4E¢o.‘1
; s R
— £
I ; t e
ws| gl | b i
S :
' i ~3
v s _
-« w3
0.95 | 0.95 >z 3
T 1.9:02 3
N 2.9+0.2 >
(0.8)
‘f1.1 10.2=
SOT-89-3
MINI-MOLD PACKAGE
B 4.5:0.1 . 1.50.1

>

H

o

o

0
——

!

:
P
2.5+0.1
4.25 max

1 : ' © E

0.42:+0.06 f ] - E 0.42::0.06T 0.4 +0.03
I 0471006 |
:<—>:<-———->:

1.5:0.1 1 1.5+0.1
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Package Dimensions Cont.

TO-92-3
THROUGH-HOLE PACKAGE
0.105 (2.67)
0.095 (2.41)
0.500
8'3;8 82:2;; < > = (12.70) 0.055 (1.40)
' ' MIN 0.045 (1.14)
) 1 a— ¢ &3
0.205 (5.21)
0.175 (4.45) —T— | '“T“$2
v I ) E— —f— 1
3 LEADS 0.105 (2.67)
0.019 (0.48) 0.080 (2.03)
0.016 (0.41) 0.165 (4.19) | _ _
DIA 0.125 (3.81) I -
SOT-23-5
MINI-MOLD PACKAGE
~ 2.9 102 >
1.9:02
0.95 | 0.95.
4 ' ]
R
) : :
Sl of )l A i
o Y 1
N + !
\ i

I‘
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0.8
+0.1

1.1
+0.2
-0.1
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Package Dimensions Cont.

SOT-89-5
MINI-MOLD PACKAGE

4.5+0.1
—»| 1.6+0.2 |&—— -

0.42+0.07
> |-

A

Y
(S
i
o

h 47:0 07

15101'15101

j 0.44 MAX

o £
SE Y
: i T — |
0.420.07 | 0:42:0.07

8-Pin Gullwing DIP

kel

0.270 (6.86) 0.400 (10.16)
0.250 (6.35) 0.374 (9.50)

:

]

8

0.380 (9.65) 0.300 (7.62) > -

0.360 (9.14) REF | 0270 6.86)_|

- > *0.250 (6.35)

0.050 (1.27) TYP > |«
T

P 0155(394)*

L
0.070 (1. 78) REF | 0S8 y i

i iy
0.035 (0.89) TYP *I | J L 0.02 (51) 0.014 (0.36) 0,055 (1.40)
0100 (254 0.008 (:20) 0.008 (0.20) 0.035 (0.89)
0,035 (0.89)
TYP

> TELCOM SEMICONDUCTOR, INC. 6-5

v



Package Dimensions Cont.

8-Pin CERDIP

A Inches mm
Dimension Min Max Min Max
ISP A 0.370 | 0.400 || 9.40 | 10.16
/ﬁ’gljl) R B 0230 | 0300 || 584 | 7.62
B c 0.160 | 0.200 || 4.06 5.08
D 0.290 | 0.325 || 7.37 8.26
F or o L1 0.045 | 0.085 || 1.14 2.16
eliye ] egs D L2 0.040 | 0.050 || 1.02 1.27
L3 0.016 | 0.020 || 0.41 0.51
- LL 0.125 | 0.165 || 3.18 419
c . S 0.090 | 0.110 || 2.29 2.79
g Oy SP 0.020 | 0.040 | 051 | 1.02
- Sp T ES 0.015 | 0.045 || 0.38 114
LL T 0.008 | 0.015 || 0.20 0.38
W 0.360 | 0.400 || 9.14 | 10.16
S| Ll W™ w 0.360 | 0.400 || 9.14 |[10.16
L3
-
Lo
8-Pin Plastic DIP
- |4ES Inches mm

