]H HTCSEMI
4 &% HT33078A / HT33079A

Low Noise Dual/Quad Operational Amplifiers

The HT33078/9 series is a family of high quality monolithic
amplifiers employing Bipolar technology with innovative high
performance concepts for quality audio and data signal processing
applications. This family incorporates the use of high frequency PNP DUAL
input transistors to produce amplifiers exhibiting low input voltage
noise with high gain bandwidth product and slew rate. The all NPN
output stage exhibits no deadband crossover distortion, large output
voltage swing, excellent phase and gain margins, low open loop high
frequency output impedance and symmetrical source and sink AC 1
frequency performance.

The HT33078/9 family offers both dual and quad amplifier
versions and is available in the plastic DIP and SOIC packages (P and
D suffixes).

F QUAD
eatures
® Dual Supply Operation: =5.0 Vto =18 V ’W 1
® [ow Voltage Noise: 4.5 nV/ JHz 14]'.
® Low Input Offset Voltage: 0.15 mV 1
e Low T.C. of Input Offset Voltage: 2.0 uV/°C
® [ ow Total Harmonic Distortion: 0.002%
® High Gain Bandwidth Product: 16 MHz ORDERING INFORMATION
e High Slew Rate: 7.0 V/us HT33078ANZ DIP8
® High Open Loop AC Gain: 800 @ 20 kHz HT33078ARZ SOPS
e Excellent Frequency Stability
® Large Output Voltage Swing: +14.1 V/ -14.6 V HT33079ANZ  DIP14
® ESD Diodes Provided on the Inputs HT33079ARZ SOP14
® NCV Prefix for Automotive and Other Applications Requiring Ta = -40° to 85°C for all packages.
Unique Site and Control Change Requirements
® These Devices are Pb—Free, Halogen Free/BFR Free and are RoHS
Compliant
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Figure 1. Representative Schematic Diagram
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PIN CONNECTIONS

HTCSEMI

DUAL QUAD
Output 1 E ~ E Veo Output 1 ] ~ 4] Output 4
| 1 { 2] rﬂ Output 2 Inputs 1 { EDJ L@% } Inputs 4
nputs %;FE } S Ve [4] 1] Ver
Vee a 5] nputs Inputs 2 { Ej% @g } Inputs 3

(Dual, Top View)

MAXIMUM RATINGS

Output 2 i

(Quad, Top View)

8] Output 3

HT33078A / HT33079A

Rating Symbol Value Unit
Supply Voltage (Ve to Veg) Vs +36 \%
Input Differential Voltage Range VDR Note 1 \
Input Voltage Range VIR Note 1 \
Output Short Circuit Duration (Note 2) tsc Indefinite sec
Maximum Junction Temperature Ty +150 °C
Storage Temperature Tstg -60 to +150 °C
ESD Protection at any Pin Vesd \
HT33078 - Human Body Model 600
HT33079 - Human Body Model 550
Maximum Power Dissipation Pp Note 2 mW
Operating Temperature Range Ta -40 to +85 °C

Stresses exceeding Maximum Ratings may damage the device. Maximum Ratings are stress ratings only. Functional operation above the
Recommended Operating Conditions is not implied. Extended exposure to stresses above the Recommended Operating Conditions may affect
device reliability.

1. Either or both input voltages must not exceed the magnitude of Vg or VEg.

2. Power dissipation must be considered to ensure maximum junction temperature (Tj) is not exceeded (see Figure 2).
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DC ELECTRICAL CHARACTERISTICS (V¢c = +15V, Vgg = -15 V, Tp = 25°C, unless otherwise noted.)

