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Abstract

Nowadays , the information and media have been growing their importance
significantly and therefore inevitably affecting our everyday life. As the media is the way
that the messages is transmitted to us. So the more appropriate and effective the media
is , the more accurate and reliable the messages are.

Television is one type of media that is effective and has been used widespread.
As it has an advantage that the receiver can perceive the data and the picture
simultaneously.

This project is mainly concemned in studying of the video signal which was first
transformed into the digital signal. Then we stroed the acquired data by using RAM. In
the taking-out process , we selected some parts of the data to be transformed into the
analog signal and then be displayed on the television set. And the main system is

controlled by microprocessor.
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Semiconductor

CA33178

CMOS Video Speed,

* 2 Units in Series Allow 9-Bit Output
= 2 Units in Parallel Allow 30MHz Sampling Rate

Applications

< TV Video Digitizing (Industrial/Security/Broadcast)
= High Speed A/D Conversion

< Ultrasound Signature Analysis
- Transient Signal Analysis

- High Energy Physics Research
= General-Purpose Hybrid ADCs
= Optizal Character Recognition
= Radar Pulse Analysis

= Motion Signature Analysis

- pP Data Acquisition Systems

the typical power consumption of the CA3318 is 150mW.

The intrinsic high conversion rate makes the CA3318 ideally
suited for digitizing high speed signals. The overflow bit
makes possible the connection of two or more CA3318s in
series to increase the resolution of the conversion system. A
series connection of two CA3318s may be used lo produce a
9-bit high speed converter. Operation of two CA3318s in
parallel doubles the conversion speed (i.e., increases the
sampling rate from 15MHz to 30MHz).

266 paralleled auto balanced voltage comparators measure
the input voltage with respect to a known reference to
produce the parallel bit outputs in the CA3318.

255 comparators are required to quantize all input voltage
levels in this 8-bit converter, and the additional comparator is
required for the overflow bit.

Ordering Informaticn

August 1997 8-Bit, Flash A/D Converter

Features Description

* CMOS Low Power with SOS Speed (Typ).. ...... 150mW " The CA3318 is a CMOS parallel (FLASH) analog-to-digital

- Parallel Conversion Technique converter designed for applications demanding both low

* 15MHz Sampling Rate (Conversion Time)....... 67ns POWEr consumption and high speed digllization.

- 8-Bit Latched Three-State Output with Overflow Bit The CA3318 operates over a wide full scale input voltage
range of 4V up to 7.5V with maximum power consumption

* Accuracy (TYp). - .ccvmveennnnnn ot *TLSB  Gepending upon the clock frequency selected. When

« Single Supply Voltage .. ................ 4V to 7.5V operated from a 5V supply at a clock frequency of 15MHz,

PART NUMBER | LINEARITY (INL, DNL){  SAMPLING RATE TEMP. RANGE (°C) PACKAGE PKG. NO.
CA3318CE +RH USB 15MHz (67ns) -40to 85 24 Ld PDIP E24.6
CA3318CM +1.5 RSB 15MHz (67ns) 40 to 85 24 Ld SOIC M24.3
CA3318CD +1.5L.50 15MHz (67ns) -40to 85 24 Ld SBDIP D246
Pinout
CA3318
(PDIF, SBDIP, SOIC)
TOP VIEW
(LsByB1[1] ~ E Var+ (ANA. SUP}

82 [2] 23] 4R

83 3] 2] Vrer+

B¢ E E] Vin

85 [5] 2]

86 [6] [19] PHASE

87[7] 18] cLk

(Msc) B8 [ 8] [17] Vaa- (ANA. GND)
OVERFLOW [3] 6] Vin
Y14k [10) [15] Vrer-
(DIG. GND) Vs [11] 14] TET
(DIG. SUP) Vpp [12 E ce2
CAUTION: These devices are sensilive 1o electrostatic discharge..Usevs should follow proper IC Handling Procedures. File Number 3103.1

Copyright © Harns Corporation 1997
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CA3318
Functional Block Diagram
B auaLos 42 ¢ ¢ no¢ 8 o
2 1 1 1 1 2 1 DIGITAL
IE—’ SUPPLY @ SUPPLY
Vin THREE-
&} _ < OUTPUT  STATE
4 M J— REGISTER DRIVERS gxgx
+4
REFT IR ¢ 1 % 256 b Q
- d D a D Q N
' 1 ¢
1 : ‘ t 1 : #CQ;BG : L —-1 CLK
[ ! ‘ { t BIT8
= 1 ' :
R 2u§ t : 1 : ] 1 { | —t L‘;};g” o1 L/;’I;EH ' (M:"B)
‘ _
- : Cot e ! ' - ° :
. i . . 1 « ENCODER S
i ¢ | ' . X count ' Aeear | [
s R, 1 t . . . 193 ¢ 8IT7
14 REF R —p° a——° @ 1
BEFwa— v cas M ( ! oa
=70 i v #193 ' ; y 1 Etikc
1 . ' < . 1 : 1 ‘_" L_, L} —1
1 1 ] 3
é g L vy . y : LATCH : LATCH : —
1 i
] ' t ]
r' ! / ' v f 1 Cc‘:gSNT i L] CLK -
p— o : | D Qf+—4D Q !
2 vt . CAB ‘ ) ! BITS
20 T > 3l £ e ' h !
=300 i : ‘ / : ' } g @ 5
t L]
I 5 P o AT r’ LATCH ! CLK
(] ] ]
| ' !
' ,_®:_ : ; : : ' BIT4
1 ! COUNT ¢
1 %Rl ! : / : : 65 L} D Q
14 REF . = D Q D G " cLK
q L Mavis as¥dL) : . [ :
=40 { ' i #'65 : ] (] : BIT3
1) (] 1 ' |
v %Rl i &= o o : ) b+ iarcn | 1 Laren : 0 Q ?—E
N . ! t : t ' :
. t t
. \ 1 ] : : COUNT | BIT2
- s ' 1
R =2K§ i 0 al+4o a > D Q
VRer- 1 CAB 1 1
[} ’ (NOTE 1) ! ! b CLK
R S comparaTOR#1 ' fratchH} ' frarcH BIT1
g T 11 (LsB)
o a
L |cLk
—— + $1(AUTO BALANCE)
_QD—. $2 (SAMPLE LNKNOWN) CEl
Vaa-
ANALOG ce2
GND NOTE: : |
1. Cascaded Auto Balance (CAB).
Vss
DIGITAL
el




CA3318

Absolute Maximum Ratings

DC Supply Voltage Range (Vpp or Vaat) cceeeneen. -0.5V to +8V
(Referenced to Vgg or Vaa- Terminal, Whichever is More Negative)
Input Voltage Range

CE2andCET .....ooovinnnnnnn.n. Vaa- 0.5V o Vpp + 0.5V
Clock, Phase, VRgg-. Vo Ref....... Vaa- 0.5V to Vaa+ + 0.5V
Clock, Phase, VReg-. g Ref........ Vss--0.5Vto Vpp + 0.5V
ViN. Y4 REF. VREE* e vvvneannnn.. Vaa- 0.5V to Vap- + 7.5V
Output.Voltage Range, .. ............. Vss-0.5Vto Vpp + 0.5V
Bits 1-8, Overflow (Outputs Off)
DCInputCumment . . ...ttt iaie e ciaeaennnn. =20mA

Clock, Phase, CE1, CE2, V|y. Bits 1-8, Overflow

Operating Conditions
Operating Voltage Range (Vpp or Vaa+). .. 4V (Min) to 7.5V (Max)

Recommended Vaa+ OperatingRange. .............. Vpp =1V
Recommended Vaa- OperatingRange ............... Vgs =1V
Operating Temperature Range (Ta) . ... .......... -40°C to 85°C

Thermal lnformatidh

Thermal Resistance (Typical, Note 1) 934 (CCIW) 8, (CCW)

SBDIPPackage.................... 60 22

PDIPPackage..................... 60 N/A

SOICPackage..................... 75 N/A
Maximum Junction Temperature

CeramicPackage ................ ... 175°C

PlasticPackages ........... ..................... 150°C
Maximum Storage Temperature Range .......... -65°C to 150°C
Maximum Lead Temperature (Soldering 10s)............. 265°C

(SOIC - Lead Tips Only)

CAUTION: Stresses above those listed in “Absolute Maximum Ratings™ may cause permanent damage Io the device. This is a stress only rating and operation
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied.

NOTE:

1. 04 is measured with the component mounted on an evaluation PC board in free air.

Electrical Specifications  At25°C. Vaa+ =Vpp =5V, Vrgp+ = 6.4V, VRzr - = Vaa- = Vgs. CLK = 15MHz,
All Reference Points Adjusted, Unless Otherwise Specified

PARAMETER | TEST CONDITIONS [ mn | tve T wmax UNITS
SYSTEM PERFORMANCE
Resolution > e - - Bits
Integral Linearity Emror - - =15 LSB
Ditferential Linearity Error - - +1,-0.8 LS8
Offset Error, Unadjusted ViN =VReg- + o LSB 0.5 45 6.4 LsB
Gain Eror Unadjusted ViN = VRer+ - Y2 LSB 15 ¢ - 1.5 LS8
DYNAMIC CHARACTERISTICS
Maximum Input Bandwidth (Note 1) CA3318 2.5 5.0 - MHz
Maximum Conversion Speed CLK = Square Wave 15 17 = MSPS
Signal to Noise Ratio (SNR) fg = 15MHz, f;y = 100kHz - 47 - dB
-RMSSignal fs = 15MHz, fiy = 4MHz . 43 - 8
~WidINoOISe
Signal to Noise Ratio (SINAD) fs = 15MHz, fiy = 100kHz - 45 - dB
- RMSSignal fs = 15MHz, fiy = 4MHz - 35 - dB
RMSNoise+Distortion
Total Harmonic Distortion, THD fs = 15MHz, fjy = 100kHz - 46 - dBc
fs = 15MHz, fiy = 4MHz : 36 |- - dBc
Effective Number of Bils (ENOB) fs = 15MHz. fyn = 100kHz - 72 - Bits
fs = 15MHz, fijy = 4MHz - 55 - Bits
Ditferential Gain Error Unadjusted - 2 - %
Differential Phase Error Unadjusted - 1 - %
ANALOG INPUTS
Full Scale Range. V) and (Vreg+) - (VRer-) Notes 2, 4 4 - 7 \
Inpui Capacitance, V,y - 30 - pF
Inpu: Current, V. (See Text) Vin =5V, VRgg+ = 5V - - 35 mA
REFERENCE INPUTS )
Ladder Impedance [ | 270 ] sc0 [ 80 | o




CA3318

Zlectrical Specifications At25°C,Vaat+ = Vpp =5V, VRer+ = 6.4V, VRer- = VaA- = Vss. CLK = 15MHz,
All Reference Points Adjusted, Unless Otherwise Specified (Continued)

PARAMETER | TEST CONDITIONS [ mn | 1vp | max | unms
DIGITAL INPUTS

Low Level Input Voltage, Vo, .
CEf, CE2 Nole 4 - - 0.2Vpp v
Phase, CLK Note 4 - - 0.2Vaa \%
High Level Input Voltage, V|y
CE1.CE2 Note 4 0.7Vpp - - \Y
Phase, CLK Note 4 0.7Vaa - - \%
Input Leakage Current, I; (Except CLK Input) Note 3 _— +0.2 =5 HA
Input Capacitance, C; - 3 - pF
DIGITAL QUTPUTS i
Output Low (Sink) Current Vo = 04V 4 10 - mA
Ou'put High (Source) Cumrent Vo = 4.5V -4 -6 - mA
Three-State Output Oif-State Leakage Current, lo7 - SUR =5 A
Output Capaditance, Cq - 4 z pF
TIMING CHARACTERISTICS
Auto Balance Time (¢1) 33 - oo " ns
Sample Time (¢2) Note 4 25 - 500 ns
Aperture Delay - 15 - ns
Aperture Jitter \ - 100 - © ps
Data Valid Time. tp Note 4 - 50 S5 ns
Data Hold Time, ty Note 4 25 40 - ns
Output Enabie Time, tey - 18 - ns
Output Disable Time, tp|s - 18 - ns
POWER SUPPLY CHARACTERISTICS :
Device Current (Ipg + 1) (Exdudes Irgf) Continuous Conversion (Note 4) - 30 €0 mA
Auto Balance ($1) A 30 69 O mA

IOTES:

1. Afull scale sine wave input of greater than fo oc/2 or the spedified input bandwidth (whichever is iess) may cause an emroneous code.
The -3dB bandwidth for frequency response purposes is greater than 30MHz.

2. VN (Full Scale) or Vreg+ should not exceed Vap+ + 1.5V for accuracy.

. The dock input is a CMOS inverier with a S0kQ feedback resistor and may be AC coupled with 1Vo_p minimum source.