4 3 2 1 Dimension Min Max Min Max
'Y E— A 0348 | 0.380 || 884 | 9.65
BI q B 0.240 | 0.260 || 6.10 6.60
C 0.160 | 0.200 || 4.06 5.08
e o e D 0.290 | 0.310 || 7.37 7.87
5 6 7 8 L1 0.045 | 0.085 || 1.14 2.16
A L2 0.040 | 0.050 || 1.02 127
- > b L3 0.015 | 0.022 || 0.38 0.56
_,|L1|¢ |<——>| LL 0.100 | 0.150 || 2.54 3.81
™ Y = S 0.090 | 0.110 || 229 279
i v ,,_C SP 0.020 | 0.040 || 0.51 1.02
n ES 0.015 | 0.045 || 0.38 114
’ ‘ sP T 0.008 | 0.015 || 0.20 0.38
Lo—>| |« w j\' W 0.360 | 0400 || 9.14 | 10.16

L3 T

0°-15°)

—2a—4
i
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Package Dimensions Cont.

= =

v

8-Pin SOIC

AdHdH—7

Bo

- —»’
oe}
=

[ ]
HHHH
_ T°(4PLCS)
0.37 (0.015) 4'—45\‘ Vad U haN

BSC
- A—— L

c ir ?T:%
o e —f i N 2

ES SP 7° (4 PLCS)
S —»
L3
Inches mm

Dimension Min Max Min Max

A 0.189 0.197 4.80 5.00

B 0.150 0.157 3.81 3.99

B1 0.181 0.205 4.60 5.21

B2 0.228 0.244 5.79 6.20

C 0.053 0.069 1.35 1.75

L3 0.014 0.018 0.36 0.46

S 0.049 0.051 1.24 1.30

SP 0.004 0.008 0.10 0.20

ES 0.018 0.022 0.46 0.56

T 0.007 0.010 0.18 0.25
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Package Dimensions Cont.

- A

14-Pin CERDIP

AN LWL LN LNFLNFIN

»
>

A 7

vy L8

1

L4

_.Iﬁ.fLifﬁfiﬁififj

ES

LL

o b
S

0.025 R
(s Nom

Lo
Inches mm

Dimension Min Max Min Max
A 0.740 0.780 18.80 19.81
B 0.230 0.300 5.84 7.62
C 0.160 0.200 4.06 5.08
D 0.290 0.325 7.37 8.26
L1 - 0.045 0.085 1.14 2.16
L2 0.040 0.050 1.02 1.27
L3 0.016 0.020 0.41 0.51
LL 0.125 0.165 3.18 4.19
S 0.090 0.110 2.29 2.79
SP 0.020 0.040 0.51 1.02
ES 0.015 0.045 0.38 1.14
T 0.008 0.015 0.20 0.38
w 0.360 0.400 9.14 10.16

6-8
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Package Dimensions Cont.

14-Pin Plastic DIP

ES — -
- A
L1
—>| |
[ A
C
¥ v
SP_ -
f T
‘ﬁ -\
- ]
Lo Ls
Inches mm
Dimension Min Max Min Max
A 0.745 0.770 || 18.92 19.56
B 0.240 0.260 6.10 6.60
C 0.140 0.200 3.56 5.08
D 0.290 0.325 7.37 8.26
L1 0.045 0.085 1.14 2.16
L2 0.040 0.050 1.02 1.27
L3 0.015 0.022 0.38 0.56
LL 0.115 0.165 2.92 4.19
S 0.090 0.110 2.29 2.79
SP 0.020 0.040 0.51 1.02
ES 0.015 0.045 0.38 1.14
T 0.008 0.015 0.20 0.38
w 0.360 0.400 9.14 10.16
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Package Dimensions Cont.

6-10

HHHHHHHEE—F t

16-Pin SOIC

PIHHBEHHHH B—1

lnininintalali BN

T PR
sp SEATING

—»IES|<— J L—JLL— f

2

.005 RAD MAX
TYP

ad

- <

J

50

PLANE
Inches mm

Dimension Min Max Min Max
A 0.403 0.413 || 10.24 10.49

B 0.292 0.300 7.42 7.62

B1 0.330 0.374 8.38 9.50

B2 0.400 0.410 || 10.16 10.41

C 0.097 0.104 2.46 2.64

L3 0.015 0.022 0.38 0.56

S 0.049 0.051 1.24 1.30

SP 0.006 0.012 0.15 0.30

ES 0.028 0.030 0.71 0.76

T 0.008 0.015 0.20 0.38
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Package Dimensions Cont.