Characteristics Symbol Min Typ Max Unit
Input Offset Voltage (Rs =10Q, Vem =0V, Vo =0V) [Viol mV
(HT33078) Tp = +25°C - 0.15 2.0
Ta = -40° to +85°C - - 3.0
(HT33079) Ta = +25°C - 0.15 25
Ta = -40° to +85°C - - 3.5
Average Temperature Coefficient of Input Offset Voltage AV|o/AT - 2.0 - uv/°C

RS =10 Q, VCM =0V, Vo =0V, Ta= T|0W to Thigh
Input Bias Current (Vgm =0V, Vo =0V) lis nA

Ta = +25°C - 300 750

Ta = —40° to +85°C - - 800
Input Offset Current (Vgm =0V, Vo =0V) lio nA

Ta = +25°C - 25 150

Ta = —40° to +85°C - - 175
Common Mode Input Voltage Range (AV|g =5.0 mV, Vg =0V) Vicr +13 +14 - \%
Large Signal Voltage Gain (Vo = =10V, R = 2.0 kQ) AvoL dB

Ta = +25°C 90 110 -

Ta = —40° to +85°C 85 - -

Output Voltage Swing (V|p = =1.0V) \%

Ry = 600 Q Vo+ - +10.7 -

RL = 600 Q Vo- - -11.9 -

RL=2.0kQ Vo+ +132 | +138 -

RL =2.0 kQ Vo- - -13.7 -13.2

RL =10 kQ Vo+ +13.5 +14.1 -

RL = 10 kQ Vo- - -146 | -14
Common Mode Rejection (Vj, = £13V) CMR 80 100 - dB
Power Supply Rejection (Note 3) PSR 80 105 - dB

Veo/VeEg = +15V/-15V 10 +5.0 V/ -5.0 V
Output Short Circuit Current (V|p = 1.0 V, Output to Ground) Isc mA

Source +15 +29 -

Sink -20 -37 -

Power Supply Current (Vg = 0V, All Amplifiers) Ip mA

(HT33078) Tp = +25°C - 4.1 5.0

Ta = -40° to +85°C - - 5.5

(HT33079) Ta = +25°C - 8.4 10

Ta = -40° to +85°C - - 1

3. Measured with V¢ and Vgg differentially varied simultaneously.
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AC ELECTRICAL CHARACTERISTICS (Vcc = +15V, VEg = -15V, T = 25°C, unless otherwise noted.)

Characteristics Symbol Min Typ Max Unit
Slew Rate (Vi =-10Vto +10 V, R_. = 2.0 kQ, C_ = 100 pF Ay = +1.0) SR 5.0 7.0 - V/us
Gain Bandwidth Product (f = 100 kHz) GBW 10 16 - MHz
Unity Gain Bandwidth (Open Loop) BW - 9.0 - MHz
Gain Margin (R = 2.0 kQ) Amn dB
CL=0pF - -1 -
CL = 100 pF - -6.0 -
Phase Margin (R = 2.0 kQ2) dm Deg
CL=0pF - 55 -
CL =100 pF _ 40 _
Channel Separation (f = 20 Hz to 20 kHz) Cs - -120 - dB
Power Bandwidth (Vo = 27 Vpp, R = 2.0 kQ, THD = 1.0%) BWp - 120 - kHz
Total Harmonic Distortion THD - 0.002 - %
(RL = 2.0 kQ, f = 20 Hz to 20 kHz, Vg = 3.0 Vime, Ay = +1.0)
Open Loop Output Impedance (Vo =0V, f = 9.0 MHz) |Zo| - 37 - Q
Differential Input Resistance (Vcum = o v) Rin - 175 - kQ
Differential Input Capacitance (Vcm = o v) Cin - 12 - pF
Equivalent Input Noise Voltage (Rs = 100 Q, f = 1.0 kHz) en - 4.5 - nV/N'Hz
Equivalent Input Noise Current (f = 1.0 kHz) in - 0.5 - IHZzV pA/
=2400 800
< R |
= VCM =0V
© 2000 N HT33078N & HT33079N T Ta=25°C
£ = 600
& 1600 N E
[=]
= NHT33079R \ = 4
NG o SN~
= 1200 ~ S 400 —
—
= 800 \\\\\\ 5
: AN 2
400 HT33078R NSO -
= ‘\\\\ ==l
o 0 N, 0
-55-40 -20 0 20 40 60 80 100 120 140 160 0 5.0 10 15 20
Ta, AMBIENT TEMPERATURE (°C) Ve, | Vee |, SUPPLY VOLTAGE (V)
Figure 2. Maximum Power Dissipation Figure 3. Input Bias Current versus
versus Temperature Supply Voltage
1000 I I 20y 5V
= Veg=+15V = Veg=-15V —
z cMm = & 1.0| Vem=0V —
= 600 e o Unit 2 I
2 5 0 |
B 400 o —
5 —— S
= — 'é 1 Unit 3
@ 200 = 0
=]
>
0 -2.0
-55 -25 0 25 50 75 100 125 -55 -25 0 25 50 75 100 125
Ta, AMBIENT TEMPERATURE (°C) Ta, AMBIENT TEMPERATURE (°C)
Figure 4. Input Bias Current versus Temperature Figure 5. Input Offset Voltage versus Temperature
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Vsat , OUTPUT SATURATION VOLTAGE (V) 118, INPUT BIAS CURRENT (nA)