4. Parameter not tested, but guaranteed by design or characterization.

w

liming Waveforms

COMPARATOR DATA IS  ATCHED DECODED DATA IS SHIFTED

\ / TO OUTPUT REGISTERS

CLOCK (PIN 18)
IF PHASE (PIN 19)
IS LOW

SAMPLE

CLOCK IF

SAMPLE
PHASE IS HIGH N

FIGURE 1. INPUT TO OUTPUT TIMING DIAGRAM
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CA3318
Timing Waveforms (Continued)
Ce1 Y &\
CcE2
tors ten
" os I ten
BTS1-8  DATA >——< DATA -————< DATA
HIGH HIGH
IMPEDANCE IMPEDANCE
oF DATA ~
/| HIGH
IMPEDANCE

FIGURE 2. OUTPUT ENABLE TIMING DIAGRAM

CLOCK

S0ns
MIN

-
DATA X

FIGURE 3A. STANDBY [N INDEFINITE AUTO BALANCE (SHOWN WITH PHASE = LOW)

2 AUTO AUTO
BALANCE BALANCE
CLOCK SAMPLE SAMPLE
N N+2
500ns
MAX

T
A DATA DATA
- X .
]

FIGURE 3B. STANDBY IN SAMPLE (SHDWN WITH PHASE = LOW)
FIGURE 3. PULSE MODEOPERATION




CA3318

Typical Performance Curves
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NON-LINEARITY (LSB)
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FIGURE 4. DEVICE CURRENT vs SAMPLE FREQUENCY
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FIGURE 8. NON-LINEARITY vs SAMPLE FREQUENCY

fs = 15MHz, f; = TMHZ

TEMPERATURE (°C)

FIGURE 6. ENOB vs TEMPERATURE
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FIGURE 5. DEVICE CURRENT vs TEMPERATURE
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FIGURE 7. NON-LIMEARITY vs TEMPERATURE
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CA3318

Typical Performance Curves (Continued)

8.0

I
76
72 fs= 15MHz
6.8 ~L-
@ 64
«
= 60
o 6
o [~
5 56 — P S
52 T
48
44
40
00 05 10 15 20 25 30 35 40 45 50
£ (MHz)
FIGURE 10. ENOB vs INPUT FREQUENCY
Pin Descriptions CHIP ENABLE TRUTH TABLE
PIN NAME DESCRIPTION CE1 CE2 B1-B8 OF
1 B1 Bit 1 (LSB) Output Data Bits 0 A Valid Valid
. High =T
2 B2 Bit 2 (HIG™="Freg 1 Three-State Valid
3 B3 Bit3 % 0 Three-State Three-State
4 B4 Bit 4 X = Don't Care
B B5 Bit5 E |
P - Eds Theory of Operation
7 87 Bit7 2 A sequential parallel technique is‘ used by the CA3318
5 B8 8118 (VS8 .conyfarter to .ob.:am its high s,c:eed operztion. The ss_&quenge
consists of the “Auto-Balance™ phase, 41, and the “Sampie
9 OF Overflew . Unknown™ phase, ¢2. (Refer to the circuit diagram.) Each
10 4R Reference Ladder '/, Point conversion takes one clock cycle (see Note). With the phase
e control (pin 19) high, the “Auto-Balance™ (¢1) occurs during
11 V. Digital Ground L k &
S5 Kl ik the high period of the clock cycle, and the “Sample Unknown
12 Voo Digital Power Supply, +5V (62) occurs during the low period of the clock cycle.
3 Ce2 Thr_ee-Sta(e Output Enable Input, NOTE: Thedevice requires caly 2 single phase clock The terminology
Active Low, See Truth Table. of 1 and 62 refers to the high and low perods of the same clock.
14 CE1 Three-State Quiput Enabie Inpit During the “Auto-Balance™ phase, a transmission switch is
. Active High. See Truth Table: used to connect each of the first set of 256 commutating
X 15 VREF- Reference Voltage Negative Input capacitors to their associated ladder reference tap. Those
; 16 Vi Analog Signal lnput tap voitages will be as follows:
o7 Vaa- | Analog Ground VTap (N) = [(N/256) Vree] - (1/512) VRer]
.18 CLK Clock Input =[(2N - 1)/512] VRrer,
' 19 PHASE Sample clock phase control input. Where:
. When PHASE is low, “Sample = X 3
: Unikrioia? b koo oo wioas ie V1ap (n) = reference ladder tap voltage at point n,
' low and “Auto Balance™ occurs when VREF = voltage arross VRgg-to VRegg +,
: the clock is high (see text).
: N = tap number (1 through 256).
) 20 1/2 R Reference Ladder Midpoint . .
; . The other side of these capacitors are connected to single-
y = Vin Analog Signal faput stage amplifiers whose outputs are shorted to their inputs by
‘ 22 VRer* Reference Voltage Positive Input switches. This balances the amplifiers at their intrinsic trip
' 23 3, R Reference Ladder 3/ Point points, which is approximately (Vaa* - YAA—)IZ. The first set
— of capacitors now charges to their associated tap voltages.
| 24 Vant Analos Power Supply, +5V
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At the same time a second set of commutating capacitors
and amplifiers is also auto-balanced. The balancing of the
second-stage amplifier at its intrinsic trip point removes any
tracking differences between the first and second amplifier
stages. The cascaded auto-balance (CAB) technique, used
here, increases comparator sensitivity and temperature
tracking.

In the “Sample Unknown" phase, all ladder tap switches and
comparator shorting switches are opened. At the same time
V|n is switched to the first set of commutating capacitors.
Since the other end of the capacitors are now looking into an
effectively open circuit, any input voltage that differs from the
previous tap voltage will appear as a voltage shift at the
comparator amplifiers. All comparators that had tap voltages
greater than Vjy will go to a “high” state at their outputs. All
comparators that had tap voltages lower than Viy will go to 2
“low” state.

The status of all these comparator amolifiers is AC coupled
through the second-stage comparator and stored at the end
of this phase (¢z) by a latching amplifier stage. The latch
feeds a second latching stage, triggered at the end of ¢1.
This delay allows comparators extra settling time. The status
of the comparators is decoded by a2 256 to S-bit decoder
array, and the results are clocked into a storage register at
the end of the next 62.

A 3-stage buffer is used at the output of the 9 storage regis-
ters which are controlled by two chip-enable signals. CE1
will independently disable B1 through B6 when itis in a high
state. CE2 will independently disable B1 through B8 and the
OF buffers when it is in the low state.

To facilitate usage of this device, a phase contro! input is pro-
vided which can effectively complement the clock as it enters
the chip.

Continuous-Clock Operation

One complete conversion cycle can be traced through the
CA3318 via the following steps. (Refer to timing diagram.)
With the phase control in a “low” state, the rising edge of the
dock input will start a “sample” phase. During this entire
“high” state of the dlock, the comparators will track the input
voltage and the first-stage latches will track the comparator
outputs. At the falling edge of the clock, all 256 comparator
outputs are captured by the 256 latches. This ends the “sam-
ple” phase and starts the “auto-balance” phase for the com-
parators. During this “low" state of the clock, the output cf the
latches settles and is captured by a second row of latches
when the clock returns high. The second-stage latch output
propagates through the decode array, and a 9-bit code
appears at the D inputs of the output registers. On the next
falling edge of the clock, this 9-bit code is shifted into the out-
put registers and appears with time delay tp as valid data at
the output of the three-state drivers. This also marks the end
of the next “sample” phase, thereby repzating the conversion
precess for this next cycle.

Pulse-Mode Operation

The CA3318 needs two of the same polarity clock edges to
complete a conversion cycle: If, for instance, a negalive
going dock edge ends sample “N”, then data “N” will appear
after the next negative going edge. Because of this require-
ment, and because there is a maximum sample time of
500ns (due to capadcitor droop), most pulse or intermittent
sample applications will require double clock pulsing.

If an indefinite standby state is desired, standby should be in '
auto-balance, and the operation would be as in Figure 3A.

If the standby state is known to last less than 500ns and
lowest average power is desired, then operation could be as
in Figure 3B.

Increased Accuracy

In most cases the accuracy of the CA3318 should be

sufficient without any adjustments. In applications where

accuracy is of utmost importance, five adjustments can be

made to obtain better accuracy, i.e., offset. trim; gain trim;
vy ) 3 . £

and /4, ‘> and /4 point trim.

Offset Trim

In genera!, offset corraction can be done in the preamp
circuitry by introducing a DC shift to V) or by the offset trim
of the op amp. When this is not possible the VRgg- input can
be adjusted to produce an offset trim. The theoretical input
voltage to produce the first transition is 1/2 LSB. The equa-
tion is as follows:

“Vjn (010 1 transition) = 1/, LSB = V5 (VReg/256)

= VRer/512.

If Vi for the first transition is less than the theoretical, then a
single-turn 50Q pot connected between Vrer- and ground
will accomplish the adjustment. Set Vjy to 1/2 LSB and trim
the pot until the 0-to-1 transition occurs.

If Vi for the first transition is greater than the theoretical,
then the 509 pot should be connected between Vgep-and a
negaiive voiiage of aboui 2 LSBs. The trim procedure is as
stated previously.

Gain Trim

In general, the gain trim can also be done in the preamp
circuitry by introducing a gain adjustment for the op amp.
When this is not possible, ther a gain adjustment circuit
should be made to adjust the reference voltage. Tc perform
this trimy, V) should be set to the 255 to overflow transition.
That voltage is 1/3 LSB less than VRgg+ and is calculated as
follows:

V|n (255 to 256 transition) = VReg - VRer/512
=VRer(511/512).

To perform the gain trim, first do the offset trim and then
apply the required Vyy for the 255 to overflow transition. Now
adiust Vree + until that transition occurs on the outputs.
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(NOTE)
1.5K

+10V TO 30V o9 1+
INPUT
3151 'TE 18Q
1
v,
CA3085E s ] (PF::F;)
47 1
4.7pF,
TANAOV
10pF, TAN

NOTE: Bypass Vggg+ to analog GND near AD with 0.1yF ceramic
cap. Parts noted should have low temperature drift.

FIGURE 11. TYPICAL VOLTAGE REFERENCE SOURCE FOR
DRIVING Vggg+ INPUT

Y12 Point Trims

The Y4, Y5 and 3/4 points on the reference ladder are
brought out for linearity adjusting or if the user wishes to
create a nonlinear transfer function. The /4 points can be
driven by the reference drivers shown (Figure 12) or by 2-K
pots connected between Vgrgr+ and VRer-. The 1/;_~ (mid-)
point should be set first by applying an input of 257/512 x
(Vrer) and adjusting for an output changing from 128 to
128. Similarly the 1/4 and /4 points can be set with inputs of
129/512 and 385/512 x (VReg) and adjusting for counts of
192 to 193 and 64 to 65. (Note that the points are actually
Y14, V15 and 314 of full scale +1 LSB.)

5100 v +10V TO +30V
VRert 4

(PIN 22

3/, REF

(PIN 23)

- 11, REF

(PIN 20)

‘ 114 REF

—AA—

(PIN.10)

NOTES:

1. AllOp Amps = 3/; CA324E.

2. Bypass all reference points to analog ground near A/D with 0.1uF
ceramic caps.

3. Adjust VRer, first, then V3. 3/4 and Y4 points.

FIGURE 12. TYPICAL 1I4 POINT DRIVERS FOR ADJUSTING
LINEARITY (USE FOR MAXIMUM LINEARITY)

9-Bit Resolution

To obtain 9-bit resolution, two CA3318s can be wired together.
Necessary ingredients include an open-ended ladder net-
work, an overflow indicator, three-state outputs, and chip-
enable controls - all of which are available on the CA3318.

The first step for connecting a 8-bit circuit is 10 totem-pole
the ladder networks, as illustrated in Figure 13. Since the
absolute resistance value of each ladder may vary, external
trim of the mid-reference voltage may be required.

The overflow output of the lower device now becomes the
ninth bit. When it goes high, ali counts must come from the
upper device. When it goes low, all counts must come from
the lower device. This is done simply by connecting the lower
overtlow signal to the CE1 control of the lower A/D converter
and the CE2 control of the upper A/D converter. The three-
state outputs of the two devices (bits 1 through 8) are now
connected in parallel to complete the circuitry. The complete
circuit for a 9-bit A/D converter is shown in Figure 13.

Grounding/Bypassing

The analog and digital supply grounds of a system should be
kept separate and only-connected at the A/D. This keeps dig-
ital ground noise out of the analog data to be converted. Ref-
erence drivers, input amps, reference taps, and the Vaa
supply should be bypassed at the A/D to the analog side of
the ground. See Figure 15 for a block diagram of this con-
cept. All capacitors shown should be low impedance 0.1uF
ceramics and should be mounted as close to the A/D as pos-
sible. If Vaat is derived from Vpp, a small (10Q resistor or
inductor and additional filtering (4.7uF tantalum) may be
used io keep digital noise out of the analog system.