40-Pin Plastic DIP

- A

AT AT AT AT ATATATATATATATATATATATATATATATA

(

-« —>

R Ve VL L VL Ve Ve W VL Ve Ve VA VAV VY

e

R
ESJ LL SP
'-3"“‘ 5°
TYPN»
Lo-» |e
- |-
S
Inches mm

Dimension Min Max Min Max

A 2.035 2.065 || 51.69 52.45

B 0.530 0.555 || 13.46 14.10

C 0.165 0.205 419 5.21

D 0.590 0.610 || 14.99 15.49

L1 0.040 0.065 1.02 1.65

L2 0.040 0.050 1.02 1.27

L3 0.015 0.022 0.38 0.56

LL 0.115 0.150 2.92 3.81

S 0.090 0.110 2.29 2.79

SP 0.020 0.040 0.51 1.02

ES 0.015 0.045 0.38 1.14

T 0.008 0.015 0.20 0.38

w 0.660 0.700 || 16.76 17.78
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Package Dimensions Cont.

44 PQFP

0.30 RAD TYP.

0.20 RAD. TYP.

[ ) STANDOFF

! LLL,LJ/ T 4 =me
‘T p—] | —C—

0.17 MAX. [l d aMICTA -8 EPE) LANARITY

A, \.J/ el e !

10° TYP.

Body Thickness
Footprint (Body+)
Dimensions Tolerance
A MAX. 2.45
A1l MIN. 0.25
A2 +0.10 2.00
D —0.25 13.90
D1 +0.10 10.00
E +0.25 13.90
E1 +0.10 10.00
L +0.15/-0.10 0.88
e BASIC 0.80
b +0.05 0.35
cce MAX. 0.10
ddd NOM. 0.20
0 0°-7°
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Package Dimensions Cont.

64-Pin Flat Package

0.30 RAD TYP.

0.20 RAD. TYP.

A1

TANDOFF

¢

>0
e

) i SEATING
T PLANE

_T.zs e
0.17 MAX.

//‘\
T}J/

ol f P ==

[Blda (EZEIC A- Bcﬁz:] LEAD COPLANARITY

|Q|ccc|0

[=o=]
10° TYP.
D {
Az I : L S A
* Aq \-K‘/ e—>| L—
10° TYP.
Body Thickness 2.70
Footprint (Body+) 3.20
Dimensions Tolerance
A MAX. 3.15
Al MIN. 0.25
A2 +0.10 2.70
D —0.25 17.20
D1 +0.10 14.00
E +0.25 17.20
E1 +0.10 14.00
L +0.15/-0.10 0.88
e BASIC 0.80
b +0.05 0.35
cce MAX. 0.10
ddd NOM. 0.20
0 0°-7°
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Alphanumeric Package Type Index

.................................................... 8-SOIC, TO-92-3
.................................................... 8-SOIC, TO-92-3
8-SOIC, TO-52-2, TO-92-2
8-SOIC, TO-52-2, TO-92-2

........................................... 8-SOIC
................................... ... 16-CerDIP
.............................................................. 8-SOIC

TCAT7 e, ....S0T-89-3, SOT-89-5
L0 £ ....S0T-89-3, SOT-89-5
TC18C43..........c.c.... .. 8-CerDIP, 14-CerDIP
TCABCAB ...t 16-CerDIP
TC25C25 ...ttt 16-PDIP
TC28C43....... .... 8-PDIP, 14-PDIP, 16-SOIC
TC28CA46 ..., 16-PDIP, 16-SOIC
TCBBC25 ... 16-SOIC
TC38C43....... .... 8-PDIP, 14-PDIP, 16-SOIC
TC38CA6 ......ceveeveereeeeeeee e 16-PDIP, 16-SOIC
TCA4 ..., SOT-23-5, SOT-89-3, TO-92-3
TCAS .o SOT-89-3, TO-92-3
TCA6 ..., SOT-23-5, SOT-89-3, TO-92-3
TCAT et SOT-23-5
TC54 oo, SOT-23-3, SOT-89-3, TO-92-3
TCB5 e, SOT-23-3, SOT-89-3, TO-92-3
TCO96CH55.......ovveveeeeiveaean 8-CerDIP, 8-PDIP, 8-SOIC
TCHAT70 e, 16-PDIP, 16-SOIC
... 16-CerDIP, 16-PDIP, 16-SOIC