I cc, SUPPLY CURRENT (mA)

HTCSEMI

A A7
a4 k% HT33078A / HT33079A
600 [ — < Vec-0
Veo=+15V _| o
Vep=-15V o Vec-05 +Vew
S0 Ta=25°C —| = A Ve = +3.0Vio+15V
\\ w VCC -1.0 Veg=-3.0Vto-15V 7
400 N =) _ AVig=5.0mV
~ 5 Vec-19 V=0V
Y g — ————————— VOItage \_/\—\_l\/\_l/\/\
300 ~—~— g —~———————— Range —_— — o~
T = Vee +15
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-V,
100 8 Veg +05 CM
5
0 o Vee +0
-15 -10 -5.0 0 5.0 10 15 Zﬁ -5 -25 0 25 50 75 100 125
Vem, COMMON MODE VOLTAGE (V) & Ta, AMBIENT TEMPERATURE (°C)
>
Figure 6. Input Bias Current versus Figure 7. Input Common Mode Voltage
Common Mode Voltage Range versus Temperature
Ve -1.0 | :E’ % 'y
oo -1 Vo= +15V
_55°C = i cc
//’ Vo= +15V—] & [ Sink Vg =-15V
Voo -3.0 L o50( Vee=-15V — 5 4 T~ RL<100 Q
<'-_> NG Vp=1.0V
4 5 N ~
Vg -5.0 125°C % % Source \\
—— S —— 1 I~ N~
Vee +5.0 g I~ \\
T T~y
[72]
5 20
VEE +3.0 E
]
Vg +1.0 | e
Q 10
0 1.0 2.0 3.0 4.0 — -5 -25 0 25 50 75 100 125
R(, LOAD RESISTANCE TO GROUND (k<) Ta, AMBIENT TEMPERATURE (°C)
Figure 8. Output Saturation Voltage versus Figure 9. Output Short Circuit Current
Load Resistance to Ground versus Temperature
10 T — 160 T
90 Vem=0V i% 2
’ +15V +10V Ri=co 7 Z 140 AVeu O—EADM AVo H
8.0 —_— Vo=0V = +
7.0 150V ——— e AV i
u CMR = 20Log ( X Apm )
6.0 HT33079 — w100 - AVo
5.0 ' S T T
+15V A0V HT33078 = g0l Vo= +15V
9 oy ————— g | Ve
3.0 — T g 60—VCM=0V
20 +4.0V S AVey=+15V
- Supply Voltages e Ty = 25°C
s L
0 20
-55 -25 0 25 50 75 100 125 100 1.0k 10k 100 k 1.0M 10M
Ta, AMBIENT TEMPERATURE (°C) f, FREQUENCY (Hz)
Figure 10. Supply Current versus Figure 11. Common Mode Rejection
Temperature versus Frequency

Rev. 00



PSR, POWER SUPPLY REJECTION (dB)

GWB, GAIN BANDWIDTH PRODUCT (MHz)

VO, OUTPUT VOLTAGE (Vpp)