Input Loading

The CA3318 outputs a current pulse to the Vi terminal at
the start of every sample period. This is due to capacitor
charging and switch feedthrough and varies with input volt-
age and sampling rate. The signal source must be capable
of recovering from the pulse before the end of the sample
period to guarantee a valid signal for the A’D to convert.
Suitable high speed amplifiers include the HA-5033,
HA-2542; and CA3450. Figure 16 is an example of an ampti-
fier which recovers fast enough for sampling at 1I5MHz.

Output Loaaing

The CMOS digital output stage, although capable of driving
large loads, will reflect these loads into the local ground. It is
recommended that a local QMOS buffer such as
CD74HC541 E be used to isolate capacitive lcads.

Definitions

Dynamic Performance Definitions

Fast Fourier Transform (FFT) techniques are used to evaluate
the dynamic performance of the converter. A low distortion sine
wave is applied to the input, it is sampled, and the output is
stored in RAM. The data is then transformed into the frequency
domain with a 4096 point FFT and analyzed to evaluate the
dynamic performance of the A/D. The sine wave input to the
part is -2.5dB down from fullscale for all these tests.

Signal-to-Noise (SNR)

SNR is the measured RMS signal to RMS noise at a
specified input and sampling frequency. The noise is the
RMS sum of all of the spectral components except the
fundamental and the first five harmonics.
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Signal-ti-;Noise + Distortion Ratio (SINAD) Total Harmonic Distortion (THD)

SINAD is the measured RMS signal to RMS sum of all other  THD is the ratio of the RMS sum of the first S harmonic
spectral c(;mponents below the Nyquist frequency extluding DC.  components to the RMS value of the measured input signal.

Effectlve Number of Bits (ENOB)

The effeqnve number of bits (ENOB) is derived from the
SINAD data. ENOB is calculated from:

ENOB = (SINAD - 1.76 + Ve oRR)/6.02,
where:  VcoRrgr = 0.5dB.

+6.4VREF >———— Vrert OF |——— NC
+5V. >——— Vaat Voo f———< +5V
N Vaa- BIT 8
= A 3
big) " BIT1
0V TO 6.4V L o -\
PH
. CE2 !
CE1
T TRORNNA Ik R/ ayesssa RIT S QO XIRG N 19 N

6.4V REF DRIVER VREF ¥ss
D
s ~ 2
| ¥ 1 SE~7
13\ VRert Voo e
CE2

[—-— Vin CE1
Vin OF

. 8IT9
1
BIT8 . 4 8IT 8
‘
1 ! !
. | ] 1
BIT 1 1 . BIT 1
By > 0§ Vyas cL CLOCK
Vaa- PH PHASE

VREF- Vss

FIGURE 13. USING TWO CA3318s FOR 9-BIT RESOLUTION
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4.7pFMOV TANTALUM ot

} +5V (ANALOG SUPPLY)
g 3 Vaat BIT1}— )
T . ¢—3—— 3 ReF BIT2 f——
+4V TO +6.5V :
REFERENCE > Vrer* BIT3 —
4>__3|._] — v BIT4|—+
1 1 BITS DIGITAL
opmionaLcap T3 1aREF > outpur
(SEETEXT)
ZAE T PHASE Bref— &
CLOCK, {2 -
SOURCE S LK Bl
Vaa- ars)l
INPUT SIGNAL 'l> Vin ovrl |
1
AMPUIFIER/BUFFER VRer /4 REF 1€
(SEE TEXT) -
; 5 S CEl Vss —— 0 A
- . CE2 VDD % T— ——"
I o 7 —
CA3318 =l 47)F
TANTALUM/1OV .
TRNL
+5V (DIGITAL SUPPLY) = =

FIGURE 14. TYPICAL CIRCUIT CONFIGURATION FOR THE CA3318 WITH NO LINEARITY ADJUST

AMP Vin
SIGNAL '\ v ouTPUT E?GITAL
SOURCE |1 e N ORIVERS | SYSTEM
) } VReF*
SIGNAL
GROUND > +—
i REFERENCE
RS TAPS
Vaat Voo g
= VRer-
| _J VAA-  Vss
L L L _
T T l l I T SYSTEM
. DIGITAL
l l ,L GROUND
~ anaLoG * Vaa Vop
SUPPLIES SUPPLY SUPPLY

FIGURE 15. TYPICAL SYSTEM GROUNDING/BYPASSING

750
WVep
VIDEO
INPUT

—— A AA—— +8V

NOTE: Ground-planing and tight layout

are extremely important.

0.001)1F
100 16
AID FLASH
Sl INPUT
21
1 ] 390
T ocou:s I
110
1 [ 0V TO -10V
-4V 0.1 — OFFSET SOURCE
Rg < 100

FIGURE 16. TYPICAL HIGH BANDWIDTH AMPLIFIER FOR DRIVING THE CA3318
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TABLE 1. OUTPUT CODE TABLE

(NOTE 1)
INPUT VOLTAGE BINARY OUTPUT CODE
CODE VRer VReg ) Ms8 LSB § DECIMAL
DESCRIPTION 64ov(v)|sizv(v)l oF | B8 | B7 | B6 | B5S | B4 | B3 | B2 | BY COUNT
Zero 0.00 0.00 0 0 ) 0 0 0 0 0 0 0
1LS8 0.025 0.02 0 0 0 0. o 0 0 0 1 1
2LSB 0.05 0.04 0 0 0 0 0 ) 0 1 0 2
1/4 Full Scale 1.60 128 0 0 1 0 0 0 0 0 ) 64
', Full Scale- 1LSB | 3.175 254 0 G 1 1 1 1 1 1 1 127
Y/, Full Scale 320 256 0 1 0 0 0 0 0 o 0 28
'/, Full Scale + 1LSB | 3.225 258 0 i 0 0 0 0 0 0 1 129
314 Full Scale 4.80 384 0 1 1 0 ] 0 0 0 0 192
. < g R I s
Full Scale - 1LSB €.35 5.08 0 1 1 1 1 i 1 1 0 254
Full Scale 6.375 5.10 0 1 1 1 1 1 1 1 1 255
Over Flow 6.40 5.12 1 %t 1 1 1 1 1 1 1 511

NOTE: 1. The voltages listed above are the ideal centers of each output code shown as a function of its associated reference voltage.

Reducing Power

Most power is consumed while in the auto-balance state.
When operating at lower than 15MHz clock speed, power
€an be reduced by stretching the sample (62) time. The con-
straints are a minimum balance time (61) of 33ns, and a
maximum sample time of 500ns. Lonaer sample times cause
droop in the acto-balance capacitors. Power can also be
reduced in the reference string by switching the reference on
only during auto-balance.

Clock Input

The Clock and Phase inputs feed buffers referenced to Vaa+
and Vaa-. Phase should be tied to one of these two poten-
tials, while the clock (if DC coupled) should be driven at least
from 0.2 10 0.7 x (Vaat - Vaa-). The clock may also be AC
coupled with at least a 1Vp_p swing. This allows TTL drive
levels or 5V QMOs levels when Vaa+ is greater than 5V.
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@ HARRIS  CA3338, CA3338A

CMOS Video Speed, 8-Bit,

August 1997 " & 50 MSPS, R2R D/A Converters
Features Description
* CMOS/SOS Low Power The CA3338 family are CMOS/SOS high speed R2R voltage
+ R2R Output, Segmented for Low “Glitch” output digital-to-analog converters. They can operate from a

single +5V supply, at video speeds, and can produce

= EMOSTTL/ Compalible Inpuls “rail-to-rail” output swings. Internal level shifters and a pin for

+ Fast Settling: (Typ) to 112 LSB covnnn . ., 20ns  an optional second supply provide for an output range below
- Feedthrough Latch for Clocked or Unclocked Use digital ground. The data complement control allows the

inversion of input data while the latch enable control pro-
* Accuracy (Ty;?) """"""""""""" $0.5LSB  \ides either feedthrough or latched operation. Both ends of
- Data Complernent Control the R2R ladder network are available externally and may be
- High Update Rate (Typ) . .+ e vnnoeen e 50MHz Modulated for gain or offset adjustments. In addition, “glitch”

energy has been kept very low by segmenting and thermom-

= Unipolar or Bipolar Operation eter encoding of the upper 3 bits. 2

Applications The CA333_8 is manufac!ure.d on a sapphire subst_rate to give
low dynamic power dissipation, low output capacitance, and
= TVNVideo Display inherent latch-up resistance.

= High Speed Oscilloscope Display
 Digital Waveform Generator
- Direct Digital Synthesis

Pinout ~ Ordering Information
CA3338, CA3328A ]
(PDIP, SBDI®, SOIC) PART LINEARITY TEMP. PKG.
TOP VIEW NUMBER | (INL,DNL) | RANGE (°c)| PAckasz | No.
A\ CA3338E | =1.0LSB | -40t085 |16LdPDIP [E16.3
D7 E 16] Voo
bs E ] e CA3338AE | +0.75LSB | 40t085 [15LdPDIP |E163
os 3] M cohg CA33380 | =1.0LSB | -55t0125 |16LdSBDIP |D16.3
b4 E E VRer* CA3338AD | *0.75LSB | -55t0125 |16LdSBDIP |D16.3
o3 [5] 12] Vour
CA3338M [ #10LSB | 40to85 [16LdSOIC  [M163
o2 [6] [11] Vrer-
- 'Z [10] Vee CA3338AM | 3075LSB | <0to85 [16LdSOIC  [M163
Vss | 8 I 9| oo

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 1 850_2

Copyright © Haris Corporation 1997 e
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“unctional Diagram
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CA3338, CA3338A

Absolute Maximum Ratings
' 0.5V (0 +8V

Greater)

DC Supply-Voltage Range
(Vpo - Vss of VoD - Vgg. Whichever is
Input Voltage Range .
Digital Inputs (LE.COMP DO -D7). ... Vgg-05V1toVpp * 0.5V
Analog Pins (VRer™- Vges- VouT)---- VoD - 8V to Vpp + 0.5V
DC Input Cumrent

Digital Inputs (LE, COMP, DO-D7)eeeiieceeees =20mA
Recommended Supply Voltage Range.......-..---- 4.5Vio 7.5V
Operating Conditions
Temperature Range (Ta)

Ceramic Package, D suffix .. .....oooeoins 55°C 10 125°C
Plastic Package. E suffix, Msuffix .............. -40°C to 85°C

CAUTION: Stresses above those listed in "Absolute Maximum Ralings™ may cause permanent damage to the device.

Thermal Information

Thermal Resistance (Typical. Note 1) 034 (PCW)  Oy¢ ccw)
75

SBDIP Package. ....----=x=ccme" 24

PDIP Package - .o covovmrmsms oo 100 NJ/A

SOICPackage. .......ce-semsee-s 100 N/A
Maximum Junction Temperature

Ceramic PAckage . ... ..---ecrrsseessessrsosssos 175°C

Plastic PACKAGES . .« .« wveneemrmnssnsmsrss 150°C
Maximum Storage Temperature Range. Ts1G----- -65°C to 150°C
Maximum Lead Temperature (Soldering 10s). . ... ..o ove 300°C

(SOIC - Lead Tips Only)

This is a stress only rating and operation

of the device al these or any other conditions above those indicated in the operational sections of this specification is not implied.

NOTE:
1. 9 is measured with the component

mounted on an evaluation PC board in free air.