..................................... 8-CerDIP, 8-PDIP, 8-SOIC
..................................... 8-CerDIP, 8-PDIP, 8-SOIC

..... 8-CerDIP, 8-PDIP, 8-SOIC

....................... 8-CerDIP, 8-PDIP

16-CerDIP, 16-PDIP, 16-SOIC
16-CerDIP, 16-PDIP, 16-SOIC
...................... 14-PDIP, 16-SOIC
......... 8-PDIP, 8-SOIC
......... 8-PDIP, 8-SOIC

... 40-PDIP, 44-PLCC, 44-PQFP
... 40-PDIP, 44-PLCC, 44-PQFP

................................ 40-PDIP, 44-PLCC, 44-PQFP
................................................................... 64-PFP
....40-PDIP, 44-PLCC, 44-PQFP

SN 28-PDIP, 44-PQFP, 64-PFP

TCB50 ..o 40-CerDIP, 40-PDIP, 44-PLCC
TC0T .o 8-PDIP, 8-SOIC
TCOTA e 8-PDIP, 8-SOIC
TCOHIB e, 8-PDIP, 8-SOIC
TCOBA .o 8-PDIP, 8-SOIC
TCII3BB .. 8-PDIP, 8-SOIC
TC962 ....... ....8-CerDIP, 8-PDIP, 16-SOIC
TC1044S ... 8-CerDIP, 8-PDIP, 8-SOIC
TC1410 ..o 8-PDIP, 8-SOIC
TC1410N ..o 8-PDIP, 8-SOIC

¥ TELCOM SEMICONDUCTOR, INC.

TC141T e 8-PDIP, 8-SOIC
TCI41IN e 8-PDIP, 8-SOIC
TC1412 oo 8-PDIP, 8-SOIC
TC1412N 8-PDIP, 8-SOIC
TC14183 ...l 8-PDIP, 8-SOIC
TC1413N 8-PDIP, 8-SOIC
TCH426 ... 8-PDIP, 8-SOIC
TC4401 ... ...8-CerDIP, 8-PDIP, 8-SOIC
TCA4403 ... 8-CerDIP, 8-PDIP
TC4404 ........... ...8-CerDIP, 8-PDIP, 8-SOIC
TC4405 ... 8-CerDIP, 8-PDIP, 8-SOIC
TC4406 ......ccocviiiiciiiinne, 8-CerDIP, 8-PDIP, 16-SOIC
TC4407 ...ooviiieiine, 8-CerDIP, 8-PDIP, 16-SOIC
TC4420 ... ... 8-CerDIP, 8-PDIP, 8-SOIC, TO-220-5
TC4421 .o 8-CerDIP, 8-PDIP, TO-220-5
TC4422 ... 8-CerDIP, 8-PDIP, TO-220-5
TC4423 ... 8-CerDIP, 8-PDIP, 16-SOIC
TC4424 ..o 8-CerDIP, 8-PDIP, 16-SOIC
TC4425 ......cocvvieiiiiein 8-CerDIP, 8-PDIP, 16-SOIC

....... 8-CerDIP, 8-PDIP, 8-SOIC

....8-CerDIP, 8-PDIP, 8-SOIC
....8-CerDIP, 8-PDIP, 8-SOIC
................................. 8-CerDIP, 8-PDIP, 8-SOIC
................................... 8-CerDIP, 8-PDIP, 8-SOIC
..................... 8-CerDIP, 8-PDIP, 8-SOIC

... 8-CerDIP, 8-PDIP, 8-SOIC, TO-220-5
................................... 8-CerDIP, 8-PDIP, 8-SOIC
................................... 8-CerDIP, 8-PDIP, 8-SOIC