HTCSEMI

a4 k% HT33078A /HT33079A
140 AVolApm AVolApm § 30 [ [
+PSR = 20Log Tave ) b -PSR=20Log | ———— = R =10kQ —]
120\“"‘\ cc Voo 5 CL=0pF —
100 (PSR T 2 2 f=100kHz |
g g o Ta=25°C  __ |
\\lL \\ «
. kit \\‘\ E
60 TN Z 10
\\_\ \\\ =
40 i ~ N 2
Voo = +15V \\~\ <
20 | Vee=-15V ™ S
Tp=25°C g
L1 S 0
100 1.0k 10k 100 k 1.0M 10M 0 5.0 10 15 20
f, FREQUENCY (Hz) Vg [Veg| , SUPPLY VOLTAGE (V)
Figure 12. Power Supply Rejection Figure 13. Gain Bandwidth Product
versus Frequency versus Supply Voltage
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Figure 14. Gain Bandwidth Product Figure 15. Maximum Output Voltage
versus Temperature versus Supply Voltage
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_
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Figure 16. Output Voltage versus Frequency Figure 17. Open Loop Voltage Gain

versus Supply Voltage
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l4 &% HT33078A / HT33079A
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Figure 18. Open Loop Voltage Gain Figure 19. Output Impedance
versus Temperature versus Frequency
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Figure 20. Channel Separation Figure 21. Total Harmonic Distortion
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Figure 22. Total Harmonic Distortion Figure 23. Slew Rate versus Supply Voltage

versus Output Voltage
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SR, SLEW RATE (V/ 1 s)

Am, OPEN LOOP GAIN MARGIN (dB)

en , INPUT REFERRED NOISE VOLTAGE (nV/vHz )

HTCSEMI
a4k .%
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Figure 24. Slew Rate versus Temperature
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Figure 26. Open Loop Gain Margin and
Phase Margin versus Load Capacitance
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Figure 28. Input Referred Noise Voltage and
Current versus Frequency
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HT33078A / HT33079A
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Figure 25. Voltage Gain and Phase
versus Frequency
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Figure 27. Overshoot versus Output
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Figure 29. Total Input Referred Noise Voltage
versus Source Resistance
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4 £ % HT33078A / HT33079A
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Figure 30. Phase Margin and Gain Margin versus
Differential Source Resistance
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Vo , OUTPUT VOLTAGE (5.0 V/DIV)

, i . . 8 | 23
t, TIME (2.0 us/DIV) t, TIME (2.0 us/DIV)
Figure 31. Inverting Amplifier Slew Rate Figure 32. Non-inverting Amplifier Slew Rate

Voo =+15V
VEE=—15V T
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Vo , OUTPUT VOLTAGE (5.0 V/DIV)
en , INPUT NOISE VOLTAGE (100 nV/DIV)

t, TIME (200 us/DIV) t, TIME (1.0 sec/DIV)

Figure 33. Non-inverting Amplifier Overshoot Figure 34. Low Frequency Noise Voltage
versus Time
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} } 0.1 uF
* —\N\N—"9
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20kQ _ >
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- X
100 KD R = 1.0 MQ
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Note: All capacitors are non-polarized.

Figure 35. Voltage Noise Test Circuit
(0.1 Hzto 10 Hz _ )
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N SUFFIX PLASTIC DIP

(MS - 001BA)
< A >
AN
8 5 T
D B
1 4
TR TSR TdRTd
—> Fle— L
e
¥
A V [FT] SEATING
T; PLANE
G Lk

i M*»/l-‘;_ H_\:‘J\‘/

[>o.25 (0.0100@D [ T |

NOTES:
1. Dimensions “A”, “B” do not include mold flash or protrusions.

Maximum mold flash or protrusions 0.25 mm (0.010) per side.

D SUFFIX SOIC
(MS - 012AA)

8 " 5
HHHHA I
f
H O j P
—~ HHHH l
T gl—4
C f¢e—Rx45°
e L | A PR —t
D—'||‘— F PLANE {J ;:_,/L__f':/'

[6]0.25 0.010)@ [T[c@)

NOTES:
1. Dimensions A and B do not include mold flash or protrusion.