Electrical Specifications T =25°C. Vpp = 5V. VRer* = 4,608V, Vss = Ve = Vrer+ = GND. LE Clocked at 20MHz, R = 1M,

Unless Otherwise Specified

PARAMETER | TEST CONDITIONS MmN | TYP [ max [ unis

ACCURACY
Resolution 8 - - Bits
Irntegral Linearity Esvor See Figure 4

CA3338 % “ =1 LS8

CA3338A - - =0.75 LS8
Difierential Lineaiity Error See Figure 4

CA3338 - - =0.75 LS8

CA3338A - - =0.5 LS8
Gain Emor —IiTnpu‘\ Code = FFygx. See Figure 3

CA3338 4 - =0.75 LS8

CA3338A s - - =05 LS8
Offset Error Input Code = 00ex: See Figure 3 - - =0.25 LS8
DIGITAL INPUT TIMING
Update Rate To Maintain '/ LSB Settling DC 50 . MHz
Update Rate Vger- = Vee =-2.5V. VRes* = +2.5V DC 20 - MHz
Set Up Time tsu1 For Low Glitch - -2 - ns
Set Up Time tsy2 For Data Store & # ns
Hold Time ty For Data Store - 5 - ns
Latch Pulse Width tw For Data Store - 5 - ns
Latch Pulse Width tyy VRer- =VEE= -25V, VRept = +2.5V - 25 - ns
OUTPUT PARAMETERS Ry Adjusted for 1Vp.p Output
Output Delay tpq From LE Edge - 25 - ns ]
Qutput Delay tp2 Fiom Data Changing - - ns
Rise Time t; 10% to 90% of Output - 4 - ns
Setiling Time tg 10% to Settling to /> LS8 - 20 5 ns
Output Impedance VReg* = 6V.Vpp =&V 120 160 200 Q
Glitch Area - 150 - pVis
Glitch Area VReg- = VEE = -2.5V.VRefF* = +2.5V - 250 - pVis
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Electrical Specifications Ty =25°C. Vpp =5V. Vpep+ = 4.608V, Vss = Vgg = VReg- = GND, LE Clocked at 20MHz, R > 1MQ,
Unless Otherwise Specified (Continued)

PARAMETER TEST CONDITIONS [EX v | mMAax [ unms
REFERENCE VOLTAGE .
VRer* Range (+) Full Scale, Note 1 VRefr- * 3 - Vbop
VRer- Range (-) Full Scale, Note 1 Vege - VReg* -3 \Y
VRefr+ Input Current VREf+ =6V, Vpp =6V - 40 50 mA
SUPPLY VOLTAGE
Static Ipp or leg LE = Low, DO - D7 =High - 100 220 pHA

LE = Low, DO - D7 = Low - - 100 HA

Dynamic Ipp or Igg Vour = 10MHz, 0V to 5V Square Wave - 20 - mA
Dynamic Ipp or Igg Vourt = 10MHz, 2.5V Square Wave - 25 - mA
Vpp Rejection 50kHz Sine Wave Applied - 3 - mVIV
Vgg Rejection 50kHz Sine Wave Applied b 1 . mVN
DIGITAL INPUTS DO - D7, LE. COMP
High Level Input Voltage Note 1 2 - - \%
Low Level Input Voltage Note 1 - - 0.8 \Y
Leakage Cumreni - =1 =3 HA
Capacitance - - - pF
TEMPERATURE COEFFICIENTS
Output Impedance ] A l 200 l - ] ppm/°C

NOTE:

1. Parameter not tesied. but guaraniead by design or characterization.

Pin Descriptions

PIN NAME DESCRIPTION
1 D7 Most Significant Bit
2 [5:5) Input
3 D5 Data
4 D4 Bits
5 D3 (High = True)
6 D2
7 D1—
8 Vss | Digitat Ground
9 Dy Least Significant Bit. Input Data Bit
10 Veg | Analog Ground
11 VREeF - | Reference Voltage Negative Input
12 Vout | Analog Output
13 VREege+ | Reference Voltage Positive Input
14 COMP | Data Complement Control input. Active High
15 LE Latich Enable Input. Active Low
16 Voo Digital Power Supply, +5V

Digital Signal Path

The digital inputs (LE, COMP, and DO - D7) are of TTL
compatible HCT High Speed CMOS design: the loading is
essentially capacitive and the logic threshold is typically
JEV;

The 8 data bits, DO (weighted 20) through D7 (weighted 27),
are applied to Exclusive OR gates (see Functional Diagram).
The COMP (data complement) control provides the second
input to the gates: if COMP is high, the data bits will be
inverted as they pass through.

The input data ana the LE (latch enable) signals are next
applied to a level shifter. The inputs, operating between the
levels of Vpp and Vgg, are shifted to operate between Vpp
and Vgg. Vg optionally at ground or at a negative voltage,
will be discussed under bipolar operation. All further logic
elements except the output drivers operate from the Vpp
and Vgg supplies.

The upper 3 bits of data, D5 through D7, are input to a 3-to-7
line bar graph enceder. The encoder outputs and DO through
D4 are applied to a feedthrough latch, which is controlled by
LE (latch enable).

10-14
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INPUT DATA

tsu1

DATA

LATCHED ]
FEEDTHROUGH

LATCH
ENABLE

FIGURE 1. DATA TO LATCH ENABLE TIMING

INPUT
DATA

]

LATCH
_ENABLE
ts
le—tD2 ——e—t; ——-I ;1/2 S8,
—_— ! P
90%
OuTPUT 4 }
v
OLTAGE S o
L,ss

FIGURE 2. DATA AND LATCH ENABLE TO QUTPUT TIMING

Latch Operation

Data is fed from input to output while LE is low: LE should be
tied low for norclocked operation.

Non-clocked operaticn or changing data while LE is low is
not recommended for 2zpplications requiring low ouiput
“glitch™ energy: there is no guarantee of the simultaneous
changing of input data or the equal propagation delay of all
bits through the converter. Several parameters are given if
the converter is to be used in either of these modes: tpo
gives the delay from the input changing to the output chang-
ing (10%), while tgy2 and ty give the set up and hold times
(referred to LE rising edge) needed to latch data. See
Figures 1 and 2.

Clocked operation is needed for low “glilch™ energy use.
Data must meet the given tgyq set up time to the LE falling
edge, and the ty hold time from the LE rising edge. The
delay to the output changing, 'p1, is now refemred to the LE
falling edge.

Th-re is no need for a square wave LE clock; LE must only
meet the minimum tyy pulse width for successful latch opera-
tion. Generally, output timing (desired accuracy of settling)
sets the upper limit of usable clock frequency.

Output Structure

The latches feed data to a row of high current CMOS drivers,
which in turn feed a modified R2R ladder network.

The “N” channel (pull down) transistor of each driver plus the
bottom “2R" resistor are returned to Vrgg- this is the (-) full-
scale reference. The “P” channel (pull up) transistor of each
driver is returned to VRgg+, the (+) full-scale reference.

In unipolar operation, VRgp- would typically be returned to
analog ground, but may be raised above ground (see specifi-
cations). There is substantial code dependent current that
flows from VRgp+ to VReg- (see Vpep+ input current in
specifications), so VRgg- should have a low impedance path
to ground.

In bipolar operation, VRgr- would be returned to a negative
voltage (the maximum voltage rating to Vpp must be
observed). Vgg, which supplies the gate potential for the
output drivers, must be returned to a point at least as nega-
tive a3 VRgg-. Note that the maximum clocking speed
decreases when the bipolar mode is used.

Static Characteristics

The ideal 8-bit D/A would have an output equal to Vrgg- with
an input code of 00ygex (zero scale output), and an output
equal to 255/256 of Vreg+ (referred to VRegg-) with an input
code of FFyx (full scale output). The difference between the
ideal and actual values of these two parameters are the OFF-
SET and GAIN errors, respectively; see Figure 3.

If the code into an 8-bit D/A is changed by 1 count, the output
should change by 1/255 (full scale output - zero scale output). A
deviation from this step size s a differential lineanty error, see
Figure 4. Note that the emor is expressed in fractions of the
ideal step size (usually called an LSB). Also note that if the (-)
differential lineanty error is less (in absolute numbers) than 1
LSB, the device is monotonic. (The output will atways increase
for increasing code or decrease for decreasing code).

If the code into an 8-bit D/Ais ai any value, say "N", the output
voltage should be N/255 of the full scale output (referred to the
zero scale output). Any deviation from that output-is an integral
linearity emor, usually expressed in LS3s. See Figure 4.

Note that OFFSET and GAIN errors do not affect integral
linearity, as the linearity is referenced to actual zero and full
scale outputs, not ideal. Absolute accuracy would have to
also take these errors into account.

GAIN ERROR t

(SHOWN -)
L s
f

2551256

— = IDEAL TRANSFER CURVE

w
w
4
>
E 254/256 —~ ... =ACTUAL TRANSFER CURVE
G PR
> 1
S 2531256 '
z P = 4
9 [}
[= 5 s
(&) e o -
S - ke
['8
< OFFSET e
56 ——
2 2 ERROR .
o (SHOWN+) _ _ _ .
(]
S 21256 + .
5 '
g r——a
— 1256 3——
po
a - -
5 [ ! } 1 1 1
o 0 t T T 2 T T
00 } o1 02 03 FD FE FF

INPUT CODE IN HEXADECIMAL (COMP = LOW)

FIGURE 3. D/A OFFSET AND GAIN ERROR
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CA3338,

CA3338A

STRAIGHT LINE
© FROM “0” SCALE

TO FULL SCAL

VOLTAGE ™A

—— = IDEAL TRANSFER CURVE
= = = = ACTUAL TRANSFER CURVE/ 3 ‘

INTEGRAL LINEARITY
ERROR (SHOWN -)

OUTPUT VOLTAGE

» |~a—

—_—
wY
I
(9]

A =IDEAL STEP SIZE (1/255 OF FULL
SCALE -“0” SCALE VOLTAGE)

B - A=+DIFFERENTIAL LINEARITY ERROR

b ) C - A = -DIFFERENTIAL LUNEARITY ERROR

Pt

INPUT CODE

FIGURE 4. D/AINTEGRAL AND DIFFERENTIAL LINEARITY
ERROR

Dynamic Characteristics

Keeping the full-scale range (Vgggt - VRer-) as high as
possible gives the best linearity and lowest “glitch” energy
(referred to 1V). This provides the best “P" and "N" channel
gate drives (hence saturation resistance) and propagation

delays. The VRgg+ (and VRge- if bipolar) terminal should be
well bypassed as near the chip as possible.

“Glitch™ energy is defined as a spurious voltage that occurs as
the output is changed from one voltage to another. In a binary
input converter, it is usually highest at the most significant bit
transition (7Fyex to 80yex for an 8 bit device), and can be
measured by displaying the output as the input code alter-
nates around that point. The “glitch® energy is the area
between the actual output display and an ideal one LSB step
voltage (subtracting negative area from positive), at either the
positive or negative-going step. It is usually expressed in pV/s.

The CA3338 uses a modified R2R ladder, where the 3 most
significant bits drive a bar graph decoder and 7 equally
weighted resistors. This makes the “glitch™ energy at each 1/8
scale transition (1Fyex to 20hex, 3FHex to 40yex, etc.)
essentially equal, and far less than the MSB transition would
otherwise display.

For the purpose of comparison to olﬁér converters, the output
should be resistively divided to 1V full scale. Figure 5 shows a
typical hook-up for checking “glitch” energy or settling time.

The settling time of the A/D is mainly a function of the output
resistance (approximately 160£2 in parallel vath the load resis-
tance) znd the load plus internal chip capacitance. Both
“glitch™ energy and settling time measurements require very
good drcuit and probe grounding: a probe tip connector such
as Tektronix part number 131-0258-00 is recommended.

CA3338
150 (g ——&8 o——— 5V
CLOCK
¢——"E >——— 425V
. . 130 2.5V
€ DATA BITS 00-07 12 gi°) ()< -a= - 3
—— X\ v we S —
out -7,
\ REMOTE
13
16 VREF* € \ Vour
+5V g Voo 3 §R3
[ PROBE TI?
N OR BNC
T CONNECTOR
§ 13 —s
14 11
comp VReF- 53
8 10 i
Vss Vee o +
[
DIGITAL ANALOG
GROUND _L l GROUND
FUNCTION CONNECTOR R1 R2 R3 VouT (P-P)
Oscilloscope Display Probe Tip 824 622 N/C 1\%
Match 932 Cable BNC 75 160 93 v
Match 75¢2 Cable BNC 18 130 75 v
Match 502 Cable BNC Short 75 50 079V
NOTES:

2. VOUT(p_p) is approximate, and will vary as Ryt of D/A varies.
3. All drawn capacitors are 0.1pF multilayer ceramic/4.7ufF taritalum.
4. Dashed connections are for unipolar operation. Solid connection are for bipolar operation.

FIGURE 5. CA3338 DYNAMIC TEST CIRCUIT
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CA3338, CA3338A

CA3333

LE
VouT}12

+6V
4TpF TAN
4»—{(—t—-r‘é;’: UP TO 5 OUTPUT LINES
L /’ FORR =750, 3 LINES

FOR R =502

1
COMP VRgg-

Vss Vee

NOTES:

1. Both VReg+ pin and 3920 resistor should be
bypassed within 1/4 inch.

=
A.73F TAN |”————)l;—-j
0.1,1F CER. l||-———| [:—-1

2. Keep nodal capacitance 2t CA3450 pin 3 as
low as possible.

. Vourt Range = =3V at CA3450.

w

3920
1% CA3450

“>' POi=D7 +3.00vV AT25mA| 4, N9 =
l_< + 11
6

ADJUST
OFFSET =

/4, 5,12,13

0.1uF

FJGURE 6. CA3338 AND CA3450 FOR DRIVING MULTIPLE COAXIAL LINES

TABLE 1. OUTPUT VOLTAGE vs INPUT CODE AND VREE

VReF+ 5.12V | 500V | 4.608V | 2.56v | 2.50v
VRer- 0 0 0 | -2.5V | -2.50v
STEP SIZE ~ |0.0200V|0.0195V|0.0180V | 0.0200v | 0.0195V
Input Code
111111112 = FFyex| 5.1000V | 4.9205V | 4.5900V [ 2.5400v | 2.4805v
111111102 =FE- | 5.0800 | 4.9510 | 4.5720 | 2.5200 |'2.4610
HEX
10000005 = 81yex | 2.5800 | 2.5195 | 2.3220 | 0.0200 | 0.0195
10000000, = 80Hex | 2.5600 | 2.5000 | 2.3040 | 0.0000 | 0.0000
01111111 = TFyex| 2.5400 | 2.4805 | 2.2360 |-0.0200] -0.0195
000000012 = 01hex | 0.0200 | 0.0195 | 0.0180 | -2.5400 | -2.4805
00720000, = 00z | 0.0000 | 0.0000 | 0.0000 | -2.5600 | -2.5000
Applications

The output of the CA3338 can be resistively divided to match a
doubly terminated 50Q or 750 line, although peak-to-peak
swings of less than 1V may result. The output magnitude will
also vary with the converter's output impedance. Figure 5
shows such an application. Note tha: because of the HCT input
Structure, the CA3338 could be operated up to +7.5V Vpp and
VRes+ supplies and still accept OV to 5V CMOS input voltages.