TCA4467 ... 14-CerDIP, 14PDIP, 16-SOIC
TCA4468 .........ccoovvveierene 14-CerDIP, 14PDIP, 16-SOIC
TC4469 ......ccoovvvviiiinne 14-CerDIP, 14PDIP, 16-SOIC
TC4626 .... ....8-CerDIP, 8-PDIP, 16-SOIC
TC4627 ... ....8-CerDIP, 8-PDIP, 16-SOIC

TCA4803 ...cevereeeeeeere e 8-PDIP, 8-Guliwing DIP
TCA804 ... 8-PDIP, 8-Guliwing DIP
TC7106 ........... 40-CerDIP, 40 PDIP, 44-PLCC, 44-PQFP
TC7106A ......... 40-CerDIP, 40 PDIP, 44-PLCC, 44-PQFP
TC7107 .......... 40-CerDIP, 40 PDIP, 44-PLCC, 44-PQFP
TC7107A ......... 40-CerDIP, 40 PDIP, 44-PLCC, 44-PQFP
TC7109 ........... 40-CerDIP, 40 PDIP, 44-PLCC, 44-PQFP
TC7109A ......... 40-CerDIP, 40 PDIP, 44-PLCC, 44-PQFP

40-PDIP, 44-PLCC, 44-PQFP
40-PDIP, 44-PLCC, 44-PQFP
40-PDIP, 44-PLCC, 44-PQFP
40-PDIP, 44-PLCC, 44-PQFP

TC7126 ....... 40-PDIP, 44-PLCC, 44-PQFP
TC7126A 40-PDIP, 44-PLCC, 44-PQFP
LLCTA T2 40 PDIP, 44-PLCC, 44-PQFP
EOTA < § I 40-PDIP, 44-PQFP

TC7650 .............. 8-CerDIP, 8-PDIP, 14-CerDIP, 14-PDIP
TC7652 ... .... 8-CerDIP, 8-PDIP, 14-CerDIP, 14-PDIP
TC7660 ......coovereierenieenenne 8-CerDIP, 8-PDIP, 8-SOIC

6-15




Alphanumeric Package Type Index Cont.

TC7660S ........ccoeeeeercieeneee 8-CerDIP, 8-PDIP, 8-SOIC
TCTO62A ... 8-CerDIP, 8-PDIP
TCT662B ..ot 8-PDIP, 8-SOIC
TCB705 ..o eeceeeeenenes 24-CerDIP, 24-PDIP
TC9400 ....oovrvinrrviriicnnne 14-CerDIP, 14-PDIP, 14-SOIC

14-CerDIP, 14-PDIP, 14-SOIC
14-CerDIP, 14-PDIP, 14-SOIC
................................................. 8-SOIC,TO-92-3
................................................. 8-SOIC,TO-92-3
.... 24-CerDIP, 24-PDIP, 28-PLCC
24-CerDIP, 24-PDIP, 28-PLCC
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TelCom U.S. Distributors

Alabama

Connecticut

Kansas

All American Semiconductor
(205)837-1555
(800)382-5303

Future Electronics, Inc.
(205) 830-2322

Marshall Industries, Inc.
(205) 881-9235

Reptron Electronics
(205) 722-9500

Arizona

Future Electronics
(602) 968-7140

Marshall Industries
(602) 496-0290

California

All American Semiconductor
(310) 320-0240
(619) 458-5850
(408) 441-1300
(714) 453-1945
(818) 706-1775

Future Electronics, Inc.
(714) 250-4141
(818) 865-0040
(619) 625-2800
(916) 783-7877
(408) 434-1122

Marshall Industries, Inc.
(916) 635-9700
(408) 942-4600
(714) 458-5301
(818) 878-7000
(619) 627-4148

Reptron Electronics
(800) 778-3412

Western Micro Technology
(408) 725-1660
(714) 450-0300
(818) 707-0731
(619) 453-8430