2. Maximummold flash or protrusion 0.15 mm (0.006) per side
for A; for B - 0.25 mm (0.010) per side.

HT33078A / HT33079A

1

Dimension, mm
Symbol MIN MAX
A 8.51 10.16
B 6.1 711
C 5.33
D 0.36 0.56
F 114 1.78
G 2.54
H 7.62
J 0° 10°
K 2.92 381
L 7.62 8.26
M 0.2 0.36
N 0.38

o

1
Dimension, mm

Symbol MIN MAX

A 438 5

B 3.8 4

C 1.35 1.75

D 0.33 0.51

F 04 1.27

G 1.27

H 5.72

J 0° 8°

K 0.1 0.25

M 0.19 0.25

P 5.8 6.2

R 0.25 05
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l4 &% HT33078A / HT33079A

& o T - o
-‘ ' / \__h
/ \ a3z | | : ~ ! F
P AZ A c— A S - . MILLIMETER
B B v J L] SYMBOL,|
— 1 0 ,,J‘ MIN | NOM | MAX
Al { L1 | A | — |7
Al [oos| _ |o22s
A2 1.30 1.40 1.50
A3 [ 060 | 065 | 070
VN b 039 | __ | 047
i A bl 038 | 041 | 0.44
B B H E H B H ; AN\ c 020 _ | o024
! cl 019 | 020 [ 021
cl ¢
BASE METAL | /N D 8.55 | 8.65 | 8.75
| = 1 E 5.80 | 6.00 | 6.20
El E WITH PLATING A| E | 380 |39 [ 400
O e SECTION B-B ¢ 127BSC
h 025 | — [ o050
o L 050 [ — [ 080
H H E H H u H = I L1 1.05REF
ie O R
| | BB
g Le |
MILLIMETER
SYMBOL
MIN | NOM | MAX
A 3.60 | 3.80 | 4.00
Al 0.51 . _
A2 320 | 3.30 | 3.40
A3 1.47 192 137
b 0.44 0.52
bl 0.43 0.46 0.49
Bl 1.52REF
e 025 . 0.29
i T e - - cl 0.24 | 0.25 | 0.26
lj\_l lILIJILI IIH IILI rJ‘L‘ IJLI ¥ D 19.00 | 19.10 | 19.20
T BAYSV AT El 625 | 635 | 6.45
“WITH PLATING e 2.54BSC
% SECTION B-B cA 7.62REF
O ‘ B 762 | _ ] 930
! eC 0 _ 0.84
L - 3.00 o o
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RN, I L
‘ | MILLIMETER
| 1 o 1 SYMBOL
A3 f T [ w MIN NOM MAX
T A2 A 025 A U (SER N £
,%; i \ J‘\ ! Al 010 | _ | 0225
[ oomm = % | | =
TAI Y m A2 [ 130 | 140 | 150
‘Ll A3 055 | 0.60 | 0.65
i b 023 | _ | 031
bl 022 | 025 | 028
- b - c 020 | _ | 024
ﬂ F F H H H T4t |—bF— cl 0.19 | 020 | 021
>0 )
| 7% e i 4
% i ///?/// a D 480 | 490 | 5.00
r | BASE METAL |}/ //,5 I\ 1 E 580 | 6.00 | 6.20
| S El 3.80 | 390 | 4.00
[ | WITH PLATING
[ | ¢ 0.635BSC
1 SECTION B-B
El E h 025 | — | 050
} L 050 | 0.65 | 0.80
O ‘ L1 1.05REF
! 1 8 0 _ 8
T ]
[0]
B B
bofl el |
TSSOP14
D
$ T MILLIMETER
— = SYMBOL
2 [ \ S MIN | NOM | MAX
uinlninninininlEls LT A || _ |
"_ =) L’:L Al 005 | _ | o015
= g Lﬁ. A2 | 090 | 1.00 | 105
b A3 039 | 044 | 049
bl b 0.20 =5 0.28
INEERE: =i ek
AT / / /N
“ 24 c 013 | _ | 017
BASE METAL | 7 cl 0.12 [ 0.13 | 0.14
‘ D 490 | 5.00 | 5.10
WITH PLATING El 430 | 440 | 450
- - 23] I
/| SECTION B-B E 620 | 640 | 6.60
e 0.65BSC
L [oas]os0 | 075
L1 1.00BSC
H tj tj i H H i e : ’ 5 ‘ 8D
BB b
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