If larger voltage swings or better accuracy is desired, a high
Speed output buffer, such as the HA-5033, HA-2542, or
CA3450, can be employed. Figure 6 shows a lypical applica-
tion, with the output capable of driving £2V into multiple 500
terminated lines.

Operating and Hand!ing Considerations

HANDLING

All inputs and cutputs of CMOS devices have a network
for electrostatic - protection during handling. Recom-
mended handling practices for CMOS devices are
described in AN6525. “Guide to Better Handling and
Operation of CMOS Integrated Circuits.”

OPERATING
Operating Voltage

During operation near the maximum supply voltage limit,

- care should be taken to avoid or suppress power supply
turn-on and turn-off transients, power supply ripole, or
ground noise; any of these conditions must not cause the
absolute maximum ratings to be exceeded.

Input Signals

To prevent damage to the input protection circuit, input
signals should never be g.2ater than Vpp nor less than
Vss. Input currents must not exceed 20mA even when
the power supply is off.

Unused Inputs

A connection must be provided at every input terminal. All
unused input terminals must be connected to either Vee
or GND, whichever is appropriate.
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Operational Amplifiers
CA3450

Video Line Driver, High-Speed Operational Amplifiers

Features:

= High open loop gain at video frequencies: ApL = >40d8
at! =5 MHz

& Power bandwidth of 10 MHz; A
Vo =235V

u Slew rate of 330 V/usec (Ay > 10) at full load

® IT = 220 MHz; Cc = 5pF with a koad of 50 ohm || 20 pF ||
1 MQ (scope input)

= VOyT = *4.1 Vinto 75 Q

= Ofiset null terminals

Closed Loop = 5.

Applications:

u Video line driver

= High-frequency unity gain butler

u Pulse amplifier

m High-speed comparator

u High-frequency oscillator and video amplifiers

u Driver for A/Ds in video applications: 10 MHz BV

The CA3450" is a large signal video line driver and high speed
operztional zmplifier capable of driving SO ohm transmission
lines and flash A/Ds. The uncompensated unity gain crossing
occurs at 230 MHz without load. It can operate dual or single

supplies of £7.25V or 145V, respectively. The. CAS350 can

be compensated with a single capacitor network. It has output
drive capability of 75 mA SINK or SOURCE. The CAZ2450 is

cepable of driving Flash A/D's in video or high-speed
instrumentation (accurate) applications with bandwidth up to
10 MHz. Offset voltage nulling terminals are a'so available.

The CA3450 is availeble in a 16-lead dual-in-line plastic
package (E suffix).

“Formerly RCA Development Type No, TA11371A.

CiRCUIT

X0 50 x18
@ A I/ ouTeur
INPUT
CURRENT OUTPUT POWER
COMPENSATED DRIVER AND
DIFFERENTIAL OUTPUT POWER
AMPLIFIER STAGE
1
O oYo S @ da >
—
OFF SET Pm.sc
NULL owF

Figure 1 - Block ciagram of the CA3450.

Copyright © Harris Corporation 1990
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CA3450

MAXIMUM RATINGS, Absolute-Maximum Values

DOC SUPPLY VOLTAGE (BETWEEN V+ AND V- TERMINAL)

DIFFERENTIAL INPUT VOLTAGE
DEVICE DISSIPATION:

OUTPUT CURRENT (SINK OR SOURCE)
TEMPERATURE RANGE

To pins 4, 5, 12, 13 at seat

OFFSET NULL ¥, 16 }'— OFFSETNULL
NC 2 15 H—-—'NC
—INPUT 3 14— +INPUT
ae 4 13—V~
vy s 22—V
Vy 6 11—— COMme
v 7 10— NC
ve, 8 9 f—— comp
TOP VIEW

TERMINAL ASSIGNMENT

ELECTRICAL CHARACTERISTICS, At Ty =259C, Cc = 5 pF, V+, V- =6 V*

15w

UMITS
CHARACTERISTICS CONDITIONS MmN, [ vve. | max | unms
STATIC | 1
taout Offset Vottaga, [Vio | Tp=259C - L 8 20 mv -
TA=-40°C185°C — 10 35 o
Input Bias Cuent. g | Ta=259C = 100 400 nA
Input Oiset Current g | Tp=25°C - 50 200
Open Loop DC Gain, AQL VoUT=%25V; RL =50.0 | —~40°C 1085°C 55 — —
250C 60 70 —
Power Supply Rejaction Ratio, Psgg AV=21V 55 65 - d8
Common-Mode Rejection Ratio, CMRR VicRt==x35V 50 60 —
Common-Mode Input Range, VicR TA = -40°C1085°C +30 —_ - v
Tp = 250C =35 | =37 —
i Supply current 1 Ta = —40°C1085°C — —_ 50 mA
Tp=250C — 30 <0

TAl test are perdormed with = 6 volts at the lerminals of the device.

A 10 ohm, Y. watt supply decoupling resistor is shown in all application
circuits of this device. The resistor serves two purpose, first provides a

additional supply resonance due to parallel coanected capacitors.
Secondly, # also provides protection for the device in event of a

means of decoupling the IC directly at its ter.ninal without introducing  substained short circuit applied directly to the output terminals.
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CA3450

ELECTRICAL CHARACTERISTICS, Al T =250C, Cc = 5pF, V+, V- = 6 v~

LIMITS
CHARACTERISTICS CONDITIONS MIN. ] TYP. ] MAX. | UNMTS
DYNAMIC o
-3d8 Bandwidth No Load — 200
Ay=1 (SeeFigure3) R =1Mall20 pF — 190
Cc=5pF Ry =50 Obmsl|l20p¢ — 185
Bandwidth (Unity Gain Crossing) No Load 210 230
Ay = Open Loop RL =20pFll1 MO 180 200
Cc=0 (See Figure2) R =50 0Ohms|l20pF 180 220 MHz
Bandwidth (Unity Gain Crossing) No Load 200 210
Ay>10,Cc=0pF 500 175 150
RFeadback =450 N 1Mll20pF 180 195
RPin3-G=500 (Ses Figure 3 s0 all1mll20pF 170 188
Transient Response, Overshoot Av=1,Cc=5pF | R =500ll20pF = 30
No Load — 20 S
Av210,Cc =0pF, R = 50 220 pF - 10
Settling Time 2Volt Step Ay =-1,Cc =5pF,0.1%, 10 Bits — 35
(See Figure 6) R_=500ll20pF Ay =1,Cc =5 pF,0.1%, 10 its - 50
Av=10,C¢ = 0pF,0.1%, 10 Bits = 35 ns
: -Ay=10,C¢ = 0pF, 1.0%, 7 Bits n 25
Slew Rate, SR Ay=1,Cc=5pF | Noload - 220
(See Figure 3) RL=500ll20pF — 160
Ay>10,Cc=0pF | Noload 370 440 Vs
Re=50nll20pF 300 330
Power Bandwidth PBW (MHz) Ay =5,Cc=5pF No Load — 10
PBW = SR/ Vpp VouT =235V R =50nll20pF — 72
N Ay >10,Cc=0pF | Noload 29 3s s
VouT =20V R =500ll20 pF 24 26
Input Hoise Voltage ey 1=1KHz — 12 aVy/Hz
Differential Gain See Figure 15 —{ 0.6 %
Ditfecential Phase — 0.3 Degrees
louT o +4Vor—4 Vv 60 5 mA
Output Voltage Swing inlo 75 Ohms Vom+ 39 +4.1 v
Voum- -29 =i
Input Capacitance, C; f=1MHz = 22 pF
Input Resistance, Ry — 1 MQ
Output Resistance, RouTt See Figure 13,A = 1,30 MHz — 4 n

Al test are performed with 6 volts af the terminals of the device.
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CA3450

i3 7 P T o-00t
N . nF g
T . . 1) (9
509
14 + S [Cc [y Ee
N | SCOPE INPUT 1
s C Y " e 1
. . T
son | ==x20 w
=<20pF ™ .
" 1 [
= Lo — el
oI " 3 2
4 12) | V——"=
‘ OFF SET .
3 NULL
. p R ALL 0.001uF SUPPLY DECOUPLING CAPACITORS
7l . ARE MULTI- LAYER- CERAMIC CHIP
10
e AN—O-6V
:I:o- %: a7 uF
— =4 (T&2NT) .
AAN— —
S1K
[[e}e3 ]
MULTI-LAYER O.l uF 620pF SILVER MICA.
CERAMIC CHIP l OR CQUIV-

Fig.2- Open-lbop gain versus Irequency test circud.

GENERATOR

caseC
CEney 0 LENGTH

LENCTH eV
(Y] S= ‘—.I’VVV"O € 1™
= 7.F

-

o1
-
I (TANT)

Ll

500
ron 2y+10 WA
TEXTRONIY 24693

sof 0SCILLOSCOPE

Cc =0pF =

= =

Fig. 3 - Unity-gainand X10 non-inverting amplitier/and slew rate test circuit.
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CA3450

Transient Response Waveforms

B ";

ot
28 Ty o5 ‘;"f-_ TTHIRT
H
ECEDEEN o
Figure 4 - Transient-response waveform. Figure 5 = Slew-rate waveform.
- 2 vCLY STEP
v
1
!0;
9
L)
o 7
ER
-1
.
3
s ¢
a2 ’ oA 4 -8
i Y 28 30 35 <0 a8
SLTTUING TIME 10 & 12 L89S (ry)
SIMULATED
Two . oW s 5 ..
TRANSMISSION Figure 7 - Axcuracy in bits a5 a function of settling time.
LINE

ALL RESISTORS

ARE 1%
0.3k
HEASUREMENT 0-5K 10K
l 8250 POINT 82.50 O, O,
1
v=
2-HP-5082-2835
DIODES ° °
= v-
Figure 6 - Circuit used 1o measure seftling time. Figure 8 - Nulling circuit for the CA3450.
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CA3450

Typical Performance Curves

R =30:: 11 200F
Cc=0pfF
5 SUPPLY VOLTACE= 26V 45

30 S 109
= a8 -
S o0 10 _
= 35 —_— — —— — = . e €
2 R e
o 3o 357 MARGIN - "0 O
S 2 __Hms 3
S | D — s <
I s {25 &
8 s
o 10 p— - 220 -3
s PHASE — -235
° SHIFT ] oo
s|— AgL 268
! Lty i 1 1 td 1 T T
T " al
1 10 100 1800
FREQUENCY (MHz)
Figure 9 -Bode plot tor the CA3450.
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o
. 20 GAIN—]
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c M
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O 10 o (2]
O A w
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[a] 45
w \\ \ b
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=
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Figure 11 - Closec loop gain and phase vs lrequency. (Ay = 10)
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8

40
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Frgure 13 - Oulput resistance vs frequency.
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Figure 10 - Closed loop gain and phase vs frequency. (Ay = 1)
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Frgure 12 = Curve showing the equivalent input noise “ep"of the op amp.
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Figure 14 - Ouiput voltage as a tunction of frequency for the CA3<50
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CA3450

MODULATED
STAIRCASE
INPUT sIGNAL

—— TEKTRONIX 5204
= NTSC VECTORSCOPE

Figuece 75 - Conirzura

10N used 1o measure difterential gain and phase.
A 4

A’D FLASH
INPUT

0 TG -10v
OFFSET SGURCE
Rs <100

Figure 16 - Typicar high-barcwidih x5 ampllier for ariving the CA35 18 Flash A/D.
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National Semiconductor

LM 1881 Videc Sync Separator

General Description Features

The LM1881 Video sync separator extracts timing informa- @ AC coupled composite input signal
tion including composite and vertical sync, burst/back porch  ® >10 kQ input resistance

timing, and odd/even field information from standard nega- & <10 mA power supply drain current
tive going sync NTSC. PAL", and SECAM video signals with Composite sync and vertical outouts
amplitude from 05V to 2V p-p. Tr:e integrated circuit is also = Odd/even field output

capab?e of prov:dmg sync .separaﬂon for qon-s(andarq. fast- u Burst gate/back porch output

er horizontal rate video signals. The vertical output is pro- X

duced on the rising edge of the first serration in the vertical =~ ™ Hor:zoqlal SCan rau‘as Q150 KHz
sync period. A default vertical output is produced after a ™ Edge triggered vertical output

time delay if the rising edge mentioned above does not oc-  ® Default triggered vertical output for non-standard video

cur within the externally set delay period, such as might be
the case for a non-standard video signal.

signal (video games-home computers)

Connection Diagram

LM1881N
COMPCSITE
SYNC GUTFUT ' 5
0.1 uf
COMFPOSITE ) T
VIDED m=u'°*”_—— 2
3 €
4 LA

Vee
ST Ty

000/EVEN QUTPLT

Recr

geovn \/

BURST/BACK PORCK
QUTPUT

|5 N e 0
evve guThas R\ O AL W/
VERTICAL 4 ) H l

| I : 1

SYNC GUTFUI ' 1

suestostet U o I o U T

aon/Evin

Order Number LMI16E 1M or LM1881N
See NS Package Number MOEA or NOEE

-Sa

~n ttis dalasheet refers i Eurepean trizdcast TV standarc "Pnise Aternaing Lae”, and not 1o Programinable Array Logic

z-'a

w

F881AN



LM1881

Absolute Maximum Ratings
If Military/Aerospace specified devices are required,

please contact

the National

Semiconductor Sales

Office/Distributors for availability and specifications.