Colorado

Future Electronics, Inc.
(303) 232-2008

Marshall Industries Inc.
(303) 451-8383
(719) 573-0904

All American Semiconductor
(203) 791-3818

Future Electronics, Inc.
(203) 250-0083

Marshall Industries, Inc.
(203) 265-3822

Florida

All American Semiconductor
(305) 429-2800
(305) 621-8282

Future Electronics, Inc.
(813) 530-1222
(305) 426-4043
(407) 865-7900

Marshall

(305) 977-4880
(407) 767-8585
(813) 573-1399

Reptron Electronics
(305) 735-1112
(813) 855-4656

Georgia

Future Electronics, Inc.
(404) 441-7676

Marshall Industries, Inc.
(404) 923-5750

Reptron Electronics
(404) 446-1300

Illinois

All American Semiconductor
(708) 852-7707

Future Electronics, Inc.
(708) 882-1255

Marshall Industries, Inc.
(708) 490-0155

Reptron Electronics
(708) 882-1700

Indiana

Marshall Industries
(317) 388-9069

Future Electronics, Inc.
(317) 469-0447

~ TELCOM SEMICONDUCTOR, INC.

Future Electronics, Inc.
(913) 649-1531

Marshall Industries, Inc.
(913) 492-3121

Maryland

All American Semiconductor
(301) 251-1205

Future Electronics, Inc.
(410) 290-0600

Marshall Industries,Inc.
(410) 880-3030

Reptron Electronics
(410) 290-5113

Massachusetts

All American Semiconductor
(617) 275-8888

Future Electronics, Inc.
(508) 779-3000

Marshall Industries,Inc.
(508) 658-0810

Western Micro Technology
(617) 273-2800

Michigan

Future Electronics, Inc.
(313) 261-5270
(616) 698-6800

Marshall Industries,Inc.
(313) 525-5850

Reptron Electronics
(313) 525-2700

Minnesota

All American Semiconductor
(612) 944-2151

Future Electronics, Inc.
(612) 944-2200

Marshall Industries,Inc.
(612) 559-2211

Reptron Electronics
(612) 559-0000

Missouri

Future Electronics, Inc.
(314) 469-6805
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TelCom U.S. Distributors (Con.t)

New Jersey

Oregon

All American Semiconductor
(609) 768-3649

Future Electronics, Inc.
(609) 596-4080

Marshall Industries,Inc.
(201) 882-0320
(609) 234-9100

Western Micro Technology
(609) 596-7775

New York

All American Semiconductor
(516) 434-9000

Future Electronics, Inc.
(516) 234-4000
(716) 387-9550
(315) 451-2371

Marshall Industries,Inc.
(607) 785-2345
(716) 235-7620
(516) 273-2695

North Carolina

All American Semiconductor
(919) 870-5189

Future Electronics, Inc.
(704) 547-1107
(919) 790-7111

Marshall Industries,Inc.
(919) 878-9882

Western Micro Technology
(919) 787-8512

Ohio

Future Electronics, Inc.
(513) 426-0090

Marshall Industries,Inc.
(216) 248-1788
(513) 898-4480

Reptron Electronics
(216) 349-1415

7-4

All American Semiconductor
(503) 531-3333
(800) 531-3334

Marshall Industries,Inc.
(503) 644-5050

Western Micro Technology
(503) 629-2082

Pennsylvania

Reptron Electronics
(215) 672-6055

Texas

All American Semiconductor
(214) 231-5300
(512) 335-2280
(800) 335-2280

Future Electronics, Inc.
(512) 502-0991
(214) 437-2437
(713) 785-1155

Marshall Industries,Inc.
(512) 837-1991
(214) 705-0600
(713) 467-1666

Utah

All American Semiconductor
(801) 261-4210
(800) 682-8313

Marshall Industries,Inc.
(801) 973-2288

Washington

Future Electronics, Inc.
(206) 489-3400

Marshall Industries,Inc.
(206) 486-5747

Western Micro Technology
(206) 453-1699

Wisconsin

Future Electronics, Inc.
(414) 879-0244

Marshall Industries,Inc.
(414) 797-8400

%7 TELCOM SEMICONDUCTOR, INC.