Supply Voltage
Input Voltage

Output Sink Currents; Pins 1, 3,5

Output Sink Current; Pin 7
Package Dissipation (Note 1)

Operating Temperature Range

13.2v

3 Vpp (Ve = 5V)
6 '/pp (Voo 2 8V)

5mA

2mA

1100 mW
0°C — 70°C

Electrical Characteristics
Vee = 5V: Rset = 680 k; T4 = 25°C; Unless otherwise specified

Storage Temperature Range —65°Cto +150°C

ESD Susceptibility (Note 2) 2kv
Soldering Information
Dual-In-Line Package (10 sec.) 260°C
Small Outline Package
Vapor Fiiase (60 sec.) 215C
Infrared (15 sec.) 220°C

See AN-450 “Surface Mounting Methods and their Effect on
Product Reliability” for other methods of soldering surface
mount devices.

- Tested Design Units
Pa et dition n
(EIeie QArEitigns YP | wmit(Note3) | Limit (Note 4) (Limits)
Supply Current Outputs at Logic 1 Vee = 5V 5.2 10 mAmMax
Vegc =12V &5 13 mAMmax
DC Input Voltage Pin2 1.8 Vmin
1.8
1.8 Vmax
Input Threshold Voltage Note 5 70 55 mVmen
85 mVrmax
Input Discharge Current Pin2; Vi = 2V 5 6 pAMn
16 pAmEex
Input Clamp Charge Current Pin2; V= 1V 0.8 0.2 mAra
RseT Pin Reference Voltage Pin 6; Note 6 1.10 Vmin
1.22
§ 236 Vmas
Composite Sync. & Vericai loyt = <0 pA; Vee = 5V 4.5 4.0 Vmin
Outputs Logic 1 Vee = 12V 11.0 Vmin
lguT = 1.6 mA Voo .= 5V 3.6 2.4 Vmin
Logic 1 ' Vg =12v 10.0 Vmim
Burst Gate & Odd/Even lout = 40uA; 1 Vee =5V 45 4.0 Vmir
Outputs Logic 1 ! Vee = 12V 11.0 Vmin
Composite Sync. Output loyt = — 1.6 mA; Logic O; Pin 1 0.2 0.8 Vmex
Vertical Sync. Output loyt = — 1.6 mA; Logic 0; Pin 3 0.2 0.8 Vmax
Burst Gate Output louT = — 1.6 MA; Logic O; Pin & 0.2 0.8 Vmax
Odd/Even Output loyT = — 1.6 mA; Logic0; Pin7 O 0.8 Vmax
Vertical Sync Width 230 190 usmi~
306 usmas
Burst Gate Width R b o PITS RIS . 25 ysmir
: ! 4.7 uSmIy
Vertical Default Time iNote 7 65 32 usmir
i 2 S0 psmax
Note :: For operaton in s above 25Tl the cevens must Se cerated based on a 150°C maximum junction temperature and a cackage therma:

resisiance of 1100 C/V, uncig
Note 2: EST
Note 3: Typicals arc at T, = 25 C
Note 4: Tested Limnts are guaran
Note 5: Relative difference betw

Note 6: Carelful attention shouic

Note 7: Delay time between the sizn ¢of venca! sync (2 input) anc 1

L

uscepLlility 128t yses i

1Nz most hhely zz

norm.

i's AOQL (Average Outg

» 802, megel 100 oF aiscrarged through a 1.5 b1 resistor”

1 Quality Level).
£10€ nput Clamp voitage and ne Mimimum input voltage which produces a horizomal output pulse
2 couphing from any output pin (Pins 1. 3, 5, and 7) to the Rggt pin (Pin 6)

ne veruca' oulput pulse
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Rgpy YALUE (xn)

Reep (MA)

Rget Value Selection
vs Vertical Serration
Pulse Separation

400

WOTL: Reter te the Yorties! Syme Suipet
wader Applicatica diptes.

ABSENCE OF 4
1000 I vERTICAL
PULSE N\

400 T*

!
DOUBLE VERTICAL PULSE
L ! 1 !

5 10 15 20 25 30

VERTICAL SERRATION
PULSE SEPARATION
(us)
Vertical Pulse
Width vs Rset
10

/

0.e /

0.6

0.4 {/
I8

L]

100 200 300 400 500
VERTICAL PULSE wIDTH

(ps)

Rsr (4n)

VERTICAL PULSE WIDTH (us)

Typical Performance Characteristics

Vertical Default

Sync Delay Time
vs Rset
10
o8 //
0.6 /‘
04
0.2
0.0 vl
o 20 40 60 80 100
VERTICAL DEFAULT SYNC
DELAY TIME
(us)
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LM1881

Application Notes

The LM1881 is designed 1o strip the synchronization signals
from composite video sources that are in, or similar to, the
N.T.S.C. format. Input signals with positive polarity video (in-
creasing signal voltage signifies increasing scene bright-
ness) from 0.5V (p-p) to 2V (p-p) can be accommodated.
The LM1881 operates from a single supply voltage between
5V GC and 12V DC. The only required exteral components
beside power supply and set current decoupling are the in-
put coupling capacitor and a single resistor that sets internal
current levels, allowing the LM1881 to be adjusted for
source signals with line scan frequencies differing from
15.734 kHz. Four major sync signals are available from the
1/C: composite sync including both horizontal and vertical
scan timing information; a vertical sync pulse; a burst gate
or back porch clamp pulse; and an odd/even output. The
odd/even output level identifies which video field of an inter-
laced video source is present at the input. The outputs from
the LM1881 can be used to gen-lock video camera/VTR
signa's with graphics sou.ces, provide identification of video
fields for memory storage, recover suppressed or contami-
nated sync signals, and provide timing references for the
extraction of coded or uncoded data on specific video scan
lines.

To better understand the LM1881 timing information and
the type of signals that are used, refer to Figure 2(a-e)
which shows a portion of the composite video signal from
the end of one field through the beginning of the next field.

COMPOSITE SYNC OUTPUT

The composite sync output, Figure 2(b), is simply a repro-
duction of the signal waveform below the composite video
black level, with the video completely removed. This is ob-
tained by clamping the video signal sync tips to 1.5V DC at
Pin 2 and using a comparator threshold set just above this
voltage to strip the sync signal, which is then buffered out to
Pin 1. The threshold separation from the clamped sync tip is
nominally 70 mV which means that for the minimum input
level of 0.5V (p-p), the clipping level is close to the halfway
point on the sync pulse amplitude (shown by the dashed
line on Figure 2(a)). This threshold separation is indepen-
dent of the signal amplitude, therefore, for a 2V (p-p) input
the clipping level occurs at 11% of the sync pulse ampli-
tude. The charging current for the input coupling capacitor is
0.8 mA, whereas the discharge current is only 11 pA, typi-
cally. This allows relatively small capacitor values to be
used—0.1 uF is generally recommended.

Normally the signal source for the LM1881 is assumed to be
clean and relatively noise-free. but some sources may have
excess:ve video peaking. causing high frequency video and
chromz components to extend balow the black level refer-
ence. Some v;deo discs keep the chroma burst pulse pres-
ent throughout the vertical blanking period so that the burst
actuzlly appears on the sync tips for three line periods in-
stead of at black level. A clean composite sync signal can
te generated from these sources by filtering the input sig-
nal. When the source impedance is low, typically 750, a
62011 resistor in series with the source and a 510 pf” capaci-
tor to ground will form a low pass filter with a corner fre-
quency of 500 kHz..This bandwidth is more than sufficient to
pass the sync pulse portion of the waveform; however, any
subcarrier content in the signal wili be attenuated by almost
18 dB, effectively taking it below the comparator threshold.
Filtering will also help if the source is contaminated with
thermai noise. The output waveforms will become delayed

from between 40 ns to as much as 200 ns due to th
This much delay will not usually be significant bt
contribute to the sync deiay produced by any acz::o
nal processing. Since the original video may a!sz u
processing, the need for time delay correction wrill ¢
on the total system, not just the sync stripper.

VERTICAL SYNC OUTPUT

A vertical sync output is derived by internally integrat:

composite sync waveform (Figure 3). To understai

generation of the vertical sync pulse, refer to the low.

hand section Figure 3. Note that there are two compz

in the section. One comparator has an internally gz~
voltage reference called V4 going to one of its. ingut

other comparator has an internally generated vo'tage

ance called Vp going to one of its inputs. Both compz
have a common input at their noninverting inpwt c.
from the internal integrator. The internal integraior is
for integruting the composite sync signal. This signz! ¢
from the input side of the composite sync butfer ar
positive going sync pulses. The capacitor to the inte
is internal to the LM1881. The capacitor charge curr
set by the value of the external resistor Rgey. The sit:
the integrator is going to be at a low voltage cu-ir:
normal horizontal lines because the integrator has z
shori time to charge the capacitor, which is during
zontal sync period. The equalization pulses wi!!
output oltage of the integrator at about the sz—=
below the Vj. During the vertical sync period 1! =
going positive pulses shown in Figure 2 is callea -
tion pulse. The wide negative portion of the ver:.-
period is called the vertical sync pulse. At the s:
vertical sync pariod, before the first Serration putsz =2
the integrator now charges the capacilor 10 a mez- =
voltage. At the first serration pulse the integrz:z- =
should be between V4 and V,. This would give &
at the output of the comparator with V, as one cf
This high is clocked into the “D" flip-flop by the fz - : -
of the serration pulse (remember the sync signa! = - .+
in this section of the LM1881). The “Q" output ¢
flip-flop goes through the OR gate, and sets th=
flop. The output of the R/S flip-flop enables t+
oscillator and also clocks the ODD/EVEN “D" firz-
ODD/EVEN field pulse operation is covered in the
tion. The output of the oscillator goes to 2 divide &.
thus resetting the R/S flip-fiop after & cycles of i~z
tor. The frequency of the oscillator is establish=
interna! capacitor going 1o the oscillator and trzs =
Reet. The “O" ouiput of the R/S fip-ficp goes ¢ o
the actual vertica! sync output of the LMiBG .
the “D" fiip-fiop at the start of the fust serra
means that the vertical sync output pulse starts a1 =~
in time and lasts for eight cycles of the internal cs2 2°
shown in Fiqure 2.

How Rgey affects the integrator and the internal osar =
shown under the Typical Performance Character
first graph is “"Rge; Value Selection vs Vertica!
Pulse Separation™. For this graph to be valid, t
sync pulse should last for at least 85% of the horiz:
line (47 % of a full horizontal line). A verticai sync p.
any standard should meet this requirement; both N
PAL do meet this requirement (the serration pu
remainder of the period, 10% to 15° of the hc-Zt

2-198



Application Notes (continueq)

START CF FIELD 1(000)

18817

VERTICAL BLANKING INTERVAL
lo— EQUALZING _.!.  SERRATED
PULSES

vioEo  END OF FIELD 2 (EVEN)

BURST

\k BOTTOM OF PICTURE
et bomk il ilod s I

'J

-~

‘4-—-5—~6-—‘-7-—-e—-~9-010“-u~—~210<——\[

EQUALIZING
, VERTICAL PULSE PULSES TOP OF PICTURE

635 us 318us 24ps 4Tpus
[ 23C us typ __‘1 !
2 Jh
W@
<
®
0DO FiELC
d
EVEN FIELD
4D _ I &
4 us typ. 62.5 us
TL/H/9150-3 -
FIGURE 2. (a) Composite Video; (b) Composite Sync; (c) Vertical Output Pulse;
(d) Odd/Even Field Index; (e) Burst Gate/Back Porch Clamp
SUFSLY
3 1 & VCLTAGT
COMPOSITE
SYNC REC O o)
VIDEQ A/ L
INPUT - ::
s200 01 AR Y 7 00D/ EVEN
3 }—O— QFIELE
. INDEY
510 pF = o 0
cLk
= Ve ] &
VERTICLL - :Z;l:.-;g[cn
o O— C o HA
SYNE s CURRENT

2se

N

s BURST GaTg/
F—O Belr 7750k

ClLamws

‘Components Cptional,
See Text

FIGURE 3

TL/H/915D -4

2:199




LM1881

Application Notes (Continueq)

half line). Remember this pulse is a positive pulse at the
integrator but negative in Figure 2. This graph shows how
long it takes the integrator to charge its internal capacitor
above Vj.

WITH Rgeq too large the charging current of the integrator
will be too small to charge the capacitor above V4, thus
there will be no vertical synch output pulse. As mentioned
above, Rgey also sets the frequency of the internal oscillator.
If the oscillator runs too fast its eight cycles will be shorter
than the vertical sync portion of the composite sync. Under
this condition another vertical sync pulse can be generated
on one of the later serration pulses after the divide by 8
circuit resets the R/S flip-flop. The first graph also shows
the minimum Rgeq Necessary to prevent a double vertical
pulse, assuming that the serration pulses last for only three
full horizontal line periods (six serration pulses for NTSC).
The actual pulse width of the vertical sync pulse is shown in
the “Vertical Pulse Width vs Rge¢"" graph. Using NTSC as an
example, lets see how these two graphs relate to each oth-
er. The Horizontal line is 64 us long, or 32 us for a horizon-
tal half line. Now round this off to 30 ps. In the “Rge Value
Selection vs Vertical Serration Pulse Separation” graph the
minimum resistor value for 30 us serration pulse separation
is about 550 k1. Going to the “Vertical Pulse Width vs Rget”
araph one can see that 550 kQ gives a vertical pulse width
of about 180 us, the total time for the vertical sync period of
NTSC (3 horizontal lines). A 550 kQ will set the internal
oscillator to a frequency such that eight cycles gives a time
of 180 ps, just long enough to prevent a double vertical
sync pulse at the vertical sync output of the LM1881.

The LM1881 also generates a default vertical sync pulse
when the vertical sync period is unusually lung and has no
serration pulses. With a very long vertical sync time the inte-
grator has time to charge its internal capacitor above the
voltage level V». Since there is no falling edge at the end of
a serration pulse 10 clock the D" flip-flop, the only high
signal going to the OR gate is from the default comparator
when output of the integrator reaches Vo. At this time the
R/S flip-flop is toggled by the default comparator, starting
the vertical sync pulse at pin 3 of the LM1881. if the defeult
vertical sync period ends before the end of the input vertical
sync period, then the falling edge of the vertical sync (posi-
tive pulse at the D" flip-flop) will clock the high output from
the comparator with V4 as a r2ference input. This will retrig-
ger the oscillator, generating a second vertical syn.c output
pulse. The “Vertical Default Sync Delay Time vs Rge”
graph shows the reiationship between the Rget value and
the delay time from the start of the vertica! sync perioc be-
fore the default vertical syrc pulse is generated. Using the
NTSC example again the smallest resistor for Rgeq is 500
k€. The vertical default time delay is about 50 us, much
longer than the 30 ps serration puise spacing.

A commo. question is how can one calculzte the recurred
Rget With a video timing standard that has no serration puls-
es during the vertical blanking. Ii the default vertical sync is
to be used this is a very easy task. Use the “*Vertical Detault

Sync Delay Time vs Rget”” graph to select the necessary
Rsei t0 give the desired delay time for the vertical sync out-
put signal. If a second pulse is undesirable, then check the

“Vertical Pulse Width vs Rget" graph to make sure the verti- i

cal output pulse will extend beyond the end of the input
vertical sync period. In most systems the end of the vertical
sync period may be very accurate. In this case the prefemed
design may be to start the vertical sync pulse at the end of
the vertical sync period, similar to starting the vertical sync
pulse after the first semration pulse. A VGA standard is to be
used as an example to show how this Is done. In this stan-
dard a horizontal line is 32 ps long. The vertical sync period
is two horizontal lines long, or 64 ps. The vertical defautt
sync delay time must be longer than the vertical sync peri-
od of 64 ps. In this case Rgg must be larger than 680 k(L.
Rset must still be small enough for the output of the integra-
tor to reach V4 before the end of the vertical period of the
input pulse. The first graph can be used to confirm that Ree
is small 2nough for the integrator. Instead of using the vert-
cal semration pulse separation, use the actual pulse width of
the vertical sync period, or 64 us in this example. This graph
is linear, meaning that a value as large as 2.7 MQ can be
used for Rgey (twice the value as the maximum at 30 ps).
Due to leakage curents it is advisable to keep the value of
Rset under 2.0 MQ. In this example a value of 1.0 M1 is
selected, well above the minimum of 680 k(2. With this value
for Rset the pulse width of the vertical sync output pulse of
the LM1881 is about 340 ps.

ODD/EVEN FIELD PULSE

An unusual feature of LM1881 is an output level from Pin 7
that identifies the video field present at the input to the
LM1881. This can be useful in frame memnry storage appé
cations or in extracting test signals that occur only in altes-
nate fields. For a composite video signal that is interlaced,
one of the two fields that make up each video frame o
picture must have a half horizontal scan line period at the
end of the vertical scan—i.e., at the bottom of the picture.
This is called the “odd field" or “field 1*. The *“even field”
or “field 2" has a complete horizontal scan line at the end of

the field. An odd field starts on the leading edge of the first -

equalizing pulse, whereas the even field starts on the lead-

ing edge of the second equalizing pulse of the vertical re- :

trace interval. Figure 2(a) shows the end of the even fieic
and the start of the odd field.

To detect the odd/even fields the LM1881 again integrates

i

the composite sync waveform (Figure 3). A capacitor i .

charged during the period between sync pulses and dis
charged when the sync pulse is present. The period bs
tween normal horizontal sync pulses is enough to allow th:

capacitor voltage to reach a threshold level of a comparater .

that clears a 1lipflop which is aiso being clocked by the syn
waveform. When the vciucal inteival is reached, the shorter
integration time between 2qualizing pulses prevents this
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threshold from being reached and the Q output of the flip-
flop is toggled with each equalizing pulse. Since the half line
period at the end of the odd field will have the same effect
as an equalizing pulse period, the Q outpul will have a differ-
ent polarity on successive fields. Thus by comparing the Q
polarity with the vertical output pulse, an cdd/even field in-
dex is generated. Pin 7 remains low during the even field
and high during the odd field.

BURST/BACKPORCH OUTPUT PULSE

In a composite video signal, the chroma burst is located on
the backporch of the horizontal blanking period. This period,
approximately 4.8 us long, is also the black level reference
for the subsequent video scan line. The LM1881 generates
apulse at Pin 5 that can be used either to retrieve the chro-
ma burst from the composite video signal (thus providing a
subcarrier synchronizing signal) or as a clamp for the DC
restoration of the video waveform. This oulput is obtained
simply by chargirg an internal capacitor starting on the trail-
ing edge of the horizontal sync pulses. Simultaneously the
output of Pin 5 is pulled low and held unlil the cepacitor
charge circuit times out—4 us later. A shorter output burst
gate pulse can be derived by ditferentiating the burst output
using a series C-R network. This may be necessary in appli-
cations which require high horizontal sczn rates in combina-
1 tion with normal (60-120 Hz) vertical scan rales.

APPLICATIONS

Apart from extracting a composite sync s:gnal free of video
information, the LM 1881 outputs allow & number of interest-
] ing applications to be developed. As mentiorned alove. the
burst gate/backporch clamp pulse allows OC resic -ation of
trg original video waveform for dispiay cor remoduletion on
an R.F. carrier, and retrieval of the color burst {or color syn-
i chronization and decoding into R.G.8. components. For
Irame memory storage applications, the odd/even field lev-
el allows identification of the appropriate field ensuring the
correct read or write sequence. The verical pulse output is
Particularly useful since it begins at & precise time—the ris-
ing edge of the first vertical serration in the sync waveform.
i This means that individual lines within the vertical blanking
| periog (or anywhere in the active scan line period) czn easi-
" ly be extracted by counting the required number ¢f tran-
| sitions in the composite sync waveform foliowing the stari of
the vertical output pulse,

The vertical blanking interval is proving populzar 2s @ mezns
{o transmit data which will not appear 07 2 normal T V. re-
cewver screen. Data can be inscrics bzc.aning vas
e first horizontal scan line on which the =
Peers) through to line 21. Usualiy ines 15 trough 33 ere
nct used which leaves lines 14 through 27 forinsenting sig-
nals, which may be different from field 10 fieig. In thz U.S,,
lin= 19 is normally reserved for a vertica! intervai reicean

signal (VIRS) and line 21 is reserved for closed caption data
for the hearing impaired. The remaining lines are used in a
number of ways. Lines 17 and 18 are frequently used during
sludio processing to add and delete vertical interval test
signals (VITS) while lines 14 through 18 and line 20 can be
used for Videotexsreletext data. Several institutions are
proposing to transmit financial data on line 17 and cable
systems use the available lines in the vertical interval to
send decoding data for descrambler terminals.

Since the vertical output pulse from the LM1881 coincides
with the leading edge of the first vertical serration, sixteen
positive or negative transitions later will be the start of line
14 in either field. At this point simple counters can be used
to select the desired line(s) for insertion or deletion of data.

VIDEO LINE SELECTOR

The circuit in Figure 4 puts out a single video line according
to the binary coded information applied to line select bits
b0-b7. A line is selected by adding two o the desired line
number, converting to a binary equivalent and applying the
result to the line select inputs. The falling edge of the
LM1881's vertical pulse is used to load the approgriate
number into the counters (MM74C193N) and to set a stan
count latch using two NAND gates. Composite sync tran-
sitions are counted using the borrow out of the desired num-
ber of counters. The final borrow out pulse is used to turn on
the analog swiich (CD4066BC) during the desired line. The
faling edge of this signal also resets the start count latcn,
thereby terminating the counting.

The circuit, as shown, will provide a singie line outpui for
€zch field in an interlaced video svstem (television) or a
single line output in each frame for a non-interlaced VICEOD
System (computer monitor). When a particuiar iine in aniy
one field of an interlaced video signal is cesired, the odc/
ever. field index output must be used instead of the veriiczl
output pulse (invert the field index output to select the odd
fieid). A single counter is needed for selecting lines 3 10 i¢;
two Counters are needed for selecting lines 15 to 253: anc
three counters will work for up to 2046 lines. An outpu! bufi.
€7 Is required to drive low impedance loads.

MULTIPLE CONTIGUOUS VIDEO LINE

SELECTOR WITH BLACK LEVEL RESTORATION

The circuitin Figure 5 will select a number of adjoining lires
starting with the line selected as in the previous exampis
4dditional counters can be added as described previocs:y
! e higher starting line numbers or an increased o~
z %0t US QUIpUt Ines. Tne back parch pulse o
=S MATBET IS USEG {0 cale e Vioes Input's blacs
Hetlel 2 low pass fiiter (10 ke2. 10 uF) proviging black
fzzicrenon et the video ouisut when the cutput sele
kneis) s nct being gated through.
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Typical Applications
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HM628128DI Series

I M SRAM (128-kword x 8-bit)

HITACH!
ADE-203-999A (Z)
Preliminary
Rev. 0.1

Jul. 8, 1999

Description

The Hitachi HM628128DI Series is 1-Mbir static RAM organized 131.072-kword % 8-bit. HM623128D
Series has reatized hisher density, higher perforinance and low power consumption by employing Hi-CMOS
process technology. The HM628128DI Series offers low power standby power dissipation: theretore, it is
suitable for battery backup systems. It has package variations of standard 32-pin plastic DIP. standard 32-pin
plastic SOP.

Features

e Single 3 Vsupply: 3V £ 10%
®  Access time: 70 ns (max)
¢ Power dissipation
— Active: 30 mW/MHz (typ)
— Standby: 10 UW (typ)
s Completely static memory.
— No clock or timing strobe required
* Equal access and cycle times
e Common data input and output
— Three state output
¢ Directly TTL compatible all inputs
e Battery backup operation
—— 2 chip selection for battery backup
e Temperature range: 40 to +85°C

Preliminary: The specification of this device are subject to change without notice. Please contact your
nearest Hitachi’s Sales Dept. regarding specification.