TelCom International Sales Representatives and Distributors

Australia Germany Norway
R&D Electronics Adelco Elektronik GmbH Farnell Electronic Services
03 558 0444 04106 2024 022 321270
Truganini House Future Electronics- Unterfohring Singapore
02 638 0077 089 957270
. NIE Electronics (S) PTE LTD
Austria Semitron W. Rock GmbH 483 3133
07742 80010
Ing. E. Steiner . . Technology Solution PTE LTD
Weisbauer Elektronik GmbH

Steiner Electronic Vertrieb GmbH
02233/55 3660

Belgium

Tekelec Airtronic
02 725 6520

Canada

Future Electronics, Inc.
(403) 250-5550
(403) 438-2858
(514) 694-7710
(613) 820-8313
(418) 877-6666
(905) 612-9200
(604) 294-1166

Marshall Industries,Inc.
(514) 694-8142
(905) 612-1771

China

Leadertronics Company
21 439 7490

Pong Yuen
755 321 3202

Denmark

Ditz Schweitzer
042 45 3044

Finland

Farnell Electronic Services
0739 100

France

Tekelec Airtronic
01 46 232 425

0231 579547

Hong Kong

Leadertronics Company
2389 0800

Dynatek Electronics Limited
2796 6689

Pong Yuen Electronic Co.
2365 8810

299 2833

South Africa

Communica (PTY) LTD
123 227 613/21

Spain

Amitron Arrow S.A.
03 490 7494

Sweden

Ireland

Future Electronics Ltd.
0753 687 000

Italy

Velco SRL
0444 922 922

Japan

Hirel Company, Ltd.
33260 8401

Tomen Electronics Corporation-
Tokyo
33506 3477

Tomen Electronics Corporation-
Osaka
6208 3636

Korea

Vine Overseas Trading Corp.
2266 1663

Malaysia

NIE Electronics (M) SDN BHD
3621 2122

Netherlands

Tekelec Airtronic B.V.
0793 10100

’-v; TELCOM SEMICONDUCTOR, INC.

Farnell Electronic Services
08 830020

IE Komponenter AB
08 804685

Switzerland

Fenner Elektronik AG
061 975 0550

Taiwan

Timkuo Taiwan Ltd.
2752 5577

United Kingdom

Future Electronics Ltd.
0753 687 000

Phoenix House
0555 751 566

Sirretta Microelectronics
0734 258 080

Trident Microsystems Ltd.
0737 765 900
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1300 Terra Bella Ave

~ TelCom Semiconductor,

America's
Headquarters & Westem United States
TelCom Semiconductor,

~ Mountain View, CA 94043-1800
TEL: (415)968-9241
FAX: (415) 967-1590

Central United States
TelCom Semiconductor, Inc.
1104 South Mays, Suite 216
Round Rock, TX 78664
TEL: (512) 244-1178 :
FAX: (512) 244-3142

Eastern United States

800 Turnpike Street, Suite 300 ‘
North Andover, MA 01845

TEL: (508) 725-3488

FAX: (508) 725-3484

Latin America
TelCom Semiconductor, Inc.
6 Puddingstone Way
Medway, MA 02053
USA
TEL: (508) 533-2199
FAX: (508) 533-2285

'© TelCom Semiconductor, Inc. 1995

European

Headquarters and Central Europe
TelCom Semiconductor GmbH
Lochhamer Strasse 13

D-82152 Mamnsned

: Germany

TEL: 49~89~89-56-500
FAX: 49-89-89-56-5022

Southern Europe

TelCom Semiconductor, Inc.
30, rue de Lowaige

4340 Othee Awans

Belgium

TEL: 32-41-575418

FAX: 32—41-576584

Northern Europe

TelCom Semiconductor, Inc.
48, Parklands Avenue
Worle; Weston super Mare;
Avon BS 22 OPZ

United Kingdom

TEL: 44 (0) 1934-514232
FAX: 44 (0) 1934-520385

10 Sam Chuk Street,
 Ground Floor
~ Kowloon Hong Kong
- TEL: 852-2324-0122

Pacific Rim

- Headquarters

TelCom Semiconductor, Inc.

FAX: 852-22354-9957

Printedinthe US.A