: a8
Hitack? 2

semiconductor



HM628128D1 Series

Ordering Information

Type No. : Access time Package
HM628128DLPI-7 70ns 600-mil 32-pin plastic DIP (DP-32)
HM628128DLFPI-7 70ns 525-mil 32-pin plastic SOP (FP-32D)

HITACHI



HM628128D1 Series

Pin Arrangement

32-pin DIP/SOP

ne )1 N | Voo
A16 ]2 31[]A15
A4 []3 30[_]cs2
A2 []4 29[ JWE
A7 []5 28 [ _]A13
A6 [16 27 ]A8
As[]7 26|_JA9
i A4 []8 250 JA1M
§ A3 []9 24 JOE
| A2 110 23[]Aa10
7 A1 [ 2 JcsT
A0 []12 21 [ o7
1100 ] 13 20 _]1/06
101 ] 14 19[_Jir0o5
o2 [} 15 181104
. W N 17 [ Juo3
(Top view)
Pin Description
Pin name Function
AO to A16 Address input
I/C0 to 1107 Data input/output
CSt Chip select 1
CS2 Chip select 2
WE Write enable
OE Output enable
Vee Power supply
Vs Ground
NC No connection
RHITACHI




HM628128DI Series

Block Diagram
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A14{A16 A15A13 A8
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A12 o— —V¢e
A7 o— .___OVSS
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A3 o— \ decoder 512 x 2,048
A2 o— /
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HM628128DI Series

Operation Table
Cs1 cs2 WE OE Vo Operation
H X X X High-Z - Standby
X L X X High-Z Standby
L H H L Dout Read
L H L H Din Write
L H L I Din Write
L H H H High-2 Output disable
Note: H:V,, LV, x V,orV,
Absolute Maximum Ratings
Parameter Symbol Value Unit
Power supply voltage relative to Vs Ve —0.5t0+7.0 v
Terminal voitage on any pin relative to Vg Vi —05" to V. +0.3* \
Power dissipation P/ 1.0 w
Storage temperature range Tstg -55to0 +125 °C
Storage temperature range under bias Tbias —40 to +85 °C
Notes: 1. V,min: =15V for pulse half-width < 30 ns
2. Maximum voltage is +7.0 V

DC Operating Conditions
Parameter Symbol Min Typ Max Unit Note
Supply voltage e 4.5 5.0 5% \

Vay 0 0 0 \Y
Input high voltage Vi 24 —_ Ve +03 V
Input low voltage Vi -0.3 — 0.6 \Y 1
Ambient temperature range Ta —40 — 85 - °C -
Note: 1. V, min: —=1.5V for pulse half-width <30 ns

HITACHI



HM628128DI Series

DC Characteristics

Parameter Symbol Min Typ® Max Unit  Test conditions

Input leakage current Il — — 1 - pA Vin = Vg toVee

Output leakage cumrent ol — — 1 HA CS1 =V, orCS2=VY, or

OE=V, orWE=V_,

Vio = Vssto Ve

Operating cument - — — 15 mA CS1=V,C82=V,,
others =V, /V, l,o= 0mA

Average cperating current - — — 60 mA Min cycle, duty = 100%
lio=0mA, CS1=V,,CS2
=V,, Others = V,/V,

leo2 — 6 20 mA Cycle time = 1 ps,

duty = 100%,
lio=0mA, CS1 <02V,
G822V .-0.2V,
V,,2V—02V,
V, <02V

Standby cumrent = — — 2 mA {(1)CS1=V,,, C82=V,, or
(2)CS2=V,

52 — 2 100 HA 0V <Vin
(1)0v<CS2<0.2Vor
(2) CS1 2V -02V,
CS2>V -02V
Output high voltage VY 2.4 — — Vv lon=—1mA
Output low voltage Voo — — 0.4 \ loo=21mA

Notes: 1. Typical values areat V.. =50V, Ta= +25°C and specified loading, and not guaranteed.
2. This characteristics is guaranteed only for L-version.

Capacitance (Ta = +25°C, f= 1 MHz)

Parameter Symbol  Typ Max Unit Test conditions Note
Input capacitance Cin — 8 pF Vir=0V 1
Input/output capacitance Cio — 10 pF Vio=0V 1

Note: 1. This parameter is sampled and nct-100% tested. -~ oo o

HITACHI



HM628128DI Series

AC Characteristics (Ta = —40 to +85°C, V. = 5.0 V £ 10%, unless otherwise noted.)

Test Conditions

o Inputpulse levels: V,, =0.6 V, V=24V

s TInputrise and fall time: 5 ns

o Input timing reference levels: 1.5V

¢ OQutput timing reference level: 1.5V

¢ Output load:1 TTL Gate+ CL (100 pF) (Including scope and jig)

Read Cycle
HM628128DI1
-7
Parameter Symbol Min Max Unit Notes
Read cycle time toe 70 — ns
Address access time N — 70 ns
Chip select access time 1o — 70 ns
this, =X 70 ns
Output enable to output valid toe — 35 ns
Output hold from address change o 10 - ns
Chip selection to output in low-Z ) 10 - ns 2.3
1 10 — ns 2,3
Output enable to output in low-Z () 5 — ns 2,3
Chip deselection to outputin high-Z tenzy 0 25 ns 1,2,3
Neiizs 0 25 ns 1,2,3
Output disable to output in high-Z touz 0 25 ns 1,2,3
HITACHI
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Write Cycle

HM628128DI

7 '
Parameter Symbol Min Max Unit Notes
Write cycle time tic 70 — ns
Address valid to end of write taw 60 — ns
Chip selecticn to end of write tow 60 — ns
Write pulse width L 50 — ns 4,13
Address setup time Lis — ns
Write recovery time tat — ns
Data to write time overlap 4> 30 = ns
Data hold from write time A 0 — ns
Output active from output in high-Z 2 B — ns 2
Output disable to output in high-Z o 0 25 ns 1.2,8
WE to output in high-Z A 0 25 ns 1,2,8
Notes: 1. t.,, to: and t,,, are defined as the time at which the outputs achieve the open circuit conditions

and are not referred to output voltage levels.

2. This parameter is sampled and not 100% tested.

3. At any given temperature and voltage condition, t,,, max is less than t_, min both for a-given device
and from device to device.

4. Awrite oceurs during the overlap (t,) of a low CS1, a high GS2, and a low WE. A write begins at
the latest transition among CS1 going low, CS2 going high, and WE going low. A write ends at the
earliest transition among GS1 going high, CS2 going low, and WE going high. t.. is measured
from the beginning of write to the end of write.

5. toyis measured from CS1 going low or CS2 going high to the end of write.

6. t,sis measured from the address valid to the beginning of write.

7. tysis measured from the earlier of WE orCS1 going high or CS2 going low to the end of write
cycle.

8. During this period, I/O pins are in the output state; therefore, the input signals of the opposite phase
to the outputs must not be applied.

9. If the CS1 goas low or CS2 going high simultaneously with WE going low or after WE going low,

the output remain in a high impedance state.

10. Dout is the same phase of the write data of this write cycle.
11. Dout is the read data of next address.
12.1f C51 is low and CS2 high during this period, 1/O pins are in the output state. Therefore, the input

signals of the opposite phase to the outputs must not be applied to them.

13. In the write cycle with OE low fixed, t,» must satisfy the following equation to avoid a prcblem of

data bus contention. t,, = t,, min + t,,, max

HITACHI
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Timing Waveforms

Read Cycle (WE =V)

tre
Address j( Valid address 4—/(
7 -
B \ \.\\\ \\ N 7[7/ / // // / / /
rd tacsi torzi
o121 W [
cs2 ,—’7 / 4 f/ /// Z ) -~<\\\\ -\_\\\\\ \\\\ \\\\‘\\\\ \\
NES g = torze
= MK ) 71/ / L1/ / [/,
E
torz tOH S
Dout High Impedance @( Valid data ﬁ\_—_
|
-HITACHI




HM628128DI Series

Write Cycle (1) (OE Clock)

! twe _
REgeeE >< valid address >§
tawy
AF /////Z s
Ot // / // :I /7 \\\—\_—l_\A:
e tow
\) X \.\‘\“ / / /////
oo \ \\\\\\ \\\ AW \Bk /[/ / / / / y
77 [ e \ \ \ \ \ \ \ ._\ \ \ ‘_‘.
- \\\\\\\\\\\\\
ths AY e
we ERA ol TTTTT7 T 777
" ‘\\\:ﬁ\ 7//’/ /////'I//LL
torz i
Dout NS\ VX N High impedance
> XV 7/ toN]

i ton
Din Malid data

j

QUOKXAX

10
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Write Cycle (2) (OE=V,,)

twe

Address j7< Valid address j‘<

3 i o
NN § RRRY r 1 VA S aay Sy e e oy
CSi N \x‘: 71/ NSNS
\ \\ NNN NN L e A i/ // /ST / / //
] |
| |
/.// / //- / /_, / /, // / % > i -,_\\ \ \\ x\l \‘\ r\\ \\ \‘\ AN r_»\ \\\
Cs2 / / [/ / / i // i L,K k'\ 3 \"\‘ \\\ \ \\ N\ \\ \\ \\“ '
| |
i ; '
ta | ;
l | t‘~:“-;’I>:> : f
_— ’ TANE AN i |
WE P, \ AT ‘ r"—lOH L
_.__b_,, L i |
| el RARG20 BY ST |
' ! | | 10 "t
Dout LB S\ NS W \alensy High impedance /S AVAVA
° AY & 4T/ VA : \VANA)
v ow i ton. g
! ! 12

I o
. !< Validdata >>/\/
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Low V. Data Retention Characteristics (Ta = —40 to +85°C)

U]

Parameter Symbol Min  Typ

V.. for data retention Vi 20 — -V Vin = 0V
: (1)0V<CS2<0.2Vor
(2) CS2> Vo —0.2V
CST2V,_-02V

Data retention current lecor” — 1.0 50 PA Ve =30V,Vinz0V
{(h0oV<CS2<0.2Vor

(2)CS22V . -02V,

CS1 2V, -02V

Chip deselect to data retention time t< 0 — — ns See retention waveform

Max Unit Test conditions*

wd

Operation recovery time s o + A ns

Notes: 1. This characteristic is guaranteed only for L-version, 30 uA max. at Ta =40 to +40°C.

2. ©S2 controls address buffer, WE buffer, CS1 buffer, OE buffer, and Din buffer. if CS2 controls
data retention mode, Vin levels (address, Wz, OE, CS1, 1/O) can be in the high impedanca state. If
57 controls data retention mode, CS2 must be CS2>V,.~02Vor0V <CS2<0.2V. The
other input levels (address, WE, OE, 1/O) can be in the high impedance state.

3. Typical values are at V. = 3.0 V, Ta = +25°C and specified loading, and not guarantsed.
4. to. = read cycle time.

Low V - Data Retention Timing Waveform (1) (CSI Controlled)

toor ‘ Data retention mode

HITACHI
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Low V. Data Retention Timing Waveform (2) (CS2 Controlled)

Data retention mode

HITACHI
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Cautions

L.

(3]

.U|

Hitachi neither warrants nor grants licenses of any rights of Hitachi’s or any third party’s patent,
copyright, trademark, or other intellectual property rights for information contained in this document.
Hitachi bears no responsibility for problems that may arise with third party’s rights, including intellectual
property rights, in connection with use of the information contained in this document.

Products and product specifications may be subject to change without notice. Confirm that you have
received the latest product standards or specifications before final design, purchase or use.

Hitachi makes every attempt to ensure that its products are of high quality and reliability. However,
contact Hitachi’s sales office before using the product in an application that demands especially high
quality and reliability or where its failure or malfunction may directly threaten human life or cause risk of
bodily injury, such as aerospace, acronautics, nuclear power, combustion control, transportation, traffic,
safety equipment or medical equipment for life support.

Design your application so that the product is used within the ranges guaranteed by Hitachi particularly for
maximurn rating, operating supply voltage range, heat radiation characteristics, installation conditions and
other characteristics. Hitachi bears no responsibility for failure or damage when used beyond the
guaranteed ranges. Even within the guaranteed ranges, consider normally foreseeable failure rates or
failure modes in semiconductor devices and employ systemic measures such as fail-safes, so that the
equipment incorporating Hitachi product does not cause bodily injury, fire or other consequential damage
due to operation of the Hitachi product.

This product is not designed to be radiation resistant.

No one is permitted to reproduce or duplicate, in any form, the whole or part of this document without
written approval from Hitachi.

Contact Hitachi’s sales office for any questions regarding this document or Hitachi semiconductor
products.
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